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■ Section 1: Guidance

Regulations relating to the control of emissions of sulphur
oxides (SOx) will generally include the requirement to 
operate on low sulphur oil fuels. Such Regulations may be
international (i.e., MARPOL Annex VI), national (i.e., those
related to the EU Sulphur Directive) or local. In these
controls a 0,10 per cent maximum oil fuel sulphur limit is
widely adopted.

Due to the nature of crude oil and refinery operations, it is
not anticipated that there will be a widespread availability of
residual fuel oils (RFO) meeting a 0,10 per cent sulphur
limit. For this reason, it is anticipated that low sulphur distillate
oil (LSDO) will be generally used to meet this requirement.
LSDO will normally consist of marine diesel oil (MDO) or
marine gas oil (MGO). The terms ‘MGO’ and ‘MDO’ have
no precise definition other than that both are distillates and
as such do not require heating prior to injection (RFO, of
whatever grade, does require heating). For the purpose of
this procedure it is assumed that MGO corresponds to ISO
8217:2012 DMA and DMZ grades while MDO corresponds
to the ISO 8217:2012 DMB grade.

LSDO meeting a 0,10 per cent sulphur limit will need to be 
specifically manufactured. Apart from reducing the sulphur
content, the processing can, in some instances, also
substantially reduce the fuel’s viscosity and lubricity 
characteristics. This implies a need for equipment and
systems to be installed which are suitable for the range of

possible LSDO characteristics or for modifications to be
applied to existing machinery to ensure it is suitable for
LSDO type fuels. 

Furthermore, there can be implications for machinery
systems in using distillate fuels in general, irrespective of
whether or not those fuels are sulphur controlled.

Consequently, unless specifically stated otherwise, this
procedure will hereinafter use the term ‘distillate’ to
describe both LSDO and other distillate diesel grades of
fuel.

This procedure is intended to assist in the design appraisal
and survey of main and auxiliary diesel engines, main and
auxiliary boilers, incinerators, inert gas generators and 
thermal oil heaters which are to operate on distillate and be
assigned the DIST Descriptive Note. Vessels complying
with this procedure will therefore have the capability to 
potentially meet SOx emission controls requirements
through the use of LSDO should they decide to apply this
method of compliance. Equally it will be seen as meeting
industry best practice for vessels operating with distillate in
general.

NOTE

The existing Lloyd’s Register Rules and Regulations for the
Classification of Ships (hereinafter referred to as the Rules
for Ships) are intended to assure safety, the purpose of the
DIST Descriptive Note is to promote best practice and
recognise Operators who are applying this best practice.



Procedure for Assigning DIST Descriptive Note

Procedure for Assigning DIST Descriptive Note, March 2014

SECTION 1

LLOYD’S REGISTER2

There are several areas of concern associated with vessels
operating on distillate:

1.1 General

1.1.1 Viscosity. Experience indicates that distillate
generally has viscosity in the range 2.0-5.0 cSt at 40ºC,
with virtually none below 2.0 cSt. However, the future trend
of these fuels is expected to be to lower viscosities. The
DMA and DMB grades are currently limited to a minimum
viscosity of 2.0 cSt at 40ºC as defined in ISO 8217:2012,
whereas the DMZ grade (which is otherwise identical to
DMA) has a minimum viscosity of 3.0 cSt at 40ºC.

The low viscosity of distillate means that trace heating or
pre-heating prior to injection should not be applied. The
low viscosity may be insufficient to provide the necessary
hydrodynamic lubrication, consequently for operation on
distillate it should be ascertained that the fuel transfer and
supply pumps are able to operate with fluid at the viscosity
of distillate. Ambient conditions may reduce the viscosity
further. Similarly, this low viscosity may adversely affect the
fuel pumps, fuel valves and other parts of the fuel oil
system on diesel engines, requiring confirmation that the
equipment is suitable for distillate. Note that the viscosity
values given above are at a reference temperature of 40°C,
and that the actual operation temperatures might be
higher, causing the viscosity to drop further.

