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ABSTRACT 
 

This paper examines the operational parameters of a diesel engine running on biodiesel prepared from 
Jatropha Curcas Oil. Jatropha curcas oil was collected and Transesterified to produce biodiesel. Blends of 

Jatropha-based biodiesel (B20, B30, B50, and B100) with petroleum-based diesel were prepared (where B20, 

B30, B50,) etc represent percentage content of Jatropha biodiesel blends as well as pure diesel. The results 
obtained show that, the use of biodiesel has significant impact on the operational characteristics of the engine. 

The specific fuel consumption of the engine increases with the increase in the concentration of biodiesel in the 

fuel blends. The maximum exhaust temperature occurred at an engine speed of 2500 rpm for diesel fuel and 
for the blends B20, B50, and B100 occurred at a speed of 3100 rpm. Diesel fuel produced higher engine 

torque compared to Jatropha biodiesel blends. 
 

Significance: The findings of this research will 

help in establishing the best operating parameters 

of a direct injection engine running on Jatropha 

biodiesel and its blends.   

 

Keywords:       Jatropha oil, Biodiesel, Operational 

characteristics, Diesel fuel, Transesterification. 

 

 

1 . INTRODUCTION 
 

Global energy crises, irregular pricing of 

petroleum products, instable power supply and 

environmental concerns arising from oil spillages 

and noxious gaseous emission in Nigeria have 

necessitated the need to study the suitability of 

Jatropha curcas oil as a possible substitute to 

conventional diesel fuel. It is an established fact 

that the demand for petroleum is increasing with 

each passing day, possibly due to ever-increasing 

world population and quest for better living 

standard. However, the rise in prices of petroleum 

fuel (attributed to the limited supply of product) 

and increasing threat to the environment from 

exhaust emission and global warming (attributed to 

the limitations of the fuel combustion technology)  

have generated an intense international interest in 

developing alternative none-petroleum fuel (Ajav 

and Akingbehin, 2002).    

Since Jatropha oil cannot be used for food or 

animal feed because of its purgative effect (Corner 

and Wantanabe, 1979), it stands to be the best 

alternative for biodiesel production as compared to 

other vegetable oils. The Jatropha plant is 

advantageous for its higher oil yield, rapid growth 

and easy propagation; it has a life span of 40 years 

and suitable for tropical and sub tropical zone 

(Patil and Singh, 1991). Biodiesel is a biomased-

based fuel produced from various feedstocks 

including vegetable oil (such as oilseed, rapeseed 

and soya bean), animal fats or algae. Biodiesel can 

be blended with diesel for use in the diesel engine 

vehicles. Biodiesel is therefore, made from 

nontoxic, biodegradable and renewable sources 

(Knothe, 2001). Biodiesel is prepared using a 

standard method called Transesterification process 

involves mixing at room temperature methanol 

(50% excess) with NaOH (100% excess), or KOH 

then mixing vigorously with vegetable oil  and 

letting the glycerol settle(about 15% of the 

biodiesel mix). The supernatant is biodiesel and 

contains a mixture of methylated fatty acid and 

methanol. According to the Transesterification 

reaction,3 moles of methanol are required to react 

with 1 mole of Jatropha oil (Kauitha, 2003). 

Biodiesel Nigeria Limited identified Jatropha 

curcas, as a tree that produces seeds with high oil 
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content. The extracted crude Jatropha oil can be 

refined into high quality biodiesel (Remesh and 

Sampathrajan, 2008). The residual meal left after 

oil extraction is an excellent organic fertilizer and 

can be used for power generation (Jones and 

Miller, 1992). If the compounds that make 

Jatropha inedible can be removed, Jatropha meal 

has the potential to be a valuable animal feed, 

adding more prospects to Jatropha processing 

technology (Okonkwo, 2008). It has been reported, 

that Jatropha curcas oil and its blends were used in 

pre-combustion chamber engines with positive 

results for thermal efficiency and emission 

characteristics compared with diesel (Messier and 

Loury,1950; Cabral, 1964; Takeda,1982; 

Mori,1983; Ishil and Takeuchi,1987; 

Pramanik,2003; Senthil Kumar et al., 2003) . 

  

2 .  MATERIALS AND METHOD 

 
2.1     Materials 

2.1.1 Transesterification; The materials required 

for Transesterification include spherical flask 

thermostat, stirrer, condenser, alcohol (methanol), 

catalyst potassium hydroxide and Jatropha oil. The 

Transesterification reactor is shown in figure1 

 

 
 

Figure 1: Transesterification reactor 

 

 

2.1.2    Engine tests: The materials required for 

the experiments include: Jatropha curcas biodiesel 

petroleum diesel, mixing vessels measuring 

instruments and engine test bed model TD111 

(Figure 2), and a direct injection Diesel Engine 

(Petter AA1).  

