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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.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main tagk of technical committees is to prepare International Standards. Draft International Starndards
adopted by the technical committees are circulated to the member bodies for voting>yPublication gs an
International $tandard requires approval by at least 75 % of the member bodies casting a vote.

Attention is dfawn to the possibility that some of the elements of this document may be the subject of patent
rights. 1ISO shgll not be held responsible for identifying any or all such patent rights.

ISO 8217 was prepared by Technical Committee ISO/TC 28, Petroleum products and lubricants,
Subcommitte¢ SC 4, Classifications and specifications.

This fourth edition cancels and replaces the third edition (ISO 8217:2005), which has been technically reyised.

iv © 1SO 2010 — All rights reserved
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Introduction

0.1 General

The specifications in this International Standard were prepared in co-operation with ship
operators, shipping associations, national standards bodies, classification societies, fuel tes
engine designers, fuel suppliers and the petroleum industry to meet the requirements for fuels

217:2010(E)

owners, ship
ting services,
supplied on a

world{wide basis for consumption on board ships. Crude oil supplies, refining methods, shi
envirgnmental legislation and local conditions vary considerably. These factors have led histeri

s' machinery,
lly to a large

number of categories of residual fuels being available internationally, even though localty~or nationally there

can be¢ relatively few categories available.

0.2 |Classification

The categories of fuel in this International Standard have been classified in acCordance with ISO

0.3 |International statutory requirements

This |
flash

hternational Standard takes into account the SOLAS Conventionl'l in respect of the allow
oint of fuels.

The Revised MARPOL Annex VI[2l, which controls air pollution from ships, includes a requirem
the fuel not exceed specified maximum sulfur content\or that an approved equivalent alterng
During the lifetime of this International Standard, regional and/or national bodies can introduce t
emissjon requirements, which can impact the allowable sulfur content, for example EU Sulfur D
the ugers’ responsibility to establish the requiremient to comply with such statutory requirements
the maximum sulfur content of the fuel to the supplier.

0.4 [Changes from ISO 8217:2005
This fpurth edition of this International Standard reflects several important and significant ch
include category rationalizations of both distillate and residual fuels and substantial amendment

Thesg changes reflect market,demand, recognize regulatory developments and current industr
with the use of fuels.

hanges:to the distillate fuels (4 categories) include the following.

8216-1.

hble minimum

ent either that
tive be used.
heir own local
rectivel3l. It is
and to specify

hnges. These
5 to Clause 5.
y experiences

For example,

An additional grade, DMZ, has been added with a minimum viscosity of 3,000 mm2/s at 40 °C, but is

otherwise identical in its characteristics to the DMA.

The previous DMC category has been modified and moved to Table 2 as RMA10.

number, oxidation stability and lubricity.
The minimum viscosity requirement for DMA has been raised to 2,000 mm?2/s.
A minimum viscosity requirement of 2,000 mm2/s has been added for DMB.

The specifications for the “appearance” characteristic in Table 1 have been amended.

© 1SO 2010 — All rights reserved
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b) Changes to the residual fuels (6 categories) include the following.
— RMA 10 has been added.
— RMG and RMK have been expanded to include additional viscosity grades.
— RMF and RMH categories have been removed.

— To Table 2 have been added the Calculated Carbon Aromaticity Index (CCAIl) and specifications for
the following characteristics: hydrogen sulfide, acid number and sodium content.

— Sulfrmmmmmﬁmemmﬂeﬁmmmm3 and
Anngx C.

— Potential Total Sediment (TSP) has been assigned as the reference test method. Accelerated Total
Sediment (TSA) has been added as an alternative test method.

— Ash |imit values have been reduced for many of the categories.

— Vanadium limit values have been reduced, with the exceptions of those«for RMB 30 where the limit
valu¢ is unchanged and for RMG 380 where the limit value has been slightly increased.

— Aluminium-plus-silicon limit values have been reduced.

— The priteria for assessing whether a fuel contains used lubricating oil have been amended.
c) Changes|to the informative annexes include the following.

— Amendments have been made to a number of the-annexes.

— Anngx C of the previous edition, dealing withi-viscosity conversions, has been deleted.

— The lequations dealing with specific energy in Annex E of this new edition have been revised|and a
gross specific energy equation for_distillate fuel has been added.

— Fourlnew annexes have beenladded:
— Annex A, dealing with_bio-derived products;
— Annex B, dealing’with deleterious materials;
— Annex C,dealing with sulfur content;

— Annex'D, dealing with hydrogen sulfide.

