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Foreword

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

electrote

chnical standardization.
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Introduction

This document was developed in cooperation with ship owners, ship operators, classification societies,
fuel testing services, engine designers, marine fuel suppliers, traders, fuel additive suppliers and the
petroleum industry, in view of the implementation of maximum 0,50 mass % S in marine fuels in 2020

for operation outside Emission Control Areas (ECAs).

The increasing demands of environmental legislation are leading to a transition in the nature of marine
fuels. This document takes into consideration the anticipated diverse range of characteristics of these

ATITe fUels,

In| view of the implementation date, it was considered that a revision of ISO 8217:2017 was nof
in the given timeframe. As such, the best option for the industry was the development of this d

possible
pcument.

RPOL Annex VI aims among other things to reduce SO, emissions from fiiél0il combyistion on

beard ships engines. This can be achieved by using fuels with a lower sulfurontent or by ¢
am approved equivalent alternative mean (e.g. exhaust gas scrubber). It is theyfuel purchaser’
user’s responsibility to establish applicable requirements and to specify on that basis the corre
mfaximum fuel sulfur content required to the supplier.

perating
5 and the
sponding

© IS0 2019 - All rights reserved
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PUBLICLY AVAILABLE SPECIFICATION ISO/PAS 23263:2019(E)

Petroleum products — Fuels (class F) — Considerations
for fuel suppliers and users regarding marine fuel
quality in view of the implementation of maximum

0,50 % sulfur in 2020

1| Scope

This documentaddresses quality considerations that apply to marine fuels in view of the implerentation
of maximum 0,50 mass % S in 2020 and the range of marine fuels that will be placed on the market
in response to the international statutory requirements to reduce exhaust gas)émissions. [t defines
general requirements that apply to all 0,50 mass % sulfur (S) fuels and cenfirms the appliqability of
[0 8217 for those fuels.

It|gives technical considerations which might apply to particular fuels(for the following charadteristics:
— kinematic viscosity;

— cold flow properties;

— stability;

— ignition characteristics;
— catalyst fines.

Adlditionally, it provides considerations on the compatibility between fuels and additional infprmation
om ISO 8217:2017, Annex B (see Annexes\B.and D).

NODTE1  For the purposes of this do¢ument, 0,50 mass % S fuels refers to distillate and residual fuels with a
sylfur content up to 0,50 mass %.

NPTE 2  For the purposes of‘this document, “mass %" and “volume %" are used to represent the mass and
vglume fractions respectively:

NOTE 3  This document ¢an also be used in conjunction with earlier editions of SO 8217 in the event|an earlier
edition is referenced itxthe commercial agreement between parties.

2| Normative references

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

[SO 8217:2017, Petroleum products — Fuels (class F) — Specifications of marine fuels

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

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

© IS0 2019 - All rights reserved 1
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stability

stability of a residual fuel

resistance to the breakdown and precipitation of asphaltenic sludge despite being subjected to forces,
such as thermal and ageing stresses, while handled and stored under normal operating conditions

3.2

compatibility
ability of two or more fuels to be commingled at a defined ratio without evidence of material separation,
which could result in the formation of multiple phases, such as flocculation, where dispersed particles
of asphalltenes form bigger clusters which might lead to sludge formation

3.3
stability|reserve
ability of an oil to maintain asphaltenes in a peptized (colloidally dispersed) state-dand prevept
flocculatjon of the asphaltenes

34
cloud pdjint
CP
temperafure at which a cloud of wax crystals first appears in a transparent’liquid when it is coolg¢d
under spgcified conditions

[SOURCH: ISO 3015:2019, 3.1(2), modified — In the definition,~liquid has been specified to be
"transpafent".]

3.5
cold filter plugging point
CFPP
highest ffemperature at which a given volume of distillate fuel fails to pass through a standardiz¢d
filtration| device in a specified time when cooled under standardized conditions

[SOURCE; IP 309(3)]

3.6
pour point
PP
lowest tgmperature at which a fueDwill continue to flow when it is cooled under specified standard
conditions

[SOURCH: I1SO 3016:2019, 3:1#), modified — In the definition, "sample of a petroleum product” has be¢n
replaced|by "fuel".]

