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Foreword

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

electrotechnical standardization.

The proced

Hrawn to the possibility that some of the elements of this document may)be the subj
4. ISO shall not be held responsible for identifying any or all such patenb rights. Det

on the ISO ligt of patent declarations received (see www.iso.org/patents).

Any trade ngme used in this document is information given for the convéniéence of users and do
constitute ar} endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific term,
expressions [related to conformity assessment, as well as information about ISO’s adherence f{
World Trade|Organization (WTO) principles in the Technical\Bdrriers to Trade (TBT) see the foll
URL: www.ido.org/iso/foreword.html.

This document was prepared by Technical Committee ISO/TC 28, Petroleum products and r
products of synthetic or biological origin, Subcommittee SC 4, Classifications and specifications.

This sixth edlition cancels and replaces the fifthedition (ISO 8217:2012), which has been techn
revised.
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ights identified during the development of the document will be in the Introduction and/or
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Introduction

General

This document was prepared in cooperation with ship owners, ship operators, shipping
national standards bodies, classification societies, fuel testing services, engine designers
suppliers, fuel additive suppliers and the petroleum industry to meet the requirements for
supplied on a world-wide basis for consumption on board ships.

associations,
, marine fuel
marine fuels

The increasing demands of environmental legislation are leading to a transition in the nature of marine

fuels supplied from traditional oil products derived from the processing of petroleum

crude to the

potential inclusion of oil products derived from renewable and/or alternative sources. T}
takes|into consideration the diverse nature of these fuels and incorporates a number-of
distillate or residual fuels, even though not all categories may be available in every supply

Classjification

The chtegories of fuel in this document have been classified in accordancewith ISO 8216-1

At the time of preparation of this document, a number of unconventioiial fuels have be
the njarket which do not conform exactly to this particular distillate/residual categoriza
instances, it is recommended that the fuel characteristics or Aimits should be agreed

purchaser and supplier and defined by both a category of fuekas'given by this document t

any djfferent or additional fuel characteristics or limits necessary to adequately define thg

Interpational statutory requirements

This
the S
requi
equi
bodiels may introduce their own local emission requirements, which can impact the allg
contept, for example, the EU Sulphur Directivel4l. It is the purchaser’s and the user’s r
to establish which statutory requirements are to be met and specify on that basis the cq
maximum fuel sulfur content to.the'supplier.

ocument specifies allowable minimum flash point limits following the provisi
LAS Convention[2]l. MARPOL Annex VII[3},‘“which controls air pollution from ship
ement that either the fuel shall not exceed a specified maximum sulfur content or

Chanpes with respect to 1S0.8217:2012

This {
the sd

ixth edition reflectSimportant and significant changes. These include substantial an

ope (Clause 1),andto the general requirements (Clause 5).
Changes to the distillate fuels include the following:

ditionalgrades, DFA, DFZ and DFB have been added with a maximum fatty acid m
FAMEY content of 7,0 volume %;

N QO

1is document
categories of
location.

[1].

bn offered to
[ion. In these
between the
pgether with
t fuel.

bns given in
s, includes a
an approved

lent alternative means be used. During the lifetime of this document, regional and/or national

wable sulfur
esponsibility
rresponding

endments to

ethyl ester(s)

1£. £ £ oL IMNA A JdNDNA7Z 1 1 | d 4+ 3 £1 0N [\VA
TS50 oT COTTCtCTIC UT DIVIZTY ald DIVIZ IIaS OCTIT T CUOCCU O a TTTaATIITaTIT OT L, U0 1ITd S5~ /0,

t

the sulfur content of DMB has been reduced to a maximum of 1,50 mass %;

cloud point and cold filter plugging point.

The following annexes, previously included, have been deleted, but the key information i
the body of this document or is available in referenced industry publications:

Sulfur content;

Flash point;

Catalyst fines;

© IS0 2017 - All rights reserved
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— Precision and interpretation of test results.

