INTERNATIONAL ISO
STANDARD 8178-5

Fourth edition
2021-05

Reciprocating internal combustion
engines — Exhaust emission
measurement —

Part 5:
Test fuels

Moteurs alternatifs a‘combustion interne — Mesurage deq émissions
de gaz d'échappemént —

Partie 5: Carburants d'essai

Reference number
ISO 8178-5:2021(E)

©1S0 2021



https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© IS0 2021

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 ¢ Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org

Published in Switzerland

ii © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

Contents Page
FOT@WONM ... oottt iv
00T 00 X0 ) ot o (0) o VOSSOSO \ 14
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 R @ T Y 0 Lo 00 = 0 0 o (0] o KOOSO 2
4 Symbols and abbreviated terms
5 (00 3 o) Tl 300 U= OSSO o S
5.1 (T3 0 U= = OO P== N
5.2 Influence of fuel properties on emissions from compression ignition engines...
521 O 0 L=) o= Y o XA
5.2.2 LTS IS 01 ST St WY
5.2.3 Specific considerations for marine fuels
5.2.4  Other fuel properties. ... G
5.3 Influence of fuel properties on emissions from spark ignition (SI) engines......
6 OVEIVICW OF FUCLS ... eeeeegreees e eeeeeend
6.1 INQEUTAL ZAS e e
6.1.1  Reference natural @as ...
6.1.2  Reference natural gas supplied fromapipeline with admixture
6.1.3  Non-referenced natural gas........... 5
6.2 Liquefied petroleum gas.........conidena.
6.2.1  Referenced liquefied petroleum gas
6.2.2  Non-referenced liquefied petroleum gas...........
6.3 ENGINE GASOINES ....oooioe s e
6.3.1 Referenced engine gasolines
6.3.2  Non-referenced engine gasoliNes ...
6.4 | EERY) B LB = K O
6.4.1 Diesel referenee fuels.........
6.4.2  Non-referénced diesel fuels
6.5 Distillate fuel oils
6.6 Residual fuel oils........
6.7 Crude oil..(.).0.
6.8 g 0T L3 A< LU 1) K
6.9 Requiréments and additional information ...
Anngx A (informiative) Calculation of the fuel specific factors...
Anngx B (infermative) Equivalent non-ISO test methods ...
Anngx G (informative) Supplementary requirements for conducting emission testing using
gaseous reference fuels comprising pipeline gas with admixture of other gases |.............. 41

Annex D (normative) Calculation of A-Shift factor (5)) ... 43
Annex E (normative) Correction for CO, in the exhaust gas arising from CO, in the gaseous fuel..47

BIDLEOZTAPIY . ... 49

© 1S0 2021 - All rights reserved iii


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

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
In comparison with engines for on-road applications, engines for off-road use are made in a much wider
range of power output and configurations and are used in a great number of different applications.

Since fuel properties vary widely from country to country a broad range of different fuels is listed in
this document — both reference fuels and commercial fuels.

Reference fuels are usually representative of specific commercial fuels but with considerably tighter
specifications. Their use is primarily recommended for test bed measurements described in ISO 8178-1.

For neasurements typically at site where emissions with commercial fuels, whether listed.dr not in this
docyment, are to be determined, uniform analytical data sheets (see Clause 5) are recommended for
the determination of the fuel properties to be declared with the exhaust emission results.

© IS0 2021 - All rights reserved v
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Reciprocating internal combustion engines — Exhaust
emission measurement —

Part 5:
Test fuels
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Scope

document specifies fuels whose use is recommended for performing the exhaust ey
s given in [SO 8178-4.

applicable to reciprocating internal combustion engines for mobile, trahsportable and
11lations excluding engines for vehicles primarily designed for road use! This document i
jgines used, e.g. earth-moving machines and generating sets, and for'other applications

Normative references
titutes requirements of this document. For dated, references, only the edition cited

4259, Petroleum and related products - Precision of measurement methods and resull
rmination of precision data in relation to methods of test

6974 (all parts), Natural gas - Deterniination of composition and associated uncertd
matography

976, Natural gas — Calculation of calorific values, density, relative density and Wobbe
bosition

B178-1, Reciprocating internal combustion engines — Exhaust emission measurement —
measurement systems-of gaseous and particulate emissions

B178-4:2020, RecCiprocating internal combustion engines — Exhaust emission measureme
Hy-state and £ransient test cycles for different engine applications

B216-1, Petroleum products — Fuels (class F) classification — Part 1: Categories of marin

B217, Petroleum products — Fuels (class F) — Specifications of marine fuels

A

nission test

| stationary
s applicable

following documents are referred to in the text in such a way that some or all of their content

hpplies. For

ited references, the latest edition of the referenced'document (including any amendmernts) applies.

ts — Part 1:

inty by gas

ndices from

Part 1: Test-

nt — Part 4:

P fuels

AST

D404 A ol " ol oLy . i Vad R | oL . L ) R R B ol L
VD O LI, A TTICLrou Jjur trc ucLlcrimiiiutiorn v UAYYCriutcu COMpourtus irr rcjornuruicu jucits

ASTM D 8221-18, Standard Practice for Determining the Calculated Methane Number (MNC) of Gaseous
Fuels Used in Internal Combustion Engines

EN 228, Automotive fuels - unleaded petrol - Requirements and test methods

EN 15376, Automotive fuels - ethanol as a blending component for petrol - Requirements and test methods

EN 15489, Ethanol as a blending component for petrol - Determination of water content - Karl Fischer
coulometric titration method

EN 16726, Gas infrastructure - Quality of gas - Group H

© IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

3 Terms and definitions

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

NOTE See any applicable definitions contained in the standards listed in the tables in Annex B.

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

31

carbon re‘s;tdue
residue renmpaining after controlled thermal decomposition of a product under a restricted ‘supply of
oxygen (air]

Note 1 to enffry: The historical methods of Conradson and Ramsbottom have largely been replaced by the carbon
residue (micfo) method.

[SOURCE: 10 1998-2:1998, 2.50.001]

3.2
cetane index
number, calculated to represent the approximate cetane number (3.3) of a product from its density and
distillation characteristics

Note 1 to eptry: The formula used for calculation is reproduced, from statistical analysis of a very |arge
representatiye sample of world-wide diesel fuels, on which cetane.humber and distillation data are known|, and
thus is subjeft to change at 5 to10 year intervals. The current formula is given in ISO 4264. It is not applicalyle to
fuels contairfing an ignition-improving additive.

[SOURCE: I§0 1998-2:1998, 2.30.111]

3.3
cetane number
number on p conventional scale, indicating the ignition quality of a diesel fuel (3.5) under standardized
conditions

Note 1 to entfry: It is expressed as the\percentage by volume of hexadecane (cetane) in a reference mixture hgving
the same ignjition delay as the fuelfor'analysis. The higher the cetane number, the shorter the delay.

[SOURCE: I§0 1998-2:1998,2-30.110]

34

crude oil
naturally ogcurring form of petroleum, mainly occurring in a porous underground formation sugh as
sandstone

Note 1 to entry: Crude oil is a hydrocarbon mixture, generally in a liquid state, which may also include compounds
of sulfur, nitrogen, oxygen, metals and other elements.

[SOURCE: ISO 1998-1:1998, 1.05.005, modified — Note 1 to entry has been added.]

3.5

diesel fuel

gas-oil that has been specially formulated for use in medium and high-speed diesel engines, mostly
used in the transportation market

Note 1 to entry: It is often referred to as “automotive diesel fuel”.

[SOURCE: ISO 1998-1:1998, 1.20.131, modified — The alternative term "automotive gas-oil" has been
removed.]

2 © IS0 2021 - All rights reserved
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liquefied petroleum gas

LPG

5:2021(E)

mixture of light hydrocarbons, consisting predominantly of propane, propene, butanes and butenes,
that may be stored and handled in the liquid phase under moderate conditions of pressure and at
ambient temperature

Note 1 to entry: The historical methods of Conradson and Ramsbottom have largely been replaced by the carbon
residue (micro) method.

[SOURCE: ISO 1998-1:1998, 1.15.080, modified — The abbreviated term has been added; Note 1 to entry
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3.10
met
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Note

er on a conventional scale expressing the knock-resistance of a fuel for spark-ignition

1 to entry: Itis determined in test engines by comparison with reference fuels. There are severs:
consequently the octane number should be accompanied by reference to the method used.

RCE: ISO 1998-2:1998, 2.30.100]

renate

nols and ethers

iral gas

blex gaseous mixture of hydrocarbons, primarily methane, but generally includes etha
higher hydrocarbons, and some non-cothbustible gases such as nitrogen and carbon dig

RCE: 1SO 14532:2014, 2.1.1.1, modified — Note 1 to entry has been removed.]

hane number
g indicating the knocking-eharacteristics of a fuel gas

1 to entry: It is comparable to the octane number for petrol. One expression of the methane n

voluine percentage of methane in a methane-hydrogen mixture, that in a test engine under standaj

has 1]

[sot

he same tendeney te knock as the fuel gas to be examined.

RCE: ISO 14532:2014, 2.6.6.1]
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] methods of
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he, propane
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4 Symbols and abbreviated terms

The symbols and abbreviated terms used in this document are identical with those given in
IS0 8178-4:2020, Clause 4. Those which are essential for this document are repeated below in order to
facilitate comprehension.

Symbol Definition Unit

A/F stoichiometric air to fuel ratio —
A excess air factor (in kilogrammes dry air per kilogramme of fuel) kg/kg
Coasd concentration of gas on a wet basis % (V/V)
Coasw concentration of gas on a dry basis % (VYV)
ke fuel specific factor for exhaust flow calculation on wet basis —
keg fuel specific factor for the carbon balance calculation —
k, dry to wet correction factor for the raw exhaust gas —
k. dry to wet correction factor for the raw exhaust gas —
ke fuel specific factor —
H, absolute humidity of the intake air (g water/kg dry air) g/Hg
Py total atmospheric pressure kPh
P water vapor pressure after cooling bath KPhp
mad intake air mass flow rate on dry basis kg/h
Qmaw intake air mass flow rate on wet basis? kg/h
Amew exhaust gas mass flow rate on wet basis? kg/h
At fuel mass flow rate kg/h
Qyed exhaust gas volume flow rate on dry basis m3/[s
Qyew exhaust gas volume flow rate on wet basis m3/[s
qyu20 H,0 volume flow rate m3fs
WALF mass fraction of hydrogen in-thefuel %
WgET mass fraction of carbon in thefuel %
WeAM mass fraction of sulfurin‘the fuel %
WhEL mass fraction of nitrogen in the fuel %
Wgps mass fraction of oxygen in the fuel %
z fuel factor fercalculation of wy; ¢ —

a  Atreferepce conditions (7%= 273,15 Kand p = 101,3 kPa).

5 Choice of fuel

5.1 Gengdral

As far as possible, reference fuels should be used for certification of engines.

Reference fuels reflect the characteristics of commercially available fuels in different countries
and are therefore different in their properties. Since fuel composition influences exhaust emissions,
emission results with different reference fuels are not usually comparable. For lab-to-lab comparison of
emissions even the properties of the specified reference fuel are recommended to be identical as far as
possible. This can theoretically best be accomplished by using fuels from the same batch.

For all fuels (reference fuels and others), the analytical data shall be determined and reported with the
results of the exhaust measurement.

4 © IS0 2021 - All rights reserved
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For non-reference fuels, the data to be determined are listed in the following tables:

Table 5 (Universal analytical data sheet — Natural gas);

An 6
com

Table 9 (Universal analytical data sheet — Liquefied petroleum gas);
Table 17 (Universal analytical data sheet — Engine gasolines);
Table 21 (Universal analytical data sheet — Diesel fuels);

Table 23 (Universal analytical data sheet — Distillate fuel oils);

5:2021(E)

Table 25 (Universal analytical data sheet — Residual fuet oils);
Cable 26 (Universal analytical data sheet — Crude oil).

lemental analysis of the fuel shall be carried out when an exhaust mass_flow meas
pustion air flow measurement, in combination with the fuel consumption,istnot possibl

In siich cases, the exhaust mass flow can be calculated using the concentration measuren
of the exhaust emission and using the calculation methods given in-ISO 8178-4:2020, 4
cases where the fuel analysis is not available, hydrogen and carbonmass fractions can be

calc

Emi
sped

NOT
see A

5.2

oxid
emi
syst

aq

y/

lation. The recommended methods are given in Annex A: A.2.2)A.2.3 and A.2.4.

sions and exhaust gas flow calculations depend on the fu€l.composition. The calculatio
ific factors, if applicable, shall be done in accordance with-ISO 8178-4:2020, Annex D.

[
»

For non-ISO test methods equivalent to those of International Standards mentioned in th
nnex B.