3.7 Toftal sediment-aged

3.71
potenti;11 total sediment
TSP

total sediment, determined by ISO 10307-1[12], after ageing a sample of residual fuel for 24 h at 100 °C
under prescribed conditions

[SOURCE: ISO 10307-2:2009, 3.1(16)]

3.7.2

accelerated total sediment

TSA

total sediment, determined by ISO 10307-1, after dilution of a sample of residual fuel with hexadecane
in the ratio of 1 ml per 10 g of sample under carefully controlled conditions, followed by storage for 1h
at 100 °C

[SOURCE: ISO 10307-2:20009, 3.2]

2 © IS0 2019 - All rights reserved
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General considerations for 0,50 mass % S marine fuels

1 Overview

This clause addresses aspects which apply to all fuels produced to meet a 0,50 mass % S limit.

4.

2 Sulfur content

ISO 8217:2017, Table 1 and Table 2, do not set sulfur limits other than technical limits for the

D
\
C

T
C(

5

far the treatment system and engines, such as CCAI, micro carbon residue, vadnadium, alumi
ilicon, are met.

Vi~ DF grades i recognition tirat it 15 for the purciaser to Specify the maximumn sutfa
hen ordering the fuel based on regulatory requirements applicable to where the fuel will
nsequently, sulfur is not a factor in selecting the grade category of an ordered fuel oil:

his means that the purchaser can continue to order the same grade of fuel;-as beforsg
rresponding specifications shall be met. In doing so, the required fuel charaeteristic speci

he measurement of the sulfur content shall be according to the test methods specified in ISO

3 Flash point

he flash point for all marine fuels under ISO 8217, except for DMX, is set at 60 °C minimum in ac
ith the relevant requirements under the International Cénvention for Safety of Life at Sea (S
nese values therefore continue to apply equally to marine fuels produced to meet a 0,50 mass

is therefore the responsibility of fuel suppliers toténsure that each fuel as delivered meets
int criterion.

4 Application of ISO 8217:2017 t0-0,50 mass % S fuels

ne fuels referenced in this document-shall meet ISO 8217. All fuels within the scope of
oduced to a 0,50 mass % S limit shal fall within either ISO 8217:2017, Table 1 and Table 2.

DTE1  Some fuels on the market meet [SO 8217:2017, Table 2 requirements while consisting of m
iling asphaltenes-free materialof petroleum refining. Their characteristics allow them to be consider
e context of [SO 8217:2017 Table 2, (See Annex A).
DTE 2 Itis expected\that the kinematic viscosity of 0,50 mass % S fuels might vary widely, even ¥

me grade (see 5.2).and that 0,50 mass % S fuels can exhibit a directionally waxier nature (see 5.3).

Specific-considerations for 0,50 mass % S marine fuels

1 .Overview

T

content
be used.

and all
fic limits
ium and

8217.

cordance
OLAS)[2].
6 S limit.

the flash

SO 8217

hinly high
ed within

vithin the

hic“clause addresses acpnri—c which may app]y to parh'r‘n]ar marine fuels prnﬂnr‘nr‘ t

meet a

0,

50 mass % S limit.

5.2 Kinematic viscosity

Historically, fuels within the same grade were very similar in kinematic viscosity and typically close
to the maximum limit of the ordered grade. The kinematic viscosity is expected to vary widely for
0,50 mass % S fuels, even within the same grade and is no longer the controlling characteristic that
it once was. For example, some lower viscosity fuels may have other characteristics such as density,
carbon residue and catalyst fines typical of higher viscosity grades. Therefore, particular attention
should be given to the correct temperature and viscosity settings in the fuel system as different viscosity
fuels should be adjusted to the correct temperature to comply with the machinery requirements. The
kinematic viscosity of the fuel is therefore best communicated prior to delivery.

©

ISO 2019 - All rights reserved
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A low kinematic viscosity might have implications on the cold flow properties/wax formation of the
fuel, see 5.3.

5.3 Cold flow properties/Wax formation

It is expected that the implementation of the 0,50 mass % S limit will result in a wider range of fuel
formulations. There is a common understanding that some 0,50 mass % S fuels can exhibit tendencies
towards being of a waxier nature.

Even when stored at a temperature at or above its pour point, the formation of wax crystals is possible
in either p distillate or residual fuel, if the storage temperature is below the wax melting temperature|A
fuel havipg a higher wax melting temperature might require heating significantly above its pour poipt
temperafure in order to dissolve the wax crystals, preventing them from precipitating in storagetanks
and to avjoid filter blocking in the fuel management system.

A consequence of this is that a fuel having a relatively low kinematic viscosity might notrequire mudh,
or even any, heating to achieve the required engine injection viscosity but might nevertheless stjll
require Heating to melt the wax crystals present (see Annex A).