All other annexes have been reviewed and updated.
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Petroleum products — Fuels (class F) — Specifications of
marine fuels
WARNING — The handling and use of products specified in this document can be hazardous

if suitable precautions are not observed. This document does not purport to address all of the
safety and health considerations that can be associated with its use. It is the responsibility of the

users of t
appligabi

This glocument specifies the requirements for fuels for use in marine diesel éngines and
to conventional onboard treatment (settling, centrifuging, filtration) before tse. The sped
fuels [in this document can also be applied to fuels used in stationary-diesel engines of]
simildr type as those used for marine purposes.

This dlocument specifies seven categories of distillate fuels, one gfwhich is for diesel eng
emergency purposes. It also specifies six categories of residual-fugels.

For the purposes of this document, the term “fuels” is currently used to include the followi
drocarbons from petroleum crude oil, oil sands.aitd shale;

drocarbons from synthetic or renewablei'sources, similar in composition t
istillate fuels;

lends of the above with a fatty acid methyl ester(s) (FAME) component where permit

NOTE
Cound

1  Appropriate guidance about fuel treatment systems for diesel engines is published by the
il on Combustion Engines (CIMAC)[5L.

NOTE|2  Requirements for gas tuirbine fuels used in marine applications are specified in ISO 426

NOTE
mass

3 For the purposes/of this document, the terms “mass %” and “volume %” are used to
ind volume fractionsireSpectively.

2 N

The f
const
undat

ormative references

bllowing.documents are referred to in the text in such a way that some or all of
tutes;requirements of this document. For dated references, only the edition cited
ed references, the latest edition of the referenced document (including any amendmg

his document to establish appropriate safety and health practices and to determine the

boilers, prior
ifications for
the same or

ines used for

ng:

b petroleum

ted.

International

1[6].

represent the

their content
applies. For
ents) applies.

ISO 2719, Determination of flash point — Pensky-Martens closed cup method
ISO 3015, Petroleum products — Determination of cloud point

ISO 3016, Petroleum products — Determination of pour point

ISO 3104, Petroleum products — Transparent and opaque liquids — Determination of kinematic viscosity

and calculation of dynamic viscosity

ISO 3675, Crude petroleum and liquid petroleum products — Laboratory determination of density —

Hydrometer method

ISO 3733, Petroleum products and bituminous materials — Determination of water — Distillation method

© IS0 2017 - All rights reserved
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ISO 4259, Petroleum products — Determination and application of precision data in relation to
methods of test

ISO 4264, Petroleum products — Calculation of cetane index of middle-distillate fuels by the four-variable
equation

ISO 6245, Petroleum products — Determination of ash

ISO 8754, Petroleum products — Determination of sulfur content — Energy-dispersive X-ray fluorescence
spectrometry

ISO 10307-1, Petroleum products — Total sediment in residual fuel oils — Part 1: Determination by hot

filtration

[SO 10307-2
standard pro

ISO 10370, P

ISO 10478, P4
plasma emiss

Petroleum products — Total sediment in residual fuel oils — Part 2: Determination
redures for ageing

btroleum products — Determination of carbon residue — Micro method

ptroleum products — Determination of aluminium and silicon in fuel oils.— Inductively cc
ion and atomic absorption spectroscopy methods

using

upled

ISO 12156-1) Diesel fuel — Assessment of lubricity using the high-frequency reciprocating rig (HFRR) —
Part 1: Test mpethod

ISO 12185, drude petroleum and petroleum products — Determination of density — Oscillating U-tube
method

ISO 12205, Pptroleum products — Determination of the oxidation stability of middle-distillate fuels

ISO 12937, P¢troleum products — Determination of watei~— Coulometric Karl Fischer titration method
[SO 13739, Petroleum products — Procedures for transfer of bunkers to vessels

ISO 14596, Petroleum products — Determination of sulfur content — Wavelength-dispersive |X-ray
fluorescence spectrometry

