
© Chevron 2005

Bunker Summit Greece

Monique Vermeire
Athens

10 May, 2007



© Chevron 2007 2

Efficient engine operation in a world of 
changing fuel oil quality

 Driving factors influencing today’s and future 

fuel oil quality  

 Impact of fuel oil characteristics on the 

reliability of the engine operation

 Measures to ensure reliable engine operation

 Monitoring cylinder oil performance 

 Fuel oil additives

 Summary
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Fuel oil quality 

 International standards and industry 

recommendations define the quality of fuel oils for 

use in marine diesel engines: 

 They are a benchmark for safety, acceptability and 

Quality

 Standards are regularly revised to meet technical 

and environmental developments

 BUT ....

Although within specifications, some fuels today
cause operational problems
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Fuel oil quality

Replica from cylinder liner wall

This may happen ....
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Driving factors for today’s and future 
residual fuel oil quality 

 Today, residual fuel oil (RFO) is an unprocessed 

product
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Driving factors for today’s and future 
residual fuel oil quality 

 External factors influence the quality of the “bottom of 

the barrel” 

 Interest is in light products, not in residual fuel oil 

deeper conversion
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Driving factors for today’s and future 
residual fuel oil quality 

 External factors influence the quality of the 

“bottom of the barrel” 

 Regulatory drivers: increasing demand for LSFO  

 More accurate blending, new blend 

compositions, potential product quality 

concerns:

 Stability, compatibility

 Ignition, combustion quality

Source: Pervin & Gertz



Acceptable ignition and combustion quality Very bad ignition and combustion quality

Driving factors for today’s and future 
residual fuel oil quality 
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Fuel oil quality affecting reliable engine 
operation

 Some RFO characteristics are more important than 

others:

 Al, Si 

 Ignition, combustion quality

 Not defined in ISO 8217:2005

 CCAI : empirical relationship for ignition delay ; fuel blend 

composition determines the ignition/ combustion quality

 Today’s RFO is richer in aromatic molecules, hence has 

reduced combustibility and produces more soot 

 Stability/compatibility of the product 

 Pressure is rising to include new parameters in the 

international standards
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Fuel oil quality affecting reliable engine 
operation

 The engine cylinder oil base number (BN) 

combined with its feedrate balances the S level of the 

fuel

But it should be mentioned:

 An efficiently operating fuel cleaning system should 

be in place

 Design and maintenance of the engine are of 

importance
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How can lubricants improve operational 
efficiency?

 Cylinder lubricants are essential to the efficient 

running of low-speed diesel engines

 The high viscosity is there to provide an adequate oil film and carry 

the load between piston ring and liner

 The alkaline reserve in the cylinder oil – in the form of BN –

neutralizes these acids formed during combustion and prevents 

corrosive wear taking place in the engine 

 It is important to maintain a balance between the alkaline 

reserve present in the oil and the acids formed during 

combustion 

Sulphur – base balance

Optimum cylinder oil dosage

Acid 
formation Introduced 

alkalinity
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Optimum cylinder oil dosage

Introduced 
Alkalinity

Sulphur – base balance

Acid 
Formation

Excessive 
corrosive 

wear
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Optimum cylinder oil dosage

Acid 
Formation

Introduced 
alkalinity

Excessive 
top land 
deposit 

formation

Sulphur – base balance
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Sulphur – Base balance

Sulphur – base balance

Optimum cylinder oil dosage

Acid 
formation

Introduced 
alkalinity

By adjusting the base 
number of the lubricant

By adjusting the 
cylinder oil feed rate

Finding the right sulphur base balance 
helps achieve maximum time between 

overhauls (TBOs)
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Monitoring engine lubrication

 Ideally, sufficient lubricant should be supplied to 

the cylinders to neutralise all the acid formed during 

combustion, maintain an adequate oil film and avoid 

excessive “wetting” of the liners. 

 But it is important to have a system for monitoring 

cylinder oil performance.

 Analyse samples of “drip oil”, i.e. the 

unused oil which runs down the liner 

walls and can be collected from drains in 

the scavenge space. Several devices are 

available to test drip oil onboard ship, but 

it is important to know what exactly is 

being measured, e.g. just free iron 

particles or total iron content. 
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Monitoring engine lubrication

 A full laboratory analysis will give a report on 

complete metals content and BN remaining in the 

drip oil samples. The conditions in the engine can be 

determined and feed rates adjusted to provide 

optimum lubrication, whether using 70 BN, 40 BN or 

a combination of both.
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How can fuel oil additives improve 
operational efficiency?

 The type of problem with a fuel oil must correctly 
be identified

 Pre-combustion

 Related to stability and compatibility: sludging, filter 
clogging

 Combustion 

 Incomplete combustion of the fuel oil may result in 
excessive deposit formation leading to injector 
fouling, broken piston rings, liner and piston wear, 
soot build up in exhaust track and economizer 

 Post-combustion

 Related to high and low temperature corrosion
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How can fuel oil additives improve 
operational efficiency?

 Selection of the correct additive for the job-to-be-

done

 Pre-combustion treatment 

 Maintain the asphaltenes in suspension

 Ash modifiers

 Convert fuel oil ash into higher melting point 

compound 



© Chevron 2007 20

How can fuel oil additives improve 
operational efficiency?

 Selection of the correct additive for the job-to-be-

done

 Combustion improvers

 Improve combustibility of heavier parts of the fuel oil 
leading to more efficient use of the fuel’s energy

 Control and clean-up of soot build up in exhaust 

track, hence contributing to operational safety 

 Accelerate the main combustion and form radicals that 
enhance complete combustion

 Metal containing additives (e.g. Fe) improve burn off of 
soot
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How can fuel oil additives improve 
operational efficiency?

 “Bench test techniques to assess the efficacy of 

marine fuel additives to improve combustion” paper 

will be presented at the CIMAC Congress in Vienna.
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Conclusions

 Further increasing demand for 

light products and tightening of 
legislation to reduce emissions 
from shipping will impact 
residual fuel oil quality

 Modern lubricating oils can 
cope with the full range of fuel 
sulphur levels entering the 
market today

 Monitoring of engine and oil 
performance by analysis of drip 
oil samples helps efficient 
running and can extend the time 
between overhauls

 Fuel oil additives can provide 
performance advantages and 
enhance operational reliability