For distillate fuels in particular, the fuel purchaser should verify that the cold flow propertigs
(CP, CFPH, PP) of the ordered fuel are suitable for the ship’s fuel storage and‘fianagement system design
and the dlimate conditions expected to be encountered during the intended voyage. SO 8217 includgs
the requirement to report CP and CFPP for winter grades of DMA, DMZ, DFA and DFZ.

NOTE More information can be found in the CIMAC guideline for fmanaging cold flow properties of marihe
fuelslel.

5.4 Stgbility

The stabllity of a residual fuel is essential for the safe’handling and use on board ships and for residulal
fuels the[measure of the fuels resistance to precipitate asphaltenes is covered in ISO 8217:2017, Table[2,
by total $ediment-aged. In view of the diversity.6f the fuels being brought onto the market[1Zl to mept
the 0,50 mass % S requirement, other test methods that might provide information on the stability afd
potential instability of fuels have also been‘évaluated (see Annex C).

NOTE More information can be found.in'the CIMAC guideline on General guidance in marine fuel handlingfin
connection to stability and compatibi}ity(Zl,

5.5 Ignition characteristics

The ignifion characteristiCof a residual fuel is addressed by the Calculated Carbon Aromaticity Index
(CCAI) limits set down:in ISO 8217:2017, Table 2 and will be applicable to 0,50 mass % S residufal
fuels. Howvever, as with the best practices applied today on pre-2020 fuels, attention should be givg¢n
to each pewly seurced fuel put into use, ensuring machinery plant settings are correctly setup and
manufacfurers.operating limits are not exceeded.

NOTE More information can be found in the CIMAC guideline on the Fuel Quality Guide Ignition apd
Combustionl8l.

5.6 Catalyst fines

Catalyst fines (cat fines) might also be found in 0,50 mass % S fuels and the maximum limits on the
content of Aluminium plus Silicon in ISO 8217:2017, Table 2, restrict the catalyst fines content in
0,50 mass % S fuels.

Because of the expected wider variation in kinematic viscosity for 0,50 mass % S fuels, even within
the same grade, fuels with a lower viscosity might however still have catalyst fines typical of higher
viscosity fuels.

4 © IS0 2019 - All rights reserved
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6 Compatibility

Fuel blend formulations are expected to vary widely across the regions. Suppliers cannot guarantee
the compatibility between different fuels of which one or both contain a residual component. Managing
such fuels on board the ship relies on the competence of the fuel purchaser and the ship’s crew. Ship
operators should aim to minimize commingling of fuel to prevent fuel incompatibility issues. Applying
full segregation between fuels is the preferred option but it is recognized that some degree of
commingling on board the ship might not be possible to avoid, e.g. when switching between fuels.

Ship operators, as they do today, should consider the risk of incompatibility when using consecutive
fyels from different ports and regions and are encouraged to continue to evaluate their segregation
policy and the means to determine the compatibility between fuels on board and from_ én shore (see
Ahnex C).

© IS0 2019 - All rights reserved 5
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Majority

Some of
before 2

Annex A
(informative)

Fuel classification

the 0,50 mass % S fuels might have a different formulation than what is more generally~se¢n
D20; while they meet ISO 8217:2017, Table 2 requirements, these fuels might noticeably lpe

consisting of mainly high boiling asphaltene-free material of petroleum refining.

These fu
lubricity

el formulations however typically exhibit good ignition quality, a high flash peint and go¢d
characteristics; they are cleaner, deposit less ash than RM grades and normally have a highpr

kinematig viscosity and pour point than distillate marine fuel grades.

The beh
physical
in ISO 8
characte
of residy
compons
be heate
vessel’s f
the orde
requiren

Ship owmers/crew should ensure therefore, that-the vessel’s fuel storage tanks heating capacity |is

sufficien

It is furt
of the fu
viscosity|
required

More infj
fuelslel.

If comm
verified |
(see Ann

NOTE
suspende

hviour of these fuel formulations is defined by their paraffinic/waxy nature. Due to the
characteristics of these fuels, the cold flow properties (CP, CFPP)tliat have been introduc¢d
P17:2017 cannot be determined. Cold flow behaviour of these fuels however, can best be
rized by the pour point. While the pour point of these fugls‘might be in the typical range
al marine fuels, it should be recognized that these fug€ls* might contain paraffinic/waxy
nts that melt only well above the fuels’ pour point. In sterage and transfer, these fuels shoulld
1/kept at a temperature at least 10 °C above the pour point. When purchasing the fuel, the
uel storage tanks heating capabilities should be considered and any constraints included fn
Fing specification of the fuel. Where there aresaily constraints, the pour point and storage
ents should be obtained from the supplier prior to delivery.

