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Making the switch to low sulfur fuel

Agenda:

Fuels of today

Incompatibility of fuels

Change – over between different fuels  (high Sulfur - low Sulfur)

Fuel Viscosity / Density

Correlation between low sulfur fuel – Cylinder Lub. Oil BN and Cylinder Lub. 
oil feedrate

Summary
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Wärtsilä low-speed engines

UEC37LSII
UEC43LSII
UEC45LSE
RTA48T-B
UEC50LSE
RT-flex50-B,RTA50-B
RTA52U
RT-flex58T-B,RTA58T-B
UEC60LSE
RT-flex60C-B
RTA62U-B
RT-flex68-D,RTA68-D
RTA72U-B
RT-flex84T-D,RTA84T-D
RT-flex82T,RTA82T
RT-flex82C,RTA82C
RT-flex96C,RTA96C

Power range for low-speed engines

2MW 3 4 6 8 10 15 20 30 40 60 80

Speed rpm
140-186
120-160
111-130
102-127
99-124
99-124
108-135
84-105
91-114
90-105
92–115
76–95
79–99
61–76
68–80
87–102
92–102

Wärtsilä RT-flex Wärtsilä RTA Mitsubishi UE
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50 bore DF Engine, 950 KW/Cylinder 32 bore Engine, 500 KW/Cylinder

26 bore Engine, 340 KW/Cylinder



Wärtsilä medium-speed engines

Diesel engines
Wärtsilä 20
Wärtsilä 26
Wärtsilä 32
Wärtsilä 38
Wärtsilä 46
Wärtsilä 46F
Wärtsilä 64
Dual-fuel engines
Wärtsilä 32DF
Wärtsilä 50DF
Propac CP/ST

Power range for medium-speed engines

5,000kW 10,000 15,000 20,000 25,000

Wärtsilä diesel and dual-fuel medium-speed mechanical and diesel electric
main engines and generating sets from 520 – 20,000 kW.
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HFO 
Settling 
Tank

HFO DAY-
Tank

Diesel Oil 
Day Tank

3-way valve

Mixing Unit

Viscosimeter

Endheater
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Incompatibility of Fuels

Switching Fuel from HFO to a distillate fuel with low aromatic hydrocarbon is a risk of 
incompatibility.
The asphaltenes contained in the HFO are likely to separate as heavy sludge resulting 
in clogged up filters and possibly stuck fuel pump plungers

Action to avoid problems

Use compatibility test kits on board

Guarantee from Fuel supplier that fuels used can be blended
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From the Operation Manual for Sulzer Type engines:

Continuous operation with heavy fuel oil is recommended….

Changing over from HFO operation to MDO operation may 
only be undertaken when absolutely necessary for example by:

Flushing the engine before maintenance work

Heating plant switched off in the drydock

Environmental requirements

To ensure a safe change over, consider the following items:
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Changing over from MDO to HFO
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Engine Output (%) Engine Output / Engine speed Engine 
rpm (%)

100 100

90 96

75 91

50 79

40 74

30 67

Propeller law, fix pitch propeller

Engine Output / Engine speed relation
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Fuel Viscosity versus blending ratio
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Low injection viscosity 4-stroke engines:
Normally not a problem, however when operating on a too low viscosity

Injection equipment
Cavitations and lower structural damping, in worst case increased wear of components and 
increased risk for seizure of fuel injection pump

Engine performance, minor predictable effects 
Increased leak between the plunger and the barrels leads to changes in the running parameters, 
such as delay in the dynamic injection, 
prolonged injection, lower max pressures, lower NOx emissions, 
higher soot and CO2 emissions, 
higher exhaust gas temperatures, higher fuel consumption and higher amounts of leakage fuel. 

Engine performance, less predictable effects
In exceptional cases increased vaporization of lighter fuel fractions
Reduced injection pressures and injected quantities
Increased pressure oscillation 
Risk of cavitation damages in injection pumps and pipes and fuel nozzles
Risk for loss of capability to produce full power and possibly stalling, black out or starting problems
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Injection Viscosity
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Low injection density:
Energy content of the fuel, effect on automation settings:

4-stroke engines:
reduced energy content per stroke of fuel pump resulting in reduced output at any fuel rack position
Depending on engine type, the actual difference between LFo and HFO can typically be 
approximately 6-15% 

2-stroke engines:
In general pump index limitations are not an issue
Under normal circumstances the torque – and charge air limiter have sufficient margin
Under severe condition such as a combination of an old engine with worn injection pumps, 
inappropriate adjustments, extreme weather conditions and operated on distillate fuel these limiting 
devices may limit the available engine power. We strongly recommend to check the engine 
condition in case of operation in rough  sea areas on distillate fuel is foreseen (Maintenance)
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Low lubricity:

Based on Wärtsilä’s experience, lubricity is not considered a problem for 4-stroke fuel 
injection components as long as the Sulfur content is above 100ppm (0.01%)

At the time of writing documented experience about fuels with lower S-content than 
100ppm is not available. However in extreme cases a lubricity additive can be added 
to very low Sulfur fuels by the fuel manufacturer 

For two stroke engines it has not been considered an issue by itself
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Effect on Engine Performance
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Effect on Engine Performance
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Summary:
Exhaust gas emissions from marine engines will be further regulated, engine 
builders are developing and testing new technologies

Low Sulfur fuel operation in sensitive areas will remain an alternative to other 
technologies once fully developed

All Wärtsilä engines can be operated on low Sulfur fuel oil, no difference in 
engine performance between low Sulfur fuel, Diesel Oil, Gas Oil and HFO

Necessary precautions have to be taken by the operators, guidelines to operate 
on low Sulfur fuels are established, change over procedures and processes 
may have to be enforced depending the skills of the crew

Quality of fuel remains an issue, the further development of low Sulfur fuel to 
ensure good quality needs to be monitored
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