1.1.2 Lubricating properties. Distillates will have
reduced lubricity properties as compared to RFO and
hence may not provide the boundary lubricating 
performance required. It should be ascertained whether the
high pressure fuel pumps, and other equipment, have any
minimum lubricity requirements for the fuel in use. 
ISO 8217:2012 sets a lubricity maximum limit for distillates
of 520 microns wear scar against the HFRR test for fuels
under 0,05 per cent sulphur content.

1.1.3 Fuel system. In addition to the potential impact
on machinery caused by low viscosity and lubricity, the use
of distillate in systems which normally operate with RFO
can result in seepage of fuel from pipe flanges, equipment
seams and other fittings (such as pressure gauges and
other sensors) due to the ‘searching’ nature of such fuels.
This may only become apparent after a period of time as
accumulated material is removed by the cleaning action of
the distillate.

Where fuel changeover requires mixing of two different fuel
oils, there is always a risk of incompatibility resulting in the
formation of excessive quantities of sludge which can
disrupt the combustion process and the functioning of fuel
oil treatment and service systems and associated equip-
ment. This problem would be more pronounced in those

cases where significant quantities of the fuels are mixed,
therefore it is a requirement of the DIST Descriptive Note
that mixing of significant quantities of fuel is to be avoided.

1.1.4 Flashpoint. For distillate to be a permitted marine
fuel it must satisfy the SOLAS and Class requirements in
respect of minimum flashpoint of 60°C (closed-cup test)
unless the design has been specially approved for a lower
value. Variations in the flashpoint above this minimum
between HFO and distillate have no practical effect.

1.2 Engines

NOTE

This Section is intended to summarise those issues 
associated with the use of distillates in engines which are
primarily intended for operation on RFO. These problems
are related to engine and component life, they should be
identified and rectified by the normal onboard operation
and maintenance systems before becoming a safety
concern.

1.2.1 Fuel changeover thermal shock prevention.
During fuel changeover between RFO and distillate the fuel
system including fuel pumps will be subject to a significant
change in temperature as a result of the need to heat RFO
to maintain viscosity at the correct levels for the engine.
This temperature change will be approximately 100°C;
therefore the changeover procedure is critical to prevent
machinery seizure, machinery wear, microseizure and loss
of performance. The fuel changeover procedure is to be in
accordance with the instructions of the engine manufacturer
and is to form part of the engine operating and 
maintenance manual on board. The changeover process is
to be automated, but there shall be provision for manual
operation when required. The changeover controller is to
be arranged to fail to a safe position as required by Pt 6,
Ch 1,2.5 of Lloyd's Register's Rules for Ships. Unless
stated otherwise by the engine manufacturer, the maxi-
mum rate of temperature change is to be 2°C/min for two
stroke slow speed engines or 4°C/min for other engines as
given in 4.2.3.

1.2.2 Ignition/combustion. Since RFO and distillate
have different composition and properties, this will lead to
different ignition and combustion characteristics. The result
can be deposition within the cylinder and inlet/exhaust
valves and reduced life expectancy of piston rings, liners
and valves. Fuel valves may also require increased 
maintenance to counter the effects of different combustion
and ignition and in some cases may need to be changed to
an alternative material specification based on manufac-
turer’s advice.
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1.2.3 Fuel viscosity. The reduced viscosity of distillates
may result in worn high pressure fuel pumps being unable
to deliver sufficient fuel to the fuel valves to maintain engine
power output and may result in engine failure. This may
also present difficulties in starting the engine. The lower
viscosity will present risks of microseizure and accelerated
wear in fuel pumps and fuel valve wear.

1.2.4 Fuel lubricity. The reduced lubricity of distillates
relative to RFO presents a risk of microseizure and 
accelerated wear in high pressure fuel pumps and fuel
valves. This is separate and distinct from the problems
presented by the lower viscosity of distillates when
compared to RFO.