SO 14597, P4
X-ray fluores

ASTM D664,

ASTM D4294,

X-ray Fluoreg

ASTM D6751,

ASTM D7963,

troleum products — Determination of vanadium and nickel content — Wavelength-disp|
Cence spectrometry

Standard Test Method for Acid Number of Petroleum Products by Potentiometric Titrati

Standard Test Method for Sulfur in Petroleum and Petroleum Products by Energy Disp
cence Spectrometry

Standard 'Specification for Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels

Esters in midd

rapid screenmg method

ersive

on

ersive

lethyl

Standard Test Method for determmatlon of the contammatzon level of Fatty Aczd |

a$copy-

EN 14214, Liquid petroleum products — Fatty acid methyl esters (FAME) for use in diesel engines and
heating applications — Requirements and test methods

[P 309, Diesel and domestic heating fuels — Determination of cold filter plugging point

IP 470, Determination of aluminium, silicon, vanadium, nickel, iron, calcium, zinc and sodium in residual fuel
oil by ashing, fusion and atomic absorption spectrometry

[P 500, Determination of the phosphorus content of residual fuels by ultra-violet spectrometry

[P 501, Determination of aluminium, silicon, vanadium, nickel, iron, sodium, calcium, zinc and phosphorus in
residual fuel oil by ashing, fusion and inductively coupled plasma emission spectrometry

© ISO 2017 - All rights reserved
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[P 570, Determination of hydrogen sulfide in fuel oils — Rapid liquid phase extraction method

[P 579, Liquid petroleum products — Determination of fatty acid methyl ester (FAME) content in middle
distillates — Infrared spectrometry method

[P 612,Diesel and domestic heating fuels — Determination of cold filter plugging point Linear cooling bath
method — Linear cooling bath method

3 Terms and definitions

No terms and definitions are listed in this document.

ISO apd [EC maintain terminological databases for use in standardization at the followjing pddresses:

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

]

$0 Online browsing platform: available at http://www.iso.or

4 Application and sampling

This flocument specifies the required properties for fuels at the’ time and place of custpdy transfer.
Samples for quality verification may be taken in any location agteed between the parties.

The dampling of fuels for analysis shall be carried out intaccordance with the procedyres given in
ISO 1B739 or an equivalent national standard. Where specific sampling requirements are|{documented
in thg referenced test methods, these shall be adheredto:

5 G@General requirements

5.1 |The fuel as supplied shall be homogeneous and conform to the characteristics and limits given in
Table|l or Table 2, as appropriate, when'tested in accordance with the methods specified.

The fliel composition shall consistipredominantly of hydrocarbons primarily derived from petroleum
sources while it may also containyhydrocarbons from the following:

— synthetic or renewablésources such as Hydrotreated Vegetable Oil (HVO), Gas to Liquid (GTL) or
Biomass to Liquid (BTL);

b-processing of renewable feedstock at refineries with petroleum feedstock.

(@)

The OF grades;-as defined in ISO 8216, include up to 7,0 volume % FAME (see Table 1), where FAME at
the time of blending shall be in accordance with the requirements of EN 14214 or ASTM D6751.

DMX shall\be free of FAME.

The DMA, DMZ, DMB and RM grades shall not include FAME other than a “de minimis” level. In the
context of this document, “de minimis” means an amount that does not render the fuel unacceptable for
use in marine applications that are not designed or suited to handling fuels containing FAME.

NOTE See Annex A for more details on the level and impacts of FAME.

5.2 The fuel shall be free from any material at a concentration that causes the fuel to be unacceptable
for use in accordance with Clause 1 (i.e. material not at a concentration that is harmful to personnel,
jeopardizes the safety of the ship, or adversely affects the performance of the machinery).

NOTE See Annex B.

5.3 Subject to the requirements of 5.1 and 5.2, additives that improve some aspects of the fuel’s
characteristics or performance are permitted.

© IS0 2017 - All rights reserved 3
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6 Test methods

6.1 Density

In case of disagreement concerning density, all parties shall agree, prior to additional testing, upon the
test method to be used.