Vi © 1SO 2010 — All rights reserved
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INTERNATIONAL STANDARD

ISO 8217:2010(E)

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

WARNING — The handling and use of products as specified in this International Standard can be

haza

This |
and H
Stand
those

This |
emerg

NOTE
from s

NOTE

on Comnbustion Engines (CIMAC)H.

NOTE

NOTE

mass dnd volume fractions respecitively.

2 N

The f
refere

document,(ineluding any amendments) applies.

ces and determine the applicability of regulatory limitations prior to use.

cope

hternational Standard specifies the requirements for petroleum fuels for use in marine d
oilers, prior to appropriate treatment before use. The specifications for fuels in thig

used for marine purposes.

hternational Standard specifies four categories of distillate fuel, one of which is for dies
ency purposes. It also specifies six categories of residual fuel.

1
hale.

2  Appropriate guidance about fuel treatment systems for diesel engines is published by the Interr

3 Requirements for gas turbine fuels used in marine applications are specified in 1ISO 426151,

4 For the purposes of this. International Standard, the terms “mass %” and “volume %" are used f{
ormative references

bllowing referenced documents are indispensable for the application of this docume
hces, only/the edition cited applies. For undated references, the latest edition of th

pt purport to
se. It is the
y and health

iesel engines
International

brd can also be applicable to fuels for stationary diesel engines of the same or similar make and type as

el engines for

For the purpose of this International Standardthe term “petroleum” is used to include oil fronp tar sands and

ational Council

o represent the

ht. For dated
e referenced

ISO 9

1-1'1007’ Petroleum measurement tables — Part 1: Tables based on reference hnm’nnrn

ures of 15 °C

and 60 °F

ISO 2719:2002, Determination of flash point — Pensky-Martens closed cup method

ISO 3015:1992, Petroleum products — Determination of cloud point

ISO 3016:1994, Petroleum products — Determination of pour point

ISO 3104:1994, Petroleum products — Transparent and opaque liquids — Determination of kinematic
viscosity and calculation of dynamic viscosity

ISO 3675:1998, Crude petroleum and liquid petroleum products — Laboratory determination of density —
Hydrometer method

© 1SO 2010 — All rights reserved
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ISO 3679:2004, Determination of flash point — Rapid equilibrium closed cup method

ISO 3733:1999, Petroleum products and bituminous materials — Determination of water — Distillation method

ISO 4259:2006, Petroleum products — Determination and application of precision data in relation to methods

of test

ISO 4264:2007, Petroleum products — Calculation of cetane index of middle-distillate fuels by the four-
variable equation

ISO 6245:2001, Petroleum products — Determination of ash

ISO 8216-1:2

ISO 8754:20(
fluorescence

ISO 10307-1:
filtration

ISO 10307-2:
standard prodg

ISO 10370:19

ISO 10478:19
coupled plasn

ISO 12156-1:
(HFRR) — Ps

ISO 12185:19
method

ISO 12205:19
I1ISO 12937:20
1ISO 13739:20

1ISO 14596:20
fluorescence

ISO 14597:19

D10, Petroleum products — Fuels (class F) classification — Part 1: Categories of marine_fu
3, Petroleum products— Determination of sulfur content— Energy-dispersive
spectrometry

P009, Petroleum products — Total sediment in residual fuel oils — Part 1. Determination
009, Petroleum products — Total sediment in residual fuel oils —Part 2: Determination
edures for ageing

93, Petroleum products — Determination of carbon residue —~ Micro method

94, Petroleum products — Determination of aluminjum and silicon in fuel oils — Indul
ha emission and atomic absorption spectroscopy methods

D006, Diesel fuel — Assessment of lubricity using the high-frequency reciprocatin
rt 1: Test method

96, Crude petroleum and petroleum products — Determination of density — Oscillating

95, Petroleum products — Detérmination of the oxidation stability of middle-distillate fuels
00, Petroleum products - Determination of water — Coulometric Karl Fischer titration me
10, Petroleum products — Procedures for transfers of bunkers to vessels

07, Petroleumn_products — Determination of sulfur content— Wavelength-dispersive
spectrometfy

99, Retroleum products — Determination of vanadium and nickel content— Wavel,

dispersive X-/lay fluorescence spectrometry

els

X-ray

by hot

using

ctively

g rig

U-tube

hod

X-ray

cngth-

EN 14078:2009, Liquid petroleum products — Determination of fatty acid methyl ester (FAME) content in
middle distillates — Infrared spectrometry method

EN 14214, Automotive fuels — Fatty acid methyl esters (FAME) for diesel engines — Requirements and test

methods

IP 470:2005, Determination of aluminium, silicon, vanadium, nickel, iron, calcium, zinc and sodium in residual
fuel oil by ashing, fusion and atomic absorption spectrometry

