
  
 
 
 
 
 

 
 

80 Saket Verma, S.C. Kaushik and L.M. Das 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 6 

June 2017       

Development and Characterisation of Biodiesel-Biogas Dual 

Fuel Engine 
 

 
*Saket Verma, S.C. Kaushik and L.M. Das 

Indian Institute of Technology (IIT) Delhi,  

Centre for Energy Studies, Block-5, IIT Delhi, Hauz Khas, New Delhi, India 

 

 

Abstract 

In the present work, a conventional diesel engine has been modified to work with biodiesel and biogas in dual fuel mode. 

It has been shown that with minimum hardware modifications, a fossil fuel based prime mover can be operated with 

renewable fuels. Furthermore, such renewable fuel based operation of the engine has been compared to that with 

conventional single fuel diesel operation and diesel-biogas dual fuel operation based on their performance and emission 

characteristics. Experimental results show that biodiesel-biogas dual fuel operation exhibit similar performance 

characteristics that with diesel-biogas dual fuel operation indicating possible replacement of diesel with biodiesel. Small 

drops in brake thermal efficiencies of 0.1% and 1.1% were observed at BMEPs of 1.16 bar and 5.32 bar respectively by 

replacing diesel with biodiesel in dual fuel mode. Significant improvement in CO emissions (e.g. 18.4% at full load) were 

also achieved by utilizing biodiesel as pilot fuel in dual fuel mode, and smoke emissions were also reduced (e.g. 40% at 

full load). However, NOx emissions were found to be slightly increased at full load condition.  

 

1. Introduction 

Combustion of conventional fossil fuels in existing internal combustion engine (ICE) technologies not only 

creates irreversible damage to the environment but also put huge strain on national economy.India 

spentaround USD 155.4 billion on imports of crude oil in year 2014–15, which includesmore than 80% of 

India’s petroleum consumption[1].Out of total petroleum consumption in India, more than 75% is consumed 

in transportation sector [2]. Per capita energy consumption of India is much lower than world’s average, 

which indicates sharp increase in India’s energy demand in future[1]. Also, we need to fulfil such a huge 

energy demand in a sustainable manner so that ambitiousenvironmental targets can also be achieved 

simultaneously. This can only be done by careful utilization of existing natural resources and simultaneous 

development of alternative and renewable fuel technologies. One of such technologies has been proposed in 

the present work in which alternative and renewable gaseous fuels, like biogas can be utilized in existing 

diesel engines. It is called dual fuel (DF) technology because two fuels are required. Gaseous fuels act as main 

(primary) fuel, which are intended to provide major part of the total energy share, and a pilot (secondary) 

liquid fuel is required to initiate the combustion. Small amount of pilot fuel is required because of very high 

auto-ignition temperature of gaseous fuel, which are difficult to ignite alone in the compression ignition mode. 

The main fuel can be premixed with intake air, whereas, pilot fuel can be directly injected using conventional 

diesel injectors. It is also possible to use biodiesel instead to diesel as pilot fuel in dual fuel mode making it 

completely renewable fuel based technology. Biodiesel offers some advantages as compared topetroleum 

diesel, e.g. biodegradability, high cetanenumber and reduced exhaust emissions[3]. There are inherent 

advantages of operating conventional diesel engine in dual fuel mode also, such as: improved performance, 

reduced emissions andfuel flexibility [4-6]. Biodiesel economy depends on agriculture produce, which is 

supported by rural sector showing great potential for future demand [7]. Ryu [8]analysed the effect of 

replacing diesel with biodiesel in dual fuel mode with CNG as main fuel in conventional diesel engine. It was 

found that biodiesel shows slightly reduced performance with some benefits on emission as a pilot fuel. In 

another study, Debnath et al. [9]studied the effect of emulsified palm oil and pure biodiesel with biogas in dual 

fuel mode. It was seen that emulsified biodiesel offers better engine efficiency, which could mainly be due to 
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changes in pressure development pattern such that higher expansion work from the engine can be 

extracted.Another study was performed by Bora and Saha [10]with rice bran biodiesel focused on the effect of 

compression ratio (CR). Based on a naturally aspirated diesel engineat fixed injection timing of 23 degree 

crank angles before top dead centre (°BTDC), biodiesel-biogas dual fuel operation was analysedfor CRs of 

17, 17.5 and 18. Increase in CR resulted in better thermal efficiency along with reduced engine emissions. 

Brief introduction of the earlier works done with biodiesel-biogas dual fuel engine suggest that few efforts 

have been made to study the engine characteristics, and also found promising results. However, there is huge 

scope to further explore this area for a reliable and efficient technological development. This study presents 

stepwise development, specific engine modifications and parameter changes to improve the performance and 

emission characteristics of biodiesel-biogas dual fuelengine. 