6.2 CCAI

Calculated carbon aromaticity index (CCAI) shall be as specified in Table 2.

The CCAI value is calculated in accordance with Lewis, et al.lZ], using Formula (1):

CCAI = p

where

P15 isf

lg st
v is t

T ist

def
Density, p1s,

NOTE1 CC
order to avoid

NOTE2 Fo
provides a bay

NOTE3 Fo
the combinati

6.3 Sulfun

Sulfur test p
and ISO 145
distillate fue|

The referenc

T +273

c—81-141. lg[lg(v + 0,85)] —483.1g

he density at 15 °C, expressed in kilograms per cubic metre;
he logarithm to base 10;
he kinematic viscosity at temperature 7, expressed in millimetres squared per secon

he temperature, expressed in degrees Celsius, at which the kinematic viscosity is
ermined.

and viscosity, v, shall be determined according to the test methods specified in Table

Al was originally developed as an indicatof of ignition performance, but is included in Tab
fuels with uncharacteristic density-viscosity relationships (see Annex C).

engines and/or applications wheré the ignition quality is known to be particularly critical, Al
is for suppliers and purchasers,of residual fuels to agree on tighter ignition quality charactej

RME 180 and RMK 380, whenblending at or close to the maximum density, the CCAl limitre
bn of density and viscosity.

recision for fuels containing FAME has not been established for the test methods ISO
06 at the-time of preparing this International Standard. The sulfur test precisi
s containing FAME has been established for test method ASTM D4294.

e tést method shall be ISO 8754 for DM and RM grades and ASTM D4294 for DF gradg

(0

2.

e2in
hnex C
istics.

btricts

8754
n for

LS.

In case of disagreement concerning sulfur content, all parties shall agree, prior to additional testing,
upon the same sulfur certified reference material.

6.4 Flash

point

The flash point for all fuels, except for DMX, is set at 60 °C minimum according to the International
Convention for Safety of Life at Sea (SOLAS)[2].

Residual fuels have the potential to produce a flammable atmosphere in a tank headspace, even when
stored at a temperature below the measured flash point. Appropriate precautions are necessary,
therefore, to ensure the safety of the ship and personnel. Further information and advice on
precautionary measures are given in References [8] to[11].

© ISO 2017 - All rights reserved
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The flash point is not a physical constant, but is dependent on the test method, the apparatus and the
procedure used.

The flash point for fuels in Table 1 shall be determined in accordance with ISO 2719, Procedure A. The
flash point of fuels in Table 2 shall be determined in accordance with ISO 2719, Procedure B.

6.5 Hydrogen sulfide

The reference test method shall be IP 570, Procedure A.

WARNING — Hydrogen sulfide (H2S) is a highly toxic gas. Exposure to high vapour concentrations
is hazardous nnd’ inextreme cases,can be fatal It is critical that chip owners,-eperators and
other responsible parties continue to maintain appropriate safety practices designegd to protect
the crew and others who could be exposed to H2S; see Annex D.

6.6 |Acid number
The fyel shall be free of inorganic acids. The fuel shall be tested in accordance with ASTM D664.

NOTE See Annex E.

6.7 |Oxidation stability

The oiidation stability shall be as specified in Table 1.
NOTE[1  The oxidation stability limit takes into account.that some refinery processes used td manufacture
distillpte fuels lead to products that have limited oxidation stability and that bio-derived produgts, e.g. FAME,

can inppact the oxidation stability of the fuel.

NOTE|2 See Annex A.

6.8 [Total sediment by hot filtration

If thelappearance of DMB or DFB is assessed as not clear and bright (see 6.12), the total s¢diment shall
be determined by the test metho@:ISO 10307-1, typically called existent total sediment.

6.9 |Total sediment —Aged

Either of the standard-procedures for ageing in ISO 10307-2 can be used: accelerated tdtal sediment
(TSA) or potentialtotal sediment test (TSP).

The referencegest method shall be the potential total sediment test in accordance with IS¢ 10307-2.

