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Abstract— In the present study, an experimental work had 

been carried out to analyze the Performance and Emission 

characteristics of compression ignition engine fuelled with 

various blends of Jatropha biodiesel. The engine tests are 

conducted on kirloskar, 5.2 kW, 4-stroke, single cylinder, 

1500 rpm, water cooled, direct injection diesel engine with 

eddy current dynamometer with injection timing 23° bTDC 

and injection pressure 210 bar were maintained constant 

throughout the experiment. Different blends of Jatropha 

biodiesel such as B20, B40, B60, B80 and B100 are 

prepared to analyze the Performance and Emission 

characteristics. From the test results, it could be observed 

that among different blends B20 blend showed very close 

performance with the neat diesel. 
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I. INTRODUCTION 

Due to the gradual depletion of world petroleum reserves 

and the impact of environmental pollution of increasing 

exhaust emissions, there is an urgent need for suitable 

alternative fuels for use in diesel engines. In view of this, 

vegetable oil is a promising alternative because it has 

several advantages; it is renewable, environmentally friendly 

and produced easily in rural areas, where there is an acute 

need for modern forms of energy. The use of non-edible 

vegetable oils compared to edible oils is very significant 

because of the tremendous demand for edible oils as food 

and they are far too expensive to be used as fuel at present. 

Rapid increase in the prices of petroleum products and 

harmful exhaust emissions from engines jointly created 

renewed interest among researchers to find the suitable 

alternative fuels.  

R. K. Yadav et al. [1] found that, as the load 

increased the BTE increased for all the fuel samples tested 

included diesel up to 80% of rated engine load for all the 

fuel samples. The maximum value of efficiency had been 

found for JB20 fuel sample as 28.14% which was 4.26% 

higher than diesel for 80% of rated engine load. The BTE of 

JB100 sample was found to be lower than conventional 

diesel for the entire brake load. The fuel samples JB10-JB20 

perform better than diesel. BSFC decreased with increase in 

the engine load for all the blends of fuel tested on the engine 

till 80% of the rated load, beyond that it further increased. 

Using lower percentage of biodiesel in diesel blends (up to 

JB20) the BSFC of the engine was lower than that of diesel 

for all loads. In case of JB30-JB100 blends, the BSFC was 

found to be higher than that of diesel. EGT of Jatropha 

biodiesel was found to be lower than the conventional diesel 

for all the brake loads. The EGT of diesel at rated load was 

515°C where as for Jatropha biodiesel, it was 478°C. EGT 

increased with the increased in engine load for the fuel 

samples tested. EGT of JB10 had been found equal to diesel. 

The maximum EGT had been found as 515°C for diesel and 

JB10 at full load. As the biodiesel content increased in fuel 

sample, EGT reduced. CO reduced in engine exhaust as load 

increased up to 70% of rated load beyond that it further 

increased. As the Jatropha biodiesel content increased in 

fuel sample, it reduced up to JB20, after that it further 

increased. For all the samples of fuel tested on engine, un-

burnt hydrocarbon reduced with increase of load up to 70% 

of engine load after that it further increased. As biodiesel 

content increased in fuel sample, it reduced upto JB50, after 

that it further increased. As load increased, NOx increased 

till 80% of rated load, beyond that it further reduced for 

most of the samples of fuel tested. The maximum 

concentration of NOx had been found to be 470 ppm for 

JB30 blend at 80% of rated load. The smoke percentage 

increased as load increased for all the blends tested. The 

smoke percentage in exhaust had been found to be 58% at 

full load for JB10 fuel which was 9.375% lower than diesel 

sample.  

M. Venkatraman et al. [2] found that, the BTE was 

lower with raw Jatropha oil as compared to diesel. The 

maximum BTE with raw Jatropha oil was about 22.54% 

whereas it was 24.43% with diesel at 75% load condition. 

The BTE was higher with methyl ester of Jatropha oil and 

30% Kerosene blend compared to raw Jatropha oil. The 

values were 23.89% and 23.40% respectively. Exhaust gas 

temperature was high with raw Jatropha oil than diesel. The 

maximum temperature of exhaust gas at peak Brake Power 

output was 352°C with raw Jatropha oil and 331°C with 

methyl ester of Jatropha oil. The maximum exhaust 

temperature of methyl ester of Jatropha oil-Kerosene blend 

was 320°C. The exhaust gas temperature of raw Jatropha oil, 

methyl ester of Jatropha oil and methyl ester of Jatropha oil-

Kerosene blend was higher than that of diesel. HC emission 

of raw Jatropha oil, methyl ester of Jatropha oil and methyl 

ester of Jatropha oil-Kerosene was lower than that of diesel. 

