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Higher ratios are possible for SI engines when using biogas, 
however, during partial load operation CI engines have the 
advantage of lower pumping losses, resulting in a much better 
efficiency for light loads. 
 
4. OPERATIONAL STRATEGIES 
 

Biogas lower heating value (LHV) depends on its 
composition. As a result of biological material fermentation, 
methane and CO2 are produced, along with traces amounts of 
other elements. The quality of biogas is given by its methane 
content, ranging from 50 % to 70 % and higher, depending on 
operating parameters and organic material (El-Mashad & 
Zhang, 2010). 

A heavy duty diesel engine was used for analyzing the case 
study of biogas fuelling. Main characteristics of this engine 
previously used in railway propulsion systems are presented in 
table 1. 
 

Maximum power 920 kW @ 750 rev/min 
Specific fuel consumption 231 g/kWh @ 920 kW 
Compression ratio 11,25 
Displacement 133 litres 
Bore x Stroke 280 mm x 360 mm 
Number of cylinders 6 
Boost pressure 0,86 mbar @ 920 kW 

Tab. 1. Engine characteristics 
 

The use of biogas is limited to light loads of 39 % to 44 % 
by the lower flammability limit, while for higher loads only up 
to 85 % of the liquid fuel can be replaced by gas, as combustion 
becomes unstable above this limit. Figure 2 shows the control 
strategy with calculated biogas flow and figure 3 presents pilot 
injection quantity for the entire load range of the engine 
considered for this case study, for different methane 
concentration (50 %, 60 %, 70 % and 80 % CH4). 

 
Fig. 2. Biogas flow control strategy 

 
Fig. 3. Diesel fuel pilot injection control strategy 

In addition to modifications required to be adopted in fuel 
control strategy, a speed regulator must be used to keep engine 
speed at a constant value so that power is delivered at the 
prescribed frequency. Also, this regulator will control the 
quantity of fuel for the pilot injection. Given that maximum 
power and fuel conversion efficiency is obtained at an engine 
speed of 750 rev/min, an additional gearbox will be required, so 
that the electrical generator speed is maintained at a constant 
value of 3000 rev/min for power delivered at 50 Hz frequency. 
 
5. CONCLUSIONS 
 

A simple thermodynamic model was developed an used to 
evaluate aspects of converting a heavy duty diesel engine to 
biogas fuelling in a cogeneration installation. As it is obtained 
from biomass, biogas is carbon neutral and by using it as a fuel 
in such an adapted CI engine, a reduction of up to 85 % in CO2 
emissions can be achieved, while obtaining a high overall 
thermal efficiency. 

Future studies will include an experimental validation of 
the control strategies developed based on the model presented 
in this work, as well as investigations on adding a steam 
generator to cover high heat loads during times when electrical 
load is low. Also, emissions mitigation is another area of 
research that needs to be addressed when converting such CI 
engines to dual fuel operation for using biogas in cogeneration 
of heat and power installations. 
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