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Abstract— In a modern day world alternative source of energy 

are given importance due to gradual depletion of fossil fuels 

reserves. biodiesels can be used as an alternative to diesel in 

CI engines. The use of biodiesel in CI engine results in low 

CO and HC emissions compared to conventional diesel fuel. 

The present study covers the various aspects of biodiesels fuel 

derived from calophyllum inophyllum oil, obtained by 

transesterification process. Performance of CI engine using 

neat vegetable oil, blending oil with diesel, methyl ester of oil, 

blending palm bio-diesel with diesel are measured and 

compared with diesel. Experiment is conducted to obtain the 

operating characteristics of the variable compression ratio 

(VCR) engine run on biodiesl at various compression ratio, 

and the results are compared with diesel. From the comparison 

of results, it is inferred that the engine performance is 

improved with significant reduction in emissions for the 

chosen biodiesel without any engine modification. The 

effective compression ratio can be fixed based on the 

experimental results obtained in the engine since the findings 

of the present research work infer that the biodiesel used is a 

promising alternative fuel over diesel. 
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I. INTRODUCTION 

Diesel is a fossil fuel made from crude oil or petroleum. It is 

found in pools or reservoirs in ground. More than a million 

year is required to form a single drop of diesel and it cannot 

be produced in laboratory. Therefore the supply of diesel is 

limited.  Today India is mainly dependent on Arab countries 

for their fuel supplies. Even the Rajasthan Oil reservoirs are 

expected to yield only about 2 to 2.5 million tones annually. 

The country will thus have to continue importing oil over 

70% of its need until some alternative fuels are used which 

makes India self-sustainable. Biodiesel is a clean burning 

recycled fuel made from vegetable oils. It is chemically called 

Free Fatty Acid Alkyl Ester. Bio-diesel contains no 

petroleum, but it can be blended at any level with petroleum 

diesel to create a bio-diesel blend or can be used in its pure 

form. Just like petroleum diesel, bio-diesel operates in 

compression ignition engine; which essentially require very 

little or no engine modifications because bio-diesel has 

properties similar to petroleum diesel fuels. It can be stored 

just like the petroleum diesel fuel and hence does not require 

separate infrastructure. Burning fuels derived from vegetable 

oils does not contribute any additional CO2 to the 

atmosphere, as the carbon released is the same as the carbon 

absorbed by the plants as they grow. Using vegetable oils is 

therefore beneficial to the environment, economy and to the 

atmosphere.  Different raw materials available for producing 

Biodiesel are Jatropha oil, Pongamia oil, Rapeseed Oil, Olive 

oil, Rice Bran oil, Linseed oil, Soya bean oil, Palm oil, Cotton 

Seed oil, Sunflower oil, Beef Tallow, Lard, Guang-Pi. The 

use of particular raw material depends upon the availability, 

price and policy. There are many plants in India however 

there are 77 nonedible Indian plants, which contain 30% or 

more oil in their seed fruit or nut. 

II. PROBLEM STATEMENT 

To study the operating characteristics and performance of 

engine run on biodiesl made from Neem oil [1], Palm oil[2], 

CIME (Calophyllum Inophyllum Methyl Ester )[3], Jatropha 

oil[4]  at various compression ratio, and the results are 

compared with diesel. 

III. METHODOLOGY 

A lot of research works have been carried out to use vegetable 

oil both in its neat and modified form. Studies have shown 

that the usage of vegetable oils in neat form is possible but 

not preferable. The high viscosity of vegetable oils and the 

low volatility affects the atomization and spray pattern of 

fuel, leading to incomplete combustion and severe carbon 

deposits, injector choking and piston ring sticking 

The transesterification is the commonly used 

commercial process to produce clean and environmental 

friendly fuel. However, this adds extra cost of processing, 

because of the transesterification reaction involving chemical 

and process heat inputs. 