At full load condition HC emission was 92 ppm for raw 

Jatropha oil, 83 ppm for methyl ester of Jatropha oil, 128 

ppm for methyl ester of Jatropha oil-Kerosene blend and 

132 ppm for diesel. CO emission levels were lower with raw 

Jatropha oil, methyl ester of Jatropha oil and methyl ester of 

Jatropha oil-Kerosene blend when compared to diesel. The 

CO of the raw Jatropha oil was 0.34% at full load, 0.32% for 

methyl ester of Jatropha oil-Kerosene blend, 0.35% for 

methyl ester of Jatropha oil and 0.37% for diesel. The NOx 

concentration was 639 ppm for methyl ester of Jatropha oil, 

632 ppm for raw Jatropha oil, 358 ppm for methyl ester of 

Jatropha oil-Kerosene blend and 649 ppm for diesel. Smoke 

level at the maximum power output was 4.25 BSU with raw 
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Jatropha oil. The smoke level with diesel was 2.25 BSU at 

maximum power. The Peak Pressure with the methyl ester 

of Jatropha oil was higher.  

Venkata Ramesh Mamilla et al. [3] found that, 

BTE was slightly lower for methyl esters and their blends 

compared to diesel at all loads. At rated power (4.4 kW) the 

BTE of diesel, 20% JTME, 40% JTME, 60% JTME, 80% 

JTME and JTME were 33.36%, 32.8%, 31.6%, 31.22%, 

30.87% and 29.37% respectively. As percentage of methyl 

ester in the fuel increased the percentage of CO was 

continuously reduced. There was an increase in HC 

emissions for all the test fuels as the load increased. 

Increased the percentage of the methyl ester in the fuel 

drastically reduces HC emissions. The NOx emissions 

increased with increase in power for all the test fuels. At any 

Brake Power increase in the emission of Nitrogen oxides 

(NOx) with increase in percentage of methyl ester in the fuel 

was found. The NOx emissions increased with increase in 

percentage of methyl esters in the blend. Smoke Density 

decreased with increase in methyl ester in the fuel blend. 

BTE of 20% JTME was lower compared to that of diesel 

with standard engine SCC. BTE of TCC was higher when 

compared to SCC and RCC at all loads. At full load, CO 

emissions of the 20% JTME decreased significantly when 

compared with those of standard diesel engine (SCC). CO 

emissions slightly increased with TCC than SCC and RCC 

for 20% JTME. At full load, HC emissions of the 20% 

JTME decreased significantly when compared with those of 

standard diesel engine (SCC). HC emissions slightly 

increased with TCC than SCC and RCC for 20% JTME. 

NOx emissions were lower for TCC when compared to SCC 

and RCC for 20% JTME, but it was higher when compared 

with standard diesel (SCC). At all loads, Smoke emissions 

for the 20% JTME decreased significantly than those of 

standard diesel engine (SCC). Smoke emissions were found 

lower for TCC than SCC and RCC.  

Amit Agarwal et al. [4] found that, as the Brake 

Mean Effective Pressure increases, BSEC decreased for all 

fuel blends. At highest pressure JB80 showed the lowest 

BSEC. BTE was higher for JB100 for all Brake Mean 

Effective Pressures. At full load, JB100 showed the highest 

CO emissions. HC emission was higher in unblended diesel 

and NOx was higher in pure Jatropha biodiesel.  

Meyyappan Venkatesan [5] found that, BSFC of 

diesel at standard injection pressure of 180 bar and injection 

timing of 27° bTDC was 0.61 kg/kW-hr at low loads of 

operation. At higher loads of operation BSFC was 0.30 

kg/kW-hr. The values for CNG-diesel for low load and 

higher loads were 0.83 and 0.32 kg/kW-hr. For CNG-diesel 

at all the three injection pressures at low loads it was 0.83 

kg/kW-hr with very little variations and it was nearly equal 

to that of diesel at higher loads. BTE for diesel baseline at 

180 bar pressure 27° bTDC was 13.75% and 28% at low and 

high loads of operation respectively. A very high value of 

UBHC nearly 320 ppm was obtained at all pressures at low 

loads for CNG-diesel operation when compared to very low 

value of 7 ppm for diesel operation. It was nearly 65 ppm at 

higher loads of operation at all the three pressures due to 

better mixing and combustion. The values of CO emission 

were nearly 0.15% at low loads of operation at all the three 

pressures and 0.22% at higher loads. The values for diesel 

were 0.01% at low loads and 0.07% at higher loads of 

operation. The values of Smoke Density of 2 to 30 ppm at 

low loads and 55 to 97 at higher load at three pressures. At 

low loads NOx emission approached to that of diesel with 

22 ppm and at higher loads it was 140 ppm at all loads of 

operation.  