6.10 [Fatty acid methyl ester(s) (FAME)

Test method P 579 is not applicable to RM grades at the time of preparation of this document. Test
method ASTM D7963 is applicable to all DM, DF and RM grades.

The reference test method shall be IP 579 for DM and DF grades.

NOTE See Annex A.

6.11 Pour point/cloud point/cold filter plugging point

The purchaser should confirm that the cold flow characteristics (pour point, cloud point, cold filter
plugging point) are suitable for the ship’s design and intended voyage.

Issues with low temperature operability (i.e. deposition of solidified wax in fuel tanks, fuel lines,
centrifuges and filters) can occur with distillate fuels. The pour point requirement as defined in Table 1

© IS0 2017 - All rights reserved 5
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cannot guarantee operability for all ships in all climates. Therefore, for winter grades of DMA, DFA,
DMZ and DFZ, the cloud point and cold filter plugging point shall be reported.

NOTE
fuelsli2],

6.12 Appearance/water

More information can be found in the CIMAC guideline for managing cold flow properties of marine

For distillate fuels, the appearance of a sample shall be assessed by visual inspection in good light, free
from glare and shadow, at a sample temperature between 20 °C and 25 °C.

DMX, DMA, D
these gradeq
requirement|
exceed 200 1
accordance {j

If the appear
for total sed
bright, the w

6.13 Lubri
The lubricity

NOTE Th
industrial die

6.14 Vanad
The referenc

NOTE Se

6.15 Sodiu
The referenc

NOTE Se

6.16 Alumi

hg/kg (0,020 mass %), as determined by the Coulometric Karl Fischer titration -met
yith ISO 12937.

ance of DMB and DFB affords visual inspection and appears clear and hright, then t
iment by hot filtration and for water is not required. If the appearance is not cleg
ater content shall be determined by I1SO 3733.

City
shall be as specified in Table 1.

e lubricity limit is based on the existing requirementsdor high-speed automotive and heav
bel engines.

ium
e test method shall be IP 501.

p Annex F.

m
e test method shall belP-501.

p Annex F.

nium plus silicon

The aluminigm plus-siticon limits in Table 2 restrict the catalyst fines to levels at which fuel trea

plants onboa
practice and

rd (settling tanks, centrifuges and filters), when operated in accordance with both

bsting
r and

y-duty

[ment
good

the,manufacturers’ operating procedures, are expected to reduce the catalyst fines

to an

acceptable ]

The referenc

1 1 . P [Ccirqng
€rdtule erngime Miet-=I-21,

e test method shall be IP 501.

6.17 Used lubricating oil (ULO)

The fuel shall be free of ULO. In the context of this document, a fuel shall be considered to contain ULO
when combinations of calcium and zinc or calcium and phosphorus are above the specified levels; see

Table 2.
The referenc

NOTE

e test method shall be IP 501.

See Annex G.
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7 Specific energy

The specific energy of marine fuels can be calculated as given in Annex H.

8 P

recision and interpretation of test results

The test methods specified in Table 1 and Table 2 all contain a statement of precision (repeatability and
reproducibility). The determination of reproducibility for CCAI shall be in accordance with Annex C.

ISO 4259, which covers the use of precision data in the interpretation of test results, shall be used in

cases

of dispute.

The ¢
fuels
the re

Howse
CEN/

Prope
Visco

wher
comp

It is the technical opinion of the experts of ISO/TC 28/SE€ 4 that the same precision data for

FAMH

NOTE
by thg
marin|

recision data for the test methods ISO 6245 (ash) and ISO 12205 (oxidation stabili
containing 5,0 volume % FAME were determined by the experts of CEN/TC 19\to be
ported precision datall4],

ver, at the time of publication of this document, the precision data determined by t
['C 19 for diesel fuels containing 5,0 volume % FAME for the test method 1SO 3104 we

rty Test method Unit Precisionfor 5,0 volume % FA
bity at 40 °C ISO 3104 mm?2/s r=00011X; R=0,018X

e 1 is repeatability and R is reproducibility (see ISO 4259), X is the mean of two 1
ared.

can be applied to distillate marine fuels containing up to 7,0 volume % FAME.