Transesterification Process: The conversion of 

natural oil into its methyl ester can be accomplished by the 

transesterification process. Transesterification involves 

reaction of the triglycerides of natural oil with methyl alcohol 

in the presence of a catalyst Sodium Hydroxide (NaOH) to 

produce glycerol and fatty acid ester. 

 
Fig. 1: Mechanism of Transesterification reaction.[2] 

The production of biodiesel by transesterification of 

the oil generally occurs using the following steps: 

A. Mixing of alcohol and catalyst 

For this process, a specified amount of 450 ml methanol and 

10 gr Sodium Hydroxide (NaOH) was mixed in a round 

bottom flask. 

B. Reaction 

The alcohol/catalyst mix is then charged into a closed 

reaction vessel and 1000 ml natural oil is added. Excess 

alcohol is normally used to ensure total conversion of the fat 

or oil to its esters. 
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C. Separation of glycerine and biodiesel 

Once the reaction is complete, two major products exist: 

glycerine and biodiesel. The quantity of produced glycerine 

varies according the oil used, the process used, the amount of 

excess alcohol used. Both the glycerine and biodiesel 

products have a substantial amount of the excess alcohol that 

was used in the reaction. The reacted mixture is sometimes 

neutralized at this step if needed. 

D. Alcohol Removal 

E. Glycerine Neutralization 

The glycerine by-product contains unused catalyst and soaps 

that are neutralized with an acid and sent to storage as crude 

glycerine. In some cases the salt formed during this phase is 

recovered for use as fertilizer. In most cases the salt is left in 

the glycerine. 

F. Methyl Ester Wash 

The most important aspects of biodiesel production to ensure 

trouble free operation in diesel engines are complete reaction, 

removal of glycerine, removal of catalyst, removal of alcohol 

and absence of free fatty acids. 

IV. EXPERIMENTATION 

Sri HarshaTirumala, A.V.Rohit, Siva Krishna. M, Sudipta 

Saha [1], obtained experimentally the performance of neem 

biodisel and compared them with diesel. Experiments were 

initially carried out on the air-cooled diesel engine using 

diesel as the fuel to provide baseline data. And then the tests 

were conducted using Jatropha oil, Neem oil. The engine is 

started and allowed to warm up for about 15 minutes. 

The engine is tested under different load conditions 

for a constant speed of 1500 rpm. The time taken for 10cc of 

fuel consumption is noted for each load, for neem oil 

 
Fig. 2: Transesterification process for neem oil 

In their work they have concluded that, the high 

consumption of diesel fuels and limited sources of the others 

are reasons for an enormousrise in price of petroleum fuels. 

The Vegetable oils hold special promise in this 

regard since they can be produced from plants grown in waste 

lands like neem. These are clean burning, renewable, non-

toxic, biodegradable and environmentally friendly 

transportation fuels that can be used in neat form or in blends 

with petrol petroleum derived diesel in diesel engine. 

Almeida [2], studied the performance and the 

exhaust gas emissions of a naturally aspirated MWM 229 

direct injection four-stroke, 70 kW diesel-generator, fuelled 

with preheated palm oil and diesel fuel. 

Property 
Palm oil 

Methyl Ester 
Diesel 

IS For 

Biodiesel 

Density (kg/m2) 880 850 860-900 

Kinematic 

viscosity c.stokes 
6.2 3.05 2.5-6 

Flash Point (°C) 164 56 120 

Fire point (°C) 171 63 130 

Heating value 

KJ/Kg 
38050 42800 37270 

Specific gravity 0.897 0.85 0.86-0.90 

Table 1: Palm Oil after Esterification 

In their work they have concluded that, when the 

engine was operating with palm oil, exhaust temperature 

increased with load and specific fuel consumption was almost 

10% higher at low loads. It was also observed for both fuels 

that, increasing the load, the CO emission also increased.  

