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ABSTRACT 
The increased focus on alternative fuels research is mainly driven by high price of crude oil, stringent environmental emission 

norms and the concern on clean environment. The increasing consumption of petroleum products due to increased number of 

vehicles has been a matter of great concern for the country for the financial growth as well as environmental pollution abatement. 

The situation offers us a challenge as well as opportunity to look for substitutes of fossil fuels for both economic and 

environmental benefits to the country. 

In the present investigations, bio- diesel produced from Jatropha oil has been used to reduce our dependency on conventional fuel 

and offers clean environment. The fuel samples containing  0%, 10%, 20%, 30%, 40%, 50%, 75% & 100% blends of jatropha bio-

diesel and  conventional diesel,  have been tested on single cylinder, four stroke,  water  cooled,  direct injection diesel engine of 

Kirloskar Make (Rated Power 10 hp at 1500 rpm). Engine performance and exhaust emissions characteristics have been measured 

and analyzed. 

The best performance of engine has been observed around 20% blend of jatropha bio-diesel in conventional diesel. It is also found 

that emissions of carbon monoxide and unburnt hydrocarbon reduce as load increases for all the blends of bio-diesel tested on the 

engine up to 80% of maximum engine load beyond that these emissions further increase.It has been found that nitrogen oxide 

emission increases slightly as the engine load increases on the engine up to 80% of maximum engine load beyond that it further 

decreases.  This may be due to the presence of oxygen available in bio-fuel. Hence jatropha bio-diesel can be used as potential 

alternative fuel in future. 
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1. INTRODUCTION 
Modern development and heavily loaded transport system are 

very much dependent on fossil fuels which are non-renewable 

in nature. The fast growing demands for transport fuel and 

industrialization has caused threats to the environment and 

energy security for which search for an alternative fuel is the 

urgent need. The fuels of bio-origin such as alcohol, vegetable 

oil, bio-mass and biogas can be used directly in agricultural 

and transportation sector. Bio fuels are abundantly available 

alternative fuels, and have the potential to be produced from 

bio-mass sources. Biodiesel (esters, prepared by trans-

esterification) produced from jatropha seed oil along with 

conventional diesel blends, has received considerable attention 

as alternative fuels. Many researchers have conducted 

experiments using jatropha biodiesel. 

 

2. LITERATURE REVIEW  
Reddy et al. [1] have carried out parametric study on a single 

cylinder, constant speed, direct injection diesel engine which 

is operated on neat Jatropha oil. Injection timing, injector 

opening pressure, injection rate and air swirl level are changed 

to study their influence on performance, emissions and 

combustion. It is found that the ignition delay with Jatropha oil 

is always higher than that of diesel under similar conditions, 

advancing the injection timing from the base diesel value and 
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increasing the injector opening pressure increases the brake 

thermal efficiency from 25.7% to 27.3% and reduces HC and 

smoke emissions level from 3.9 BSU to 3.3 BSU. The 

significant increase in NOx level is also observed. When the 

injection timing is retarded, though the thermal efficiency is 

still lower than diesel with enhanced injection rate, a 

significant improvement in performance and emissions has 

been noticed. Enhancing the swirl has only a small effect on 

emissions. 

Pradeep et al. [2] have experimented the use of hot EGR for 

NOx control in a single cylinder compression ignition engine 

fuelled with bio-diesel from Jatropha oil (JBD). The NOx has 

been reduced when the engine was operated under HOT EGR 

levels of 5.25%. However, EGR level has been optimized as 

15% based on adequate reduction in NO emissions, minimum 

possible smoke, CO, HC emissions and reasonable brake 

thermal efficiency. Smoke emissions of JBD in the higher load 

region have been lower than diesel, irrespective of the EGR 

levels. However, smoke emission is higher in the lower load 

region. CO and HC emissions have been found to be lower for 

JBD irrespective of EGR levels. 

