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ABSTRACT 

 As population and transportation are accelerating forward fossil fuel couldn’t stay alive for a longtime with its warehouse 

resources. In this regard, renewable energy turns into a remedy to solve this issue. Researchers have done extensive work to use 

renewable energy as a source of fuel for transportation sector. Biodiesel, an alternative for diesel fuel obtained from various feedstock's 

that can directly use in engine or as a mixture with diesel fuel without any modification in the engine. This paper emphasis on overview 

of biodiesel and its production technique followed by its performance and emission characteristics on diesel engine. From this attempt 

the result states that based on performance vice using biodiesel tends to drop in efficiency meanwhile as of considering the 

environmental concern the biodiesel pushes itself forward with reduction harmful emissions like unburnt hydro carbon, particulate 

matter and Carbon monoxide.  

Keywords: Diesel engine, Biodiesel, Properties, Performance, Emissions 

INTRODUCTION 

 Demand and supply has to be been maintained for a healthy and sophisticated life. In current scenario the demand for energy 

is hastening in a linear manner worldwide. From a statistical report it’s stated that energy demand all over the world would touch a peak 

limit of 8.6*1020 J by 2040 which was merely 5.5*1020 J by 2010. Among all fossil fuel has a majority of the role to share in the 

demand of world in terms of energy. Since, it has a major impact in the field of transportation and agricultural sectors. It alerted the 

researcher all over a world to find an alternative for fossil fuels. Ashton S et al., 2007, and QuaakP et al., 2009 stated that Biofuels came 

in to attraction to produce energy which was majorly classified into three fields namely solid, liquid and gaseous. Among them bio 

ethanol and biodiesel of turned out to be better alternatives for gasoline and diesel fuel respectively.Mono alkyl esters of animal fat or 

vegetable oil are defined as biodiesel. The usage of biodiesel in diesel was initially reported by Rudolph Diesel our ancestor for research 

in field of engines. Researchers are publishing numbers of research article on the day-today life regarding the usage of biodiesel as an 

alternative for diesel fuel. A review article by various researchers stated the status, properties, production technique and performance, 

emission and combustion characteristics of biodiesel.The main objective of this review paper is to provide information to the researcher's 

engineers eager on alternative fuel all around the world. The paper covers the history of bio fuels, status of biodiesel, biodiesel an 

alternative for compression ignition engine, production technique, and its impact on engine based on performance and exhaust emissions 

characteristics. 

BIODIESEL POLICY IN INDIA 
G,.Basavaraj et al. studied  about the National Biodiesel Policy in India and presented the actions taken by the Government to 

promote biofuels. With the objective to bring in biofuels as an alternative energy source, The Government of India stipulated blending 

requirements of gasoline with biofuels, in addition to policies that are formulated to develop and utilize biomass feedstocks for biofuel 

production. The 1948, Power alcohol act was implemented with the main objective to use ethanol from molasses to blend with petrol 

in order to bring down the price of sugar and reduce dependence on petroleum products. Blending of ethanol upto 5% is allowed. The 

Govt. had come out with the target of blending biofuel up to 20% with petrol products by 2017. Biofuel production from non-edible oil, 

seeds, wastes are encouraged with the support from the Government 

BIODIESEL AND ITS PROPERTIES 

S Kent Hoekman et al, 2011, investigated about the properties and compositions of biodiesel. Biodiesel is defined by ASTM 

as “a fuel comprised of monoalkyl esters of long-chain fatty acids derived from animal fats or vegetable oils”. The process by which 

biodiesel is produced is called transesterification. Transesterification is a chemical phenomenon by which the triglycerides are reacted 

with alcohols, at the presence of a catalyst, producing fatty acid alkyl esters. A by product of transesterification is glycerine, also called 

as glycerol. Since the commonly used alcohol to produce biodiesel is methanol, biodiesel is also called as fatty acid methyl esters 

(FAME). Biodiesel fuel can be produced by transesterification of any triglyceride feedstock such as oil-bearing crops, algal lipids and 

animal fats. Knothe G et al, 2010, reported that the physical and chemical properties of the biodiesel depend upon the feedstock from 

which it is derived. The property varies for different biodiesel and it can be explained with the help of fatty acid profiles. Biodiesel has 

lower carbon and hydrogen contents compared to diesel fuel because of its considerable oxygen content (typically 11%), resulting in 

around a 10% lower mass energy content. However, because of biodiesel’s higher fuel density, its volumetric energy content is just 

about 5–6% lesser than petroleum diesel. Biodiesel has higher molecular weight than petroleum diesel, which can be witnessed through 

slightly higher distillation temperatures. Since it consists mainly of straight chain esters, most biodiesel fuels have excellent cetane 

numbers. Knothe G et al, 2007, the viscosity of most biodiesel fuels is significantly higher than petroleum diesel, often by a factor of 2. 