 

The engine test bed consist of a direct injection 

diesel engine, a dynamometer and the 

instrumentation unit (consisting 1``of torque 

transducer, tachometer optical head, and exhaust 

thermocouple). The diesel engine, whose 

specifications are shown in Table 1, was used for 

the experiments without any modifications. Five 

blends of biodiesel containing 20%, 30%, 40%, 

50%% and 100% Jatropha seed oil were prepared 

and used as fuel for engine testing. The engine was 

run at five different speed (2000, 2400, 2800, 

3200, and 3600.rpm).  
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Instrumentations unit

Dynamo meter

Diesel engine

Exhaust pipe

                                  
Figure 2: Engine test –bed 

 

Table 1: Technical Specification of the Engine (Foss, 1980) 
 

ITEM QUANTITY 

Manufacturer/Type Patter AAI 

Valve position Over head 

Valve rocker clearance, mm 0.10 

Swept volume, cm
3 

Bore, mm 

219 

70 

Compression ratio  

Stroke, mm 

17 

57 

Maximum torque, Nm 8.2 

Maximum brake power, kW 2.6 

 

2.2   Methods 

2.2.1 Transesterification: Transesterification was 

carried out in the basic medium with Potassium 

Hydroxide (KOH) as a catalyst, 15g of KOH was 

dissolved in 660ml of methanol (CH3OH) and kept 

at a temperature of 70 
o
C above the boiling point 

of alcohol and the mixture was poured into the 

reactor. An equilibrium temperature was 

maintained. The Transesterification reaction 

equation is shown in Figure 3. At the end of the 

reaction the products were taken out through the 

outlet in the lower side of the reactor. The product 

consisted of biodiesel, alcohol and soap formed.  

Purification was done in two ways to obtain pure 

biodiesel. Firstly the removal of saponified 

products by washing with warm water.   

 

 

 
 

      

                                                    Figure 3: Transesterification equation 
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2.2.2 Engine Test Procedure 

 

The fuel sample was fed from the fuel tank 

mounted on the instrumentation unit. The fuel 

flows into the bottom of a pipette graduated in 

volumes of 8, 16, and 32 ml. A length of clear 

plastic tubing connected to the top of the pipette 

gives an indication of the content of the fuel tank. 

The fuel consumption was determined by using 

stop watch to measure the time (t) taken by the 

engine to consume a given volume of fuel. The 

torque developed by the engine, exhaust 

temperature and the time taken to consume 8ml 

were recorded. The same procedure was repeated 

for all the Jatropha oil- diesels blend of (B20, B30, 

B50, and B100).  

 

 

3. RESULTS AND DISCUSSION 

 

3.1     Properties of Jatropha biodiesel 

Table 2 presents the properties of Jatropha 

biodiesel as compared as compared to petroleum 

based diesel. It can be seen that diesel fuel has the 

highest calorific value (43.241kJ/kg) followed by 

blends of Jatropha Biodiesel (43.144 – 42.541kJ). 

The reason is more due to the difference in 

chemistry of two fuels and that the calorific value 

of petro-diesel is higher because it consists of more 

complex hydro carbons than Jatropha-based fuel. 

 

Table 2: Fuel Properties of Diesel and Jatropha biodiesel blends 
 

 

 

3.2 Engine output Torque for B20 
 

The maximum engine torque occurred at lower 

engine speed (2000 rpm) and at maximum engine 

speed (3600 rpm). The engine output torque drops 

significantly.  B40 biodiesel blend developed 

higher torque values than diesel fuel, while B20, 

B30, B50 and B100 fuel blend produced lower 

engine torques than the pure diesel fuel (B0) as 

presented in Figure 4. The relatively lower torque 

values of the engine running on Jatropha biodiesel 

blends could be attributed to the gelling effect of 

the blend that caused ignition delay. 

3.3     Specific Fuel Consumption 

The specific fuel consumption was determined 

using the equation: 

           kg /kWh … (1) 

 

Where: S.f.c  - Specific fuel consumption; mf  - 

Mass flow of fuel; PB - Brake power. 