1.2.5 Cylinder lubrication. On two stroke engines the
lower sulphur content of distillate reduces the rate of acidic
corrosion of the cylinder liner. The sulphur in fuel has a
positive affect on piston ring/liner wear because controlled
acid corrosion prevents polishing of the liner and helps to
maintain an open graphite structure on the liner face to
promote a hydro dynamic oil film between the rings and
liner. The cylinder oil base number is to be suitable for the
fuel in use. If the cylinder oil base number is too high relative
to the acidity of fuel there is a risk of hard alkaline 
deposition to cylinder liners which can cause polishing and
accelerated wear. If the cylinder oil base number is too low
relative to the acidity of fuel then the rate of acidic 
corrosion of the liner may be too high resulting in 
accelerated wear.

1.3 Burners

NOTE

Burner will be taken to refer to burners used for boilers,
thermal oil heaters, inert gas generators and incinerators.

1.3.1 Burner tips. Specific RFO and distillate burner tips
should be fitted to burners which are intended to operate
on both RFO and distillate, necessitating changeovers
between different tips as required.

1.3.2 Oil sprayer assembly. Steam atomiser supply to
burners will usually need to be shut off when using distillate
to avoid heating the fuel in those designs where the steam
supply surrounds the core fuel oil supply (concentric gun
type). There are certain burner types where the steam
supply is carried in a channel separate and away from the
fuel supply (parallel gun type) thereby avoiding the risk of
fuel over-heating while still using steam atomisation.

1.3.3 Combustion control system. Transfer between
fuels is likely to result in some smoke formation if no 
remedial action is taken to control combustion. Fuel and air
systems are controlled by Automatic Boiler Control (ABC),
Automatic Combustion Control or Burner Management
Systems (BMS), each of which may require modification.

NOTE

It is possible for an automatic boiler system to operate
safely without being optimised for dual fuel operation. It is
recommended that all conversions of burner equipment
and system to optimise firing on distillate are first referred
to the burner manufacturer and combustion control system
manufacturer to determine the extent of modification
required.

■ Section 2: Descriptive Note

ShipRight DIST

The ShipRight DIST Descriptive Note will be assigned
when a ship complies with the requirements of this 
procedure and Pt 1, Ch 2,2 of Lloyd's Register's Rules for
Ships. The Notation will be placed in Column 6 of the
Register Book.

Requirements for application of the procedure are given in
Section 3.

Contained within the brackets of ShipRight DIST (…) are
letters representing notation items for machinery to which
the procedure applies. These are:

M – main engine(s)
AB – auxiliary engines and boiler(s)
IG – inert gas generator

TO – thermal oil heaters
I – incinerator

■ Section 3: Applicability

This procedure and the DIST Descriptive Note are applicable
for ships which either use only distillate or normally use
RFO but which, in order to meet particular SOx control
requirements or for other reasons, occasionally operate on
distillate and  are fitted with additional capabilities to meet
industry best practice for distillate operation.

This is a voluntary Descriptive Note and will be assigned at
the request of the vessel Owner.
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In the case of ships which are to use both RFO and distillate,
this Descriptive Note shall only be assigned to vessels
using fuel segregation up to the point of the machinery fuel
changeover valve which is to be downstream of the service
tanks and also downstream of the fuel oil booster pumps
and filters on vessels with appropriate changeover equip-
ment. This is to ensure that distillate is not exposed to RFO
or other non-distillate fuels and that fuel booster pumps are
not required to operate with both RFO and distillate. This
means the vessel shall have a dedicated distillate fuel
service tank(s). Using a fuel flushing/dilution technique is
not acceptable for the notation.

To be eligible for the DIST Descriptive Note ships are to
combust fuel which fully meets the requirements of 
ISO 8217:2012.

■ Section 4: Requirements

4.1 Submissions

4.1.1 To qualify for the DIST Notation, the following is to
be submitted for consideration and approval:
(a) Viscosity specification for distillate and other fuels to

be carried (where applicable), along with the
predicted viscosity of fuel after the changeover valve
at the expected operating temperatures.