Viscosity strongly depends on the degree of unsaturation. It has been reported that there may be a slight increase in viscosity upon 

changing the alcohol from methyl alcohol, to ethyl alcohol, to propanol. Refaat AA, 2009, Biodiesel density is slightly higher than 

diesel. It has also been reported that biodiesel density is also affected by the overall chain length, with higher chain length resulting in 

lower fuel density. The low temperature properties are dependent on the degree of saturation of fatty acids. Highly unsaturated fatty 

acids give better low temperature performance. Typically biodiesel consists of long chain hydrocarbon groups; therefore the cetane 

number of the biodiesel is higher than diesel. Increasing degree of saturation results in decreasing cetane number. Knothe G, 2005, 
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Biodiesel has good lubricity because of the presence of ester groups within the FAME molecules and also due to the impurities present 

in the biodiesel. Thereby purification of biodiesel reduces its lubricity. Ramos MJ et al, 2009, Oxidative stability is highly influenced 

by the degree of saturation. Biodiesel feedstocks having high unsaturated FAME will lead to poor stability. It is clear that the degree of 

saturation and the carbon chain length play a significant role and the properties vary accordingly.  

BIODIESEL PRODUCTION 

 Demirba A, 2008, Ozkurt I., 2009 and Dembiras M, 2010, stated that biodiesels are derived from vegetable oils that are 

extracted from edible and non- edible seeds and also from animal fats. Saka s et.al., 2009, Wu F et.al., 2009, and McCarthy P, 2011 

said, though vegetable oils could also be directly used in CI engines, it gives more disadvantages like nozzle clogging, pump damage 

etc. due to its high viscosity and density and settling down under cold environmental condition. Therefore the oil has to be processed to 

reduce its viscosity. The process of converting vegetable oil to ester based fuel is the most followed method to produce biodiesel. 

Radich, 2004 said, both the sources i.e animal fat and vegetable oil can be converted to biodiesel by adding either methyl or ethyl ester 

in the presence of sodium hydroxide catalyst. The above process of biodiesel production is called trans-esterification. This process can 

be performed under low pressure and temperature which also gives 98% yield in which the triglycerides are broken down into mono 

glycerides. Kalam et.al. 2005 stated, the emissions from the biodiesel are very less compared to diesel.  This makes it’s a promising 

source of alternate fuel to future generation compared to other alternate fuels. Demirbas A, 2011, Demirbas A, 2010 and Ma F et.al, 

1999 said, the used vegetable oil i.e. cooking oil can also be trans-esterified to have a cost effective biodiesel. 

BIODIESEL IN DIESEL ENGINE 

PERFORMANCE CHARACTERISTICS 

 From various literatures, biodiesel obtained from non edible feedstock have positive future rather than edible feedstoks.from this 

point of view biodiesel namely Mahua, Jatropha and Pongamia oil which are having superior performance and easily availability in 

India are taken into account. 

Demirbas A, 2010, Puhan S, 2005 and Raheman H, 2007 said, performance of biodiesel is the important factor to consider the 

fuel to alternative. The performance of the fuel includes brake thermal efficiency, specific fuel consumption, and specific energy 

consumption and also exhausts gas temperature. Godiganur S et.al 2009, said for mahua biodiesel the brake thermal efficiency is 32.5% 

at maximum load. Puhan S et.al, 2005 and Saravanan N et.al 2010 also noticed similar drop in efficiency. Baiju et.al, 2009 said, for 

pongamia there is no significant change in the efficiency even though there is a drop compared to diesel and increase in oxides of 

nitrogen. For jatropa biodiesel there is a reverse scenario where efficiency increases compared to diesel. Puhan S, 2005 said the brake 

specific fuel consumption if Mahua biodiesel is 20 % higher than diesel.  Baiju et.al, 2009 said, the fuel consumption is found to be 

higher for all the fuels which are due do their lower heat content than diesel. Godiganur S et.al 2009, said in case of Pongamia its 48% 

higher than diesel. Similarly specific energy consumption of fuel is also higher for biodiesel. The reduction is efficiency is because of 

lower calorific value of the biodiesel. Raheman H, 2007 said the atomization of the fuel will be poor because of high density and 

viscosity of the ester based fuel. Jatropha has closer calorific value towards diesel. As the load increases the cylinder temperature also 

increase resulting in good combustion in biodiesel which gives more exhausts gas temperature. The maximum increment of 12 % in 

exhaust gas temperature is found for Mahua biodiesel. 