IP 500:2003, Determination of the phosphorus content of residual fuels by ultra-violet spectrometry

IP 501:2005, 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

© 1SO 2010 — All rights reserved
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IP 570:2009, Determination of hydrogen sulfide in fuel oils — Rapid liquid phase extraction method

ASTM D664-09, Standard Test Method for Acid Number of Petroleum Products by Potentiometric Titration
ASTM D6751, Standard Specification for Biodiesel Fuel Blend Stock (B100) for Middle Distillate Fuels

LEwis, C.P.G; SCHENK, C.; STASSEN, W.J.M., Ignition quality of residual fuel oils, Conference paper in

Proceedings of the 22nd CIMAC International Congress on Combustion Engines, Volume 2, Copenhagen, DK,
May 18-21, 19981

3 ppliea

This International Standard specifies the required properties for fuels at the time and place(of custody transfer.
Samp]es for quality verification may be taken in any location agreed between the parties:

4 Sampling

The spmpling of petroleum fuels for analysis shall be carried out in accordance with the procedures given in
ISO 1B739 or an equivalent national standard. Where specific sampling requirements are documented in the
referepced test methods, these shall be adhered to.

5 General requirements

5.1 |The fuel shall conform to the characteristics and Jimits given in Table 1 or Table 2, as appfopriate, when
tested in accordance with the methods specified.

5.2 |The fuel shall be a homogeneous blend 6f-hydrocarbons derived from petroleum refining.[This shall not
preclude the incorporation of additives intended to improve some aspects of the fuel's chardcteristics and
performance. The fuel shall be free from/inerganic acids and used lubricating oils.

5.3 |Fuels shall be free from any material that renders the fuel unacceptable for use in marine gpplications.
5.4 [The fuel shall be free from bio-derived materials other than 'de minimis'levels of FAME (HAME shall be
in acgordance with the requirements of EN 14214 or ASTM D6751). In the context of thig International
Standprd, “de minimis”_m€éans an amount that does not render the fuel unacceptable for yse in marine
applicptions. The blending of FAME shall not be allowed.
NOTE See Anhex A.

5.5 [The fuel'shall not contain any additive at the concentration used in the fuel, or any added| substance or
chemical-waste that

a) jeopardizes the safety of the ship or adversely affects the performance of the machinery; or
b) is harmful to personnel; or
c) contributes overall to additional air pollution.

NOTE See Annex B.

1) This paper describes the CCAI calculation and is available from www.cimac.com.

© 1SO 2010 — All rights reserved 3
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6 New requirements

6.1

Requirements for distillate and residual fuels

a) The hydrogen sulfide, H,S, concentration shall be as specified in Table 1 or Table 2.

NOTE

H,S is a highly toxic gas. Exposure to high vapour concentrations is hazardous and in extreme cases can be

fatal. It is critical that ship owners, operators and other responsible parties continue to maintain appropriate safety
practices designed to protect the crew and others who can be exposed to H,S; see Annex D.

b) Acidity shall be as specified in Table 1 or Table 2.

NOTE Aci

6.2 Requirements for distillate fuels

a) Oxidatiorn

NOTE Thg

oxidation stability. In addition, today's non-marine distillate fuels can contain a significanttamount, for example i

areas currently]
on the oxidatio
derived materi
transferred into

b) The lubri
NOTE Al

distillate fuels
requirements fq

6.3 Requitements for residual fuels

a) Ignition @

specified

NOTE 1 CG
uncharacteristi

NOTE2 Fo

a basis for suppliers and purchasers of residual fuels to agree on tighter ignition quality characteristics.

NOTE 3 Fo
combination of

d number limits are included in this International Standard; see Annex H.

stability shall be as specified in Table 1.

e refinery processes used to manufacture distillate fuels can lead to products that can have
5 volume % to 7 volume %, of bio-derived products i.e., fatty acid methyl ‘esters (FAMEs) that can
n stability of the fuel. Furthermore, the transportation of pure distillate-fuel and distillate fuel containi

al (FAME), especially through multi-product pipeline installations,vhave shown that some FA
the pure distillate fuel; see Annex A.

ity shall be as specified in Table 1.

Lbricity requirement has been included in this International Standard and is applicable to clear and
with a sulfur content below 500 mg/kg (0,050 mass %). The lubricity limit is based on the §
r high-speed automotive and heavy-duty industrial~diesel engines.

haracteristics, as determined by the Calculated Carbon Aromaticity Index (CCAI), shall
in Table 2.