[ to heat/keep the fuel at the recommended temperature.

her recommended to consider the wiscosity of the fuel in relation to the cold flow propertigs
], Paraffinic/waxy componentsimight require a higher temperature and therefore lower tIe
of the fuel which might resulg in different viscosity settings of the fuel treatment system being

brmation can be found il the CIMAC guideline for managing cold flow properties of maripe

ngling with residual fuels cannot be avoided, it should be minimized, or compatibilify
peforehand ds-aSphaltenes present in residual fuels might not be kept in colloidal suspensi¢n
px C).

Colleidal suspension, in which one substance of microscopically dispersed insoluble particles, |is
] thiroughout another substance.
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Annex B
(informative)

Composition of marine fuels — IS0 8217:2017, Clause 5 and

Annex B

all marine fuels delivered in accordance with ISO 8217. Thereafter ISO 8217:2017, Table 1 or T
rglevant, set down a number of category specific limits.

Miarine fuels consist of a wide range of hydrocarbons from sources such as petrolednycrude oil,
off renewable sources, shale and tar sands, and potentially Fatty Acid Methyl ESter (FAME). Th
fyels standard is largely based on parameters related to operational performance/experien
tHan a compositional standard.

Il some cases, marine fuels that have met the ISO 8217:2017, Table’} or Table 2 requirems
later gone on to cause operational problems despite the effortscofithe ship to appropriately
tHe fuel by applying best industry practices. At this point, after all appropriate operational pr
carried out have been confirmed, it could come into question.asito whether the fuel contains de
mfaterials and whether it has failed to meet the requiremeénts of ISO 8217:2017, Clause 5. W}
instances are infrequent, damage and loss of power and:propulsion may occur.

Il view of the above, advanced analytical investigative test methods are very often carrie
tHe fuel to determine if there is any anomaly in<the composition of the fuel such as the pr
d¢leterious material, that could point to the cause of the problem, thus pointing to the failure g
meeting Clause 5 general requirements.

[tlremains however difficult to break down the exact composition of a marine fuel and for n
sypplied, this is neither needed nor.feasible. It is however acknowledged that the ongoing ad
amalytical techniques have made(t,possible to detect chemical species which could not be i
in the past. While there have_been improvements in the capability to detect an increasing
chemical species, it remains unknown if these species have been present previously in marine

re consumed by vessels without operational issues or that they do warrant further conside
tHe context of the investigation.

ABTM D 7845[10] js\thé often referred to standardised test method to identify individual con
ithin a marine-fuel. This test method offers a limited number of components where some 4§
ithin fuels ofa'regular basis without causing any operational difficulties. The test method|

td detect components falling outside the scope of ASTM D 7845 are very often propriet

11}0 8217:2017, Clauses 1 and 5, which is a general requirement directed to suppliers, are applicable to

hble 2, as

synthetic
e marine
re rather

nts have
manage
pcedures
leterious
ile these

d out on
bsence of
f the fuel

ost fuels
yances in
dentified
range of
fuels and
ration in

hponents
re found
s applied
ary non-

standardised and in-house test methods, generally used for investigative purposes. As such, results

friom ,0ne' independent laboratory may not always be possible to reliably be compared t
obtained by another independent laboratory.

b results

Best efforts are made to establish links between identified species and reported op

erational

performance issues. However, even when incidents have occurred, sufficient data was generally not
available to evaluate the effects of any one specific chemical species and/or combinations thereof.

This is further complicated when coming to consider the specific concentrations of the species

detected

and to be able to predict their possible impact on the variety of marine machinery systems in service,
on personnel and/or on the environment. As such, it is currently very difficult to predict the potential
behaviour of a fuel and whether it meets ISO 8217:2017, Clauses 1 and 5, solely based on the presence of
what may be perceived as deleterious materials. If the presence of a chemical species at a concentration

is recognized to have caused such operational problems, the fuel oil is deemed to have
[SO 8217:2017, Clauses 1 and 5.

© IS0 2019 - All rights reserved
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In cases where a ship suspects the specific fuel in use on board is the possible cause of the operational
problems, applicable evidence should be gathered to support further investigation. Such evidence
includes but is not limited to logging the case in detail, collecting further in-use fuel system samples,
documenting the evidence leading up to, during and after the operational problems were experienced
as well as any mitigating actions taken.

