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Abstract---The world is being modernized and industrialized 

day by day. As a result vehicles and engines are increasing. 

But energy sources used in these engines are limited and 

decreasing gradually. The rapidly depleting conventional 

petroleum resources have promoted research for alternative 

fuels for diesel engines. There is an urgent need for suitable 

alternative fuels for use in diesel engines. Vegetable oil is a 

promising alternative because it has several advantages; it is 

renewable, environmentally friendly. But major 

disadvantage of vegetable oil is its viscosity, which is higher 

than that of mineral diesel. Hence neat vegetable oil does 

not give better performance. In the present paper 

transesterified jatropha oil and its blend with diesel has been 

introduced as an alternative fuel to overcome the above 

problems. The literature results suggest that transesterified 

jatropha oil can be used as a substitute for diesel fuel 

without any significant modification in engine. 

 Keywords: Diesel Engine, Transesterification, Jatropha oil, 

Performance, Emission. 

I. INTRODUCTION 

The increasing industrialization, agricultural applications 

and motorization of the world has led to a steep rise for the 

demand of petroleum products. Petroleum based fuels are 

obtained from limited reserves. Therefore rising crude oil 

prices and the increasing concerns for environment 

problems [1]. Diesel engines are used to power automobiles, 

locomotives, ships and irrigation pumps. It is also used 

widely to generate electric power. A lot of research is being 

carried out throughout the world to evaluate the 

performance, exhaust emission and combustion 

characteristics of the existing engines using several 

alternative fuels such as hydrogen, compressed natural gas, 

alcohols, liquefied petroleum gas, biogas, producer gas, 

biodiesels developed from vegetable oils. Using neat 

vegetable oils in diesel engines is not a new idea. Rudolf 

Diesel first used peanut oil as a fuel for demonstration of his 

newly developed compression ignition (CI) engine in year 

1910 [2]. Vegetable oils have properties comparable to 

diesel and can be used to run CI engines with little 

modifications. Usage of biodiesel will allow a balance to be 

sought between agriculture, economic development and the 

environment [3]. The high viscosity of vegetable oils leads 

to problem in pumping and spray characteristics. The 

inefficient mixing of vegetable oils with air contributes to 

incomplete combustion. The best way to use vegetable oils 

as fuel in CI engines is to convert it into biodiesel. Biodiesel 

is a methyl or ethyl ester of fatty acids made from vegetable 

oils [4]. A number of vegetable oils like Rapeseed oil, Neem 

oil, Palm oil, Karanji oil, Coconut oil, Cottonseed oil, 

Jatropha oil, etc., were tested to evaluate their performance 

in diesel engines. Among these, jatropha oil was found as 

the most suitable for diesel [5]. Biodiesel is produced from 

the triaglycerol containing material by means of a 

transesterification reaction [6]. 

 
Table. 1: Properties of jatropha curcus oil and diesel fuel 

From the above table 1, Density, cloud point and 

pour point of Jatropha oil are found to be higher than diesel. 

Higher cloud and pour point reflect unsuitability of Jatropha 

oil as diesel fuel in cold climatic conditions but the flash and 

fire points of Jatropha oil is very high compared to mineral 

diesel. 

Hence, Jatropha oil is extremely safe to handle. Higher 

carbon residue from Jatropha oil may possibly lead to higher 

carbon deposits in combustion chamber of the CI engine. 

Low sulfur content in Jatropha oil results in lower SOx 

emissions. Presence of oxygen in fuel improves combustion 

properties and emissions but reduces the calorific value of 

the fuel. Jatropha oil has approximately 90% calorific value 

compared to diesel. Nitrogen content of the fuel also affects 

the NOx emissions. Higher viscosity is a major problem in 

using vegetable oil as fuel for diesel engines. Viscosity of 

Jatropha biodiesel is 4.84cSt at 40°C. It is observed that 

viscosity of Jatropha oil decreases remarkably with 

increasing temperature and it becomes close to diesel at 

temperature above 90°C [7]. 

 Advantages of Jatropha oil A.

- Hardy shrub which grows in semi-arid conditions and 

poor soils. 

- Can be intercropped with high value crops such as 

sugar, coconut palm, various fruits and vegetables, 

providing protection from grazing livestock and phyto-

protection action against pests and pathogens. 

-  It is easy to establish and grows relatively quickly. 

- Yields around 4 tons of seed per hectare in un kept 

hedges are achievable 

-  Has low nutrient requirements 

- Requires low labour inputs. 

- Bio-fuel almost completely eliminates life cycles CO2 

emission. 
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- Various other products from the plant (leaf, bark and 

seed extracts) have various other industrial and 

pharmaceutical uses. 

-  Restoration of degraded land over a period of time. 

-  Rural employment generation 

- The highest cetane no. of bio-diesel compared to petro 

diesel indicates potential for higher engine 

performance. 