Al, an indication of ignition” performance, has been added in Table 2 in order to avoid fue
density-viscosity relationships. For a determination of CCAIl, see Annex F.

engines and/or applications where the ignition quality is known to be particularly critical, Annex F p

RME 180.and RMK 380, when blending at or close to the maximum density, the CCAI limit can resf]
density ‘@nd viscosity.

b) The sodi||1m concentration shall be as specified in Table 2.

limited

some
impact
ng bio-
ME is

bright

xisting

be as

s with

ovides

rict the

NOTE
ash deposition

and high-temperature corrosion. Information on the subject is given in Annex .

7 Test methods

7.1

Density

A limit for sodium content has been included due to concerns regarding the influences of metals in fuels on

When density is determined in accordance with ISO 3675, the hydrometer readings obtained at ambient
temperature for distillate fuels, and at elevated temperatures of between 50 °C and 60 °C for fuels containing
residual components, shall be converted to results at 15 °C using 1SO 91-1:1992, Table 53B. When density is
determined in accordance with ISO 12185, an appropriate correction for the glass expansion coefficient shall

© 1SO 2010 — All rights reserved
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be applied to readings obtained by a digital density analyser at any temperature other than 15 °C, before
conversion and application of ISO 91-1:1992, Table 53B.

The reference test method shall be ISO 3675.

7.2 Sulfur content

The reference test method shall be ISO 8754.

In the event of a dispute concerning sulfur content, all parties shall agree, prior to testing, upon the same
sulfur certified reference material.

NOTE See Annex C.

7.3

The flash point for fuels in Table 1 shall be determined in accordance with ISO 2719;2002, Procs
flash point result of DMX is less than 40 °C, it shall be determined in accordance.with ISO 3679.

The flash point of fuels in Table 2 shall be determined in accordance with 1SO-2719:2002, Proce
NOTE See Annex G.
7.4

If the @ppearance of DMB is assessed as not clear and bright,(See 7.6), the total sediment shall {
by the test method ISO 10307-1, typically called total sediment existent.

7.5

Either|of the standard procedures for ageing.in ISO 10307-2 can be used; Accelerated Total Se
or Potential Total Sediment test (TSP).

The reference test method shall be the’Potential Total Sediment test.
7.6

For digtillate fuel, the appéarance of a sample shall be assessed by visual inspection in good |
glare and shadow, at ademperature between 10 °C and 25 °C.

Flash point

Total sediment by hot filtration

Total sediment — Aged

Appearance

DMX, DMA ofPMZ shall appear clear and bright. It has been reported that in some cq
glades of fuelare dyed (e.g., black) and not transparent. This affects the compliance with th
for clearand bright appearance and, in such circumstances, the water content shal
2P0 mglkg, as determined by the Coulometric Karl Fischer titration method in accordance w

bdure A. If the

Hure B.

e determined

diment (TSA)

ght, free from

untries these
e requirement

not exceed
th ISO 12937.

fLthe’ appearance of DMB affords visual inspection and appears clear and bright, then t

sting for total

sediment by hot filtration and for water is not required.

7.7 Vanadium

The reference test method shall be IP 501.

NOTE See Annex I.

7.8 Sodium

The reference test method shall be IP 501.

NOTE See Annex |.
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7.9 Aluminium plus silicon
The reference test method shall be IP 501.

NOTE See Annex J.
7.10 Used lubricating oil (ULO)

A fuel shall be free from ULO.

In the context of this International Standard, a fuel shall be considered to contain ULO when combinations of
calcium and zinmcorcatciumand phosphorusare above thespecifiedtevets; see Table2:

The referencd test method shall be IP 501.

NOTE Seg¢ Annex K.

8 Precisipn and interpretation of test results

The test melhods specified in Tables 1 and 2 all contain a statement .of “precision (repeatability and
reproducibility). The determination of reproducibility for CCAl is contained inAnnex F.

ISO 4259:20(Q6, which covers the use of precision data in the interpretation of test results, shall be uged in
cases of dispuite. Information about precision and interpretation of testresults is also given in Annex L.

6 © 1SO 2010 — All rights reserved
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Annex A
(informative)

Bio-derived products and Fatty Acid Methyl Esters (FAMES)

A.1 Bio-fuels and blends

Bio-dgrived fuels and blends of bio-derived fuels with petroleum products are included within

poten
renew

The b

glycer
can a

Bio-dgrived fuels can also be produced by other process methods; however, there is no ¢

exper
this In
encol

NOTE

Notwi
are pq

Q

Q

o

F

Additi
that h

In tho!
the sh
comp

ial alternative energy sources being considered by some sections of marine indusfry §
able and can result in reduced Green House Gases (GHGs) and SO, emissions.

de fraction to produce fatty acid methyl esters (FAMEs), commonly referred'to as bio-dies
S0 contain fatty acid ethyl esters, FAEEs, for which test methods and specifications are be

ence with regard to the application of any bio-derived fuels in_faarine systems and mach
ternational Standard does not address this issue but does_ eutline some of the issues th
ntered in other markets where bio-derived FAME fuels have been mandated.