 

The specific fuel consumption increases with 

decrease in the fraction of diesel fuel contained in 

the blends.   The comparative high consumption of 

fuel may be attributed to higher specific gravity, 

lower calorific value and higher mass flow rate of 

the Jatropha fuel blend. The variation fuel 

consumption with engine speed is presented in 

Figure 5. 

 

S/N Properties Diesel Jatropha Biodiesel 

B20 B30 B40 B50 B100 

1.  Calorific Value kJ/kg 43.241 43.144 43.052 42.542 42.541 41.343 

2.  Flash point 
O
C 54 57 63 78 92 165 

3.  Specific gravity 0.8413 0.8442 0.8456 0.8456 0.8501 0.8721 

4.  Kinematic viscosity at 

45
o
C, cSt 

4.87 4.94 4.98 5.02 5.12 5.38 
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Figure 4: Engine output Torque versus Speed 

 

 

 

 
 

                           Figure 5:    Variation of Specific Fuel Consumption with Engine Speed 
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3.4    Engine Power Output 

The power output criteria can be connected to 

exhaust temperature where one is the inverse of the 

other. The power output of the engine was 

calculated by using the formula  

                         

          P = 2nT /60 …   (2) 

Where:   P   - power; n – engine speed expressed in 

revolutions per second; T = Time taken in minutes 

 

The power output of the engine on Jatropha blends 

at different speed was observed to be lower than 

that of diesel fuel (Figure 6).  

 

 

 
 

Figure 6:  Engine Output Power 

 

 

4. CONCLUSIONS 
 

The calorific value of Jatropha biodiesel is lower 

than that of diesel fuel. The calorific values of 

Jatropha biodiesel blends decreased with increase 

in the concentration of Jatropha oil in the fuel 

mixture. The specific gravity, Kinematic viscosity 

and flash point values of Jatropha biodiesel are 

higher than those of diesel fuel and their value 

increase with increase in concentration of biodiesel 

in the fuel mixture. At maximum engine speed, 

diesel fuel has the higher engine power than that of 

B20, B30, B40, and B100 biodiesel blends. At 

maximum speed, diesel fuel has higher engine 

exhaust temperature, and exhibits comparatively 

lower fuel consumption than biodiesel blends. 

                            

REFERENCES 
 

Ajav, A. and Akingbehin, B. (2002). Fuel 

Properties Blended with Diesel; CIGR Journal 

of Scientific Research, Manuscript EE 

01003.Vol. IV 

Corner, E.J.  and Wantanabe, K. (1979). Guide to 

Tropical Plant, Hirokawa Publishing Co. Inc 

Tokyo. 
 Ramesh, D. and  Sampathrajan, A. (2008). “ An 

Investigation on Performance and Emission 

Characteristics of Diesel Engine with Jatropha 

Biodiesel and Its Blends”. The CIGRE 

Journal. Manuscript EE 07 013.Vol. X.   

Foss, P.G. (1980). Mini Engine Test Rigs (TD 

110-115): An Instrumentation Manual 

Tecquipment Limited Bonsai Street 

Nottingham England. 
Ishil, A. and Takeuch, R. (1987). 

Transesterification of Curcas Oil blends for 

Bebeji, Y.A. and Rufai, I.A. 



JOURNAL OF ENGINEERING AND TECHNOLOGY (JET) VOL.5 NO.1,. FEBRUARY 2010                       44 

 

44 

 

Farm Engines. Trans of the ASAE, 30(3), 

pp.605-609. 

Jones, N. and Miller, J.H. (1992). Jatropha Curcas: 

A Multipurpose Species; A problematic sites 

The World Bank Washington DC USA 

Kavitha, T. (2003). Properties and Use of Jatropha 

curcas Oil and Diesel Fuel Blends in 

Compression Ignition Engine. Renewable 

Energy, 28 (2): 239–248. 

Knothe, G. (2001), Historical Perspective on the 

Vegetable oil based Diesel Fuels. Inform 

www.com Retrieved on 2007-07-1 

Okonkwo, E.M. (2008). Production of Biodiesel 

from Jatropha Seed . National Workshop on 

Jatropha for Sustainable Energy Development 

In Kano Nigeria 

Patil, V. and. Singh K. (1991). Oil gloom to Oil 
Boom: Jatropha curcas a Promising Agro 

Forestry Crop. Shree Offset Press, Nashik, Ind 

Pramanik, K. (2003). Properties and Use of 

Jatropha curcas Oil Biodiesel Fuel Blends in 

Compression Ignition Engine. Renewable 

Energy, 28 (2): 239–248. 

  

Bebeji, Y.A. and Rufai, I.A. 