Ghosh et al. [3] have conducted an experimental investigation 

to make the comparison of fuel properties, performance and 

emission characteristics of three biodiesels i.e. karanja, 

putranjiva and jatropha. Experiments have been carried out in 

Ricardo variable compression engine and evaluated the best 

one for diesel engine application. It has been found that in case 

of B100 karanja and blends of jatropha have shown better 

efficiency. Jatropha has shown maximum reduction in 

emissions, and fuel economy than others. Considering the 

results of fuel properties, performance and emissions, jatropha 

appears to be the best alternative fuel than putranjiva and 

karanja. 

Kalbande et al.[ 4] have tested biodiesel produced from raw 

jatropha and karanj oil, and its blends with diesel for power 

generation in a 7.5 kVA diesel engine generator set. The 

overall efficiency of the generator for 6,000 W loading 

conditions has been improved for jatropha and karanj biodiesel 

blends and has been found in the range of 31–33% and 33–

39%, respectively. Biodiesel blends B80 and pure biodiesel of 

karanj have produced more power, and maximum overall 

efficiency in comparison to diesel fueled generator. The 

overall efficiency on jatropha-biodiesel-blended fuel is found 

to be less than that of diesel-fueled generator. 

Palash et al. [5] have conducted experimental study on a four-

cylinder diesel engine to evaluate the performance and 

emission characteristics of Jatropha biodiesel blends (JB5, 

JB10, JB15 and JB20) with and without the addition of N, N′-

diphenyl-1,4-phenylenediamine (DPPD) antioxidant. For each 

tested fuel, the engine performance and emissions have been 

measured at engine speeds of 1000–4000 rpm at an interval of 

500 rpm under full throttle condition. The results have showed 

that this antioxidant additive could reduce NOx emissions 

significantly with a slight penalty in terms of engine power 

and Brake Specific Fuel Consumption (BSFC) as well as CO 

and HC emissions. However, when compared to diesel 

combustion, the emissions of HC and CO with the addition of 

the DPPD additive are found to be nearly the same or lower. 

By the addition of 0.15% (m) DPPD additive in JB5, JB10, 

JB15 and JB20, the reduction in NOx emissions are 8.03%, 

3.503%, 13.65% and 16.54% respectively, compared to 

biodiesel blends without the additive under the full throttle 

condition. Moreover, the addition of DPPD additive to all 

biodiesel blend samples has reduced the exhaust gas 

temperature. 

Sanjid et al. [6] have worked on palm biodiesel and jatropha 

biodiesel  produced from the respective crude vegetable oils 

through transesterification, and the different physicochemical 

properties of the produced biodiesels have been presented, and 

found to be acceptable according to the ASTM standard of 

biodiesel specification. It presents experimental results of the 

research carried out to evaluate the BSFC, engine power, 

exhaust and noise emission characteristics of a combined palm 

and jatropha blend in a single-cylinder diesel engine at 

different engine speeds ranging from 1400 to 2200 rpm. 

Though the PBJB5 and PBJB10 biodiesels (blends of palm 

and jatropha biodiesel) have showed a slightly higher BSFC 

than diesel fuel, all the measured emission parameters and 

noise emission have been significantly reduced, except for NO 

emission. CO emissions for PBJB5 and PBJB10 are 9.53% 

and 20.49% which is lower than diesel fuel. By contrast, HC 

emissions for PBJB5 and PBJB10 are 3.69% and 7.81% which 

is lower than diesel fuel. The sound levels produced by PBJB5 

and PBJB10 are also reduced by 2.5% and 5% compared with 

diesel fuel due to their lubricity and damping characteristics. 
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Ong et al. [7] have studied to investigate the engine 

performance and emissions produced from Jatropha curcas, 

Ceiba pentandra and Calophyllum inophyllum biodiesel in 

compressed ignition engine. The biodiesel production process 

and properties are discussed and a comparison of the three 

biodiesels as well as diesel fuel is undertaken. After that, 

engine performance and emissions testing have been 

conducted using biodiesel blends of 10%, 20%, 30% and 50% 

in a diesel engine at full throttle load. The engine performance 

shows that those biodiesel blends are suitable for use in diesel 

engines. A 10% biodiesel blend shows the best engine 

performance in terms of engine torque, engine power, fuel 

consumption and brake thermal efficiency among the all 

blending ratios for the three biodiesel blends. Biodiesel blends 

have also shown a significant reduction in CO2, CO and 

smoke opacity with a slight increase in NOx emissions. 