 
Fig. 1: Jatropha Tree 

 
Fig. 2: Jatropha seeds 

II. TRANSESTERIFICATION REACTION 

It is most commonly used and important method to reduce 

the viscosity of vegetable oils. In this process triglyceride 

reacts with three molecules of alcohol in the presence of a 

catalyst producing a mixture of fatty acids, alkyl ester and 

glycerol. The process of removal of all the glycerol and the 

fatty acids from the vegetable oil in the presence of a 

catalyst is called esterification.  

 
Fig. 3: Transesterification reaction 

The first step for biodiesel preparation is the 

transesterification of vegetable oils. By this process the 

molecular size of the component (triglycerides) reduces. 

Such that the resultant esterified oil could be used in diesel 
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engine for a prolonged period without any serious issues like 

carbon buildups, scum formation, etc. The transesterification 

process is as follows: one liter of raw oil was taken in a 

round bottom flask and was heated up to 110°C in order to 

remove the moisture content present in it. Base catalyst 

NaOH (7.5 g approx.) was dissolved in methyl alcohol (300 

ml) and maintained at the reaction temperature of around 

65°C for a period of 60 minutes. The reaction products were 

allowed to settle under gravity in separating funnel for 24 

hours to separate methyl esters and glycerol. Due to the 

higher density of glycerol it settled at the bottom of the 

funnel and obviously methyl esters occupied the top surface. 

The methyl ester was then washed with warm water to 

remove un-reacted methanol, catalyst and impurities. The 

washed methyl ester was again heated to 110°C to remove 

the moisture content. Various biodiesel-diesel blends (B20, 

B40, B60, B80 and B100) were prepared for the 

experimental work. 

III. PROPERTIES OF FUELS 

 
Table 1: Properties of Jatropha biodiesel blends compared 

with diesel 

IV. EXPERIMENTAL SETUP 

 
Fig. 4: Engine setup 

A single cylinder, direct injection, four-stroke, water-cooled, 

Compression Ignition (CI) engine is used in the 

experimental study. The technical specification of the 

engine is given in Table-2. The engine was loaded by eddy 

current dynamo meter. The fuel flow rate was measured by 

noting down the time taken for the consumption of a known 

quantity of fuel (25cc) from a burette. The viscosity of raw 

as well as esterified oil was measured by red wood 

Viscometer, density by hydrometer, calorific value by bomb 

calorimeter, flash and fire point by open cup method. AVL-

444 DI Gas analyzer was used to record the exhaust tail pipe 

emissions such as HC, CO, and NOx. Initially, before 

starting experimental tests, the engine was made to run 

under ideal condition as warm up phase and then the tests 

were conducted. The engine was started and allowed to 

warm-up for about 10 minutes. The engine was tested under 

five discrete part load conditions i.e. 20%, 40%, 60%, 80% 

and 100%. 

 
Table 2: Engine specifications 

V. RESULTS AND DISCUSSION 

A. Brake Thermal Efficiency (BTE) 

 
Fig. 5: Effect of Brake Power on Brake Thermal Efficiency 

for Jatropha oil methyl ester (JOME) and its blends with 

diesel 

The effect of Brake Power on Brake Thermal Efficiency for 

JOME and its blends with diesel is shown in Fig-5. There is 

a steady increase in efficiency as load increases. The BTE 

with B20 operation is closer to diesel operation. Further 

increase in proportion of JOME in the blend, resulted in 

decrease in the thermal efficiency. This drop in BTE with 

increase in proportion of JOME can be attributed to the poor 

combustion characteristics of the blends due to their 

relatively high viscosity and poor volatility that overcomes 

the excess oxygen present in the biodiesel. The maximum 

BTE value observed with JOME operation is 29.51% at 

80% load compared to 31.25% with diesel. However, the 

BTE with B20 was 30% at 80% power output and was 

closer to diesel operation. 
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B. Exhaust Gas Temperature (EGT) 

 
Fig. 6: Effect of Brake Power on Exhaust Gas Temperature 

for JOME and its blends with diesel 

Fig-6 shows the effect of Brake Power on Exhaust Gas 

Temperature for JOME and its blends with diesel. The result 

showed that, the EGT increased with increase in Brake 

Power in all the cases. It could also be seen that the decrease 

in exhaust gas temperatures is only upto B20 biodiesel blend 

and further increasing the blend ratio, temperatures were 

found to increase slightly. This could be attributed towards 

the lower calorific value of JOME compared to diesel and 

complete combustion process that prevails in the engine. 

The poor volatility and high viscosity of the JOME blends 

lead to a more dominant diffusion combustion phase than 

diesel, which is responsible for this. Also the late burning of 

injected ester blends results in slower combustion and hence 

results in higher EGT. The maximum EGT at 80% load is 

442°C with the B20 and 446°C with the JOME. The peak 

EGT is 390°C with diesel.  