(b) Lubricity specification for the distillate and other fuels
to be carried (where applicable).

(c) Manufacturer's recommended fuel viscosity require-
ments for engines and burner equipment.

(d) Manufacturer's recommended viscosity requirements
for transfer and booster pumps.

(e) Manufacturer's declarations of suitability to operate
with distillate and other fuels to be used on board for
boiler igniter and flame detection equipment, fuel
atomising arrangements and burners for distillate.

(f) Manufacturer’s recommended requirements for 
lubricity for engines, burner equipment and fuel
supply and transfer equipment.

To be eligible for the DIST Descriptive Note the viscosity
and lubricity values submitted in 4.1.1(a) and 4.1.1(b) are to
meet the requirements of the information submitted in
4.1.1(c) to 4.1.1(f). Any modifications which are required to
attain compliance with this Section are to meet the require-
ments of Sections 4.2, 4.3 and 4.4. of this procedure.

4.1.2 Plans in detail of the layout of tanks holding distillate
and other fuels required by the equipment to operate.
Plans will indicate the cofferdams and arrangements to
ensure effective segregation of fuels and to ensure that
distillate service tanks are not subjected to heating effects
resulting from proximity to heated RFO tanks.

4.1.3 Plans in detail of the fuel system pipe work and
pumping arrangements demonstrating the effective 
segregation of distillate from RFO up to the point of the fuel
changeover valve. These plans are to include fuel return
pipe arrangements. In particular this submission is to
include details of preventing distillate contamination with
RFO in the case of changeover from RFO to distillate and
vice versa.

4.1.4 A fuel management plan to demonstrate the provi-
sion of an auditable system for verifying compliance with
the requirements of National and International 
Regulations for emissions of SOx where this compliance is
achieved by the use of LSDO.

4.1.5 Fuel changeover procedure to demonstrate 
effective operational controls over the process of changing
between distillate and RFO. This shall meet the require-
ments of 4.2.3.

4.1.6 Engine manufacturer’s declaration of suitability to
operate on distillate and other proposed grades of fuel.
This will include, where applicable as indicated by this
declaration of suitability, instruction concerning any timing
adjustments, lubricating oil changes (including cylinder oil)
and control system adjustments required to optimise 
operation on the proposed fuel grades.

4.2 General

4.2.1 Fuel system arrangements are to comply with the
requirements of Pt 5, Ch 14,2 of the Rules for Ships,
particular attention is drawn to the requirements of Pt 5, 
Ch 14,2.9 for fire safety.

4.2.2 Further to the requirements of Pt 5, Ch 14,2.10.4
of the Rules for Ships, for ships operating with distillate and
which have a dual fuel capability for operating with RFO,
the piping arrangements for distillates are to be separate
and distinct from those intended for RFO up to the point of
the fuel changeover valve on the machinery fuel supply line.
This requirement includes the spill and overflow lines. Fuel
transfer and feedpumps installed before the fuel booster
pumps shall not operate with both distillate and RFO and
they are to be suitable for the viscosity, temperature and
pressure of the fuel grades concerned. Fuel booster pumps
may be fitted after the fuel changeover valve and operate
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with both RFO and LSDO. Manufacturers of pumps are to
provide a statement that their equipment is suitable for use
with distillate.This segregation includes a requirement for
separate and distinct bunker supply lines, transfer and
treatment systems. Manufacturers of fuel booster pumps
which operate with both RFO and LSDO are to supply a
statement that the pumps are suitable for operation with
each grade of fuel proposed and also blends of each grade
of fuel proposed.

4.2.3 The fuel changeover procedure carried on board
shall incorporate any recommendations of equipment
manufacturers relating to fuel changeover. This is to
include both RFO to distillate and distillate to RFO
changeover. This procedure along with records of crew
training in applying the procedure shall be available to
Lloyd’s Register on request.