Raheman & Kumari [8] have used an emulsified fuel 

containing 10% and 15% water by volume, prepared from a 

diesel blend with 10% Jatropha biodiesel (JB10) to evaluate 

the combustion characteristics of a 10.3 kW, single cylinder, 

4-stroke, water cooled, direct injection (DI) diesel engine. 

Initially experiments have been conducted to determine the 

required hydrophilic–lipophilic balance (HLB). The results 

have showed that JB10 and its emulsified fuel have exhibited 

similar combustion stages to that of diesel with no undesirable 

combustion features observed such as an unacceptable 

increase of cylinder gas pressure. With increasing percentage 

of water, ignition delay has been found to be longer at higher 

engine loads. Reductions in emission of CO, CO2, HC and 

NOx have been observed for the emulsified fuel compared to 

JB10. Hence emulsified biodiesel can be recommended for use 

in place of biodiesel. 

Tan  et al.[9] have used the test fuels as petroleum diesel, pure 

Jatropha biodiesel (B100), 20% and 50% biodiesel blends with 

diesel fuel (B20 and B50). The results show that the number of 

accumulation-mode particles decreases with the biodiesel 

blend ratio, but the number of nucleation-mode particles 

increases. The accumulation-mode particle size at peak value 

decreases with increasing biodiesel blend ratio. The total 

particle number concentration increases with the biodiesel 

blend ratio, and the total particle numbers for B20, B50 and 

B100 biodiesel fuels are approximately 3–4 times that of pure 

diesel, with the nucleation-mode particle concentration 

dominating the total particle number. The number of 

nucleation-mode particles increases when using petroleum 

diesel during transient operating conditions (increasing torque 

at constant speeds). The mass of the accumulation-mode 

particles of the engine with the four kinds of fuels are larger 

than the nucleation-mode particles under the six operating 

conditions. The number of accumulation-mode particles 

increases at the initial stage of transient process and then 

decreases with increasing torque. The total particle number 

increases steadily with torque during transient operating 

conditions, and the accumulation-mode particles dominate the 

total particle number in the beginning, while nucleation-mode 

particles dominate the latter stages of transient operating 

conditions. The change characteristics in particle number 

during the transient process for lower biodiesel blends are 

similar to those of petroleum diesel, whereas higher biodiesel 

blends show distinct differences, and the total particle number 

and nucleation-mode particle number for B50 and B100 fuels 

are obviously larger from beginning to end than those for pure 

diesel, while the accumulation-mode particle number remains 

smaller. For B100 fuel, the nucleation-mode particle number 

increases rapidly until the end of the transient process, and the 

accumulation-mode particle number decreases steadily. 

Sahoo & Das [10] have carried out combustion analysis of 

Jatropha, Karanja and Polanga based biodiesel as fuel in a 

diesel engine. The major objective of the present 

investigations is to experimentally access the practical 

applications of biodiesel in a single cylinder diesel engine used 

in generating sets and the agricultural applications in India. 

Diesel, neat biodiesel from Jatropha, Karanja and Polanga and 

their blends (20 and 50% by volume) have been used for 

conducting combustion tests at varying loads (0, 50 and 

100%). The engine combustion parameters such as peak 

pressure, time of occurrence of peak pressure, heat release rate 

and ignition delay have been computed. Combustion analysis 

has revealed that neat Polanga biodiesel results in maximum 

peak cylinder pressure has been the optimum fuel blend as far 

as the peak cylinder pressure is concerned. The ignition delays 

have been consistently shorter for neat Jatropha biodiesel, 

varying between 5.9° and 4.2° crank angles lower than diesel 

with the difference increasing with the load. Similarly, ignition 

delays are found to be shorter for neat Karanja and Polanga 

biodiesel when compared with diesel. 
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Chen et al. [11] have studied engine performance using an 

