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Assistance to ship ownersperatorsand crew

ThisIndustry Guidancshall giveassistance to ship ownersperatorsand crew to prepare for the chgesin
fuel charateristics and complianosith the new sulphur limits for ships fueded inin Sulphur Emission
Control AreagSECAgs ofJanuary 1, 2019.he nain emphasisf this papetieson theprocess of switch

over from HFO to LSF.

Introduction

As ofJanuary 1, 2015, 0:00the sulphur content of fuel oil
used on board shipsithin SECAshall not exceed 0.10% m/m.
This is required both e EuropearDirective n°2012/33/EU
of 21st November 2012s well a#\nnex VI of thénternational
MARPOL Convention. In most casempliance will require the
use of Low Sulphur Fuel, LSF (MDO or Mb@@e shipor of

the recently offeed compliant fuelsuch as HDMESQith

higher pour points and viscosities that requisating. Prior to
entry into aSECA isthereforerequired to have fully switched
overfrom any high sulphur fuel in usethe SEA compliant
marine fuel Alternative ompliance can be achievég using
fuelswith higher sulphur conterif exhaust gas cleaningssy
temsare usedthe sacalled scrubbers.

Current SECAs are tHesignatedareas within 200 nautical
miles offshore the coadine ofthe USA and Canadie US
Caribbean ECAvéters around Puerto Rico and the U.S. Virgin
Island$, as well ashe Baltic Sea and North Sea/English @kan
in EuropeThis paper mainly concentrates on liogtions of
the European SECAs.

Theinternational MARPOL Regulations is transfetwetLro-

pean law by Directive 2012/33/EU regarding sulphur content of

marine fuels. It regulates inter alia the sulphur content of fuels

used by maritime transport in the Baltic Sea, North Sea and

English Charel. It states in the relevant regulations:

A Member States shall take all necessary measures to ensure
that marine fuels are not used [...] within SOx Emission Co
trol Areas if the sulphur content of those fuels by mass e
ceeds [...] 0,106 as from 1 January 2015.

If a ship is found by a Member State not to be in compliance

[...] with this Directive, the competent authority of the

Member State is ditled to require the ship to:

A present a record of the actions taken to attempt to
achievecompliance; and

provide evidence that it attempted to purchase marine

fuel which complies with thisfective in accordance

with its voyage plan [...] and [...] no such marine fuel

was made available for purchase.

The ship shall not be required to devifiam its intended

voyage or to delay unduly the voyage in order to achieve

A

A

Generally speaking, the western boundary of the North Sea compliance.

SECA is the longitudetendingfrom Brest (France) to Fa

mouth (U.K.) and further northwards from Strathy Point east cProperties and compatibilities of fuels

the Orkney Islands (U.K). The northern b@umdf the North
Sea SEQ#athe latitude extending from Vagsay (Norway) to

Energy content per Volume
BetweenHigh Sulphur Fuel OHIFQ and distillategiesa differ-

Thorshavn (Faroes). Further, the area is bound by the latitudeence in density of approximately 8%6.the fuel pumps deliver

extending from Skaw to Gothenborg (i.e. entry to the Baltic
SECA).

Legal Background
With regard to sulphur oxide essions the relevant regulation
(MARPOL ANNEX VI, Regulation 14.4.3) states:

While ships are operating within an Emission Control
Area, the sulphur content of fuel oil used on board
ships shall not exceed [...] 0.10% m/m on and after 1
January 2015.

a defined volume of fuel to the engine, this may result in a
reduction of available energy for combustion and a potential
reduction of maximum power that is not compensated by the
higher net calorific value of distillates (~ +)2% normal ope-
ation of a vessehis will usuallyot be a problem, but migt
have a negative impact inteeme circumstances

Compatibility

Reports further show that ntifications in the refinery pr

cesses have led to considerable changes in fupkepties. In a
report by Chevron (Chevron, July 2007) it is evidenced that the
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Kinematic Viscosity vant fuel system has to be reduced to and kept at values not
100000 - exceeding 50°Theuse of fuels like HDMESO0 offer the-a
—4—Marine Gas Oil vantage to reduce the temperature control requirements.
10000 \ == Marine Diesel Oil __

\\\ i Preparing considerationfor fuel switchover
1000 >>\\ —=IF-100 - Fuel requirements
\\‘&\ ::i;gg Depending on the operational profile the required amounts of
100 ﬂ HFO and LSF from January 1, 2015 oifsvand the resulting
tank capacities should be estimated. The considerations should
10 A& - : include the requirements of the charterer, if applicalfi¢hé

mﬁo?_hgmsltt ship operates solely within®ECA and only LSF will be used, the
1 : ; : decision should include how to proceedhwanyremaining
-15 35 85 135 High Sulfur Fuel (HSF) on board. Depending on the decsion
Temperature Degrees Celsius disposal should be organized.