 

2. Materials and method 

2.1. Experimental setup 

A conventional single cylinder, four stroke, direct injection diesel engine (Kirloskar TAF1)was selected for 

experimental investigations. It has bore of 87.5 mm and stroke length is 110 mm. General specifications of the 

experimental engine is give in Table 1. Engine is coupled to an AC alternator, which is connected to a control 

panel. Control panel consists of loading arrangements (a combination of electric and heating loads) and 

electric switches, and used to vary the engine load in stepwise manner. A combustion analyser kit (Legion 

brothers Class A EN 61326-1) is also used to obtained in-cylinder combustion data. This is done by installing 

a pressure transduce (air cooled) inside a precisely drilled hole over the cylinder head. This is connected to the 

combustion analysis kit, which receives the signals and after conditioning it stores in a personal computer for 

further analysis. It also employs a TDC encoder and rpm sensor, which work in loop with combustion 

analyser. Exhaust analyser (AVL DIGAS) was used for exhaust gas sampling and tail pipe emission 

measurements. In exhaust gas analyser, non-dispersive infrared (NDIR) measurement technique was used to 

measure carbon monoxide (CO), carbon dioxide (CO2) and hydrocarbon (HC); and oxygen (O2) and nitrogen 

oxide (NO) were measured with electrochemical measurement technique. Smoke meter (AVL 437) was used 

to obtain smoke opacity measurements. A schematic diagram of whole test engine setup is shown in Fig. 1. 

Table 1: Test engine specifications 

Parameters Technical specifications 

Make & model Kirloskar TAF1 

Type Single cylinder 

Bore & stroke 87.5 × 110 mm 

Swept volume 661 cm3 

Compression ratio 17.5:1 

Rated brake power 6 bhp / 4.4 kW 

Rated speed 1500 rpm 

Inlet valve open 4.50 °BTDC 

Inlet valve closed 35.50 °ABDC 

Exhaust valve open 35.50 °BBDC 

Exhaust valve closed 4.50 °ATDC 

Standard fuel injection timing 23.0 °BTDC 
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Fig. 1: Schematic diagram of the engine test bed 

2.2. Fuels 

In the present work, diesel and biodiesel are used as pilot fuels, which are directly injected to the combustion 

chamber using a mechanical diesel injector. Properties of diesel and biodiesel are shown in Table 2. Diesel 

used in this work is vehicular standard petro diesel, whereas, Jatropha oil biodiesel is used as pilot fuel for 

experiments. In comparison to diesel, Jatropha oil biodiesel shows slightly higher density and high viscosity, 

which significantly changes the injection characteristics and spray formation behaviour inside the combustion 

chamber. Furthermore, lower calorific value of Jatropha oil biodiesel as compared to that with diesel alters the 

combustion characteristics when used as pilot fuel in dual fuel mode. In all the cases, biogas is used as main 

fuel (provides major energy share). Biogas used in this work has following compositions: (CH4 – 75.2%, CO2 

– 19.7%, O2 – 1.2%, other gases – 3.9%); and lower calorific value is 27.22 MJ/kg. 

Table 2: Pilot fuel properties 

Properties Diesel Biodiesel 

Specific gravity 0.84 0.92 

Viscosity (cSt) at 40 °C 2.44-2.7 18.2 

Calorific value (MJ/kg) 43 38.5 

Flash point (°C) 35 174 

 

2.3. Fuel induction technique 

Dual fuel operation of conventional diesel engine requires slight modifications in the intake system so that a 

secondary fuelor main fuel can be introduced, as in the present case. In this work, main fuel (biogas) is 

inducted through intake manifold along with air during intake stroke. It is done by employing a gas mixture, 

which was attached with intake manifold. Biogas is stored in high pressure cylinders and two-way pressure 

regulator is used to reduce the line pressure. This low pressure biogas flows to flame trap, which performs two 

purposes: firstly it works as a safety device against backfire; secondly, eliminates any pressure fluctuations. A 

control valve is used to adjust the biogas flow rate and measured with a digital mass flow meter. Biogas is 

introduced into gas mixture, where it mixes with incoming intake air, and gas-air mixture is inducted inside 

the engine. Air flow rate is also measured using a digital flow meter. As mentioned earlier, pilot fuel is 

directly injected inside the combustion chamber. Pilot fuel consumption is measured with a calibrated burette 

and stop watch.  

2.4. Experimental conditions and test cases  

All the test were performed at steady state conditions and fixed engine speed of (1500±20) rpm. Engine speed 

was also measured using a tachometer. Experimental results are presented under three cases as shown in Table 
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3. Case-1 indicates conventional diesel engine operation, which is included for reference purpose against dual 

fuel cases. Case-2 indicates dual fuel operation of diesel engine with diesel as pilot fuel and biogas as main 

fuel. Case-3 indicates dual fuel operation of diesel engine with biodiesel as pilot fuel and biogas as main fuel. 