Influence of fuel properties on emissions from compression ignition engir

General

quality has a significant effect On'engine emissions. Certain fuel parameters have a 1
ounced influence on the emissions level. A short overview on the most influencing pq
hin 5.2.2 to 5.2.4.

Fuel sulfur

r naturally occtrs'in crude oil. The sulfur still contained in the fuel after the refinin
zed during the combustion process in the engine to SO,, which is the primary sour
sion from e engine. Part of the SO, is further oxidized to sulfate (SO,) in the eng
m, the dilution tunnel, or by an exhaust aftertreatment system. Sulfate will react wit

urement or
e.

hent results
Annex D. In
bbtained by

n of the fuel

lis document,

1€S

nore or less
rameters is

D process is
ce of sulfur
ine exhaust
h the water

present in the exhaust to form sulfuric acid with associated water that will condense and finally be
urédfas part of the particulate emission (PM).

mea
Con

The

mass of sulfates emitted from an engine depends on the following parameters:
fuel consumption of the engine (BSFC);

fuel sulfur content (FSC);

S = S0, conversion rate (CR);

weight increase by water absorption standardized to H,S0,-6,651H,0.

Fuel consumption and fuel sulfur content are measurable parameters, whereas the conversion rate can
only be predicted, since it can vary from engine to engine. Typically, the conversion rate is approximately
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2 % for engines without aftertreatment systems. Formula (1) has been applied for estimating the sulfur
impact on PM:

X
pc x6,795 296

Song=€q X
PM ~"fuel ™1 000,000 100

where

SPM

(0

is the brake specific contribution of fuel sulfur to PM, expressed in grams per kilowatt-hour

(g/kw-h);

€fuel

XFSC

E

is the brake specific fuel consumption, expressed in grams per kilowatt-hour (g/kW+h);

is the fuel sulfur content, expressed in milligrams per kilogram (mg/kg);

is the S = SO, conversion rate, expressed in percent %;

6,795 296 is the S = H,S0, - 6,651H,0 conversion factor.

This is basg
because of
6,651H,0.

The relatio}
without aft

Many after
aftertreatn
reactions n
will also ox]
high amour
systems, th
of the cataly

bd on the assumption that 1,221 6 grams of water is associated.Wwith each gram of H,SO,
the dew point temperature of 9,5 °C in the weighing envirofment. This corresponds to

1ship between fuel sulfur content and sulfate emission4s shown in Figure 1 for an engine

prtreatment and a S to SO, conversion rate of 2 %.

treatment systems contain an oxidation catalyst as an integral part of the ovprall
ent system. The major purpose of the oxidation catalyst is to enhance specific chemical
pcessary for the proper function of the aftertrieatment system. Since the oxidation catalyst

jdize a considerable amount of SO, to SO, \the aftertreatment system is likely to prodlntfe a
t of additional particulates in the presence of fuel sulfur. When using such aftertreat

ent

e conversion rate can drastically increase to about 30 % to 70 % depending on the efficipncy

rtic converter. This will have a majerimpact on the PM emission, as shown in Figure 2.
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Y A
0,05
BSFC =200 g/kWh
0,04
0,03 /
. /
,01
| | | | | | | | | >
0 200 400 600 800 1000 120@ 1400 1600 1800 4000 X

Key
X bulfur content, in mg/kg
Y  pulfur PM, in g/kW-h

Figure 1 — Relationship between fuel sulfur and sulfate emission for engines without
aftertreatment
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Y |
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BSFC = 200 g/kWh
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N

Figu

5.2.3 Spe

For marine
and NO, em

Typically,
approximat
will be appy
fractions w
PM emissig
application

The averag
In some ca

the sulfur content is higher than that for onroad or nonroad diesel fuels by a fact

0,1

0,05

ntent, in mg/kg
M, in g/kW-h
hversion
hversion

re 2 — Relationship between fuel sulfur and sulfate emission for engines with
aftertreatiment

cific considerations for marine fuels

issions, respectively.

ely 10, as shown in-Table 22. Even without any aftertreatment system, the PM sulfur

11 significantly contribute to the total PM emission. As a consequence, the inherent en
n, which is<mainly soot, is only a very small fraction of the total PM emission. In
of aftertreatiment systems, 5.2.2 should be carefully considered.

e nitrogen content of residual fuel oil is currently around 0,4 %, but steadily increa

bes, nitrogen contents between 0,8 % and 1,0 % have been reported. Assuming a j
até at g nlfrncmn level of 0 8 % will increase the Nﬂ emission of the nnmnp hv more

fuels (distillate and residualfuel oils), sulfur and nitrogen have a significant impact on PM

r of
evel

oximately 0,4 g/kWHh for a 2 % sulfur fuel. In addition, the high ash, vanadium and sedifment

gine
the

sing.
5%

conversion

han

2 g/kWh. This is a 51gn1f1cant portion of the total NO, emission and shall therefore be carefully taken
into account.

5.2.4 Other fuel properties

There are other fuel parameters that have a significant influence on emissions and fuel consumption of
an engine. Contrary to the sulfur influence, their magnitude is less predictable and unambiguous, but
there is always a general trend that is valid for all engines. The most important of these parameters
are the cetane number (CN), density, poly-aromatic content, total aromatics content and distillation
characteristics. Their influence is briefly summarized below.

For NO,, total aromatics is the predominant parameter whereas the effect of poly-aromatics and density
is less significant. This can be explained by an increase of the flame temperature with higher aromatics

8
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content during combustion, which results in an increased NO, emission. For PM, densit
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y and poly-

aromatics are the most significant fuel parameters. In general, NO, will be reduced by 4 % if aromatics
are reduced from 30 % to 10 %. A similar reduction is possible for PM when reducing poly-aromatics

from 9 % to 1 %.

Increasing the CN will improve engine cold start and therefore white smoke emission. It has also a

favourable influence on NO, emission particularly at low loads, where reductions of up to

9 % can be

achieved if CN is increased from 50 to 58, and fuel consumption with improvements of up to 3 % for the

same CN range.

5.3

Fuel|parameters that have a significant influence on emissions and fuel consumption’ of 3
inclyde octane number, sulfur level, metal-containing additives, oxygenates, olefins dnd’bern

Engines are designed and calibrated for a certain octane value or methane number. When
uses| gasoline with an octane level lower than that required, or accordingly, a natural gas v
methane number, knocking can result which could lead to severe engine“damage. Enging
with knock sensors can handle lower octane or methane number levels by retarding the sp3

As mentioned above, sulfur naturally occurs in crude oil. If the sulfuris not removed during
progess, it will contaminate the fuel. Sulfur has a significant impac¢t 0h engine emissions by 1
efficiency of catalysts. Sulfur also adversely affects heated exhaust gas oxygen sensors. Cd
highf sulfur levels will significantly increase HC and NO, emissions. Also, lean burn technol
reqyire NO, aftertreatment technologies, are extremely semnsitive to sulfur.

Metdl-containing additives usually form ash and can therefore adversely affect the operation|
and jother components, such as oxygen sensors, in an irreversible way that increases e

n SI engine
zene.

a customer
vith a lower
s equipped
rk timing.

the refining
educing the
nsequently,
gies, which

of catalysts
issions. For

examhple, MMT (methylcyclopentadienyl manganese tricarbonyl) is a manganese-based| compound
marketed as an octane-enhancing fuel additive for gasoline. The combustion products of MMT coat
intefnal engine components, such as sparkplugs, can potentially cause misfire which leads fo increased
emigsions, increased fuel consumption ahd poor engine performance. They also accumulat¢ and partly

plug[the catalyst causing an increasedfuel consumption in addition to reduced emission co

Oxygenated organic compoundsjisuch as ethanol, are often added to gasoline to increas
extepd gasoline supplies, or toithduce a lean shift in engine stoichiometry to reduce carbo
emigsions. The leaner opefation reduces carbon monoxide emissions, especially with
engines without electronicyfeedback-controlled fuel systems. However increased O, levels
hich an open loop.efigine has been calibrated will typically increase NO, emissions and
temperatures which'can lead to premature engine failure.

Olef
How
(i.e.

ns are unsatirated hydrocarbons and, in many cases, are also good octane components
ever, olefins in gasoline can lead to gum and deposit formation and increased emission
bzone-forming) hydrocarbons and toxic compounds.

Benzene is a naturally occurring constituent of crude oil and is also a product of catalytic ref

trol.

b octane, to
n monoxide
carbureted
beyond that
combustion

of gasoline.
b of reactive

pbrming that

produces g oTtame gaSoie Strearnts: [t 15 aiS0 a KITOWTT TUITaIT CArCiTogeTr. T e comntrot of benzene
levels in gasoline is the most direct way to limit evaporative and exhaust emissions of benzene from SI

engines.

Proper volatility of gasoline is critical to the operation of SI engines with respect to both p
and emissions. Volatility is characterized by two measurements, vapour pressure and distil

© IS0 2021 - All rights reserved

erformance
lation.


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

6 Overview of fuels
6.1 Natural gas

6.1.1 Reference natural gas

The referenced natural gases whose use is recommended for certification purposes are the following:

a) EU referenced fuels: see Table 1 and Table 2;

b) USA certification test fuel: see Tahle 3:

c) Japanege certification test fuel: see Table 4.

6.1.2 Reference natural gas supplied from a pipeline with admixture

The basis of each pipeline reference fuel (Gg, G, ...) shall be gas drawn from a utjlity 'gas distribytion
network, blended, where necessary to meet the corresponding lambda-shift (S,) speeification in Table 2,
with an admixture of one or more of the following commercially available gases:

a) carbonj|dioxide;
b) ethane
c) metharle;
d) nitrogepn;
e) propang.
The use of dalibration gas for this purpose shall not berequired.

The value of S; of the resulting blend of pipeline'gas and admixture gas shall be determined according
to Annex D pnd shall be within the range specified in Table 2 for the specified reference fuel.

The followipg specification of the test fuels‘shall be recorded:

a) the admixture gas(es) chosen front the list above;
b) the valye of S, for the resudting fuel blend;

c) the methane number{MN) determined according to EN 16726 or ASTM D8221-18 of the resu|ting
fuel blend.

The requirgments of\Annexes C, D, and E shall be met in respect to the determination of the propefties
of the pipeljne and-admixture gases, the determination of S, and MN for the resulting gas blend, angl the
verification|thatthe blend was maintained during the test.

In the case that one or more of the gas streams (pipeline gas or admixture gas(es)) contain CO, in greater
than a de minimis proportion, the calculation of specific CO, emissions shall be corrected according to
Annex E.

6.1.3 Non-referenced natural gas

Referenced gaseous fuels cannot be used as their use depends on the availability of the gas at site. Their
properties, including the fuel(s) analysis, shall be known and reported with the results of the emissions
test.

A universal data sheet containing the analytical properties to be reported is given in Table 5.

10 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

6.2 Liquefied petroleum gas

6.2.1 Referenced liquefied petroleum gas

The referenced liquefied petroleum gas whose use is recommended for certification purposes is the
following:

a) EU reference fuels: see Table 6;

b) USA certification test fuel: see Table 7;

c) [apamesecertificatiomtestfuetsee Tabte8:

6.2.2 Non-referenced liquefied petroleum gas

Oftep, referenced liquefied petroleum gas cannot be used as its use depends onthie availapility of the
gas at site. The properties, including the gas analysis, shall be known and reported with the results of
the ¢missions test.

A unfiversal data sheet containing the analytical properties to be reportedis given in Table 9.

6.3 | Engine gasolines

6.3.1 Referenced engine gasolines
The feferenced engine gasolines whose use is recommended for certification purposes are the following:
a) EU reference fuels: see Table 10;

b) [USA certification test fuel: see Table 11;

c) S EPA E-10 certification test fuel: se¢-Table 12;

d) [alifornia CARB LEV III certification test fuel: see Table 13;
e) |apanese certification test fuels: see Table 14;

f) Ethanol E95 (dedicated 'Clengines): see Table 15;

g) Ethanol E85 Stage V.reference fuel: see Table 16.

6.3.2 Non-reférenced engine gasolines

If it |s necessary to use non-referenced engine gasolines, the properties of the individual fluel shall be
repdrted with the results of the test. Table 17 represents a universal analytical data sheet giving the
properties which shall be reported.

6.4 Diesel fuels

6.4.1 Diesel reference fuels

The referenced diesel fuels whose use is recommended for certification purposes are the following:
a) EUreference fuels: see Table 18;

b) USA certification test fuels: see Table 19;

c) Japanese certification test fuel: see Table 20.
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6.4.2 Non-referenced diesel fuels

Ifitis necessary to use non-referenced diesel fuels, the properties of the individual fuel shall be reported
with the results of the test. Table 21 represents a universal analytical data sheet giving the properties

which shall

be reported.

Standards or specifications of commercial fuels may be obtained from the organizations listed in

Annex C.