Since all fuel testing is subject to inherent variations, the assessment of fuels as suppli¢
provisions of ISO 4259. More information-is provided in the CIMAC guideline on the int
e fuel oil analysis test results[15].

ty) for diesel
the same as

he experts of
re as follows:

ME blend

'esults being

b,0 volume %

bd is governed
brpretation of
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Annex A
(informative)

Bio-derived products including fatty acid methyl esters

A.1 Bio-fuels and blends

Bio-derived fluels and blends of bio-derived fuels with petroleum products are included within the
of potential glternative energy sources being considered by some sections of marine industry sinc
are renewable and can result in reduced greenhouse gases (GHGs) and sulphur emissiong(SOx).

The bulk of Bio-derived fuels currently available are the products of a transesterification proces
removes the|glyceride fraction to produce fatty acid methyl ester(s) (FAME), also referred to a
diesel. Bio-dJesels can also contain fatty acid ethyl ester(s) (FAEE), for which, atthe time of prep
this document, test methods and specifications are being developed.

In 2010, due| to limited experience with the use of FAME blends in the\marine sector, ISO 821
modified to fequire marine fuels to contain no more than a “de minimis” level, which for distillat
was indicated at that time as approximately 0,1 volume % FAME..The practice of blending FAM
conventional diesel and heating oils makes it almost inevitable, urider current supply logistics, that
distillate fuels supplied in the marine market can contain FAME: Even some residual fuels can cg

FAME as a rejsult of cross contamination or blending with a distillate cutter stock containing FAME.

Since 2010, [additional information has become available on the use of biodiesel in conven
automotive diesel fuel as well as on the use of distillate fuels containing biodiesel on-board ships.
light of this gxperience, this edition of this documentretains the general “de minimis” level require
but with a wjider tolerance as given below and also includes additional specifications (DF grade
distillate marine fuels containing up to 7,0 yolume % FAME. The FAME used for blending shall
specification requirements of EN 14214 or ASTM D6751.

The increasd in demand for marine fuels with sulfur content limited to no more than 0,10 mass 9
result of reglilatory requirements, may partially be met by supplying distillate fuel which may ca
up to 7,0 volyme % FAME.

NOTE In fome countries, legislation mandates that distillate fuels shall contain bio-derived products,
may result in FAME levels exceeding 7,0 volume %.

For the purpose of thi$ document, DMX shall be free of FAME and, with exception of DF grade
producers arfd suppliers should ensure that

— there is na-deliberate blending of FAME into the fuel,

range
e they

s that
s bio-
aring

/ was
e fuel
E into
some
ntain

tional
In the
ment,
s) for
meet

o as a
ntain

which

5, fuel

— adequate controls are in place so that the resultant fuel, as delivered, does not exceed the “de

minimis” which is now taken to be a level of approximately 0,5 volume % FAME, and

— the fuel is compliant with the requirements of Clause 5.

To determine the FAME content of DM grades, test methods [P 579 or ASTM D7963 can be used, except
IP 579 cannot be used for DMB when it is not clear and bright. For DMB (not clear and bright) and RM

grades test method, ASTM D7963 should be used.

A.2 Storage and handling of DF grade marine fuels

The International Council on Combustion Engines (CIMAC) has developed guidelines on managing

distillate marine fuels containing up to 7,0 volume % FAME[16].
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Notwithstanding that FAME has good ignition and lubricity properties together with perceived

environmental benefits, there are potentially specific complications with respect to the
handling of distillates with a FAME component in a marine environment, such as

— atendency to oxidation and long-term storage issues,
— an affinity to water and risk of microbial growth,
— degraded low-temperature flow properties, and

— FAME material deposition on exposed surfaces, including filter elements.

AL\

limate of the supply location. This may have implications
to storage, handling, treatment and engine operations.