All the cases are studied for varying engine loads from 1.16 bar to 5.32 bar (indicating low to high load) using 

loading panel. It is important to mention that injection timing is not same during dual fuel operation for all the 

loads, however, advanced with increase in loads. This is because it was found that in dual fuel mode, 

advancing the injection timing yields improved engine characteristics. Injection timing was set at 32 °BTDC 

at low load and 26 °BTDC at high load for dual fuel cases (case-2 and case-3). 

Table 3: Experimental test cases 

Test case Main fuel Pilot fuel Test conditions 

Case-1 Diesel - Single fuel operation. Varying BMEP from 1.16 bar-5.32 bar 

Case-2 Biogas Diesel Dual fuel operation. Varying BMEP from 1.16 bar-5.32 bar 

Case-3 Biogas Biodiesel Dual fuel operation. Varying BMEP from 1.16 bar-5.32 bar 

2.5. Experimental procedure 

Engine is started with conventional single fuel injection and required engine load is achieved using control 

panel. Biogas flow is slowly started using control valve, which causes fluctuations in engine speed. Engine 

fuel (pilot fuel) governing system reduces the pilot fuel injection and engine speed is maintained. Biogas flow 

rate is increased until engines shows signs of abnormal combustion, and this point indicates the maximum 

pilot substitution. Maximum pilot substitution indicates that highest possible diesel (pilot fuel) is replaced by 

main fuel. Engine is allowed to run until thermally stabilizes, and various temperatures readings (exhaust, 

engine oil, fins etc.) and engine speed are recorded. Diesel flow rate, biogas flow rate, air flow rate and 

exhaust emission measurements are carried out at this point. This procedure is repeated for all the loads and 

corresponding readings were recorded. In case of biodiesel as pilot fuel, diesel tank is replaced by biodiesel 

tank and similar procedure is repeated. Three sets of reading were taken for any conditions and their average 

was used for analysis. All the results presented in this work have percentage uncertainties under 5%. 

 

3. Results and discussion  

Fuel flow rates for both pilot and main fuels are shown in Fig. 2 for all the three cases studied. In case-1, 

diesel flow rate increases with increase in engine load due to higher input energy requirements. Biogas flow 

rate obviously remains zero as it is a case of single fuel operation. Between case-2 and case-3, pilot fuel 

requirement for case-3 is slightly higher throughout the engine load spectrum. This is mainly due to lower 

calorific value of biodiesel as compared to diesel, which causes higher fuel flow rates for same energy 

requirement.  

 

Fig. 2: Pilot and main fuel flow rates with engine loads 
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It was found that maximum pilot substitution in dual fuel mode varies with change in type of pilot fuel. 

Variations in maximum pilot fuel substitution in dual fuel mode and pilot fuel energy share (% of total input 

energy) are shown in Fig. 3 with engine loads. Biodiesel as pilot fuel shows lower maximum pilot fuel 

substitution as compared to that with diesel as pilot fuel. This variation is small at low loads, however, at 

moderate and high loads, biodiesel shows lower pilot fuel substitutions. As seen in Fig. 2, lower calorific 

value of biodiesel compared to that with diesel fuel requires larger amount of biodiesel at the similar operating 

conditions. This requirement is significant at high loads, consequently, larger biodiesel flow rate at high loads 

causes lower pilot fuel substitutions. Direct effect of this lower pilot fuel substitution reflects as higher pilot 

fuel energy shares in case of biodiesel-biogas dual fuel case at high loads. Maximum pilot fuel substitutions of 

78.08% and 63.9%with case-2, and76.44% and 59.6% with case-3 were observed at BMEPs of 1.16 bar and 

5.32 bar respectively. 

 

Fig. 3: Pilot fuel substitution (%) and pilot fuel energy share (% of total input energy) with engine loads 

Brake thermal efficiency obtained from three cases studied in the present work are shown inFig. 4. Brake 

thermal efficiency with dual fuel mode is always lower as compared to single fuel (diesel only) mode. One of 

the major reasons for this effect is utilization of an inferior quality fuel (biogas) in place of diesel that 

significantly alters the engine performance. Also, combination of a gaseous and liquid fuels may considerably 

change the combustion pattern leading to changes in engine performance. Mixing of these fuel may not be 

proper and results in higher unburned hydrocarbon emission. High CO2 content in biogas renders low flame 

speed causing incomplete combustion. Effect of CO2 is also to absorb some amount of heat during combustion 

causing lower combustion temperatures. This results in lower Carnot efficiency of the dual fuel engines with 

biogas as main fuel. However, replacement of diesel with biodiesel as pilot fuel shows encouraging results. At 

low loads, little to no loss in efficiency was observed between case-2 and case-3. Nevertheless, at high loads, 

slight drop in efficiency with biodiesel as pilot fuel in case-3 as compared to case-2 is mainly due to lower 

calorific value of biodiesel. Also, high viscosity of biodiesel causes poor atomization and a narrow spray zone. 