- The superior lubricating properties of biodiesel 

increases functional engine efficiency. 

- Their higher flash point makes them to safer to store. 

- The bio-diesel molecules are simple hydrocarbon 

chains, contains no sulfur or aromatic substances 

associated with fossil fuels. 

- They contain higher amount of O2 (up to 10%). That 

ensures more complete combustion of HC [7]. 

 Economics benefits B.

- Increase employment activity and increase 

- Employment on the countryside 

- Emits up to 100% less sulfur dioxide 

- Reduces smoke particulates at about 75% 

 Disadvantages of Jatropha C.

- Low volatility. 

- High pour points, cloud points and cold filter plugging. 

- Higher NOx emissions at elevated temperatures. 

- Incomplete combustion. 

- Seeds and leaves are toxic to human beings and animals 

[7]. 

II. TRANSESTERIFICATION 

Biodiesel is vegetable oil processed to resemble diesel fuel. 

Technically Biodiesel is vegetable oil methyl ester. It is 

produced by removing glycerol molecule from vegetable oil 

and by introducing methyl group to the acid part i.e. made 

by chemically combining any natural oil or fat with an 

alcohol. Most of the oils, edible& non-edible are suitable 

[1]. 

The formation of methyl esters by 

transesterification of vegetable oil requires raw oil, 15% of 

methanol & 5% of sodium hydroxide on mass basis. 

However, transesterification is an equilibrium reaction in 

which excess alcohol is required to drive the reaction very 

close to completion. The vegetable oil is chemically reacted 

with an alcohol in presence of a catalyst to produce methyl 

esters. Glycerol is produced as a by-product of 

transesterification reaction. 

 
Where R1, R2, & R3are long chain hydrocarbons. 

The mixture is stirred continuously and then 

allowed to settle under gravity in a separating funnel. Two 

distinct layers will form after gravity settling for 24 h. The 

upper layer will be of ester and lower layer will be of 

glycerol. The lower layer has to be separated out. The 

separated ester is have to be mixed with some warm water 

(around 10 % volume of ester) to remove the catalyst 

present in ester and allowed to settle under gravity for 

another 24 h. The catalyst dissolved in water, which will be 

separated and removed the moisture. The methyl ester will 

then blended with mineral diesel in various concentrations 

for preparing biodiesel blends to be used in CI engine for 

conducting various engine tests [8].  

III. LITERATURE SURVEY 

T. Venkateswara Rao, G. Prabhakar Rao, and K. Hema 

Chandra Reddy had done Experimental Investigation of 

Pongamia, Jatropha and Neem Methyl Esters as Biodiesel 

on C.I. Engine. They state that Pongamia, Jatropha and 

Neem based methyl esters (biodiesel) can be directly used in 

diesel engines without any engine modifications. Properties 

of different blends of biodiesel are very close to the diesel 

and B20 is gave good results. With properties close to diesel 

fuel, bio-diesel from Jatropha, Pongamia Pinnata and Neem 

seed oil can provide a useful substitute for diesel thereby 

promoting our economy [8]. 

A. M. Liaquata, H. H. Masjukia, M. A. Kalama, M. 

Varmana, M.A. Hazrata, M. Shahabuddin and M. Mofijur 

had studied application of blend fuels in a diesel engine. In 

this study, the engine performance and emissions of using 

blend fuels such as JB5, JB10 and J5W5 were investigated 

and compared with diesel fuel, engine torque and brake 

power for blend fuels were decreased when compared to 

diesel fuel, mainly due to their respective lower heating 

values.  

However, J5W5 showed lower reduction compared 

to JB10. The BSFC values for blend fuels were higher than 

that of DF due to lower heating values and higher densities. 

It is also noted that at some lower engine speeds, the BSFC 

values for blend fuels were found lower than that of DF 

because of the improved combustion due to the inherently 

oxygen containing.  

In case of engine exhaust gas emissions, reduction 

in HC, CO and CO2 were found for JB5, JB10 and J5W5 

when compared to DF at both engine operating conditions. 

Whereas, NOx emission for all blend fuels was increased as 

compared to DF. However, J5W5 was found to be 

comparable with JB10 and produced better results except 

NOx. 

In comparison with the diesel fuel, blend fuels 

produced lower sound levels due to many factors including 

increase in oxygen content, reduction in the ignition delay, 

higher viscosity, lubricity etc. 

However, among all the blend fuels J5W5 

produced the lowest level of sound [9]. 

Thangavelu Elango and Thamilkolundhu 

Senthilkumar had studied Combustion characteristics, 

engine performance and emission results of blends of 

transesterified jatropha oil and diesel were compared with 

the results obtained with mineral diesel. The variation in the 

peak pressures is not significant but an increase in the 

ignition delay of about 6 to 9 deg. in crank angle was 

observed for the blends when compared to diesel. The 

specific fuel consumption is slightly higher for B20 but 

closer to diesel among all the blends. When the 

concentration of jatropha oil in diesel is more than 30% by 

volume there is an appreciable increase in the specific fuel 

consumption. The smoke opacity is found to be higher than 

diesel for all blends, but blends up to 20% substantially 
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reduce CO2 emissions with a marginal decrease in brake 

thermal efficiency. A maximum brake thermal efficiency of 

29.4% was achieved for B20 while for diesel it was 30.9% 

for the same power output. 