optimum blend of Jatropha and soapnut oil biodiesel. Soapnut 

oil methyl esters (SNME) and jatropha oil methyl esters (JME) 

have showed the complementary fuel properties. A SNME–

JME blending ratio of 35:65 by weight can successfully 

improve high cold filter plugging point (CFPP) of the SNME 

and poor oxidation stability of the JME to satisfy all of the 

biodiesel specifications. The SNME–JME biodiesel and diesel 

blends up to B40 presented the CFPP of approximately -6o C, 

density of 836–853 kg/m3 at 15oC, kinematic viscosity of 

3.03–3.51 mm2/s at 40oC and oxidation stability of 9.1–17.3 

h. The use of the optimum biodiesel combination in a diesel 

engine would be the future work to study the combustion 

performance and pollutant emissions. 

 

Imtenan et al. [12] have studied Impact of oxygenated 

additives to palm and jatropha biodiesel blends in the context 

of performance and emissions characteristics of a light-duty 

diesel engine. The experimental investigation has been 

conducted to improve the blend of these two biodiesels (20% 

biodiesel blend, named P20 and J20, respectively) with the 

help of oxygenated additives. The comparative improvement 

of P20 and J20 blends with ethanol, n-butanol, or diethyl ether 

as additives has been evaluated in terms of performance and 

emissions characteristics of a four-stroke single cylinder diesel 

engine. The final blend consists of 80% diesel, 15% biodiesel, 

and 5% additive. Tests have been conducted at different 

speeds (1200–2400 rpm) at constant full load conditions. Use 

of additives significantly has improved brake power and brake 

thermal efficiency (BTE). Compared with P20 blend, the use 

of diethyl ether as additive has increased brake power and 

BTE by about 4.10% and 4.4%, respectively, at 2200 rpm. A 

similar improvement has been observed for J20. The other two 

additives have also improved performance. Although HC 

emission is increased slightly, all blends with additives have 

reduced NOx and CO emissions than P20 and J20 almost 

throughout the entire engine test. The use of ethanol as 

additive has reduced CO emission by up to 40%, while the use 

of diethyl ether as additive reduced NOx emissions by up to 

13%. The additives’ oxygen content, volatility, and latent 

evaporation heat have controlled the emissions characteristics 

of the blends. An analysis of the combustion chamber 

pressure, temperature and heat release rate of the modified 

blends has revealed interesting features of combustion 

mechanism, which are indicative of the performance and 

emissions characteristics. This experiment reveals the potential 

improvement of palm and jatropha biodiesel blends with the 

addition of three promising additives.  

3. EXPERIMENTAL METHOD 

3.1. Blends Preparation  
In order to evaluate biodiesel as Compression Ignition Engine 

Fuel, various blends of jatropha biodiesel (JB) and 

conventional diesel have been prepared by mixing different 

amount of biodiesel and diesel. The properties of blends have 

been measured (Table 1). The blends were designated by “JB”. 

For example, JB20 indicates that it contains 20% of jatropha 

biodiesel and remaining 80% is diesel. For finding the 

optimum ratio, the blends JB10, JB20, JB30, JB40, JB50, 

JB75 and JB100 were prepared. Experiments have been 

conducted with JB0 (Pure diesel) and JB100 (Pure biodiesel) 

also. 
Table 1: Properties of Diesel & Jatropha Bio-diesel 

Blend 
Density 

(Kg/m3) 

Kinematic 

Viscosity 

(mm2/sec) at 40 o 

C 

Flash 

Point (o 

C) 

Calorific 

value 

(MJ/kg) 

JB0 815 2.75 50 43.35 

JB100 871 5.61 152 38.450 

 

3.2 Experimental set-up 
The study has been carried out in the laboratory on a diesel 

engine. The schematic diagram of test engine set-up is shown 

in figure 1.  