6.5 Distillate fuel oils

As there ar
1SO 8217 (s

The fuel's

e no existent reference fuels, it is recommended that the fuel used be in accordance
be Table 22).

broperties, including the elemental analysis, shall be measured and reported”with

results of the emission measurement. Table 23 represents a universal analytical data sheet giving

properties

vhich shall be reported.

6.6 Residual fuel oils

As there ar]
SO 8217 (s

In cases wh
ISO 8216-1
determined
analytical d

The effect

characteris
recognized
value comp

e no existing reference fuels, it is recommended that the fuel sised be in accordance
be Table 24).

ere it is necessary to run on heavy fuels, the properties of the fuel shall be accordiy
and ISO 8217. The properties of the fuel, including-'the elementary analysis, sha
and reported with the results of the emission measurement. Table 25 represents a univg
ata sheet giving the properties which shall be reported.

pf the ignition quality on exhaust gas emisstons, especially NO,, depends on the en
[ics and engine speed and load, and is inymany cases not negligible. There is a gene
need for a standard measurement procedure resulting in a characteristic fuel qu
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[ics is not suitable. For the time-being, the best approach is to calculate CCAI (calcul
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calculating CCAI and CII.

thod, which is currently,tinder investigation, is the fuel combustion analyser (FCA).

with

the
r the

with

1g to
1 be
brsal

gine
rally
ality
ition
ated
rives

The

lity of a fuel is determined as an ignition delay and time delay for the start of the main

(both in millisecefds).

plibration fuels,)the recorded ignition delay can be converted into an instrument-rel
ber. In addition, the rate of heat release (ROHR) is determined, reflecting the actual
tess and€hus the combustion characteristics of the fuel tested.

ults appear to reflect the differences in ignition and combustion properties of marine

tions in their chemical composition. At the present time, a large number of heavy fuel

ated
heat

Fuels
b are

being tested
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tion

performance as well as correlating the results with engine performance. In co-operation with engine
manufacturers, fuel testing laboratories and users of marine heavy fuel, typical limits for satisfactory
fuel ignition and combustion quality at which operational disturbances are not encountered, are being
established. Results have been published in the CIMAC “Fuel Quality Guide - Ignition and Combustion”.

6.7 Crude oil

Crude oils are non-referenced.

In cases where it is necessary to run the engine with crude oil, the properties of the fuel, including
the elemental analysis, shall be measured and reported with the results of the emission measurement.
Table 26 is given as a recommendation for a data sheet, of the properties to be reported.
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6.8 Alternative fuels

In those cases where alternative fuels are used, the analytical data specified by the producer of the fuel
shall be determined and reported together with the report on exhaust emissions.

NOTE Requirements for fatty acid methyl esters can be found in EN 14214.

6.9 Requirements and additional information

For the determination of fuel properties, International Standards shall be used where they exist.
Annex B lists standards, established by the standardization organizations, in use in parallel to
Intefnational Standards. It should be noted that non standards are not always identical in g1l details to
the ;tarallel International Standard.

If supplementary additives are used during the test, they shall be declared and noted.in the(test report.

If whter addition to the engine intake air is used, it shall be declared and taken into acdount in the
calcylation of the emission results.

Table 1 — Natural gas — EU reference fuels

Property® Unit Test method Gy3 Gr Gy Gy
min. maX. min. max. min. max. min. max.

Molaf fraction of methane mol % | IS0 6974 (all parts) | 91,5 98,5 84 89 99 100 84 88
Molaf fraction of ethane mol % | ISO 6974 (all parts) — — 11 15 — —
Molaf fraction of C,, components mol % | ISO 6974 (all parts) V) — — 1 — — — —
Molaf fraction of inerts, (except N,) + | mol % |ISO 6974 (all parts) — 1 — — — 1 — 1
Ca+ o,

Molaf fraction of nitrogen mol % | ISO 6974 (alkparts) | 6,5 8,5 — — — — 12 16
Mass|concentration of sulfur 2 mg/m3 1S0,6326-5 — 10 — 10 — 10 — 10
Woblpe Index (net) M]J/m3b 47,2 | 49,2

NOTE] This table is adapted from Referencel204] apd{205]
a Value to be determined at 293,2 K (20 °C) and 101,3kPa.
b alue to be determined at 273,2 K (0 °C) aftd.101,3 kPa.

C ['o recalculate standard reference conditions use ISO 6976

Taple 2 — Naturalgas — The required range of S, for each reference fuel - blend of pipeline gas
and admixture gas

Reference fuel Minimum S, Maximum §,
Ggp? 0,87 0,95
G0 0,97 1,03
G 1.0 110
723 T,00 T, TU
G5 1,12 1,20
a2 The engine shall not be required to be tested on a gas blend with an MN less than 70. In the case that the required range
of S, for Gy would result in an MN less than 70 the value of S, for Gy may be adjusted as necessary until a value of MN no less
than 70 is attained.

Table 3 — Natural gas — USA certification test fuel

Property Unit Test method
min. max.
Molar fraction of methane mol % ASTM D 1945 87 —
Molar fraction of ethane mol % ASTM D 1945 — 5,5
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Table 3 (continued)

Property Unit Test method
min. max.
Molar fraction of propane mol % ASTM D 1945 — 1,2
Molar fraction of butane mole % ASTM D 1945 0,35
Molar fraction of pentane mole % ASTM D 1945 0,13
Molar fraction of C¢, components mol % ASTM D 1945 — 0,1
Molar fraction of oxygen mol % ASTM D 1945 0,1
Mollar fraction of inert gases, X CO, mol % ASTM D 1945 — 51
and N,
Table 4 — Natural gas — Japanese certification test fuel
Property Unit Test method Equivalent of 13A
mint max.
Total calorific amount kcal/m3 JISK 2301 10410 11 05(
Wobbe indek WI a 13 260 730
Combustion|speed index MCP a 36,8 37,5
Molar fractipn of methane mol % JISK 2301 85,0 —
Molar fractipn of ethane mol % JISK 2301 — 10,0
Molar fractipn of propane mol % JISK 2301 — 6,0
Molar fractipn of butane mol % JISK 2301 — 4,0
Molar fractipn of C5 + C, compo- mol % JIS K 2301 — 8,0
nents
Molar fractipn of C5, components mol % JISK 2301 — 0,1
Molar fractipn of other gas (H, + O, mol % JISK 2301 — 14,0
+N, + CO + £0,)
Mass concentration of sulfur mg/m?3 JISK 2301 — 10
NOTE This taple is adapted from Referencel168t;
a2 Wobbe ijdex and Combustion speed index shall be calculated based on the gas composition.
Table 5'—=/Universal analytical data sheet — Natural gas
Property Unit Test method Result of
measurements
Molar fractipn of MMmethane % ISO 6974 (all parts)
Molar fractipn of €5-components % ISO 6974 (all parts)
Molar fractipfirof C,, components % ISO 6974 (all parts)
Molar fraction of C4, components % ISO 6974 (all parts)
Molar fraction of Inerts % CO, % ISO 6974 (all parts)
and N,
Mass concentration of sulfur mg/m3 ISO 6326-5
Table 6 — Liquefied petroleum gas — EU reference fuel
Property Unit Test method Fuel A Fuel B
Volume fraction of C; components % by volume ISO 7941 302 85+2
Volume fraction of C, components % by volume ISO 7941 Balance Balance

NOTE This table is adapted from Referencel204] and[203]
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Table 6 (continued)
Property Unit Test method Fuel A Fuel B
Volume fraction of inerts, <C5, >C, % by volume ISO 7941 max. 2,0 max. 2,0
Volume fraction of olefins % by volume ISO 7941 max.12 max.15
Evaporation residue mg/kg ISO 13757 max. 50 max. 50
Water at 0 °C visual free free
inspection
Total sulfur content mg/kg EN 24260 max. 10 max. 10
Hydrngpn sulfide IS0 8819 none one
Coppper strip corrosion Rating IS0 6251 Class 1 €lass 1
Odofir characteristic chargcteristic
Engine octane number EN 589 min. 89,0 mip. 89,0
NOTE This table is adapted from Referencel204] and[203]
Table 7 — Liquefied petroleum gas — USA certification test fuel
Property Unit Test method
min. max
Volume fraction of propane % by ASTM D 2163 85 —
volume
Volume fraction of butane % by ASTM D 2163 — 5
volume
Volume fraction of butenes % by ASTMD 2163 — 2
volume
Volume fraction of pentenes and % by ASTM D 2163 — 4,5
heayier volume
Volume fraction of propene % ASTM D 2163 — 10
Vap¢r pressure at 38 °C kPa ASTM D 1267 — 1400
and ASTM D
2598
Volatility residue °C ASTM D 1837 — -B8
Residual matter ml ASTM D 2158 — 0[05
Copper strip corrosion Rating ASTM D 1838 — Clgss 1
Masp concentrationdfjsulfur mg/kg ASTM D 2784 — 80
Moisture content Rating ASTM D 2713 Pass —
NOTE This table is adapted from Referencel214]
Table 8 — Liquefied petroleum gas — Japanese reference fuel
Property Unit Test method
min. max.
Molar fraction of propane and pro- mol % JISK 2240 20 30
pylene
Molar fraction of butane and buty- mol % JISK 2240 70 80
lene
Density at 15 °C g/cm3 JISK 2240 0,500 0,620
Vapor pressure at 40 °C MPa JISK 2240 — 1,55
Mass concentration of sulfur % by mass JISK 2240 — 0,02

© IS0 2021 - All rights reserved
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Table 9 — Universal analytical data sheet — Liquefied petroleum gas

b Equivalent EN/ISO methods will be adopted when issued for properties listed above.

f The actual sulphur content of the fuel used for the Type 1 test shall be reported.

¢ A correction factor of 0,2 for MON and RON shall be subtracted for the calculation of the final result in accordance with EN 228.

¢ Ethanol meeting the specification of EN 15376 is the only oxygenate that shall be intentionally added to the reference fuel.

g  There shall be no intentional addition of compounds containing phosphorus, iron, manganese, or lead to this reference fuel.

Property Unit Test method Text? Result of
measurements
Molar fraction of each compo- % ISO 7941
nent
Mass concentration of sulfur % ISO 4260
Vapour pressure at 40 °C kPa [SO 8973
ISO 4256
Density at 15 °C g/cm?3 150 3993
[SO 8973
a  Indicate fhe method used.
Table 10 — Engine gasolines — EU reference fuels
Property Unit Test method P Directive Regulatiopn
2002/88/EC 2017/654 (E10) 2
min. max. min. myx.
Research octhne number (RON) 1 [SO 5164 ¢ 95 — 91 9B
Engine octanp number (MON) 1 ISO 5163 ¢ 85 — 83 8p
Density at 15|°C kg/m3 1SO 3675 748 762 743 736
Reid vapour pressure kPa EN 12 56 60 — -+
Vapour pressure (DVPE) kPa [SO 13016-1 — — 45 6P
Water contenjt % V/V ASTM E 1064IS0 0,05
12937
Distillation [SO3405
Initial boiling point °C 24 40 18 46
Evaporated ak 70°C % V/V
Evaporated af 100°C % V/V 49 57 46 6p
Evaporated ak 150°C % VIV 81 87 75 oH
Final boiling point W\ 190 215 170 210
Residue % V/V — 2 — 2o
Hydrocarbon|analysis
Volume fractfon of olefins % V/V ASTM D 1319/ — 10 3 1B
EN 14517/EN 15553
Volume fractjon of aromatics % V/V ASTM D 1319/ 28 40 19,5 3b
EN 14517/ EN 15553
NOTE This table is adapted:from References [156] and [205],
a2 The valuep quoted in the specifications are ‘true values’. In the establishment of their limit values the terms of ISO 4259 have|been
applied and in|fiking a minimum value, a minimum difference of 2R above zero has been taken into account in fixing a maximurh and
minimum valule—~the-rrininren-eHE 4R—(R—reproducibiit—Notwithstanding—thissneasure; 54 —fer—teeHnical

J
reasons, the manufacturer of fuels shall nevertheless aim ata zero value where the stlpulated maximum Value is 2R and at the mean value
in the case of quotations of maximum and minimum limits. Should it be necessary to clarify whether a fuel meets the requirements of the
specifications, the terms of ISO 4259 shall be applied.

d  The fuel may contain oxidation inhibitors and metal deactivators normally used to stabilise refinery gasoline streams, but detergent/
dispersive additives and solvent oils shall not be added.

h The ethanol content and corresponding oxygen content may be zero for engines of category SMB at the choice of the manufacturer. In
this case all testing of the engine family, or engine type where no family exists, shall be conducted using petrol with zero ethanol content.