However the decrease in brake thermal efficiency 

can be effectively improved by adding alcohol based 

additives. Experimental investigations show that blending of 

jatropha methyl esters up to 20% by volume with diesel for 

use in an unmodified Diesel engine is viable [10]. 

Y. V. Hanumantha Rao, Ram Sudheer Voleti, A. 

V. Sitarama Raju and P. Nageswara Reddy had done 

experimental investigations on jatropha biodiesel and 

additive in diesel. The performance of single cylinder water-

cooled diesel engine using Multi-DM-32 diesel additive and 

methyl-ester of Jatropha oil as the fuel was evaluated for its 

performance and exhaust emissions. The fuel properties of 

biodiesel such as kinematic viscosity, calorific value, flash 

point, carbon residue and specific gravity were found. 

Results indicated that B25 have closer performance to diesel 

and B100 had lower brake thermal efficiency mainly due to 

its high viscosity compared to diesel. The brake thermal 

efficiency for biodiesel and its blends was found to be 

slightly higher than that of diesel fuel at tested load 

conditions and there was no difference between the 

biodiesel and its blended fuels efficiencies. For Jatropha 

biodiesel and its blended fuels, the exhaust gas temperature 

increased with increase in power and amount of biodiesel. 

However, its diesel blends showed reasonable efficiencies, 

lower smoke, CO2 and CO. Multi- DM-32 additives with 

methyl ester of Jatropha offer fuel conservation as well as 

reduce pollution [3]. 

 Sagar P. Kadu, R.H. Sarda had taken a technical 

review on use of vegetable oils by transesterification method 

as C.I. engines fuels. The review shows that a number of 

vegetable oils can be used satisfactorily in CI engines, by 

transesterification. Results show that the engine 

performance was closer to standard diesel and emissions 

were reduced using transesterification process. The literature 

results suggest that bio-diesel (transesterification) can be 

used as a substitute for diesel fuel without any significant 

modification in engine [1]. 

Vijittra Chalatlon, Murari Mohon Roy, Animesh 

Dutta and Sivanappan Kumar had worked on Jatropha oil 

production and an experimental investigation of its use as an 

alternative fuel in a DI diesel engine. In this study, a non-

edible vegetable oil was produced from Jatropha fruits as a 

substitute fuel for diesel engines and its usability was 

investigated as pure oil and as a blend with petroleum diesel 

fuel. A direct injection (DI) diesel engine was tested using 

diesel, Jatropha oil, and blends of Jatropha oil and diesel in 

different proportions. A wide range of engine loads and 

Jatropha oil/diesel ratios of 5/95% (J5), 10/90% (J10), 

20/80% (J20), 50/50% (J50), and 80/20% (J80) by volume 

were considered. The following performance parameters 

were measured; brake thermal efficiency, brake specific fuel 

consumption and CO and CO2 emissions. No significant 

change in brake thermal efficiency and brake specific fuel 

consumption was experienced up to J20 ratios. However, 

higher blends suffered from deterioration in efficiency and 

fuel consumption about 10 to 25%. At low load operations, 

CO2 emission with blends was lower than that of diesel, 

whereas, at high loads, CO2 emission became higher with a 

higher percentage of Jatropha oil in the blends. However, 

CO emission with blends was much higher than that of 

diesel; the higher the percentage of Jatropha oil in the blend, 

the higher the CO emission [11]. 

IV. THE FUTURE SCOPE 

Scope for future work as suggested in above review is to 

done modification in diesel engine like, combustion 

chamber, fuel injection, varying compassion ratio to test 

jatropha methyl ester performance and emission results.  

V. CONCLUSIONS 

On the basis of literature survey we conclude as 

follows: 

- Jatropha based methyl esters can be directly used in 

diesel engines without any engine modifications. 

- Properties of different blends of Jatropha methyl esters 

are very close to the diesel and B20 have good results. 

- In comparison with the diesel fuel, blend fuels of 

Jatropha methyl esters produced lower sound levels due 

to many factors including increase in oxygen content. 

- Jatropha methyl ester blend fuels give higher NOx 

emission as compared to diesel fuel. 

- Blending of jatropha methyl esters up to 20% by 

volume with diesel for use in an unmodified diesel 

engine is viable. 

- Additives with methyl ester of Jatropha offer fuel 

conservation as well as reduce pollution. 

- The engine performance can get closer to standard 

diesel and emissions can reduce using biodiesel which 

is produce by transesterification process. 
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