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This paper presents the results obtained from the combustion of emulsified fuel in marine diesel engines which 

are installed with electronic governor, on-line performance measurement and auto-tuning features. The limiting 

effects of increased fuel governor index due to the increased emulsion volume when burning emulsified fuel and 

electronic methods of compensating for these limiting effects are highlighted. Without proper compensation, the 

limiting effects can cause the engine to lose instead of improving combustion efficiency.  

It has been observed in previous tests that the improved combustion of emulsified fuel as the result of the 

secondary explosions of the injected emulsion, can be explained by the measured increased heat release rates 

(HRR). Further results are presented in this paper from the pressure–volume (P-V) diagrams that were 

measured on-line from the main engines of two ships. It was found that the increased HRR due to burning 

emulsified fuel, caused the P-V diagram to be “fatter” and the maximum pressure of combustion to be lowered.  

In the case of engines which were installed with auto-tuning feature, the maximum pressure of combustion when 

burning emulsified fuel was auto-tuned to the same as that when burning neat fuel.  With the auto-tuning, it was 

able to increase the lowered maximum pressure due to burning emulsified, back to the “factory” maximum 

pressure and boost the fuel efficiency further. The combustion efficiency of engine with both emulsified fuel 

system and with auto-tuning is better than the combustion efficiency of engine with only either emulsified fuel 

system or only auto-tuning alone. This is a major observation in the application of emulsified fuel technology to 

the latest engines with electronic governor, on-line monitoring and auto-tuning. 

.  

 

INTRODUCTION 
A method of measuring the relative improvements 

of the specific fuel consumption (sfoc) of the main 

engines of ships at sea was proposed and 

implemented by Jerry and Kaisa [1]. This method 

provided Jerry and Kaisa an accurate and reliable 

means to measure improvement in specific fuel 

consumption of 2-5% of a container vessel when 

emulsified fuel was burnt (Fig 1). Results of order 

of 1% accuracy and reliability have subsequently 

been measured and verified for different types of 

vessels, including cruise ships, container ships, 

vehicle carriers, tankers and so on, in a relatively 

short period of a few days compared to previous 

methods that required several months or years. 

 

Fig 1: Measured fuel savings of a container vessel 



Recently, engine manufacturers have developed on-

line pressure measuring instruments (PMI) which 

allow the pressures in each cylinders of the main 

engines of ships to be monitored and measured with 

ease (Fig 2a & Fig 2b) from the engine control 

room. This allows the improved fuel combustion 

efficiency manifested as better heat release rates 

(HRR) when emulsified fuel is burnt, to be measured 

by off-the-shelf pressure sensors to verify the sfoc 

measurements that there is indeed improved fuel 

efficiency. Analysis of the results measured by the 

PMI are presented in this paper. 

 

 

Fig 2a: Auto on-line pressure measuring 

instruments installed on a MAN B&W 12K98ME-C7 

engine 

 

 

Fig 2b: Manual on-line pressure measuring 

instruments installed on a MAN B&W 8S60MC 

engine 

Jerry and Kaisa [1] have identified the issue of the 

increased volume of emulsified fuel which 

adversely affects the fuel efficiency of marine diesel 

engines at higher loads when the RPM-Load Limiter 

cuts in. A solution was proposed and implemented 

by Jerry and Kaisa in the form of an electronic 

interface between the emulsified fuel system 

controller and the engine electronic governor. 

Recently, engine manufacturers have implemented 

similar feature in the form of Fuel Quality Offset to 

compensate for the increased volume of emulsified 

fuel. This is a significant development in the 

application of emulsified fuel technology because 

without it, fuel efficiency will be adversely affected 

instead of improved as observed by Jerry and Kaisa. 

The salient details of Fuel Quality Offset are 

described in this paper. 

The emulsified fuel systems have been installed on 

several ships. Results presented in this paper were 

obtained from 2 particular ships. The main engines 

of the 2 ships are: 

(a) Container ship: MAN B&W 12K98ME-C7 

(b) Vehicles Ro-Ro Carrier ship: MAN B&W 

8S60MC 

The type of fuel burnt was 380 cSt HFO.  

The typical schematic of the fuel supply pipe 

diagram with an emulsified fuel system (EFS) is 

illustrated by Fig 3 below. 

 

Fig 3: Schematic diagram of emulsified fuel system 

 

 

The installed emulsified fuel systems of the 

container ship and vehicle ro-ro carrier are shown in 

Fig 3 & Fig 4 respectively.  



 

 

       

                                           Fig 3: Emulsified fuel system on the container ship 

 

 

      

Fig 4: Emulsified fuel system on the vehicle carrier 

 



 

FUEL QUALITY OFFSET TO 

COMPENSATE FOR INCREASED 

VOLUME OF EMULSIFIED FUEL 

The Fuel Quality Offset setting is illustrated by Fig 

5.  For neat fuel, the Fuel Quality Offset is set by 

entering the Lower calorific value, Density and Fuel 

temperature of the fuel burnt. The Fuel Quality 

Offset has been calibrated so that the % load 

measured and calculated from the cylinder pressures 

of the engine less frictional losses, is equal to the 

measured %load by the shaft power meter. 

 

 

Fig 5: Fuel Quality Offset 

When emulsified fuel is burnt, the estimated Fuel 

Quality Offset is set to the suggested Fuel Quality 

Offset plus the % water added as shown in Fig 6 for  

17% water. The final applied Fuel Quality Offset is 

adjusted so that the % load calculated from the 

cylinder pressures of the engine less frictional 

losses, is the same as that measured by the shaft 

power meter. 