16
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Table 10 (continued)
Property Unit Test method P Directive Regulation
2002/88/EC 2017/654 (E10) 2
min. max. min. max.
Volume fraction of benzene % V/V EN 12177/ EN 238/ — 1 1,0
EN 14517
Volume fraction of saturates % V/V ASTM D 1319/ Balance Report
Carbon/hydrogen ratio EN 14517/ EN 15553 Report Report
Carbon/oxygen ratio Report
Masg fraction of sulfur? mg/kg ISO 20846/ 1SO — 100 — 10
20884

Oxygen content © % m/m EN 1601 — 2,3 3,3 3,7
Lead content mg/l EN 237 5 — 5
Phogphorus content 8 mg/1 ASTM D 3231 — 13 — 1,3
Oxidjation stability
Indufction period ¢ Min ISO 7536 480 — 48 —
Masg of existent gum mg/ml ISO 6246 — 0,04 — 0,04
Copper corrosion at 50 °C — 1SO 2160 — class 1 — class 1
Ethalnol d % V/V [SO 22854 9,0 10,2 h
NOTE This table is adapted from References [136] and [205],

[he values quoted in the specifications are ‘true values’. In the establishmient of their limit values the terms of ISO 4
bd and in fixing a minimum value, a minimum difference of 2R above ‘zero has been taken into account; in fixing a
um value, the minimum difference is 4R (R = reproducibility). Netwithstanding this measure, which is necessar
ns, the manufacturer of fuels shall nevertheless aim at a zero value.where the stipulated maximum value is 2R and at
case of quotations of maximum and minimum limits. Should it\be necessary to clarify whether a fuel meets the requ
fications, the terms of ISO 4259 shall be applied.

Equivalent EN/ISO methods will be adopted when issued for properties listed above.
\ correction factor of 0,2 for MON and RON shall be subtracted for the calculation of the final result in accordance wif]

he fuel may contain oxidation inhibitors andamétal deactivators normally used to stabilise refinery gasoline streams,
rsive additives and solvent oils shall not be(added.

Ethanol meeting the specification of EN 15376 is the only oxygenate that shall be intentionally added to the reference
he actual sulphur content of the fuelused for the Type 1 test shall be reported.
[here shall be no intentional additjon of compounds containing phosphorus, iron, manganese, or lead to this referenc

[he ethanol content and corkesponding oxygen content may be zero for engines of category SMB at the choice of the m

259 have been
maximum and
ly for technical
the mean value
rements of the

h EN 228.
but detergent/

fuel.

E fuel.

hnufacturer. In

this dase all testing of the engin€ family, or engine type where no family exists, shall be conducted using petrol with zero efhanol content.
Table 11 — Engine gasolines (no ethanol) — USA certification test fuel for generalltesting
Preperty? Unit Test method General testing Low tenlperature
testing
min. max. min. max.
Sensitivity fRONAAONT t ASTMD2699 75 — 75 —
ASTM D 2700
Dry vapour pressure equivalent kPa ASTM D 323 60,0 63,4b.c 77,2 81,4
Distillation range: ASTM D 86
Evaporated Initial boiling point °C 24 35 24 36
10 % evaporated (by volume) °C 49 57 37 48

a

b

[

NOTE This table is adapted from Referencel212],
Gasoline for testing shall have octane values that represent commercially available fuels for the appropriate application.

For testing at altitudes above 1 219 m, the specified volatility range is (52,0 to 55,2) kPa and the specified initial boiling
point range is (23,9 to 40,6) °C.

For testing unrelated to evaporative emissions, the specified range is (55,2 to 63,4) kPa.

© IS0 2021 - All rights reserved
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Table 11 (continued)

Property? Unit Test method General testing Low temperature
testing
min. max. min. max.

50 % evaporated (by volume) °C 93 110 82 101
90 % evaporated (by volume) °C 149 163 158 174
Evaporated final boiling point °C — 213 — 212
Hydrocarbon analysis ASTM D 1319
Olefins Val % — 10 _ 17¢%
Aromatics Vol % — 35 — 30,4
Saturates Vol % Remainder Remainder
Mass fractidn of sulfur mg/kg — 80 — 80
Mass concenptration of lead g/l ASTM D 3237 — 0,013 — 0,013
Mass conce:[tration of phospho- g/l ASTM D 3231 — 0,0013 > 0,005
rus

NOTE This taple is adapted from Referencel212],
a2 Gasolineffor testing shall have octane values that represent commercially availabtefuels for the appropriate application.

b For testifpg at altitudes above 1 219 m, the specified volatility range is (52,0,t0%5,2) kPa and the specified initial bdiling
point range ig (23,9 to 40,6) °C.

¢ For testihg unrelated to evaporative emissions, the specified range is 55,2 to 63,4) kPa.

Table 12 — Engine gasolines (10 % ethanol; E10) —USA Environmental Protection Agendy
certification test fuel for general testinig and low temperature testing

Property Unit Testmethod General testing Low temperature
testing
min. max. min. mgx.
Antiknock Ihdex (R + M)/2 ASTM D 2699 87,0 88,4ab 87,0 88,4ab
ASTM D 2700

Dry vapour pressure equivalent kPa ASTM D 323 60,0 63,4¢ 77,2 81j4¢
(DVPE)d
Distillation fange: ASTM D 86
10 % evaporated (by volume) °C 49 60 43 S5t
50 % evaporated (by yolume) °C 88 99 88 9P
90 % evapofated (by-volume) °C 157 168 157 148
Evaporated [final boiling point °C 193 216 193 216
Residue millilitre — 2,0 — 20

NOTE This table is adapted from Referencel212],
a2 Gasoline for testing shall have octane values that represent commercially available fuels for the appropriate application.

b Qctane specifications apply only for testing related to exhaust emissions. For engines or vehicles that require the use
of premium fuel the adjusted specification for antiknock index is a minimum value of 91,0; no maximum value applies. All
other specifications apply for this high-octane fuel.

¢ Fortesting ataltitudes above 1 219 m, the specified volatility range is (52,4 to 55,2) kPa and the 10 % evaporated range
is (49 to 60) °C.

4 Calculate dry vapor pressure equivalent, ppypg, based on the measured total vapor pressure, pr, using the following

equation: ppypg (kPa) = 0,956 - p1—2,39 or ppypg (psi) = 0,956 - pr—0.347. Dry Vapor Pressure Equivalent is intended to be
equivalent to Reid Vapor Pressure using a different test method.

¢ ASTM D 5599 prescribes concentration measurements for ethanol and other oxygenates in mass %. Convert results to
volume % as specified in Section 14.3 of ASTM D 4815.
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Table 12 (continued)

Property Unit Test method General testing Low temperature
testing
min. max. min. max.
Hydrocarbon analysis ASTM D 5769
Total Aromatic Hydrocarbons Vol % 21,0 25,0 21,0 25,0
C6 Aromatics (benzene) Vol % 0,5 0,7 0,5 0,7
C7 Aromatics (toluene) Vol % 5,2 6,4 5,2 6,4
C8 Aramatics Vol % 82 a4 52 6,4
C9 Aromatics Vol % 5,2 6,4 5,2 6,4
C10  Aromatics Vol % 4,4 5,6 4,4 5,6
Oleflns Vol % 3,4 8,6 3,4 8,6
Ethdnol blended Vol % 9,6 10,0 9,6 10,0
Ethgnol confirmatory® Vol % ASTM D 4815 or 9,4 10,2 9,4 10,2
ASTM D 5599
Totdl Content of Oxygenates other Vol % ASTM D 4815 or — 0,1 — 0,1
thar Ethanol ASTM D 5599
Masg fraction of sulfur mg/kg ASTM D 2622, 8,0 11,0 8,0 11,0
ASTM D 5453 or
ASTM D 7039
Mask concentration of lead g/l ASTM D 3237 — 0,0026 — 0,0026
Masp concentration of phosphorus g/l ASTM D3231 — 0,0013 — 0,0013
Copper Corrosion ASTM'D 130 — No. 1 — No.1
Solvent-Washed Gum Content mg/100 ASTM D 381 — 3,0 — 3,0
milliliter
Oxidation Stability Minute ASTM D 525 1000 — 1000 —

NOT
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F This table is adapted from Referencel212],
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Table 13 — Engine gasolines (10 % ethanol; E10) — California Air Resources Board (CARB)
LEV III certification test fuel

Property Unit Test method min. max.
Octane (R + M)/2 ASTM D 2699 87,0 88,4ab
Sensitivity (R-M) ASTM D 2700 91,0 —
7,5
RVP psi ASTM D 323 6,9 7,2
Distillation range: ASTM D 86
10 % point °C(°F) 54 (130) 66 (150)
50 % point °C(°F) 96 (205) 102 (215
90 % point °C(°F) 154 (310) 160.(320
Evaporated Po|nt, maximum °C(°F) — 199
Residue Vol % — 2,0
Hydrocarbon analysis ASTM D 5580
Total Aromatiq Hydrocarbons Vol % 19;5 22,5
Benzene Vol % 0,6 0,8
Multi-substitufed Alkyl Aromatic Hydrocar- Vol % 13 15
bons
Olefins Vol % ASTM D 6550 4,0 6,0
Ethanol Vol % ASTM D 4815 9,8 10,2
MTBE Vol % ASTM D7754 — 0,05
Total Oxygen wt % ASTMD 4815 3,3 3,7
Mass fraction ¢f sulfur mg/kg ASTM D 5453 8,0 11,0
Mass concentrjtion of lead g/l ASTM D 3237 — 0,0026
Mass concentrfition of phosphorus g/l ASTM D 3231 — 0,0013
Copper Corrosjon ASTM D 130 — No. 1
Solvent-Washef Gum Content mg/100 millilitre ASTM D 381 — 3,0
Oxidation Stabjlity Minuite ASTM D 525 1000 —
Specific Gravity Report¢
Heat of Combujtion Report¢
Carbon Reportwt. % ¢
Hydrogen Reportwt. % ©
NOTE This table |s adapted from Referencell1€l,
a Gasoline fof testing shall have octarlevalues that represent commercially available fuels for the appropriate application.
b For vehiclef/engines that requiréthe use of premium gasoline as part of their warranty, the Octane ((R+M)/2) may be a 91 minimum. Allfother
certification gasgline specificationsyas shown in this table, shall be met. For all other vehicles/engines, the Octane ((R+M)/2) shall be 87-88,4.
¢ The fuel prgducer should réport this fuel property to the fuel purchaser. Any generally accepted test method may be
used and shall bq identified\ii the report.
Table 14 — Engine gasolines — Japanese certification test fuels

Property Unit Test method Regular Grade Premium Grade
min. max. min. max.

Research octane number 1 JISK 2280 90 92 99 101
(RON)
Engine octane number (MON) 1 JISK 2280 80 82 86 88
Density at 15 °C g/cm3 JISK 2249 0,72 0,77 0,72 0,77
Reid vapour pressure kPa JISK 2258 56 60 56 60
Distillation JISK 2254

a  ND=not

NOTE This table is adapted from Referencel16€l,

detectable.
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Table 14 (continued)

ISO 8178-5:2021(E)

Property Unit Test method Regular Grade Premium Grade
min. max. min. max.
10 % (by volume) K (°C) 318 (45) | 328 (55) | 318 (45) | 328 (55)
50 % (by volume) K (°C) 363 (90) | 373 (100) | 363 (90) | 373 (100)
90 % (by volume) K (°C) 413 443 (170) | 413 (140) | 443 (170)
(140)
Final boiling point K (°C) — 488 (215) — 488 (215)
Hyd acarbon nnnlycic JISK 2536-1
-2,-3,-4,-5,-6
Oleflns % by 15 25 15 25
volume
Aromatics % by 20 45 20 45
volume
Bentene % by — 150 — 1,0
volume
Oxygen % by mass — NDa — ND
MTRE % by — ND — ND
volume
Methanol % by — ND — ND
volume
Ethgnol % by — ND — ND
volume
Kergsine % by — ND — ND
volume
Mask fraction of sulfur mg/kg JISK 2541-1, -2, -6, — 10 — 10
-7
Masp concentration of lead g/l JISK 2255 — ND — ND
Exigtent gums per 100 ml mg JISK 2261 — 5 — 5
NOTE This table is adapted from Referexeel166],
a  ND =not detectable.
Table 15..4~Ethanol for dedicated compression ignition engines (ED95) 2
Parameter Unit Test method ¢ Limits b
Minimum Maximum
Total aleohol (Ethanol incl. % m/m EN 15721 92,4
content on higher saturated
aleohols)
NOTE Thistableis nﬂnpfnr‘ from Referencel205]

a  Additives, such as cetane improver as specified by the engine manufacturer, may be added to the ethanol
fuel, as long as no negative side effects are known. If these conditions are satisfied, the maximum allowed
amount is 10 % m/m.

b The values quoted in the specifications are ‘true values’. In establishment of their limit values the
terms of ISO 4259 have been applied and in fixing a minimum value, a minimum difference of 2R above zero
has been taken into account; in fixing a maximum and minimum value, the minimum difference is 4R (R =
reproducibility). Notwithstanding this measure, which is necessary for technical reasons, the manufacturer
of fuels shall nevertheless aim at a zero value where the stipulated maximum value is 2R and at the mean
value in the case of quotations of maximum and minimum limits. Should it be necessary to clarify whether a
fuel meets the requirements of the specifications, the terms of ISO 4259 shall be applied.