) ) ) ) In cooperation with the charterer contact fuel supplie®s; n
Fig.1: Viscosity of marine fuels as function of temperature g qiate and decide on sulphur content and date of bunkering.
(Source: MAN (Remember that nearly all ships in the SECA or entering will

stability of asphaltenes is deterated by the visbreakingpr ~ "€duire LSF).

cess. They can form sediment (coagulation is influenced by If a fuel switchover before entering into the SECA issaece
time and temperature) when the aromaticity of the fuetnx Sy @ sulphur content below 0,10% is advantageous because
is changed by blending of HFO and MDO. The c! e the time for switchover and the use bSF outside the SECA can

procedure from HFO to MGO usually takes a longer period ofb‘_e reduced with a low sulphur content of LSIasW\gitchover
time, during which there will be a mix of the two very differentWIII take place of_ten, sulphur contents near 0,10% should
fuels. As a result of this mixing, the asphaltenes of the heavy therefore be avaided.
fuel are likely to precipitate as heavy sludge, with filter cloggin~ K
as a possible result (MAN, Primeserve, 2010). Storage tan arrangemgnt

The most obvious way to avdtus result is to check the LSF should not be heatective storage tanks to prevent un
compatibility between the fuels before bunkeringhichcan be Wanted reduction of viscosity (cf. FigHgwever, for ships
doneeither manually with dest-kit on board, or via an ied operating in wingr in the Baltic Sea the pquaint of LSF should
pendent laboratory. The latter often being too slow a process,be checkedTo prevent unwanted heatinglFO tanks argm-

as the ship will already have left the harbor before the labor perature sensitivé.SF tapks shou.lcdatse.paratfed.
tory returns with the test result. After longer use sediments will build up in fuel tanks that

The risk of an incompatibility of marine fuels is also could go into solution when the tank is used for LSF, resulting in

acknowledged by the ships engine manufacturers. Amongst conta_mina_tion and potential necompliance. Thereforg ta_nk
many, MAN verifies in a report on the operation of MAN B&Wcleanmgmghtbe necessary and should be arranged iretim
Twostroke Engines on lesulphur fuels that when switching
from heavy fuel to a distillate fuel with low aromatic hydro

carbon content, theg is a risk of incompatibility between the
two products. ) )

HDMESO0 is compatible with Gas Oil, however, is sensitive jLate plpt_'-.'s as mugh as possible. ) )
mixture with low sulphur residual fuels. Above 2% of residual The differees in temperature and viscosity could lead to

fuel precipitation of aphaltenes may occuremperature ca- leakages in the syster.is gdwsed to timely plasounter-
trol of the fud may be required to prevent pafmes to fall measures. If necessasgaling etc. should be replaced to

out. prevent fire risks.

To prevent contamination of LSF during switchover a special
fuel pipe should transfer the fuel backflow from the machinery
to the HFO tank. When switchover is completed the backflow
should be returned as usual.

Fuel system
Separated bunkering lines could preventvanted ontamira-
tion during bunkeringperations HFO and LSF should usg-se

Viscosity
For optimum combustion the fuel has to be disitéd very
evenly in the engine, whigkquires a certain viscosity at the ) ) o ]

It is advised tolearly study the fuel circuit, including tank

injection nozzle. Fuels with high viscosities are heated up to tthe pi . i ib| K
temperatures above 100°C. At this temperature the viscosity (return 0_ the pipes, '? orlder to quafnufy tpessible tgr: av
MDO will be below the limit of 2cSt (see Fig.1). That means tamination (matter of volume and frequency, special care to be

when switching from HFO to MDO the temperature in the-rel considered at low consumption/high return volume). Depen

'
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Diesel engines

Contact your engine manufacturer with regard to the special
requirements when operating on LSF, e.g. minimum viscosity at
engine inlet, lubrication oil requirements, recommendations for
changes in the fuel system etc. In the following some general
findings are given.