FAME is defined in EN 14214 and ASTM D6751.

tentially specific complications with respect to.storage and handling in a marine environme
tendency to oxidation and long-term storage issues;

finity to water and risk of microbial'growth ;

bgraded low-temperature flowsproperties;

AME material deposition on exposed surfaces, including filter elements.

bnally, there is a yariety of different sourced FAME products each with its own particular ¢
hve implications with respect to storage, handling, treatment, engine operations and emissi

e instances’where the use of fuels containing FAME is being contemplated, it should bg
ip’s storage, handling, treatment, service and machinery systems, together with any oth
bnents;(such as oily-water separator systems) are compatible with such a product.

the range of
ince they are

Lk of bio-derived fuels currently available is the product of a transesterification|process that removes the

bl. Bio-diesels
ng developed.

eneral broad
inery. Hence,
at have been

hstanding that FAME has good ignition, lubricity properties and perceived environmental benefits, there

nt such as

haracteristics
ons.

ensured that
er machinery

This |

hternational Standard specifically refers to petroleum-derived materials only, thereby excl

ding any bio-

derived materials. However, the practice of blending FAME into automotive diesel and heating oils makes it
almost inevitable, under current supply logistics, that some distillates supplied in the marine market can
contain FAME. Even some residual fuels can contain FAME as a result of refinery processes or blending a
distillate cutterstock containing FAME.

A.2 Precautionary approach

A.21 As there is no generalized experience with respect to storage, handling, treatment and service
performance (including overboard discharges) within the broad spectrum of the marine environment, adoption
of the precautionary principle to address any safety concerns in this area of using either blends of
FAME/petroleum products or 100 % FAME is considered necessary. Furthermore, there are the issues as to
the potential effects of FAME products on the range of marine engines and other equipment [i.e. oily-water

© ISO 2010 — Al rights reserved 1
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separators (OWS) or overboard discharge monitors (ODM)] currently in service. Therefore, this International

Standard limit

NOTE
A22 Toda
— awidera

refineries

s the FAME content to a “de minimis” level.

See 5.4.

te, determining a de minimis level is not straightforward given that

nge of types of FAME products from different sources is available in the market place;

, fuel terminals or other supply facilities;

varying levels of contamination can be present due to the use of common equipment or pipelines in

a wide rag
products

in most ¢
fuel syste

A.2.3 Forth
— inthe ca
“de minin
EN 1407

In the ca
be exprg
available

Fuel produce
delivered, is 0

nge of different analytical techniques is used to detect these FAME products and associat
with no standardized approach;

pses, sufficient data are not yet available with respect to the effects of FAME pnoducts on 1
ms.

e purpose of this International Standard

be of distillate fuels (DMX, DMA, DMZ and DMB when clear and, bright), it is recommende
nis” be taken as not exceeding approximately 0,1 volume % when{determined in accordang
B.

se of DMB when it is not clear and bright and all categofies of residual fuels, “de minimis” g
ssed in numerical terms since no test method witty,formal precision statement is cu
Thus, it should be treated as contamination from the supply chain system.

s and suppliers should ensure that adequate controls are in place so that the resultant fy
lompliant with the requirements of Clause 5-of this International Standard.

ed by-

harine

d that

e with

annot
rrently

el, as
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Annex B
(informative)

Deleterious materials

This International Standard precludes the incorporation of deleterious materials as stipulated in Clause 5.
Such materials should not be present, mixed or blended in marine fuels.

Deterfnining the harmfulTevel of a material or substance 1s not straightforward given that

a) e

b)

>0 Q

c)

T <

<

d)

>

in

(L)
N—
D O 3

It is,

requir
other
and m
Claus

ach fuel is a unique, complex blend of hydrocarbon species;

andling and transport systems;

arying levels of contamination can be present in the fuel due to the“use of common
pelines in refineries, fuel terminals or other supply facilities;

brious analytical techniques are used to detect these contaminants and specific chemica
b standardized approach;

most cases, sufficient data are not available with respectto the effects of any one specifig
[ combinations thereof, on the variety of marine machinery systems in service, personne
hvironment.