¢ Equivalent EN/ISO methods will be adopted when issued for properties listed above.

d  Should it be necessary to clarify whether a fuel meets the requirements of the specifications, the terms of
EN 15489 shall be applied.
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Table 15 (continued)

Parameter Unit Test method ¢ Limits P
Minimum Maximum

Other higher saturated mo- % m/m EN 15721 2,0
no-alcohols (C3-Cs)
Methanol % m/m EN 15721 0,3
Density 15 °C kg/m3 ISO 12185 793,0 815,0
Acidity, calculated as acetic % m/m EN 15491 0,0025
acid
Appedrance Bright and clear
Flashpoint °C ISO 3679 10
Dry r¢sidue mg/kg EN 15691 15
Watelq content % m/m EN 15489 d 6,5

[SO 12937

EN15692
Aldehﬁldes calculated as acetal- % m/m [SO 1388-4 0,0050
de hydle
Esterg calculated as ethylacetat % m/m ASTM D1617 0,1
Sulphpir content mg/kg EN 15485 10,0

EN 15486
Sulphhptes mg/kg EN 15492 4,0
Partiqulate contamination mg/kg EN 12662 24
Phosghorus mg/l EN;15487 0,20
Inorganic chloride mg/kg EN'15484 or 1,0

EN 15492
Coppédr mg/kg EN 15488 0,100
Electifical Conductivity uS/€m DIN 51627-4 or 2,50

EN 15938
NOTE [This table is adapted from Reférencel205],
a  Additives, such as cetane improver as specified by the engine manufacturer, may be added to the ethanol
fuel, af long as no negative side_effects are known. If these conditions are satisfied, the maximum allowed
amour]tis 10 % m/m.
b The values quoted/in“the specifications are ‘true values’. In establishment of their limit values the
terms Jof ISO 4259 haye.béen applied and in fixing a minimum value, a minimum difference of 2R above zero
has been taken int§jaccount; in fixing a maximum and minimum value, the minimum difference is 4R (R =
reproducibility)‘Notwithstanding this measure, which is necessary for technical reasons, the manufacturer
of fuells shall fievertheless aim at a zero value where the stipulated maximum value is 2R and at the mean
value in the c¢ase of quotations of maximum and minimum limits. Should it be necessary to clarify whether a
fuel mpets.the requirements of the specifications, the terms of ISO 4259 shall be applied.
¢ Equivalent EN/ISU methods will be adopted when 1ssued ToT properties listed above.
d  Should it be necessary to clarify whether a fuel meets the requirements of the specifications, the terms of
EN 15489 shall be applied.
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Table 16 — Ethanol (E85)

ISO 8178-5:2021(E)

Parameter Unit Test method Limits 2
Minimum Maximum
Research octane number, RON ISO 5164 95,0 —
Motor octane number, MON [ISO 5163 85,0 —
Density at 15 °C kg/m3 1SO 3675 Report
Vapour pressure kPa EN 13016-1 40,0 60,0
(DVPE)
Sulphur contentb mal/kga EN 15485 or - 10
r o/ o
EN 15486
Oxidation stability Minutes ISO 7536 360
Existent gumcontent (solvent mg/100ml ISO 6246 — 5
washed)
Appearance Visual inspec- | Clear and bright, visibly fijee of
This shall be determined at ambi- tion suspendedtg:n;i);c:‘;lg itateq con-
ent temperature or 15 °C which-
ever is higher
Ethanol and higher alcohols ¢ % v/v EN 1601 83 85
EN 13132
EN 14517
E DIN'51627-3
Higher alcohols (C3-Cg) % v/v DIN 51627-3 — 2,0
Methanol % v/v DIN 51627-3 1,00
Petrol d % v/v EN 228 Balanfe
Phosphous mg/ EN 15487 0,20(
Water content % v/v EN 15489 or 0,300
EN 15692
Inorganic chloride content mg/l EN 15492 1
pHe EN 15490 6,5 9,0
Copper strip corrosion-(3h at Rating ISO 2160 Class 1
50°C)
Acidity, (as acetigasid CH;COOH) | % m/m (mg/1) EN 15491 — 0,0030
(40)
Electric Conductivity uS/cm DIN 51627-4 or Is
EN 15938 ’
N@TE: This table is adapted from Referencel205].
4/ The values quoted in the specifications are ‘true values’. In establishment of their limit valdes the
terms of ISO 4259 have been applied and in fixing a minimum value, a minimum difference of 2R above zero
has been taken into account; in fixing a maximum and minimum value, the minimum difference is 4R (R =
reproducibility). Notwithstanding this measure, which is necessary for technical reasons, the manufacturer
of fuels shall nevertheless aim at a zero value where the stipulated maximum value is 2R and at the mean
value in the case of quotations of maximum and minimum limits. Should it be necessary to clarify whether a
fuel meets the requirements of the specifications, the terms of ISO 4259 shall be applied.
b The actual sulphur content of the fuel used for the emission tests shall be reported.
¢ Ethanol to meet specification of EN 15376 is the only oxygenate that shall be intentionally added to this
reference fuel.
d  The unleaded petrol content can be determined as 100 minus the sum of the % content of water, alcohols,
Methyl tert-butyl ether (MTBE) and Ethyl tert-butyl ether (ETBE).
¢ There shall be no intentional addition of compounds containing phosphorus, iron, manganese, or lead to
this reference fuel.
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Table 16 (continued)

Parameter Unit Test method Limits 2
Minimum Maximum

Carbon/hydrogen ratio Report

Carbon/oxygen ration Report

NOTE:

a

has be

The values quoted in the specifications are ‘true values’. In establishment of their limit values the
terms of ISO 4259 have been applied and in fixing a minimum value, a minimum difference of 2R above zero

This table is adapted from Referencel205],

en taken into account; in fixing a maximum and minimum value, the minimum difference is 4R (R =

repro
of fuel
value i
fuel m

b TH

Et
refere

d TH
Methy

Th
thisre

C

e

uu‘uﬁuy) r‘l‘ULWiL‘lldelldillg Lllib HICdSUurIc, W‘lliL‘ll ib HECES5d4dly fUI LUL‘lllliLdl Icdsully, L}lU llldllufdbl.ul (S
5 shall nevertheless aim at a zero value where the stipulated maximum value is 2R and at the mean
n the case of quotations of maximum and minimum limits. Should it be necessary to clarify whether|a
bets the requirements of the specifications, the terms of ISO 4259 shall be applied.

e actual sulphur content of the fuel used for the emission tests shall be reported.

hanol to meet specification of EN 15376 is the only oxygenate that shall be intentionally added to this
ice fuel.

e unleaded petrol content can be determined as 100 minus the sum of the % contént)of water, alcohols,
tert-butyl ether (MTBE) and Ethyl tert-butyl ether (ETBE).

ere shall be no intentional addition of compounds containing phosphorus, jron, manganese, or lead to
ference fuel.

Table 17 — Universal analytical data sheet — Engine gasolines

Property Unit Test method? Result of
measurements

Research octajpe number (RON) 1 ISO 5164

Engine octane humber (MON) 1 ISO 5163

Sensitivity (RQN/MON) 1 ISO 5163

ISO 5164

Density at 15 °C kg Al [SO 3675

Reid vapour prlessure kPa ISO 3007

Vapour pressufe (DVPE) kPa EN 13016-1

Distillation SO 3405

Initial boiling point °C

10 % (by volunpe) °C

50 % (by volumpe) °C

90 % (by volurpe) °C

Final boiling p¢int °C

Residue

at70°C %

at 100 °C %

at 180 °C %

Hydrocarbon analysis IS0 3837

Volume fraction of olefins %

Volume fraction of aromatics %

Volume fraction of benzene % ASTM D 3606
ASTM D 5580

EN 238
Mass fraction of Sulfur % ISO 8754
Mass concentration of phosphorus g/l ASTM D 3231

a

b

Indicate the method used.

See Clause 5.

24

© ISO 2021 - All rights reserved



https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

Table 17 (continued)
Property Unit Test method? Result of
measurements
Mass concentration of lead g/l [SO 3830
Oxidation stability min ISO 7536
Mass of existent gums per 100 ml mg ISO 6246
Copper strip corrosion at 50 °C — 1SO 2160
Oxygenates
Elemental analysisP
Massyfractiomrofcarbon %
Mass|fraction of hydrogen % ASTM D 3343
Mass|fraction of nitrogen %
Mass|fraction of oxygen %
a ndicate the method used.
b ee Clause 5.
Table 18 — Diesel fuels — EU reference fuels
Property Unit Test methods Low Sulfur Ultra low sulfur B7
2017/654

ming max. min. max. min. | max.
Cetatpe index 1SO 4264 — —
Cetape number 1 ISO 5165 52 54 — 54 45 56,0
Densfty at 15 °C kg/m3 [SO 3675 833 837 833 837 833 | 865
Disti}lation ISO 3405
50 %]|(by volume) °C 245 — 245 — 245 —
95 %)](by volume) °C 345 350 345 350 345 350
Final|boiling point °C — 370 — 370 — 370
FlasH point °C 1SO2719/ EN 55 — 55 — 55 —

22719
Cold filter plugging point °C EN 116 — -5 — -5 — -5
Kineatic viscosity at 40 °C mm?/s ISO 3104 2,5 3,5 2,3 3,3 2,3 3,3
Polydyclic aromatic hydro- %-m/m EN 12916/ IP 3,0 6,0 3,0 6,0 2,0 6,0
carbgns 391
Mass|fraction of sulfur mg/kg ISO 14596 300 — 10 — 10
ISO 20846
/ASTM D 5453
Coppkr corrosion — ISO 2160 class 1 — class 1 — clalss
Mass|fraction’of Conradson % 1SO 10370 0,2 — 0,2 — 0,2
carbgn residue (10 % DR)
Masslfractionofash Qo 156-6245 60+ -0+ — 0,01
Mass fraction of water % m/m 1SO 12937 0,05 — 0,02 — 0,02
Total contamination mg/kg EN 12662 — 24
Lubricity (HFRR @ 60 °C) pum 1SO 12156-1/ — 400 — 400
CEC F-06-A-96

Neutralization number mgKOH/g ASTM D 974 — 0,02 — 0,02 — 0,10
Oxidation stability mg/ml I1SO 12205 — 0,025 — 0,025 — 0,025
Oxidation stability at 110 °C H EN 15751 20,0 —
fatty acid methyl ester % v/v EN 14078 prohibited | — 7,0
(FAME)
NOTE This table is adapted from References[205],[215] and[157],
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Table 19 — Diesel fuels — USA certification tests fuels

Property Unit Test method Fuel 2-D

min. max.
Cetane number 1 ASTM D 613 40 50
Cetane index 1 ASTM D 976 40 50
Gravity OAPI ASTM D 4052 32 37
Distillation ASTM D 86
Initial boiling point °C 171 204
10 % (by volume) °C 204 238
50 % (by volume) °C 243 282
90 % (by volure) °C 293 332
Final boiling p¢int °C 321 366
Flash point °C ASTM D 93 54 —
Kinematic viscpsity at 37,88 °C mm?/s ASTM D 445 3,2
Mass fraction ¢f sulfur mg/kg ASTM D 2622 or alter- 15
— ultralow nates as allowed under 300 500
— low sulfur 800 2500
— high sulfur
Volume fractiop of aromatics (remainder shall be g/kg ASTM D 5186 100 —
paraffins, naplithenes, and olefins)
NOTE This table |s adapted from Reference [211],

Table 20 — Diesel fuels — Japanese gertification test fuel

Prpperty Unit Test method Certification fuel 12 Certification fuel 2|
min. max. min. may.

Cetane index — JISK 2280 53 57 53 60
Density at 15 °f g/cm3 JISK.2249-1, -2, -3 0,824 0,840 0,815 0,840
Distillation JISK 2254
50 % (by volumpe) K (°C) 528 (255) 568 (295) 528 (255) 568 (2P5)
90 % (by volume) K (°C) 573 (300) 618 (345) 573 (300) 618 (3¢5)
Final boiling p¢int K (°C) — 643 (370) — 643 (3[70)
Hydrocarbon gnalysis
Total aromaticp % by-volume JP1-55-49-07¢ — 25 — 25
Polycyclic arorpatics % by volume JP1-5S-49-07¢ — 5,0 — 5,0)
Flash point K (°C) JISK 2265-3 331 (58) — 331(58) —
Kinematic viscpsity at 30,%C mm?/s JISK 2283 3,0 4,5 3,0 4,5
Mass fraction ¢f sulfug mg/kg JISK 2541-1,-2,-6,-7 — 10 — 10
Triglyceride % Measurement method 0,01¢ 0,01
Fatty acid methyleSters. 0 specif;i(lilst)Irll\/lETId 1e Yy

No.315)".