 
Figure 1: Schematic Diagram of Test Engine Set-up 
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The specifications of test engine are given in table 2. 

S 

No 

Parameter Details 

1 Make Kirloskar 

2 Model 1M 11x11 

3 Engine type Single cylinder, vertical,  constant 

speed diesel engine 

4 Bore and stroke 110mm x110mm 

5 Swept Volume 1045.8 cc 

6  Compression Ratio 16.5:1 

7  Rated power 7.46 KW (10 BHP) at 1500 rpm 

8 Engine cooling Water cooled 

 

4. EXPERIMENTAL PROCEDURE 
The experiments have been conducted on the diesel engine. 

The engine has been then tested from no load to full load at the 

interval of 10% of rated load. For varying the load, hydraulic 

dynamometer has been used. For which the given arm length 

of 0.535 m, 88.97 N is full load at rated power of 7.46 KW 

and rated speed of 1500 rpm. The engine at the above 

mentioned loads has been tested with pure diesel, 10%, 20%, 

30%, 40%, 50%, 75% blends of jatropha biodiesel with diesel 

and 100% jatropha biodiesel. Measurement of exhaust gas 

emissions and smoke opacity has been carried out using Indus 

five gas analyzer- model PEA205 and Netel's smoke meter -

model NPM-SM-111B respectively. 

5. RESULTS & DISCUSSION 
Figure 2 shows the variation of BTE (brake thermal 

efficiency) and engine load for diesel and diesel- jatropha 

biodiesel blends. It is observed that as the load increases, BTE 

increases for all the fuel samples tested including diesel up to 

80 % of rated engine load for all the fuel samples. This may be 

due to increase in brake power developed with increase in 

brake load associated with less increase in energy input.  

 

Figure 2 Variation of brake thermal efficiency with brake power 

for the different blends of jatropha biodiesel and conventional 

diesel 

 

The maximum value of efficiency has been found for JB20 

fuel sample as 28.14% which is 4.26 % higher than diesel for 

80% of rated engine load. After mixing jatropha biodiesel in 

diesel oil, the brake thermal efficiency of the engine improves 

as jatropha biodiesel provides better lubricity to the fuel 

resulting in lower loss of power in fuel pump. The oxygen 

molecules available in jatropha biodiesel enhance the 

combustion quality. As the jatropha biodiesel content 

increases in the fuel sample, BTE increases up to JB20 blend, 

beyond this blend, it further reduces for all the loads. It may be 

due to higher concentration of biodiesel (above JB20) in the 

blend which tends to reduce the net calorific value of the 

mixture leading to increase in fuel consumption as compared 

to JB0-JB20 fuel samples. The BTE of JB100 sample is 

observed to be lower than conventional diesel for all the brake 

load. It may be due to high viscosity and lower calorific value 

of jatropha biodiesel. The fuel samples JB10- JB20 perform 

better than diesel. 

 

Figure 3 Variation of brake specific fuel consumption with brake 

power for diesel and jatropha biodiesel 
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The variation of BSFC with brake load for diesel and diesel- 

jatropha biodiesel blends of fuels is presented in figure 3. It is 

observed that BSFC decreases 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 increases. This may be due to 

the fact that as engine load increases, the brake power 

increases for better utilization of fuel injected in cylinder. The 

increase in brake power is more as compared to the increase in 

fuel consumption resulting in lower BSFC. Using lower 

percentage of biodiesel in diesel blends (up to JB20), the 

BSFC of the engine is lower than that of diesel for all loads. In 

case of JB30-JB100 blends, the BSFC is found to be higher 

than that of diesel. It is observed that a larger amount of 

biodiesel is supplied to the engine compared to that of 

conventional diesel. 