therefore, not practical to require detailed .¢hémical analysis for each delivery of fuel
bments listed in this International Standard; Instead, it is required that a refinery, fuel te
supply facility, including supply barges @nd truck deliveries, have in place adequate qua
anagement of change procedures to-ensure that the resultant fuel is compliant with the rej
b 5 of this International Standard with regard to the exclusion of deleterious materials.

wide range of materials from different sources can enter the marine supply chain from the production,

equipment or

species with

contaminant,
| or upon the

5 beyond the
rminal or any
ity assurance
quirements of
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Annex C
(informative)

Sulfur content

The fourth edition of this International Standard has retained the third edition's limits for sulfur for distillate
fuels, but does not include limits for residual fuels. Previously, such limits were included since the sulfur
content acts to reduce the specific energy value and, given the appropriate post-combustion temperature
conditions, cgn result in corrosion of susceptible components.

Sulfur limits fpr distillate fuels in Table 1 were retained due to technical requirements to protect 'small] high-
speed diesel ¢ngines.

Statutory reqlirements, i.e. the Revised MARPOL Annex VI, either specify a maximum @ulfur content |of the
fuel being usgd or allow the adoption of technical solutions to ensure compliance with the, emission regulations
for sulfur oxides and particulate matter. Therefore, the sulfur content of both distillaie” and residual fels is
directly contrglled by the statutory requirements.

Consequently, the purchaser's responsibility is to define the maximum~sulfur content of the fugls in
accordance With the ship's engine design, emission control equipment and the prevailing statutory limitations
in the areas in which the fuel will be used.

14 © ISO 2010 — Al rights reserved
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Annex D
(informative)

Hydrogen sulfide

H,S is a highly toxic gas and 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 eggs. However, at higher
concentrations, it causes a loss of smell, headaches and dizziness and at very high concentrations is

immediately Tatal.

H,S dan be formed during the refining process and can evolve from the fuels in storage)tan
bargeg and customer tanks. H,S can be present in both liquid and vapour phase and the dégree|
partitipning between the liquid and vapour phase depend on several factors, 'e.g. the fu
tempgrature, viscosity, level of agitation, storage time, heating applied, ambient conditions, tank
and venting.

s, in product
and speed of
el chemistry,
shape, ullage

Contact with Hy,S vapours can occur when personnel are exposed to fael*vapours, such as when dipping

tanks, opening tank hatch covers, entering empty tanks, from vent/vent’pipes when tanks a
and/of heated, in purifier rooms, breaking into fuel lines and during filtef.changing operations.

The risks are highlighted in Material Safety Data Sheets (MSDSs) and the dangers presented
exposure guidelines are documented. A useful reference guidance is provided in Section 2.3.6
There|are many other sources of information regarding HyS‘but few are marine specific.

e being filled

to health and
f ISGOTTIMI.

The liguid-phase limit stated in this fourth edition of-this International Standard is designed fo provide an

improyed margin of safety over the previous edition. This limit alone does not constitute a
eliminpte the risk of very high levels of H,S vapour being evolved in enclosed spaces.

Refergnce is made to footnote c in Table'1 and footnote d in Table 2 that specify the
implementation of the limit of H,S in liquid*phase. The reasons for the implementation date no
with the publication of this International Standard are

— tq provide adequate time

— for the developmeént-of a precision statement for distillate fuels in IP 570, the completi
anticipated before the implementation date,

—+ for the world-wide dissemination and application of the new test method IP 570,

—+ for therindustry to engineer, procure and construct facility modifications, where require
comply with the limit;

safe level or

date for the
[ being in line

bn of which is

d, in order to

— toavoldTuet SUpPIy disruption In the ntervening period.

The inclusion in this International Standard of an H,S in liquid phase limit of 2,00 mg/kg in the fuel directionally
reduces the risk of H,S vapour exposure. However, it is critical that ship owners and operators continue to

maintain appropriate safety processes and procedures designed to protect the crew and
surveyors), who can be exposed to H,S vapour.

© 1SO 2010 — All rights reserved
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Annex E
(informative)

Specific energy

E.1 Specific energy is not controlled in the manufacture of fuel except in a secondary manner by the
specification of other properties.

E.2 For redidual Tuels, net specific energy, URrnp, and Qross specric energy, Urg,, boin expressed in
megajoules per kilogram, can be calculated with a degree of accuracy acceptable for normal purpeses from
Equations (E.fl) and (E.2)I8], respectively:

ORnp = (46,704 ~8,802p152 1078 + 3,167 45 '10‘3)- en

[1-0,01[w,, +w, +wg)]+0,094 2w — 0,024 49w,

52,190 — 8,802p,52 - 10—6) [1-0,01(wy, +wy + wg) | +0,094 20, (E.2)

—

QRgv =

where
p15  is the density at 15 °C, expressed in kilograms per cubicmetre;

is {he water content, expressed as a mass percentage;

Ww
Wy is {he ash content, expressed as a mass percentage;
Wg is fhe sulfur content, expressed as a mass;percentage.
NOTE For the purpose of rapid estimation, the het specific energy of residual fuel can be conveniently read from

Figure E.1, which has been derived from Eguation (E.1). However, the values obtained from the graph are only
approximate.