The fuel changeover procedure shall include instruction on:
(a) Flushing time required for the system to be purged of

non-LSDO fuels where using LSDO for environmental
compliance reasons. 

(b) Maximum rate of temperature change of fuel which is
allowable, this shall be no greater than 2°C/min for
two stroke slow speed engines and 4°C/min for other
machinery unless advised otherwise by equipment
manufacturers, in such cases this is subject to
approval.

(c) Adjusting equipment control parameters and instru-
mentation settings required for operation on different
fuel grades.

(d) Machinery power output when changing fuels.
(e) Actions to take in the event of a failure of fuel

changeover or of a machinery failure resulting from
the fuel changeover process.

(f) Records of fuel changeover to be kept as required by
applicable national and international statutory require-
ments where such changeovers are undertaken for
the purpose of environmental compliance.

(g) The need for the engine room to be manned while
changing over fuels.

4.2.4 Fuel changeover is to avoid risks of thermal shock
and achieve a smooth temperature transition, this rate of
temperature change is to be in accordance with 4.2.3(b).
The changeover process shall ensure that fuel viscosity is
maintained within the allowable limits of the machinery and
plant onboard downstream of the changeover valve(s) and
precautions are to be in place to prevent distillate vapour
locking in the system. It is a requirement for the DIST
Descriptive Note that automatic fuel changeover systems
are fitted. However, automatic systems shall also include
the option of manual operation for use in the event of a
system malfunction and shall have a fail safe operation to a

safe position as per Pt 6, Ch 1,2.5 of the Rules for Ships.
Manual changeover is to be included in the changeover
procedure required by 4.2.3. 

The fuel changeover valve may be positioned after the fuel
oil heaters and in such a manner that changeover will be
controlled so as to avoid undue fuel rail pressure
surges/pressure loss which could result in flame-out or
unstable engine operation and engine failure. Where the
fuel changeover valve is positioned before the fuel heater
then a fuel cooler meeting the requirements of 4.2.6 is to
be fitted.

4.2.5 When LSDO operation is required for reasons of
environmental compliance then the onboard LSDO storage
and service tank capacity is to be sufficient to allow the
vessel to operate for a minimum of four days at 85 per cent
MCR except where vessels are engaged on voyages of
short duration, for such cases proposals will be submitted
for special consideration and approval to ensure that suffi-
cient  LSDO fuel carrying capacity is available. This four
day calculation is to take effect once full changeover to
LSDO has been achieved.

4.2.6 Distillate shall be regulated at 7°C or greater above
pour point and also at temperatures necessary to maintain
viscosity within the requirements of equipment manufacturers
in 4.1.1(a). For engines this will usually mean 40°C or lower
at a sea water temperature of 32°C subject to recommen-
dations from the engine manufacturer on viscosity.
However, there are distillate fuels which can be used at
temperatures above this point and remain within allowable
viscosity requirements. Where it is necessary to include fuel
cooling to achieve this requirement then cooling equipment
shall comply with Part 5 of the Rules for Ships and cooling
control will use distillate temperature as the set point to
regulate viscosity. Where water is to be used for cooling,
proposals shall be submitted to demonstrate that this will
provide sufficient cooling at a sea water temperature of
32°C. Where this cannot be achieved or where the vessel
is intended for service in areas where the sea water
temperature will be higher than 32°C then an additional
chiller plant is to be fitted.

4.2.7 Compatibility testing is to be carried out to verify
that fuels which will be mixed as part of changeover
processes between RFO and distillate are compatible.
Ideally this would be done prior to accepting delivery of the
fuel. However, it is recognised that this will not always be
practical for Operators therefore fuels should be tested as
soon as practicable after they are received. Compatibility
testing may be done on board using a test kit or the
services of a specialist fuel laboratory may be used.
Records of fuel compatibility testing results are to be
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retained and made available to Lloyd’s Register on request.