NOTE This table adapted from Referencell6Z],

¢ Japan Petroleum Institute Standard.

d Ministry of Economy, Trade and Industry.

e MLIT = Ministry of Land, Infrastructure, Transport and Tourism.

a Test fuel for on road light or middle duty vehicle specified in “Details of Safety Regulation for Road Vehicles, Attachment 42 (MLITe bulletin 2017

b Test fuel for on road heavy duty and special vehicle specified in ” Details of Safety Regulations for Road Vehicles, Attachment 41 (MLIT bulletin 2017
No.315) and 43 (MLIT bulletin 2014 No. 43), respectively”.
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Table 21 — Universal analytical data sheet — Diesel fuels

Property Unit Test method? Result of
measurements

Cetane number 1 ISO 5165

Cetane index 1 ISO 4264

Density at 15 °C kg/1 ISO 3675

Distillation ISO 3405

Initial boiling point °C

10 %-(by volume) °C

50 % (by volume) °C

90 % (by volume) °C

Fingl boiling point °C

Volyme evaporated %

at 2$0 °C %

at 350 °C %

Flash point °C 1SO 2749

Cold filter plugging point °C EN 116

Pouf point IS0 3016

Kingmatic viscosity at 40 °C mm?2/s 1SO 3104

Mask fraction of sulfur % ISO 8754

Volyme fraction of aromatics % ASTM D 1319b
ASTM D 5186

Mask fraction of carbon residue (10 % DR) % ISO 6615

Mask fraction of ash % ISO 6245

Mask fraction of water ISO 3733

Neutralization number mg KOH/g ASTM D 974

Oxidation stability

Indyction period min ASTM D 525

Mask of existent gum per 100 md mg ASTM D 381

Elemental analysisc ASTM D 3343

Mask fraction of carbon %

Mask fraction of hydrogen %

Mask fractionof hitrogen %

Mask fraction‘of oxygen %

a ndicate the method used.

b hevalidity of this method is limited for high boiling-point fuels, other possible methods are not staddardized but

could be used.

¢ See(Clause 5.

© IS0 2021 - All rights reserved

27


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

Table 22 — Distillate fuel oils — ISO class F test fuel oils

Property Unit Test Fuel ISO-F-DMA, DFA Fuel ISO-F-DMB, DFB
method
min. max. min. max.
Cetane index ISO 4264 40 — 35 —
Density at 15 °C kg/m3 ISO 3675 — 890,0 — 900,0
1SO 12185
Flash point °C ISO 2719 60 60
Pourpoint 1563616
Winter qualjty °C — -6 —
Summer qudlity °C IP 309, IP612 — 0 —
Cold filter plugging point °C — report — —
Kinematic vfscosity at 40 °C mm?2/s ISO 3104 2,00 6,00 2,00 11,0
Mass fractidn of sulfur % ISO 8754 — 1,00 = 1,50
ISO 14596
Mass fractign of carbon residue, % I1SO 10370 — 0,30 — —
Ramsbottorh on 10 % residue
Mass fractidn of carbon residue, % ISO 10370 — -+ — 0,30
Ramsbottom
Mass fractidn of ash % ISO 6245 — 0,01 — 0,01
Volume fracfion of water % [SO 3733 — — — 0,3
Mass fractidn of sediment % IS0 10307-1 - — — 0,10]
Mass fractidn of hydrogen mg/kg [P 570 — 2,00 — 2,00
sulfide
Acid numbef mgKOH/g| ASTM D664 — 0,5 — 0,5
Oxidation stlability g/m3 1SO:12205 — 25 — 25
Fatty acid nethyl ester (FAME) | volume [ASTM D 7963 — 7,0 — 7,0
% IP 579
Cloud point °C ISO 3015 — — — —
Lubricity, cqrrected wear scar
diameter (Wsd 1,4) at 60 °C2) pum ISO 12156-1 — 520 — 520
Visual inspgction — ISO 8217 clear and bright a
Property Unit Test Fuel ISO-F-DMX Fuel ISO-F-DMZ, DHZ
Method min. max. min. max|
Cetane indek ISO 4264 45 — 40 —
Density at 165G kg/m3 1SO 3675 — — — 890,
ISO 12185
Flash point °C ISO 2719 43 60
Cloud point °C ISO 3015 — -16 — report
Cold filter plugging point °C IP 309, IP612 — — — report
Pour point ISO 3016
Winter quality °C — — — -6
Summer quality °C — — — 0

NOTE This table is adapted from referencel3Z
a  SeelSO 8217
b This requirement is applicable to the fuels with a sulfur content below 500 mg/kg (0,05 mass%).
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Table 22 (continued)
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Property Unit Test Fuel ISO-F-DMA, DFA Fuel ISO-F-DMB, DFB
method

min. max. min. max.
Kinematic viscosity at 40 °C mm?/s ISO 3104 1,40 5,50 3,00 6,00
Mass fraction of sulfur % ISO 8754 — 1,00 — 1,00

ISO 14596
Mass fraction of carbon residue, % IS0 10370 — 0,30 — 0,30
Ramsbottom on 10 % residue
Mask fraction of carbon residue, % ISO 10370 — — —
Ranjsbottom
Masg fraction of ash % ISO 6245 — 0,01 —-— 0,01
Volyme fraction of water % ISO 3733 — — — —
Mask fraction of sediment % ISO 10307-1 — — — —
Mask fraction of hydrogen mg/kg IP 570 — 2,00 — 2,00
sulfide
Acid number mgKOH/g| ASTM D664 — 0,5 — 0,5
Oxidation stability g/m3 ISO 12205 — 25 — 25
Fatty acid methyl ester (FAME) | volume |ASTM D 7963 < — — 7,0
% IP 579

Cloyd point °C ISO 3015 — -16 — report
Lubficity, corrected wear scar
diameter (wsd 1,4) at 60 °CP pm ISO 1215641 — 520 — 520
Visyal inspection — [S08217 clear and bright clear and bright

a  beelSO 8217

NOTE This table is adapted from referencel37]

b This requirement is applicable to the fuel$ with a sulfur content below 500 mg/kg (0,05 mass%).

Table 23 — {Universal analytical data sheet — Distillate fuel oils

Property Unit Test method Result of
measur¢ments
Cetgne number 1 ISO 5165
Dengity at 15 °C kg/1 ISO 3675
Flash point °C ISO 2719
Pour point °C ISO 3016
Cloyd point °C ISO 3015
Kinédaratie-wiscosttyat46-26 S 1S6-31464
Mass fraction of Sulfur % I1SO 8754
Mass fraction of carbon residue, micro meth- % I1SO 10370
od on 10 % volume distillation residue
Mass fraction of carbon residue, micro meth- % IS0 10370
od
Mass fraction of ash % ISO 6245
Mass fraction of water % ISO 3733
Mass fraction of sediment % I1SO 10307-1

a  See Clause 5.
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Table 23 (continued)

Property Unit Test method Result of
measurements
Mass fraction of hydrogen sulfide mg/kg IP 570
Acid number mgKOH/g ASTM D664
Cloud point °C ISO 3015
Lubricity, corrected wear scar diameter um ISO 12156-1
(wsd 1,4) at 60 °C2
Visual inspdction — [SO 8217
Elemental ahalysisP %
Mass fractiqn of carbon %
Mass fractidn of hydrogen % ASTM D 3343
Mass fractidn of nitrogen %
Mass fractidn of oxygen %
a  See Clauge 5.
Table 24 — Residual fuel oils — ISO class F test fuel oils
Property Unit Test Limit Category ISO-F-
method RMA| RMB | RMD | RME RMG RMK
10 | 30 | 80 180, 180 | 380 [500| 700 |[380[500| 7po

Density at 15 ° kg/m3| 1SO 3675 | max.|920,0| 960,0 | 975,0 991,0 991,0 1010,0

IS0 12185
I;(i)“fcmatic viscpsityat | 2/6| 1503104 | max. [10,00] 30,00 | 86,00 | 180,00 |180,0 |380,0|500,0{700,0|380,0| 500,0 | F00,0
Flash point °C ISO 2719 | min. | 60,0 | 60,0 60,0 60,0 60,0 60,0
Pour point (upger) °C 1SO 3016
Winter quality max.| 0 0 30 30 30 30
Summer quality maxe| \\b 6 30 30 30 30
CCAI — a max./| 850 | 860 860 860 870 870
Mass fraction df sulfur % 1508754 max. Statutory requirementsb

ISO 14596
Mass fraction df carbon % ISO40370 | max.| 2,50 | 10,00 | 14,00 15,00 18,00 20,00
residue: micro method
Mass fraction df ash %. ISO 6245 | max. |0,040| 0,070 | 0,070 0,070 0.100 0,150
Volume fractiop of % IS0 3733 |max.| 0,30 | 0,50 0,50 0,50 0,50 0,50
water
Mass fraction df sed§ % 1SO0 10307-2 | max. | 0,10 | 0,10 0,10 0,10 0,10 0,10
iment
Mass fraction of ATu- mg/ | [SO 10478 [max.| 25 20 40 50 60 60
minium + silicon kg IP 501
Mass fraction of Vana- | mg/ | 15014597 [max.| 50 | 150 | 150 150 350 450
dium kg 1P 501
Mass fra}ction of hydro- nll(gg/ IP 570 max. | 2,00 | 2,00 2,00 2,00 2,00 2,00
gen sulfide IP 501 max. | 50 100 100 50 100 100
Sodium “l‘(gg/
Acid number Kén}?/g ASTM D664 | 2,5 | 2,5 | 2,5 2,5 2,5 2,5 2,5

NOTE This table is adapted from referencel3Z1.
a See IS0 8217:2017,6.2.
b See S0 8217:2017,6.3.
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Table 24 (continued)
Property Unit Test Limit Category ISO-F-
method RMA| RMB | RMD | RME RMG RMK
10 | 30 | 80 180 | 180 | 380 [500| 700 [380|500| 700
Used lubricating oils mg/ IP501 — The fuel shall be free from ULO. A fuel shall be considered to contain ULO
(ULO): kg when another one of the following conditions is met:
Calcium and zinc; or Calcium > 30 and zinc > 15; or
Calcium and phospho- Calcium > 30 and phosphorus > 15
rus
NOTE This table is adapted from referencel3Zl.
a deelS08217:2017,6.2.
b deelS08217:2017,6.3.
Table 25 — Universal analytical data sheet — Residual fuel oils
Property Unit Test method? Result of
measur¢ments

CCAJP 1
Dengity at 15 °C kg/1 ISO 3675
Flash point °C 1SO 2719
Pouif point °C ISO 3016
Kinematic viscosity at 50 °C mm?/s [SO 3104
Masg fraction of sulfur % [SO 8754
Mas§ fraction of carbon residue (10 % DR) % ISO 6615

IS0 10370
Masg fraction of ash % ISO 6245
Volume fraction of water % 1SO 3733
Masg fraction of sediment % IS0 10307-2
Masg fraction of aluminium and silicon mg/kg [SO 10478
Mas§ fraction of vanadium mg/kg IS0 8691
Masg fraction of hydrogen sulfide mg/kg IP 570
Acidlnumber mg KOH/G ASTM D 664
Elenfental analysis¢ %
Masg fraction of carbon %
Masg fraction of hydrogen % ASTM D 3343
Masg fraction of nitregen %
Masg fractionof . oxygen %
a ndicate the method used.
b [@AlL="calculated carbon aromaticity index (see A.3.2).

¢ See Clause 5.

Table 26 — Universal analytical data sheet — Crude oil

Property Unit Test method? Result of
measurements
Density at 15 °C kg/1 ISO 3675
Kinematic viscosity at 10 °C mm?2/s ISO 3104
IS0 3105
Mass fraction of sulfur % ISO 8754
a2  Indicate the method used.
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Table 26 (continued)

Property Unit Test method? Result of
measurements
Pour point °C ISO 3016
Reid Vapour Pressure bar ISO 3007
Mass fraction of water % ISO 3733

a  Indicate the method used.

32
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Calculation of the fuel specific factors

Fuel specific factors

5:2021(E)

Thes
ISO

The

refel

Bass

The

calculated, as follows:

The

calctilated, as follows:

Tabl
Tabl

8178-4:2020, 9.1.5.