Fuel producers, suppliers, traders, fuel terminals and supply facilities should have in place adequate
quality control procedures to ensure that the blend stocks used for formulating the 0,50 mass % S fuels
are suitable for the use on board ship and that the fuel meets the requirements of ISO 8217:2017, 5.2, at
the point of custody transfer.

8 © IS0 2019 - All rights reserved
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Annex C
(informative)

Stability

vered by the ISO 8217 requirement of the total sediment aged with the limit of 0, 10 mass %.

The composition of residual fuels is complex to define (depends on crude source and refining p
buit generally residual fuels include asphaltenes, resins and liquid hydrocarbons. Asphalte
cdn precipitate when the asphaltenes, which are high molecular weight polarymolecules
predominantly aromatic structure, are not kept in colloidal suspension. This can ‘0ccur when
sybjected to forces, such as thermal and ageing stresses, the degree of which will be a functi
aId temperature.

T¢ enable long term stability, every fuel should be manufactured t¢ withstand the expect
tHrough normal on board use and normal on board storage. It doesshowever not necessarily fqg
two stable fuels when mixed together form a stable mixture. Whén storing fuel, this should h
mlind. Every attempt should therefore be made to segregate different fuels.

of the implementation of maximum 0,50 mass % S in 2020 and the range of marine fuels th
ayailable on the market, showed that some fuels mightexhibit a TSA well within the 0,10 m4
when using the referee method, may exhibit a TSR“exceeding 0,10 mass %. To ensure that
s¢diment aged limit as specified in ISO 8217:2017,"Table 2 has been met, it is recommended t
rdferee test method.

The studyl?l undertaken to evaluate the stability and the‘eompatibility between marine fuels,

ocesses)
ic sludge
having a
he fuel is
n of time

bd forces
llow that
e kept in

in view
ht will be
ss % but
the total
p use the
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Annex D
(informative)

Commingling of fuels

D.1 General

The risk|of incompatibility between fuels has always existed and the commingling of residual fudls
onboard [is not recommended. However, commingling of fuels to some degree may be unavoidable|if
total segfregation is not possible. In these cases, the compatibility between two fuels should be first
determirled to provide an informed decision as to whether to proceed with the commingling or ngt.
Despite the risk, prior to 2020, limited operational issues were experienced because"majority of the
fuels weile proven to be compatible in the proportions they were commingled.

Due to the expected higher variety in fuels composition post 2020, the risks for incompatibility betwe¢n
fuels might increase. The best practice of either complete segregation oxControlled commingling [n
combination with compatibility checks prior to commingling, should be maintained.

A fuel supplier cannot possibly guarantee that the delivered fuel is gompatible with the fuel on boafd
a ship without testing. Therefore, the ship’s crew should manage(the risks, as some degree of mixing
of differgnt fuels on board a ship cannot be avoided, and many-ships today already have procedures fn
place to ninimize the mixing. The design and layout of the ship’s fuels’ storage and treatment syste

vary fromn vessel to vessel making it impracticable to make a standard recommendation for switching
between|fuels.

Instead, feach ship should define its own loading\and handling procedures to mitigate the risk jof
commingling incompatible fuels on board.

D.2 Pre-delivery compatibility testing and fuel formulation

Compatibility can, at present, onlyibe determined between two identified components. Hence, |if
samples pf both the fuel to be delivered and the fuel with which it is intended to be mixed are available
then compatibility testing, prier to delivery, can be undertaken.

[s5)
—_—

Supplierg are encouraged-te-provide information on the nature/type of the fuel in way of its typic
variable [characteristics such as viscosity, density and cold flow properties. This can help the ship’s
crew to Hetter prepafe-and manage the fuel on board the ship.

D.3 Additional test methods and indicators to evaluate stability and
compatibility of fuels

D.3.1 ASTMD 4740

ASTM D 4740[11], commonly known as “spot test” is a quick and first pass approach and already today
often applied, either on board or in a laboratory, to evaluate the cleanliness of fuels and the compatibility
between fuels. A frequently used ratio is a 50:50 mix of the two fuels. However, the true ratio in which
two fuels will be commingled, if known, can be used for preparing a more representative sample for the
compatibility check.

Mixtures of paraffinic/waxy fuels and e.g. marine gasoils or other paraffinic fuels sometimes have been
rated high by this spot test, although none of the fuels contained any significant level of asphaltenes.
This is because for such combination of fuels, any apparent inner ring in the spot to be evaluated might
be caused by substances other than flocculated asphaltenes (e.g. waxes, coke) and can mistakenly be

10 © IS0 2019 - All rights reserved
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