 

Fig 6: Fuel Quality Offset for emulsified fuel. 

 

The described Fuel Quality Offset feature was 

implemented in the container vessel. The solution 

proposed by Jerry and Kaisa [1] was implemented in 

the vehicle carrier. 

LOWER Pmax DUE TO EMULSIFIED 

FUEL 

P-V diagram (a) in Fig 7 illustrates the typical P-V 

diagram of a 2-stroke marine diesel engine. When 

emulsified fuel is burnt, due to higher heat release 

rates [1], the cylinder pressure at the combustion 

portion of the P-V diagram is slightly higher as 

illustrated by P-V diagram (b). As a result, the P-V 

diagram will appear “fatter” when emulsified fuel is 

burnt.  

 

Fig 7: Typical P-V diagram 

 

The area enclosed by the P-V diagram is the total 

work done by the engine as expressed by the formula 

below: 

       Total work done = ∮ P.dV  of P-V diagram 
 

Since the power of the engine must remain the same 

when burning neat fuel or emulsified fuel for apple-

to-apple comparison, then the enclosed area of P-V 

diagrams (a) and (b) must be the same. It can 

therefore be inferred that a “fatter” P-V diagram 

results in a lower Pmax as illustrated by Fig 7. The 

phenomenal of “fatter” P-V diagrams and lower Pmax 

when emulsified fuel is burnt has been observed and 

recorded by the pressure measurement instruments 

installed on the engines of both selected ships as 

illustrated in Fig 8. 

 



 

Fig 8:  Fatter P-V diagram and lower Pmax when               

emulsified fuel was burnt 

 

The Pmax (Peak pressure) and P(i) (mean indicated 

pressure) when neat fuel and emulsified fuel were 

burnt, were recorded and plotted against the Load of 

the engine. The results are shown in Fig 9 and Fig 

10. 

It can be observed from Fig 9 that at higher loads (> 

65% MCR), Pmax decreased by an increasing amount 

with increasing load when emulsified fuel was burnt 

compared to neat fuel.  As observed from Fig 10, P(i) 

remained the same when emulsified fuel or neat fuel 

were burnt i.e. load did not change and the lower 

Pmax was caused solely by burning emulsified fuel. 

 

 

 

Fig 9: Pmax vs Load 

 

 

Fig 10: P(i) vs Load 

 

AUTO TUNING Pmax TO BOOST FUEL 

EFFICIENCY FURTHER WHEN 

EMULSIFIED FUEL IS BURNT 

Generally, the fuel efficiency of a marine diesel 

engine could be improved by increasing Pmax. 

However, it is limited for safety reasons and has to 

be certified and approved by classification societies. 

The observation that Pmax was reduced when 

emulsified fuel was burnt while fuel efficiency was 

improved at the same time, is a significant 

observation because it offers the possibility of 

increasing Pmax back to the designed and approved 

Pmax and thus boosting the fuel efficiency further. 

This is only possible as the result of the lowered Pmax 

due to burning emulsified fuel.  

The auto-tuning feature that is implemented on the 

latest engines by manufacturers offer the possibility 

of increasing Pmax automatically back to the 

designed value when emulsified fuel is burnt. The 

auto-tuning feature of the latest marine diesel is 

illustrated in Fig 11. 

 

 

Fig 11: Auto-tuning feature of MAN B&W 

12K98ME-C7 engine 

For marine engines without auto-tuning but have 

variable injection timing (VIT), the same can be 



achieved by manually adjusting the VIT control air 

pressure. 

It has been the experience of those working with 

emulsified fuel that generally, fuel savings is higher 

at lower loads and smaller at higher loads. This has 

been attributed to the fact that marine diesel engines 

are generally designed to operate more efficiently at 

higher loads. Fig 12 illustrates such a typical fuel 

saving trend of emulsified fuel that was verified by 

DNV GL. 

 

Fig 12: Typical fuel savings of emulsified fuel 

(verified by DNV GL) 

 

With the possibility of increasing Pmax when burning 

emulsified fuel, it is now possible to achieve high 

fuel savings at the entire load spectrum of the 

engine. This has been implemented and successfully 

achieved in both the container vessel with auto-

tuning and the vehicle carrier with VIT adjustments.  

CONCLUSIONS 
The significant observation from the results of two 

ships, a container ship and vehicle carrier, that the 

increased HRR due to burning emulsified fuel, 

caused the P-V diagram to be “fatter” and the 

maximum pressure of combustion to be lowered 

was presented.  

In the case of engines which were installed with 

auto-tuning feature, the maximum pressure of 

combustion when burning emulsified fuel was 

auto-tuned to the same as that when burning neat 

fuel.  With the auto-tuning, it was able to increase 

the lowered maximum pressure due to burning 

emulsified, back to the “factory” maximum 

pressure and boost the fuel efficiency further. In the 

case of engines without auto-tuning but with VIT, 

the same was achieved by adjusting the VIT 

control air pressure.  

The combustion efficiency of engine with both 

emulsified fuel system and with auto-tuning is 

better than the combustion efficiency of engine 

with only either emulsified fuel system or only 

auto-tuning alone. This is a major observation in 

the application of emulsified fuel technology to the 

latest engines with electronic governor, on-line 

monitoring and auto-tuning. 
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