Additjens

v

In thgse instances where the use of fuels containing FAME is being contemplated,\it shoul
that the ship’s storage, handling, treatment, service and machinery systems, together w
machjnery components (such as oily-water separator systems), are in terms-of materials an
performance compatible with such a product. Contact of materials suclzas‘bronze, brass,
tin arld zinc with FAME should be avoided as these may oxidize FAME¢thereby creating sed

storage and

n particular
with respect

d be ensured
th any other
H operational
copper, lead,
iments.
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Annex B
(informative)

Deleterious materials

This document precludes the incorporation of any material at a concentration that causes the fuel to be
unacceptable for use as stipulated in Clause 5.

Identifying alnd determining the concentration of a material that causes the fuel to be unacceptable for
use can be difficult given that

a) each fuel is a unique, complex blend of hydrocarbon species,

b) a wide range of materials from different sources can enter the marine supply chain from the
production, handling and transport systems,

c) various pnalytical techniques are used to detect specific chemical species with no standardized
approach, and

d) in most|cases, sufficient data are not available with respect to’ the effects of any one specific
materiall or combinations thereof, on the variety of marinesmachinery systems in servige, on
personngl or on the environment.

It is thereforfe not practical to require detailed chemical analysis for each delivery of fuels beyond the
requirementp listed in Table 1 or Table 2. Instead, a refingery, fuel terminal or any other supply fqcility,
including supply barges and truck deliveries, should-have in place adequate quality assurance and
management of change procedures to ensure that thé resultant fuel is compliant with the requirements
of Clause 5.

NOTE The marine industry continues to build on its understanding of the impact of specific ch¢mical
species and the respective critical concentrations at which detrimental effects are observed on the operdtional
characteristigs of marine fuels in use.

14 © IS0 2017 - All rights reserved
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Annex C
(informative)

Ignition characteristics of residual marine fuels

Application

A diegel engine’s sensitivity to a fuel’s ignition characteristics depends not only on the fuel’s chemical
comppsition but also the particular engine type and design together with its maintenance and operating

condifions. Where the same fuel is to be used for both main and auxiliary engines, the re

those
order

C.2

The
perfo
includ

The 1
R, of 1
of th¢
reproj
subtr

The c
densi
only ¥

engines with the least tolerance towards poor ignition characteristics should be cons
ing residual fuels.

Calculated carbon aromaticity index

falculated carbon aromaticity index (CCAI) was developéd as an indicator of
Fmance of residual fuels and is determined from the density.and viscosity values. CCA
led in Table 2 to avoid residual fuels with uncharacteristic density-viscosity relations

eproducibility of the CCAI value of a particular residual fuel is dependent on the rej

pse CCAI factors is such that the highest pasitive CCAI reproducibility is achiev
ducibility for density is added to the density value and the reproducibility for
hcted from the viscosity value.

lirve of CCAI reproducibility plotted-against viscosity is given in Figure C.1. The repr
Ly is a constant (independent of the*density value) and, therefore, the CCAI reprodug
vith the viscosity of the fuel.

uirements of
idered when

the ignition
[ is primarily
hips.

broducibility,

he density and viscosity values from which that'CCAI value has been calculated. Thie interaction

bd when the
viscosity is

bducibility of
ibility varies
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38

3,6 4

341

3,2

3,0 H

Key

X  viscosity at 50 °C, expressed in millimetres squared per second
Y CCAl repyoducibility

C.3 IP 54l ignition and combustion test method

,0 T

0 50 600 650 700 X

Figure C.1 — Plot of CCAI reproducibility against viscosity

I [

It has been recognized that fuels with similar densities and viscosities (i.e. similar CCAls) can have
significantly| different ignition and combustion properties. Consequently, in order to address both
ignition and pombustion characteristics-of a residual fuel, a standard test method, commonly known as
FIA-100FCA,|has been established-using a constant volume combustion chamber (CVCC); see IP 541[17Z].
The Internatfional Council on Combustion Engines (CIMAC) has developed a guideline regarding fuel

ignition and fombustion quality-for diesel engines[18].
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Annex D
(informative)