It is possible that small and narrow spray could lead to poor combustion. It is also important to mention that 

oxygen content in biodiesel helps in better combustion, which compensate for earlier mentioned effect. It is 

expected that change is fuel injection parameters could enhance poor performance with biodiesel as pilot fuel.  

Variation of exhaust gas temperature with loads for three cases are depicted in Fig. 5. It was found that 

exhaust gas temperature with case-3 is slightly lower than that with case-2 for all the loading conditions. 

Biodiesel as pilot fuel in case-3 causes slight decrease in ignition delay after injection as compared to that 

with diesel. Low ignition delay not only allows for premixed combustion neat TDC, but also decreases the 

combustion duration leading to lower exhaust gas temperatures. Furthermore, combustion promoted by 

oxygen content in biodiesel also lead to quicker combustion causing slightly lower exhaust gas temperatures. 
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Fig. 4:  Brake thermal efficiency with engine loads 

 

Fig. 5: Exhaust gas temperature with engine loads 

Nitrogen oxides (NOx) emissions from three cases studied are shown in Fig. 6. It can be seen that case-2 and 

case-3 (dual fuel operations) produce significantly lower NOx emissions compared to that with case-1 (single 

fuel diesel operation) except at high load condition. Furthermore, between case-2 and case-3, dual fuel 

operation with biodiesel as pilot fuel resulted in relatively higher NOx emissions. NOx emission is strong 

function of temperature, therefore, higher peak combustion temperatures in case-3 is the main reason for this 

effect. This is also supplemented by oxygen content in biodiesel, which aids in faster combustion. It causes 

lower combustion duration and faster heat release near TDC resulting in higher NOx formation. Though, high 

emission levelsare limited to full load condition, and also difference between case-2 and case-3 is not very 

great.  

Carbon monoxide (CO) emissions are shown in Fig. 7. Evidently, dual fuel operations (case-2 and case-

3)produces significantly higher levels of CO emissions as compared to that with case-1, which increase with 

increase in engine load. High CO emission in dual fuel mode is due to mixture richness, poor mixing 

characteristics of pilot fuel and gas, and also incomplete combustion.  However, advantage of biodiesel over 

diesel as pilot fuel is visible as lower CO emissions in case-3 compared to that with case-2. Significant 

reduction in CO emissions were recorded at medium and high load with biodiesel as pilot fuel. Biodiesel 

improves combustion efficiency causing better oxidation of carbon products and therefore reduces CO 

emissions.Specific advantage of dual fuel operation is significantly lower smoke emissions from diesel 

engines. Besides, replacing diesel with biodiesel can further decrease the smoke emissions as can be seen 

from Fig. 8.  
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Fig. 6: Variation of nitrogen oxides with engine loads 

 

 

Fig. 7: Variation of carbon monoxide with engine loads 

 

 

Fig. 8: Variation of smoke emission with engine loads 
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4. Conclusions 

In the present work, a conventional diesel engine was converted in dual fuel engine with diesel or biodiesel as 

pilot fuels and biogas as main fuel. These dual fuel mode of diesel engine operations were experimentally 

studied and compared with standard single fuel diesel only operation. It was found that significant amount of 

fossil diesel fuel can be replaced by renewable main fuels such as biogas. It has also been demonstrated that 

complete replacement of diesel fuel is possible by utilizing biodiesel. A biodiesel-biogas dual fuel engine 

operation exhibit similar engine performance characteristics that with diesel-biogas dual fuel engine 

operations from low to high engine loads. Brake thermal efficiencies of 8.9% and 24.7% were found with 

biodiesel-biogas dual fuel operations compared to 9.0% and 25.8%, with diesel-biogas dual fuel operations at 

BMEPs of 1.16 bar and 5.32 bar respectively. It is also expected that with slight modifications in injection 

characteristics, biodiesel-biogas dual fuel performance can be further improved. Additionally, biodiesel-

biogas dual fuel operation offers environmental benefits by decreasing CO and smoke emissions compared to 

that with diesel-biogas dual fuel operation. 
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Nomenclature 

BTDC : Bottom top dead centre 

BMEP : Brake mean effective pressure 

CI : Compression ignition 

CR : Compression ratio 

ICE : Internal combustion engine 

TDC : Top dead centre 
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