Figure 4 shows the variation of exhaust gas temperature (EGT) 

with brake load for different blends of jatropha bio-diesel and 

conventional diesel in the test engine. It is observed that EGT 

of jatropha biodiesel is found to be lower than the 

conventional diesel for all the brake loads. The EGT of diesel 

at rated load is 515 oC where as for jatropha biodiesel, it is 

478oC. It is also observed that EGT increases with the 

increases in engine load for the fuel samples tested. Although,  

EGT of JB10 has been found equal to diesel. The maximun 

EGT has been found as 515o C for diesel and JB10 at full 

load. As the biodiesel content increases in fuel sample, EGT 

reduces. It may be due to the reducing trend of calorific value 

of fuel samples. The high EGT enhances the oxidation of un-

burnt hydrocarbon in tail pipe. 

 

Figure 4 Variation of exhaust gas temperature with brake power 

for diesel and jatropha biodiesel 

Figure 5 shows the variation of carbon monoxide (CO) in 

exhaust gas with brake load for different blends of jatropha 

bio-diesel and conventional diesel in the test engine. It has 

been found that CO reduces in engine exhaust as load 

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

increases. It may be due to improper combustion in higher 

range of load. As the jatropha biodiesel content increases in 

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

increases. 

 

Figure 5 Variation of carbon monoxide emission with brake 

power for diesel and jatropha biodiesel 

Figure 6 shows the variation of un-burnt hydrocarbon in 

exhaust gas with brake load for different blends of bio-diesel 

and conventional diesel in the test engine. It has been observed 

that for all the samples of fuel tested on engine, un-burnt 

hydrocarbon reduces with increase of load up to 70% of 

engine load and, after that it further increases. It may be due to 

poor combustion at higher load. As biodiesel content increases 

in fuel sample, it reduces upto JB50, after that it further 

increases. 

 

Figure 6 Variation of un burnt hydrocarbons with brake power 

for diesel and jatropha biodiesel 
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Figure 7 shows the variation of nitrogen oxides (NOx) in 

exhaust gas with brake load for different blends of jatropha 

bio-diesel and conventional diesel in the test engine. It has 

been observed that as load increases, NOx increases till 80% 

of rated load, beyond that it further reduces for most of the 

samples of fuel tested. It may be due to improper combustion 

at higher load due to less calorific value and viscosity of fuel. 

The maximum concentration of NOx has been found to be 

470oC for JB30 blend at 80% of rated load.  

 

Figure 7 Variation of nitrogen oxides with brake power for diesel 

and jatropha biodiesel 

Figure 8 shows the variation of smoke percentage in exhaust 

gas with brake load for different blends of jatropha bio-diesel 

and conventional diesel in the test engine. It clearly shows that 

the smoke percentage increases as load increases for all the 

blends tested. It may be due to supply of more quantity of fuel 

and improper combustion of fuel at higher loads. The smoke 

percentage in exhaust has been found to be 58% at full load for 

JB10 fuel which is 9.375% lower than diesel sample. It may be 

due to the availability of oxygen molecules in biodiesel 

blended fuel which enhances combustion quality. 

 
Figure 8 Variation of smoke with brake power for diesel and 

jatropha biodiesel 

 

5. CONCLUSION 
Alternate fuels for diesel engines have become increasingly 

important due to reducing petroleum reserves and the 

environmental consequences of exhaust gases from petro-fuel. 

Thus Jatropha bio-diesel can be adopted as an alternative fuel 

for the existing diesel without any major modification in the 

system hardware. The different tests for characterization of 

bio-diesel demonstrated that almost all the important 

properties of bio-diesel are in close agreement with the diesel 

oil making it a potential candidate for the application in diesel 

engine for partial / full replacement of diesel fuel.  

It is observed that blend of 10-20% Jatropha bio-diesel with 

conventional diesel is found to be the best proportion as far as 

brake thermal efficiency and brake specific fuel consumption 

is concerned. Emission  characteristics of engine shows that 

the use of Jatropha bio-diesel is reducing harmful emissions 

from the exhaust such as un-burnt hydrocarbon, carbon 

monoxide and smoke. Nitrogen oxide emission is found to be 

little bit higher with some blends of bio-diesel for some range 

of brake power. 
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