:WzkwxcOl

dry to wet correction factor k,,,. is used for converting dry measured-concentrations

ence condition. k. is further the quotient between dry and wet exhaust volume flow:
_ Cgasw _ Qyeq qVHZO
Cwr = - =1-—
Cgasd Qvew Qyew
on the combustion equation, k, results as follows:
1,2442 x H, +111,19%w,, - x 705573 4 % Pr
o =11 - Dprad Py
wrl — gmf
773,4+1,2442XxH, + xfﬁNx 1000
Dinad

fuel specific constants f;, [m3 volume change from combustion air to dry exhaust

f o =0,055594%w, £ +0,0080021 xwpyp; +0,007 0046 X wgpg

fuel specific constarts-f;y; [m3 volume change from combustion air to dry exhaust

f 1 =—0,055593%Xw,  +0,008 002X wp +0,007 0046 X Wy pg

e A.1 shows fuel specific factors for some selected fuels.

b A’ also contains a list of Fy, values for different fuels. In this document and in ISO

not yiséd any longer, since it is not only a fuel specific constant but also depends to a small dg

e factors are used for the calculation from dry concentration to wet concentration Jccording to

(A1)

to the wet

(A.2)

(A.3)

kg fuel] is

(A4)

kg fuel] is

(A.5)

B3178-4, it is

gree on the

fuel to air ratio.
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Table A.1 — Values of fuel specific factors for some selected fuels

Composition Aind q Values for dry intake air
Fuel % mass Molar fu(l;s;}:(?il;ice;:- A Exha3ust density3 i M,
ratio rameters kg/m kg/m wr | g/mol S
wet dry

Diesel H| 13,50 | 1,8600 | A/F, | 14,5507 |1,00| 1,2955 1,3657 |0,8825] 29,023 | 1,8184
86,49 | 1,0000 | f;, 0,7505 |1,35| 1,2948 1,3459 | 09135 |29,009| 1,8483
S| 0,001 | 0,0000]| fiq -0,7504 [2,00| 1,2943 1,3281 |09432|28996| 1,8770
0,00 1000001 k. 12086917 {300 12938 13161 1006431289871 18974
D| 0,00 |0,0000| M. | 13,8872 |4,00| 1,2936 1,3103 | 09751 | 28,982 | 4,90F 8
500| 1,2935 1,3068 | 09816 | 289791914 1
FAME H| 12,00 | 1,8523 | A/F, | 12,5048 |1,00| 1,2968 1,3692 |0,8793| 29,058 | 1,601 1
C| 77,20 | 1,0000 | ff, 0,7428 |1,35| 1,2959 1,3485 | 09109 29,032 | 1,631 3
S| 0,00 |0,0000]| fiq -0,5914 |2,00| 1,2950 1,3299 | 0,9413+| 29,012 | 1,660 4
N| 0,00 |0,0000| kr |186,2759 |3,00| 1,2943 1,3174 | 09630 | 28997 | 1,681 1
D| 10,80 | 1,1050 | M. | 15,5583 |4,00| 1,2940 1,3112 ¢ 6,974 0 | 28,990 | 1,691 6
500| 1,2938 1,3075% 0,9807 | 28985 | 1,698 0
Methanol |H| 12,50 | 3,9721 | A/F, | 64273 |1,00| 1,2346 1,3640 |0,7756 | 27,661 | 1,4839
C| 37,50 | 1,0000| f5, 1,0452 | 1,35| 1,2477 1,3446 |0,8277 | 27954 | 1,559
S| 0,00 |0,0000| fy -0,3446 |2,00| 1,2610 1,3272 |0,8807 28,252 | 1,6251
N| 0,00 [0,0000| k; 90,4838 |3,00| 1,2710 1,3155 | 09204 | 28,475 | 1,6783
D| 50,00 | 1,0010| M. | 32,0293 |4,00| 12762 1,3098 | 09412 28,592 | 1,70p 3
5,00 \\1,279 4 1,3064 | 09540 |28,664| 1,72B5
Ethanol H| 13,10 | 29934 | A/F, | 89722 |1,00| 1,2606 1,3637 |0,8229 | 28,243 | 1,651 0
C| 52,15 | 1,0000 | ff, 09717 ~14,35| 1,2682 1,3443 |0,8664 |28,413 | 1,70p 3
S| 0,00 |0,0000]| fiq -0,4848|2,00| 1,2757 1,3271 | 09094 |28,581| 1,75p 0
N| 0,00 [0,0000| ke, |1258327 |3,00| 1,2812 1,3154 | 09408 | 28,704 | 1,798 2
D | 34,75 | 0,5002| M. (23,0316 |4,00| 1,2841 1,3097 | 09570 | 28,768 | 1,8185
500| 1,2858 1,3063 |0,9669 |28,806| 1,8309
Natural H| 19,30 | 3,7952 A/, | 13,4795 |1,00| 1,2421 1,3410 |0,8231 27829 | 2,47P9
Gas C| 60,60 | 1,000004" fr, 1,2319 |1,35| 1,2543 1,3277 |0,8671|28100| 2,5498
S| 0,003 | 00000 | fiq -09139 [2,00| 1,2661 1,3159 | 09104 | 28,366 | 2,6182
N| 18,200,2575| k, | 146,2217 [3,00| 1,2748 1,3080 | 09417 |28,559| 2,6679
D| 1,90~710,0235| M., | 19,8201 |4,00| 1,2792 1,3042 | 09578 28,658 | 2,694
500| 1,2819 1,3019 | 09676 |28,718 | 2,708 9
Propane 1830 126692 | A/F, | 15,6423 [1.00] 12689 1.3544 108522 128429 | 24253
C| 8170 | 1,0000 | fz, 1,0174 |1,35| 1,2748 1,3374 |0,8902|28,560| 24751
S| 0,00 |0,0000]| fqq -1,0172 |2,00| 1,2805 1,3223 | 09270 |28,687| 2,5232
N| 0,00 [0,0000| kr |1971339 |3,00| 1,2845 1,3123 | 09532 28,778 | 2,5576
0| 0,00 |0,0000| M., | 14,7013 |4,00| 1,2866 1,3074 | 09666 | 28,824 | 2,5751
500| 1,2879 1,3044 | 09748 |28,852| 2,5858
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Composition Values for dry intake air
A indepe_n_dent Exhaust density
Fuel % mass Mol_ar fuel specificpa- | A - - . " M, f
ratio rameters g/m kg/m wr | g/mol fh
wet dry

Butane H| 1730 |2,4928 | A/F, | 154150 |[1,00| 1,2741 1,3566 |0,8581 |28,545| 2,3000
C| 82,70 | 1,0000 | fq, 09618 |1,35| 1,2787 1,3391 |0,8948 28,648 | 2,3454

S| 0,00 |0,0000]| fiq -09616 [2,00| 1,2832 1,3235 |0,9301 | 28,748 | 2,3892

Nl 000 00000 I(I 1995468 [300| 12864 1,313 0 09554 | 28 81 2,4205

0| 0,00 |0,0000| M, | 14,5236 |4,00| 1,2880 1,3079 | 09683 |28,855 | 2,4365

500| 1,2890 1,3049 | 0976128,877 | 2,4461

Gas¢line |H| 12,20 | 1,6944 | A/F, | 139401 |1,00| 1,3021 1,3690 |0,8893) 29,173 | 1,647 1
C| 8580 |1,0000 | fr, 06923 |1,35| 1,2999 1,3483 | 09187 | 29,122 | 1,673 3

S| 0,001 | 0,0000]| fiq -0,6641 |2,00| 1,2977 1,329 8 }-0,946 8 | 29,07 1,698 3

N| 0,00 |0,0000| k; | 2070268 |3,00| 1,2962 1,3173) | 09668 | 29,038 | 1,7161

0| 2,00 |00175| M., | 13,9988 |4,00| 1,2954 1,311 | 09769 | 29,021 | 1,7252

500| 1,2949 1,307 4 |0,9830 | 29,01 1,730 6

Hydfogen |H| 100,00 A/F, | 34,2098 |1,00| 1,099.7% 1,2571 |0,6593 | 24,639 | 11,8728
C| 0,00 frw 55594 |1,35| 1,1431 1,2682 | 0,737 6 | 25,610 | 12,4325

S| 0,00 fd -5,5586 |2,00| %1872 1,2772 |0,8171 | 26,598 | 13,001 6

N| 0,00 ke 0,0000 |3,00“1,2201 1,2828 |0,8766 | 27,336 | 13,427 1

0| 0,00 M, ¢ 2,0159 |4,00| 1,2374 1,2855 | 09078 | 27,723 | 13,6505

5,00 1,2481 1,2871 | 09270 | 27962 | 13,788 2

A.2| Estimation of the fuel composition without elemental analysis

A.2./1 General

In cases where it is not possible to measure the contents of the fuels because of time angl/or facility

condtraints, the methods specified in A.2.2, A.2.3 and A.2.4 can provide reasonably accuf
Thege methods are reeommended for certification purposes, but in some cases can bq
calcyilating the hydregen'to carbon ratio on the basis of the density of the fuel and on the k
the qulfur and the 1itrogen content.

A.2.2 Method 1

Thismethod is a simple formula for diesel fuels only when the sulfur and nitrogen content is

ate results.
e helpful in
howledge of

not known.

Vi =26-—_15%xp
=7

(A.6)

ALK

Wppr =100-w; ¢

Where Pr is the density of the fuel at 288 K (15 °C) in grams per cubic centimetre.

A.2.3 Method 2

(A7)

The method has been published in the “Book of ASTM Standards” (June 1968) with the original title:

Proposed method for estimation of net and gross heat of combustion of burner and diesel fuels.
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In this formula, the sulfur content is known.

(209,42—90,92><pf)

_ (A.8)
(107,606 —wg, )xpf —-17,546
(100 —wg ) x1,00794 % Z
GA ’
Warp = M (A9)
12,011+1,00794x Z
wggr =100—Wy 1 —Weam (A.10)
Where p;isfthe density of the fuel at 15 °C, in grams per cubic centimetre.
It is also popsible to estimate the net heat of combustion value, NHCV in megajoules per kilogram:
Hyyoy 42,326x1073 || 11369,54 + 2800:8% _ 750'283 X(1-0,01xw gy ) +43,7Xweay (A.11)
Py Pr
A.2.4 Method 3

The followi
Standards.
carbon conf
fuels for th
error of 1 9
volume bas

WaLF =

WBET =

where p is

A.3 Ignit

hg formulae are modified versions of those published by the, American National Bure
They are more directly applicable. The errors to be expected are -0,3 % to +0,6 % fo

pse errors has been proven to be within a density range of 0,77 g/cm3 to 0,98 g/cm
ed on the measurement of the CO, percentage inthe exhaust gas.

26-15 x p) X [1-0,01 X (Wgay + Wpgp, )] (4

(4

100~ (W g +Weam + WpEL)

he density at 288 K (15 °C), in grams per cubic centimetre.

ion quality

A3.1 Ap

lication

h of the carbon content of the fuel gives an error of about 1 % of the calculated exhaust

Ignition performance requirements of residual fuel oils in marine diesel engines are prim
determined by the engine type and, more significantly, engine operating conditions. Fuel faq
influence ignition characteristics to a much lesser extent. For this reason, no general limits for ign
quality can|be applied since a value which is problematical to one engine under adverse condit
can perform quite satisfactorily in many other instances. If required, further guidance on accepf

hu of
" the

ent and -0,3 % to +0,3 % for the hydrogen content. The'range of application for petroleum

. An
gas

1.12)

1.13)

arily
tors
tion
ions
able

ignition qu

A.3.2 Derivation of CII and CCAI

By use on the nomogram in Figure A.1 itis possible to determine either the calculated ignition index (I;)
or the calculated carbon aromaticity index (I.¢,;) of a fuel oil by extending a straight line connecting to
viscosity and the density and reading the values thus obtained on the I;; and I¢,; scale. These values

allow ranking of its ignition performance. They can also be calculated as follows:

I, =(270,795+0,1038 xT) — 0,25456 xp + 23,708 x Ig[lg(v + 0,7)]

36

(A.14)
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Iecar =p ~81-141xlg[lg(v +0,85)] - 483 x 19[“273)

A.15
323 ( )

where
Icy; is the calculated ignition index

Iccafis the calculated carbon aromaticity index

T isthe temperature in degrees Kelvin;

) is the kinematic viscosity, in square millimetres per second at temperature T;

b is the density at 15 °C in kilograms per cubic metre.
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Figure A.1 — Nomogram for deriving the calculated ignition index (I¢;) and the calculated

38

carbon aromaticity index (Ica;)
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(informative)

Equivalent non-ISO test methods

The International Standards given in this Annex are not completely equivalent but should be considered
comparable. See Tables B.1 to B.6.