E.3 For distillate fuels, net specific energy, Opnps and gross specific energy, Opgv: both expressed in
megajoules per kilogram, can be‘calculated with a degree of accuracy acceptable for normal purposes$ from
Equations (E.B) and (E.4), respectively:

Obnp = (46,423 - 8,792p452 1070 +3,170p45 -10—3)- £s

[1-0,01[wy, 430, +wg) ]|+ 0,094 2wg — 0,024 49w,

—

Opgy = (5TIT6=8,792p15° 10 |- {T-0,0Tw,, + w5 + 5] | + 0,094 2o (E.4)

where
p15  is the density at 15 °C, expressed in kilograms per cubic metre;

is the water content, expressed as a mass percentage;

WW
Wy is the ash content, expressed as a mass percentage;
W is the sulfur content, expressed as a mass percentage.

16 © ISO 2010 — Al rights reserved
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1040

1020

1000

980

960

940

920

900

880

860

840

820

Key
X sulfur concentration, expressed in percent mass fraction
Y density at 15 °C, expressed in kilograms per cubic metre

NOTE To correct for ash and water, subtract 0,01 QRnp(Wa +w,,) from the net specific energy, QRnp, read from this
graph.

Figure E.1 — Net specific energy of residual fuel expressed in megajoules per kilogram

© 1SO 2010 — All rights reserved 17
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Annex F
(informative)

Ignition characteristics of residual marine fuels

F.1 Application

The ignition g
type, design,

The Calculatg

fuel and, whil
provide an in
uncharacteris
The CCAI val
CCAl =g
where
T
v is
de
Ig is 1
NOTE 1 In

minimum spec
parameter, whi

NOTE2  Wg

nd combustion characteristics of a residual fuel in a diesel engine is dependant on the par
bperating and engine condition, load profile and the chemical properties of the fuel oil-

d Carbon Aromaticity Index (CCAIl) is determined from the density and viscosity of a re
5t it does not provide information related to the combustion characteristics of residual fuel, i
dication of the ignition delay. CCAI has been included in order to avoid residual fuel oil
lic density viscosity relationships, which can lead to an extended ignition delay.

Lie is calculated in accordance with Lewis, et al., using Equation (F.1:

T+273

-81-141-Ig| | 0,85)|—483 -1
15 Q[Q(VJr )] g 323

is {he temperature, expressed in degrees Celsius, atwhich the kinematic viscosity is determir

he kinematic viscosity at temperature T, expressed in square millimetres per second; p;g
nsity at 15 °C, expressed in kilograms per‘eubic metre;

he logarithm to base 10.

his International Standard, marine, distillate categories DMX, DMA, DMZ and DMB (see Table 1)
fied cetane index; see ISO 4264. This provides a better approximation of ignition quality than thg
ch was primarily developed for’use with residual fuels of the type specified in Table 2.

rk is continuing in_a~humber of countries to identify alternative techniques to determine the

combustion be

aviour of residual fu€ls.

In an attemp} to address,both ignition and combustion characteristics of a residual fuel, a standar

method has

en established using a constant volume combustion chamber (CVCC); see IP 541. Whilst

been recognired that-fuels with similar densities and viscosities (i.e. similar CCAI's), can have signif
different ignifion<and combustion properties, work continues to relate the characteristics derived
IP 5410121 with beth fuel quality and in-service experience.

ticular

sidual
t does
s with

ed;

is the

have a
CCAl

overall

d test
it has
cantly

from

Most ships today are uni-fuel ships; hence, the engines with less tolerance towards ignition and combustion
quality discrepancies should be taken into consideration when residual fuels are being ordered.

The International Council on Combustion Engines, CIMAC, is developing guidelines regarding ignition and
combustion quality recommendations for diesel engines.

F.2 Use of the nomogram

For the purpose of a rapid estimation, the CCAI value of a residual fuel can be conveniently read from
Figure F.1, which has been derived from Equation (F.1), by means of extending a straight line connecting the
axes of viscosity, expressed in square millimetres per second, at 50 °C (see A in Figure F.1) and density,

18
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expressed in kilograms per cubic metre, at 15 °C (see B in Figure F.1) to the CCAI axis (see C in Figure F.1).
However, the values obtained from Figure F.1 are only approximate.