EMISSION CHARACTERISTICS 

 Radich, 2004 said, the exhaust gas of engine contains many gases that are very harmful to environment and also causes global 

warming. There are 5 major emissions that are to be concentrated to with high priority which has significant effect in the environment 

and human health. Godiganur S et.al, 2009 said the unburnt hydrocarbon emission of Mahua biodiesel is found to be 11.60% less 

compared to diesel. The unburnt hydro carbon emission of biodiesel is generally less than diesel due to the high oxygen content the 

biodiesel.  In Pongamia blended fuels the decrease in emission of hydro carbon goes up to 48% compared to diesel. When we consider 

Jatropha biodiesel and its blends shows 10% increase in hydrocarbon emission whereas 20% increase occurs for Jatropha than diesel. 

The combustion takes place inside the cylinder is heterogeneous in nature; therefore the lean mixture region may results in hydrocarbon 

emission. 

 Radich, 2004 said, the carbon monoxide emission occurs due to insufficient local oxygen availability. The higher oxygen 

present in the ester based biodiesel reduces the emission of partially oxidized carbon molecules. The carbon monoxide emission of 

mahua oil is decreased by 26% than diesel where ass for pongamia the reduction of carbon monoxide emission is 94 % less compared 

to diesel.  And also it was observed that the reduction of partially oxidized carbon around 50%. The reduction of carbon monoxide 

emission in case of Jatropha oil methyl ester is around 11.25%. Radich, 2004 said, the smoke emission occurs in large volume when 

the engine loads increase. The biodiesels always show a decrease in smoke emission than diesel. Puhan S et.al, 2005, noticed mahua 

biodiesel shows 70 % decrease smoke emission where the fuel air mixture rich in uncontrolled combustion that takes place inside the 

cylinder.  The smoke emission of pongamia biodiesel and its blends shows values at maximum load which is 43% lower than diesel.  

With Jatropha biodiesel the smoke emission increases significantly around 23%. Puhan S, 2005 said the emission oxide of nitrogen gets 

increases with increase in engine load. Godiganur S et.al, 2009 said the mahua oil shows reduction in emission of oxides of nitrogen as 

35 %, whereas the emission of biodiesel is higher to diesel by 15%.  Baiju et.al, 2009 said for pongamia the nitrogen oxide emission is 

found to be 25% higher than diesel. Jatropha biodiesel shows increase in emission of nitrogen oxides for all fuel blends with diesel. It 

shows a maximum of 65% increase in oxides of nitrogen emission. The particulate matter emission of diesel causes increase in smoke 

emission. The particulate matter emission of diesel is high due to sulphur content in the fuel. The biodiesel or vegetable oil esters are 

free of sulphur content resulting in lower particulate matter emission. Puhan S et.al, 2005 said the mahua oil ester shows 48% reduction 
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in particulate emission. Pongamia ester shows 69% reduction in particulate matter emission compared to diesel. Jatropha biodiesel 

shows 50% decrease in particulate matter in the exhaust emission. 

   
Figuere.1.Mahua biodiesel in diesel 

engine 

Figure.2 Pongamia biodiesel in diesel 

engine 

Figure.3.Jatropha Hydro Carbon 

emission 

CONCLUSION 

In this study on performance and emission characteristics of biodiesel as an alternative fuel for diesel engine. The results of 

the review conducted from various literatures are as follows: 

1. Non edible seeds can be used effectively for biodiesel production by transesterification process. 

2. Mahua oil gives very less smoke emission compared to other biodiesels under study. 

3. The percentage of reduction of carbon monoxide is very high for pongamia biodiesel compared to other biodiesels. 

4. The jatropha biodiesel gives more emission compared to other biodiesel. Therefore it is less advisable. But its thermal efficiency is 

higher than the other biodiesels.   
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