Table B.1 — Liquefied petroleum gases

Property ISO test method ASTM test method JIS testjmethod
Comjposition ISO 7941 ASTM D 2163 JIS K|2240
Mask fraction of sulfur ISO 8754 ASTM D 2784 JIS K[2240
Vapgur pressure at 40 °C ISO 4256 ASTM D 2267 JISK|2240
[SO 8973 ASTMD 2598
Denpity at 15 °C ISO 3993 ASTM'D 1657 JIS K|2240
ISO 8973 ASTM D 2598
Table B.2 — Engine‘gasolines
Property ISO test method ASTM test CEN test meth- | JIS test method
method od
Res¢arch octane number (RON) ISO 5164 ASTM D 2699 — JIEK 2280
Englne octane number (MON) 1S0:5163 ASTM D 2700 — JIBK 2280
Sengitivity (RON/MON) ISO'5163 ASTM D 2699 — JIF K 2280
ISO 5164 ASTM D 2700 JIF K 2280
Denpity at 15 °C ISO 3675 ASTM D 1298 — JIS K 2249
Reid vapour pressure ISO 3007 ASTM D 323 — JIS K 2258
Distjllation ISO 3405 ASTM D 86 — JIF K 2254
Hydfocarbon analysis ISO 3837 ASTM D 1319 — JIF K 2536
Mask fraction of sulfur [SO 8754 ASTM D 1266 EN 24260 JIS K 2541
ASTM D 2622
Mask fractionfofilead ISO 3830 ASTM D 3341 EN 237 JIB K 2255
ASTM D 3237
Oxidatien stability ISO 7536 ASTM D 525 — JIS K 2287
Induction period
Mass of existent gums per 100 ml ISO 6246 ASTM D 381 — JISK 2261
Copper corrosion ata 50 °C ISO 2160 ASTM D 130 —

Table B.3 — Distillate products and residual fuel oils

Property ISO test method ASTM test CEN test meth- | JIS test method
method od
Cetane number ISO 5165 ASTM D 613 — JISK 2280

a  See Table B.5.
b See Table B.4.
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Table B.3 (continued)

Property ISO test method ASTM test CEN test meth- | JIS test method
method od
Cetane index?
Density at 15 °C ISO 3675 ASTM D 1298 — JISK 2249
Distillation 1SO 3405 ASTM D 86 — JISK 2254
Flash point (PM) 1SO 2719 ASTM D 93 — JISK 2265
Cloud point ISO 3015 ASTM D 2500 — JISK 2269
Pour point IS0 3016 ASTM D 97 — JISK 2283
Viscosity 1SO 3104 ASTM D 445 — JIS K 2238
ISO 3105
Mass fractiqn of sulfur ISO 4260 ASTM D 1266 EN 41 JIS K 2541
ISO 8754 ASTM D 2622 —
Copper corrpsion ISO 2160 ASTM D 130 — JIS K 2511
Mass fractign of carbon residueP
Mass fractiqn of ash ISO 6245 ASTM D 482 ISQ 6245 JISK 2272
Mass fractidn of water
Distillation 1SO 3733 ASTM D 95 — JISK 227!
Karl Fischermethod ISO 6296 ASTM D 1744 — JISK 2271
a  See Tablg B.5.
b See Tabld B.4.
Table B.4 — Carbon residue determination
Mé¢thod ISO ASTM JIS
Micro residyie ISO 10370 ASTM D 4530 JISK 2270
Ramsbottom 1SO 4262 — —
Conradson darbon ISO 6615 ASTM D 189 JISK 2270
Table B.5 — Methods for the determination of ignition quality (calculated cetane index)
Number pf variables 1SO method ASTM method IP2 method JIS method
4 ISO 4264 ASTM D 4737 IP 380 JISK 2280
2 — ASTM D 976 IP 364 —
a  Institute|of Petrolenm, UK.
Table B.6 — Statistical methods
I1SO method ASTM method JIS method
SO 4259 ASTM D 3244 —

40
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Supplementary requirements for conducting emission testing
using gaseous reference fuels comprising pipeline gas with

admixture of other gases

C1

For
anal
tech

For {
mas

C.2

b)

C3

‘)

C4

The
syst

Method of gas analysis and gas flow measurement

the purpose of this annex, where required the composition of the gas shdll be det
ysis of the gas using gas chromatography according to ISO 6974 (all parts), or by an
hique that achieves at least a similar level of accuracy and repeatability:

he purpose of this annex, where required the measurement of gas-flow shall be perfor
5-based flowmeter.

Analysis and flowrate of incoming utility gas/’sapply
Che composition of the utility gas supply shall be analysed prior to the admixture blend

The flowrate of the utility gas entering the admixture blending system shall be measur

Analysis and flowrate of admixture

When an applicable certificate of analysis is available for an admixture (for example i
bas supplier) this may be used as'the source of that admixture composition. In this casq
hnalysis of that admixture composition shall be permitted but shall not be required.

Where an applicable certificate of analysis is not available for an admixture the compos|
hdmixture shall be analysed.

Analysis of blended gas

analysissof the composition of the gas supplied to the engine after leaving the admixty
em,shdll be permitted in addition to, or as an alternative to the analysis required by C.|

a),b

ermined by
alternative

med using a

ing system.

ed.

sued by the
the on-site

ition of that

Che flowrate of ea¢hradmixture entering the admixture blending system shall be measyred.

re blending
P a) and C.3

1t'shall not be required.

C.5

Calculation of S; and MN of the blended gas

The results of the gas analysis according to C.2 a), C.3 a) or C.3 b) and, where applicable, C.4, combined
with the mass flowrate of gas measured according to C.2 b) and C.3 c), shall be used to calculate the MN
according to EN 16726. The same set of data shall be used to calculate S, according to the procedure set

outi

n C.2.

© IS0 2021 - All rights reserved

41


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-5:2021(E)

C.6 Control and verification of gas blend during the test

C.6.1 General

The control and verification of the gas blend during the test shall be performed using either an open
loop or closed loop control system.

C.6.2 Open loop blend control system

In this case the gas analysis, flow measurements and calculations set outin E.1, E.2, E.3 and E.4 shall be

performed

rior to the emission test.

The propor
range for th

When the 1
Adjustment

When the ¢
calculations

valid the v4
Table 1.1.

C.6.3 Clo

In this case

Fion of utility gas and admixture(s) shall be set to ensure that the S, is within the pérm
e relevant reference fuel in Table 1.1.

elative proportions have been set they shall be maintained throughout the.emission
s to individual flow rates to maintain the relative proportions shall be permitted.

mission test has been completed the analysis of gas composition, flow measurements

lue of S, shall remain within the specified range for the respeétive reference fuel giv¢

5ed loop blend control system

the analysis of gas composition, flow measurements‘and calculations set out in E.2, E.3

tted

test.

and

set out in E.2, E.3, E.4 and E.5 shall be repeated. In order for.the test to be considered

PN in

,E4

and E.5 shalll be performed at intervals during the emission-test. The intervals shall be chosen taking

into consid
system.

The results
proportions
in Table 1.1

bration the frequency capability of the gas chromatograph and corresponding calculd

from the periodic measurements and)calculations shall be used to adjust the rel
of utility gas and admixture in ordeit-to maintain the value of S, within the range spec
for the respective reference fuel. Thefrequency of adjustment shall not exceed the frequ

of measurement.

In order for
for the resp

the test to be considered yalid the value of S, shall be within the range specified in Tabl
ective reference fuel foratleast 90 % of the measurement points.

ition

htive
ified
ency

e 1.1
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(normative)

Calculation of A-Shift factor ()

D.1 _Calculation

The P-shift factor (S;) shall be calculated by means of Formula (D.1):
2
b, = . (D.1)
1— inert 7° x ma L;
100 4 100
Whdre:
N is the A-shift factor;
Finert %0 1 the percentage by volume of inert gases in thefuel (i.e. N,, CO,, He, etc.);
o is the percentage by volume of original oxygen'in the fuel;
2
1 and m refer to average CnHm representing thefuel hydrocarbons, i.e
CH, % C, % 3% Cy%
1 x + 2X + 3% +34x + .1
100 100 100 100
= 7 % (D.2)
~Cdiluent (*°
100
CH, % C,H, % C,H % C,Hy %
4% 40+4x2—40+6><2—60+ 8)(3—80+
100 100 100 100
= 1 % (D.3)
“Cdiluent 70
100
Whdre:
CH, isthe percentage by volume of methane in the fuel;
[, is the percentage by volume of all C, hydrocarbons (e.g.: C,Hg, C,Hy, etc.) in theg fuel;
(4 is the percentage by volume of all C5 hydrocarbons (e.g.: C3Hg, C3Hg, etc.) in thg fuel;
C, is the percentage by volume of all C, hydrocarbons (e.g.: C;H;,, C4Hg, etc.) in the fuel;
Cs is the percentage by volume of all C; hydrocarbons (e.g.: C;H;,, CsH;, etc.) in the fuel;
Ciluent 1S the percentage by volume of dilution gases in the fuel (i.e.: 0,% N,, CO,, He, etc.).

D.2 Examples for the calculation of the A-shift factor S,:

Example 1 Gys: CH, =86 %, N, = 14 % (by volume)
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4x[

CH, % C,%
+2X + ...
100 100 _1x0,86 0,86
1_Cdiluent % _ ﬁ 0,86
100 100

CH, %
100

C,H, %
100

B

[ s coms
= xY, =4

Example 2

[C
Ix| -

1_Cdiluent % 0,86
100
2 ~ 2 s
1_inert% < [ pe™m i (1_ ﬁjx(1+ éj
100 4 ) 100 100 4

H, %
42| 1ox
100

C,%
100

+ ...
} _ 1x0,87+2x0,13 1,13

hn= o :1,13
1_Cdiluent %o _ L 1
100 100
CH , % C,H, %
4>{- 4 0} +4x{2—40}+ .
100 100 4x0,87+6x0,13
m= o = :4‘,26
1_Cdiluent %o
100
5, = 2 - 2 ~0,911
Linert% (L mY _ 0 (1_ L}{ng_,. ﬁ)
100 4] 100 100 4

Example 3

USA: CH, = 89 %, C,H, = 4,5 %, G5Hy = 2,3 %, C4Hy, = 0,2 %, 0, = 0,6 %, N, = 4 %

aH, % C,%

Ix| +2X + ...

e 100 100 _ 1><0,89+2><0,045+3><0,023+4><0,002_1 11
1_Cdiluent% _ 0,64+4 ’
100 100

4X[CH4%} i C2H4%} ex C,H, % N “ C3Hg %

e 100 100 100 100 _ 4x0,89+4x0,045+8x0,023+14x0,00p
1_Cdiluent % 1— —0’64+4
100 100
2 2

Sy = 0,96

inert%\ [ m\ 0; ~ (1 4 \ (1 11L4'24\\_0'6_

(1_

100 " 4) 100 U 100]T7 4 J100

=4,24

As an alternative to the above formulae, S; may be calculated from the ratio of the stoichiometric air
demand of pure methane to the stoichiometric air demand of the fuel blend supplied to the engine, as

specified be

low.

Lambda-shift factor (S;) expresses the oxygen demand of any fuel blend in relation to oxygen demand
of pure methane. Oxygen demand means the amount of oxygen to oxidise methane in a stoichiometric
composition of reaction partners to products of complete combustion (i.e. carbon-dioxide and water).

44

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=287e5531e85af55f560bf88ddc7c05c7

ISO 8178-

For the combustion of pure methane, the reaction is the following:

1*CH, +2*0, —1*C0, +2*H,0

5:2021(E)

In this case the ratio of molecules in stoichiometric composition of reaction partners is exactly 2:

n
0)
2 =2 (D.4)
cn,
Where:
10 is the number of molecules [mol] of oxygen;
1CHa is the number of molecules [mol] of methane.
The pxygen demand for pure methane is therefore:
102 =2%Ncy 4 With a reference value of [ngy,] = 1 kmol
The [value of S, may be determined from the ratio of the stoichiometric composition of pxygen and

methane to the ratio of the stoichiometric composition of oxygen and the fuel blend sup

engi

Whe

Becd
by n

Whd

he, as set out in Formula (D.5):

— [ n02 \J —

3 nCH4 2

1= =

[ n02 ) (nOZ )b]end

Mplend

re:

Mend 1S the number of molecules:fmol] of the fuel blend;

Icys 1S the number of molecules [mol] in the stoichiometric composition of oxygen
blend supplied to the-engine.

use air contains 21 mel.% oxygen the stoichiometric air demand L, of any fuel shall b

eans of Formula (10:6)

Y _ nOZ, fuel
st ,fuel O, 2 1

re:

plied to the

(D.5)

ind the fuel

b calculated

(D.6)

L getuel 1S the the stoichiometric air demand for the fuel on volumetric or molecular ba

Sis;

Noy fuel 1S the the stoichiometric oxygen demand for the fuel in [mol].

Consequently, the value of S; may also be determined from the ratio of the stoichiometric composition
of air and methane to the ratio of the stoichiometric composition of air and the fuel blend supplied to
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