As stated above the fuel viscosity at the injection nozzle
should not be below 2cSt that means the temperasheuld
not be above 45 to 50°C. This is especially important at low
loads and idling. Excess fuel not required for combustion is
returned to the service tank. The material temperatures of the
engines are kept around 80°C by cooling. If a high amount of
Fig. 2: Damaged plunger of injection pump fuel is recirculated a gradual temperature increase may follow

with a reduction of viscosity below 2cSt and resulting cambu
ing on result, risk dilter-clogging etc. shodlbe analysed and  tion and starting problems. A fuel cooler in the return line could
corrective ation/procedure implemented. prevent this.

Most fuel pumps currently in use are displacemeyype During switchover the temperature in all componewitshe
pumps, such as screw or gear pumps. According to manufa fuel supply system to the engine has to be reduced from a
turers, these pumps are designed to operate with a minimum temperature above 100°C tovalue corresponding to the-
fluid viscosity of 4 cSt. An assessment should be made of all iquired viscosityThe allowable maximum temperature trans
pumps on board taleterminewhether they are able to ope ent is about 2°C/min for switetwver to prevent seizure at the
ate with the lower viscosity and lubricating properties associainjection pumps (Bartmann, 2014). Due to the increase ofpre
ed with the low sulphur marine distillate fuel and to consider sure at the injection pump from 600 bar (1960ies) to 1600 bar

the need for modification or replacement. (today) with common rail injection in the course of engiee d
velopment, the wall thicknesses were increased making the

Considerations for ships with repeated switchover pumps more vulnerable t@$t temperature changes (Fig. 2).

The desigmand arrangement of the fuel system has aruinfl Therefore time should be allowed to maintain the tenaper

ence on the LSF used during the switchover process that hat ture gradient recommended by the engine manufacturer, e.qg.

take place outside the SECA to comply with the requirement 4y g / Kk YAY dzGi S Ay | O2yiNRff SR Y

that the switchover has to be completed when the ship enterswill in many cases be necessary in order to avoid a thermal
the SECA. For ships wathly one service tank this can be an  shock to the system, e.g. seizure of fuel injection pumps,
important amount of fuel. A separate service tank for LSF  and/or other operational problems that may occur due to low
would reduce time and effort for switchover. viscosity and/or rapid temperature changes.

Above that the calculation of the LSF consumption outside  Injection pumps are designed wigite small tolerances
the SECA and the required time for switchover as welt as a  and benefit from sulphur content in fuel to ensure lubrication.
analysis of possible improvements of the fuel system @re re By running on MGO, these elements may seize due to lack of
ommended. Depending on the number of switchovers the |ubrication withthe result ofpotential loss of power. Worn
additional operating costs could pay back the investment for ¢injection pumps may have increased leakdgading to alarms
improvement of the fuel system within the restrictions existingand disturbances in operation. Consequently reduced maint

ships inevithly have. nance intervals may be necessary.
MAN for example acknowledges these risks and underlines
Proposed installations for inspection purposes that low viscosity of the marine fuel used may cause seizures,

Port State Authorities may require samples of the fuel currentstarting difficulties andpblems operating at low load. Statist
used for combustion. This will require taking a sample form thcal data shows that the majority of the supplied fuels have

feed or returning line of the engines. Because of the lower fueviscosities in the range of X34 ¢St (at 40 degC). As pagm
pressure it is recommended to install a permanent and safe ters requiring increased focus operating on distillate fuels, MAN
sampling valve in the return line combined with temperature describes:

measurement. If a data loggpermanently stores this tempe Viscosity (> 2 ¢Jreferably >3 cSt);

ature in reasonable time intervals because of the different Changeover between HFO and MDO / MGO;
temperature of HFOral LSRhis may serve as evidence that (Compatibility, thermal shocks, gassing of hot gas oil );
switchove was completed correctly arampliant fuel is used And viceversa (MDO/MGO to HFO);

for combustion.
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