A B C
820 —
840 —
4 — _;
= 860 —
= = — 800
5 — = B
6 — 880 E — 810
7 = — 820
= 900 —j B
= = - 830
10 — 920 — -
. = — 840
= 940 -
15 — - — 850
20 — 960 — — 860
25 —] = E
= = — 870
30 = 980 — g
35 = = -
40 —; = — 880
50 — 1000 — B
] = — 890
75 —] = -
3 1020 — -
100 — - — 900
150 — 1040 3 — 910
200 —3 i
250 — 920
3005 B
400" — -
500 — 930
750 —
1000 —

Key

A kinematic viscosity at 50 °C, expressed in square millimetres per second
B density at 15°C, expressed in kilograms per cubic metre

C CCAI

Figure F.1 — Nomogram for deriving CCAI
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F.3 Calculation of CCAI precision

The reproducibility of the CCAI value of a particular residual fuel is dependant on the reproducibility, R, of the
density and viscosity values from which that CCAI value has been calculated. The interaction of these CCAI
factors is such that the highest positive CCAI reproducibility is achieved when the reproducibility for density is
added to the density value and the reproducibility for viscosity is subtracted from the viscosity value.

The curve of CCAI reproducibility plotted against viscosity is given in Figure F.2. The reproducibility of density

is a constant (independent of the density value) and, therefore, the CCAI reproducibility varies only with the
viscosity of the fuel. The application of the reproducibility is covered in Annex L.

Y
38

3,61

3,41

3,21

2,81

2,61

2,4

2,2

0 50 100 150 200 2500 300 350 400 450 500 550 600 650 7p0 X
Key
X viscosity a{ 50 °C, expressed if-square millimetres per second

Y CCAI reprqducibility

Figure F.2 — Plot of CCAI reproducibility against viscosity
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Annex G
(informative)

Flash point

217:2010(E)

The flash point value is not a physical constant but is dependent on the test method, the apparatus and the
procedure used. In this International Standard, the test method described in ISO 2719 should used for both
distillate and residual fuels. Flash point is one of the valid indicators of the fire hazard posed by the fuel.

For rg
flamm
can h
tempg
hazar
near,

peopl

Furthe
preca
Tanks

sidual fuels, available information shows that flash point on its own is not a reliablein
ability conditions that can exist within the headspaces of storage tanks. This means_that
bve the potential to produce a flammable atmosphere in the tank headspace,. even whe
rature below the measured flash point. Consequently, residual fuels should be 'considered
jous and capable of producing light hydrocarbons that can result in tank headspace atmo
pr within, the flammable range. Appropriate precautions are necessary, therefore, to ensur
e and property.

r information is contained in ISO/TR 2966281 and CEN/TR 15138:2006[°. Addition
itionary measures is given in The Flammability Hazards!10l aid in International Safety
rs and Terminals!11].

dicator of the
residual fuels
n stored at a
as potentially
spheres being
e the safety of

Bl advice on
Guide for Oil
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Annex H
(informative)

Acidity

Fuels with high acid numbers arising from acidic compounds occasionally cause accelerated damage to

marine diesel

Testing fuels
indications as
measurable g
generally (but

However, fue
stated in the
crudes can b
responsibility

Acid number
compounds a
guarantee thg
currently reco

A fuel in whi
method, SAN
correlation be|

engines. Such damage is found primarily within the fuel injection equipment.

or acid number, AN, (formerly known as total acid number or y -09 ca
to the likely presence of acidic compounds. Although all fuels have a naturally joce
cid number, these are generally (but not always) less than 0,5 mg KOH/g for distillate) fue|
not always) less than 2,5 mg KOH/g for residual fuels.

s manufactured from naphthenic crudes can have an acid number that, while.gfreater than
tables, are acceptable for use. Confirmation that a fuel was manufactured from naph
e established by non-standard, specialized detailed analysis. In such-gircumstances, it
pf the supplier and the purchaser to agree on an acceptable acid number.

levels significantly higher than those stated above can indigate significant amounts of
hd, possibly, other contaminants. However, acid numbers bélow the values stated above
t the fuel is free from problems associated with the presence of acidic compounds. Thereg
gnized correlation between acid number test results and<the corrosive activity of a fuel.

as described in ASTM D664-09, is non-compliant with this International Standard, as the
tween the presence of a strong acid and the corrosive activity of a fuel.

give

lrring,

s and

those

thenic

is the

acidic

Ho not

is no

Ch a strong acid species is detected, even at a |ow level not detectable by the standand test

eis a

22
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