C. HC Emissions 

 
Fig-7: Effect of Brake Power on HC emissions for JOME 

and its blends with diesel 

The effect of Brake Power on HC emissions for JOME and 

its blends with diesel is shown in Fig-7. The higher HC 

emissions were obtained with JOME and Jatropha oil 

blends. The general trend of an increase in HC emissions 

with increasing amount of JOME in the fuel blend is 

recognizable. Higher HC emissions in the exhaust of the 

blended fuel may be attributed to the poor mixing of the oil 

with air due to the poor spray characteristics of JOME 

leading to incomplete combustion. The HC emissions were 

found to be 66 ppm, 70 ppm and 40.5 ppm for B20, JOME 

and diesel respectively.  

D. CO Emissions 

 
Fig. 8: Effect of Brake Power on CO emissions for JOME 

and its blends with diesel 

The effect of Brake Power on CO emissions for JOME and 

its blends with diesel is shown in Fig-8. The higher CO 

emissions were obtained with JOME and Jatropha oil 

blends. The general trend of an increase in CO emissions 

with increasing amount of JOME in the fuel blend is 

recognizable. Higher CO emissions in the exhaust of the 

blended fuel may be attributed to the poor mixing of the oil 

with air due to the poor spray characteristics of JOME 

leading to incomplete combustion. CO emissions were 

0.1245%, 0.132% and 0.1125% for B20, JOME and diesel 

respectively. 

E. NO Emissions 

 
Fig. 9: Effect of Brake Power on NO emission for JOME 

and its blends with diesel 

Fig-9 shows the effect of Brake Power on NO emission for 

JOME and its blends with diesel. The NO emission 

increases with increase in load for all the fuel combinations. 

Further it follows that JOME and its blends show lower NO 

emission compared to standard diesel operation. This 

reduction in NO emission is mainly associated with reduced 

premixed burning rate following the delay period. It may be 
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noted that the rate of heat release during the premixed 

burning phase is lower with JOME and its blends as 

compared to diesel even though the ignition delay is higher. 

The NO emission values for B20, B40, B60, B80 and B100 

were 1193 ppm, 1096 ppm, 921 ppm, 903 ppm and 1100 

ppm respectively as compared to 900 ppm for diesel 

operation at full load operation. 

F. Smoke Opacity 

 
Fig. 10: Effect of Brake Power on Smoke Opacity for JOME 

and its blends with diesel 

The effect of Brake Power on Smoke Opacity with JOME 

and its blends with diesel is shown in Fig-10. The smoke 

opacity increases with increase in brake power for diesel, 

JOME and Jatropha oil blends. As the percentage of JOME 

increases in the blend with diesel the Smoke Opacity 

increases. The increased Smoke Opacity with Jatropha oil 

blends could be attributed to increased viscosity of the 

blends resulting in poor spray pattern thereby leading to 

poor combustion. The reduction in Smoke Opacity with 

Jatropha oil blends could be considered due to increase in 

excess air ratio because of the oxygen present in the fuel 

itself. Smoke level at 80% is 67 HSU (Hartridge Smoke 

Units) for the ester and 63 HSU for the B20 blend and 84 for 

B80 blend.  The smoke level with diesel is 63 HSU at 80% 

load. 

CONCLUSIONS 

From the experimental results following conclusions are 

made: 

 The maximum BTE value observed with JOME 

operation is 29.51% at 80% load compared to 31.25% 

with diesel. However, the BTE with B20 was 30% at 

80% power output and was closer to diesel operation. 

 The maximum EGT at 80% load is 442°C with the B20 

and 446°C with the JOME. The peak EGT is 390°C 

with diesel.  

 The HC emissions were found to be 66 ppm, 70 ppm 

and 40.5 ppm for B20, JOME and diesel respectively. 

 CO emissions were 0.1245%, 0.132% and 0.1125% for 

B20, JOME and diesel respectively. 

 The NOx emission values for B20, B40, B60, B80 and 

B100 were 1193 ppm, 1096 ppm, 921 ppm, 903 ppm 

and 1100 ppm respectively as compared to 900 ppm for 

diesel operation at full load operation. 

 Smoke level at 80% is 67 HSU (Hartridge Smoke 

Units) for the ester and 63 HSU for the B20 blend and 

84 for B80 blend.  The smoke level with diesel is 63 

HSU at 80% load. 

Among the JOME blends tested, B20 gave the best 

performance with reduced emissions. The BTE of the engine 

with the B20 blend at 80% power output which is closer to 

diesel operation. Hence B20 blend is recommended for 

existing diesel engine. 
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