Hydrogen sulfide

Hydrogen sulfide (H2S) is a highly toxic gas. Exposure to high vapour concentrations is hazardous and
in extreme cases, can be fatal. At very low concentrations, the gas has the characteristic smell of rotten

HOWeVveT, at Mg e CONCemrations, Tt TausSes a 1055 0f SIMett, eadaches and aizZZIings
oncentrations, is immediately fatal.

eggs.
high ¢

H>S ¢
prodtu
and s
chem
tank s

an be formed during the refining process and may evolve from the fuels in/stor:
ct barges and customer tanks. HzS can be present in both liquid and vapour phase af
peed of partitioning between the liquid and vapour phase depends on several factor
stry, temperature, viscosity, level of agitation, storage time, heating-applied, ambier]
hape, ullage and venting.

ct with H2S vapours can occur when personnel are exposed to fuel vapours, such as
when opening tank hatch covers, when entering empty tarks, from vent pipes w
filled and/or heated, in purifier rooms, when openingcup-fuel lines and during fi
tions.

Cont3
tanks
being
oper

The tisks are highlighted in material safety data sheets (MSDSs) and the dangers
health and exposure guidelines are documented. A useful reference guidance is provide
sectiqn 2.3.6[8]. There are many other sources of infarmation regarding H»S, but few are ma

The ljquid-phase limit, introduced in the fourth edition of this document, of 2,00 mg/kg,
to prpvide an improved margin of safety“over the previous edition and reduces the
vapoyr exposure. This limit alone does. mot constitute a safe level or eliminate the opera
concgntrations of HzS being present in‘enclosed spaces and it is critical that ship owners a
continue to maintain appropriate safety processes and procedures designed to protect f
otherf (e.g. surveyors), who could:be exposed to H;S vapour.

NOTE
no. 8/

More information omiissues associated with H»S in marine fuels can be found in the CO)
| 3[19],

5 and at very

hge tanks, in
d the degree
, e.g. the fuel
t conditions,

vhen dipping
en tanks are
er changing

bresented to
d in ISGOTT,
rine specific.

was included
risk of H3S
tional risk of
ind operators
he crew and

NCAWE report
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Annex E
(informative)

Acidity

Fuels with high acid number test results arising from acidic compounds occasionally cause accelerated
damage to marine diesel engines. Such damage is found primarily within the fuel injection equipment.

Testing fuels|for acid number (AN; formerly known as total acid number or TAN) by ASTM D664’ca

ngive

indications as to the likely presence of acidic compounds. Although all fuels have a naturally occufring,
measurable gcid number, these are generally (but not always) less than 0,5 mg KOH/g for,distillat¢ fuels

and generally (but not always) less than 2,5 mg KOH/g for residual fuels.

However, fuels manufactured from naphthenic crudes can have an acid aumber that,

while

greater thar those stated in Table 1 or Table 2, is acceptable for use. Confipmation that a fugl was

manufacturgd from naphthenic crudes can be established by non-standatd, specialized de

tailed

analysis. In guch circumstances, it is the responsibility of the supplier and the purchaser to agijee on

an acceptable acid number.

Acid numbey levels significantly higher than those stated above can indicate significant amou

nts of

acidic compqunds and, possibly, other contaminants. However, acid numbers below the values gtated

above do nof guarantee that the fuel is free from problems @ssociated with the presence of

acidic

compounds. [There is no currently recognized correlation between an acid number test result and the

corrosive activity of a fuel.

Notwithstaniding that an acid number limit is given, the fuel shall be free from inorganic acids (Jtrong
acids). A fuel in which a strong acid species [strong.acid number (SAN)] is present, even at a low level

below the reporting limit of ASTM D664 test method, is not compliant with this document as the
correlation hetween the presence of a strong/acid and the corrosive activity of a fuel.

re is a
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