4.2.8 Where modifications are made to combustion
control and automation systems, details are to be
approved by LR. Where these modifications are to be made
to existing software arrangements then proposals for verifi-
cation and validation of the modifications are to be
submitted with the software versions having being uniquely
identified such that acceptable configuration management
of the software can be maintained.

4.2.9 Where distillate systems use fuel chiller plant then
they are to be provided with sufficient redundancy that 
failure of a single chiller unit shall not affect the systems
capability to meet the requirements of 4.2.6. Chiller plant is
not to be installed in fuel purifier rooms.

4.2.10 The distillate system shall meet the requirements
of Pt 5, Ch 14. Where a vessel has two or more fuel
systems then each system shall meet the requirements of
Pt 5, Ch 14 with the exception of Pt 5 Ch 14,4.18. Where
machinery can operate using each of the different fuels
carried then the number of fuel service tanks required is
subject to special consideration.

4.3 Engines

4.3.1 The engine manufacturer shall confirm allowable
values for viscosity and lubricity for the engine fuel pumps
and fuel valves along with parameter limit values for fuel
temperature and viscosity in accordance with 4.2.6, 4.1.1
and 4.1.6.

4.3.2 For two stroke engines with separate cylinder
lubrication the base number (BN) of the cylinder oil is to be
suitable for the grade of fuel. Where it is proposed to 
operate with dual fuels then the Operator shall consult the
engine manufacturer and act on the advice received
regarding suitable BN grades of cylinder oil. If necessary,
two separate cylinder oil supply systems are to be fitted to
ensure operation with suitable cylinder oil. Where a 
separate cylinder oil tank is supplied for LSDO engine 
operation then sufficient cylinder oil to operate the engine
on LSDO for a period of four days from the time of 
completion of changeover to LSDO at 85 per cent MCR
shall be provided except where vessels are engaged on
voyages of short duration. For such cases proposals will be
submitted for special consideration and approval to ensure
that 
sufficient LSDO grade cylinder oil is carried on board. This
is intended to extend cylinder liner and piston ring life.

4.3.3 For four stroke and two stroke trunk piston
engines the Operator shall consult the engine manufacturer
and act on the advice received to ensure that lubricating oil
is suitable for use with LSDO and for dual fuel engines is
suitable for both LSDO and RFO to maintain good 
component life and avoid reduced maintenance periodicity.

4.3.4 The engine manufacturer’s recommendations for
any timing or control adjustments required to optimise
engine performance when operating the engine on distillate
are to be communicated to LR along with proposals on
implementation. For engines operating with both distillate
and RFO the engine manufacturer shall be contacted to
obtain advice on engine timing and controls adjustments to
ensure optimal operation on distillate and RFO. This is to
be included in the submission required by 4.1.6 and
4.1.1(f). Records of lubricant deliveries are to be made
available to LR on request.

4.4 Burners

4.4.1 The burner manufacturer is to provide evidence of
suitability of the burner design for burning distillate. For
burners operating with both distillate and RFO the burner
manufacturer will provide evidence of suitability of the
equipment for operation with all the proposed grades of
fuel in accordance with Pt 5, Ch 14,3 and Pt 6, Ch 1,3 of
the Rules for Ships.

4.4.2 There shall be no leakage of fuel (fuel dribble) from
shutdown burners into the boiler furnace space (in accor-
dance with Pt 5, Ch 14,3.1.7 of the Rules for Ships). The
vessel shall have an operational procedure to verify the
effectiveness of this fuel shut off to be carried out each
time the burner changes from RFO to distillate fuel grades.
Records of this procedure being carried out shall be 
maintained and are to be made available to LR on request. 

4.4.3 Measures shall be implemented to mitigate the risk
of accumulated fuel deposits within tanks, pipes and
fittings being mobilised by the use of distillate after fuel
changeover and resulting in high loadings on hot filters and
interference with fuel pressure and flow sensors which
could lead to flame instability.

■ Section 5: References

ISO 8217:2012

FOBAS Bulletin 05/2009
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