Tests also showed that: the HC emissions of both 

fuels were low (up to 75% of the load) but tended to increase 

at higher loads; NOx emissions increased as the load 

increased and, compared with diesel fuel, NOx emissions 

were lower when the engine was fueled with palm oil; the 

levels of CO2 and O2 emissions were almost the same, 

regardless the engine was operating with diesel or biodiesel; 

and the lowest CO emissions were obtained with diesel. 

 
Fig. 3: Equation of palm oil into Biodiesel 

They also measured the properties of Palm oil 

methyl esters (POME) by standard techniques. They found 

that the properties of the methyl esters satisfy Indian 

standards for Biodiesel. The Properties of methyl esters with 

different blends and diesel are show in Table.2 

 Property 

Fuel 
Specific  

Gravity 

Calorific 

Value  

(KJ/ Kg) 

Kinematic 

Viscosity 

(mm2/sec) 

Flash 

Point C 

Diesel 0.85 42800 3.05 56 

POME B20 0.8620 42270 4.9 68 

POME B40 0.8733 41010 5.26 74 

POME B60 0.8810 39580 5.55 106 

POME B80 0.8898 38740 5.91 132 

POME 

B100 
0.8970 38050 6.2 164 

Table 2: Properties of Methyl ester neem oil with diesel 

BK Venkanna, C Venkataramana Reddy [3], 

Conducted experiments and evaluated the performance and 

emission characteristics of CIME (Calophyllum Inophyllum 

Methyl Ester) blends in direct injection (DI) diesel engine at 

various compression ratio. 
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Fig. 3: Experimental Setup 

1. Test Engine, 2. Electrical Dynamometer, 3. Fuel 

Tank, 4. Fuel Burette, 5. Test Bed, 6. Silencer, 7. Smoke 

Meter, 8. HC/CO/NOx/CO2/O2 Analyzer, 9. Exhaust 

Temperature Sensor, 10. Air Flow Meter, 11. Stop Watch 

In their work they have concluded that, BSFC 

decreased with increased in injection pressure probably 

because of the good atomization at high injection pressure. 

Mechanical efficiency increased for all the blends with 

increased load and injection pressure. The volumetric 

efficiency which is indicator of the berthing capacity of the 

engine increased for B50 with increased injection pressure 

from 180 bar to 220bar when compared to diesel. BMEP for 

B50 and diesel for all the injection pressure showed similar 

trend. 

Exhaust Gas Temperature, EGT, for the biodiesel 

and its blends found lower at all conditions as compared to 

diesel. – This could be due to low viscosity of bio diesel, 

which improve the spray formation in combustion chamber 

and thus leads to a less dominant diffusion combustion phase 

than diesel. The CO emissions are higher at lower 

compression ratio, and decreased at higher compression ratio. 

– This is due to relatively complete combustion takes place at 

higher compression ratio. The CO emissions for biodiesel and 

its blends are higher, compared to diesel over the entire range 

of fuel blends. This is due to poor volatility of biodiesel result 

ting in poor mixing, rich pockets formed in combustion 

chamber, and consequently, poor combustion, which leads to 

higher CO emission. 

Biodiesel and its blends shown higher O2 emission 

as compared to diesel – This is because of vegetable oil 

contains oxygen consent in it, so the overall carbon content is 

relatively lower, thus excess oxygen is remains in exhaust 

emissions. Based on the literature review Calophyllum 

Inophyllum can be a source to enhance the performance and 

same time reduce the emission with variation in the 

compression ratio, load, and injection pressure and the 

different type of blends. The research done in Calophyllum 

Inophyllum can be concluded that this Calophyllum 

Inophyllum biodiesel can be used as alternate fuel without 

any alteration in engine. 

Y.V.Hanumantha Rao [4], evaluated the 

performance of single cylinder water-cooled diesel engine 

using Multi-DM-32 diesel additive and methyl-ester of 

Jatropha oil as the fuel. JB-25 and JB-100 blends were 

considered as the Jatropha biodiesel blends for the 

experimentation. JB-25 blend showed closer performance to 

diesel and JB-100 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 

was found to be increased with increase in power and amount 

of biodiesel. However, its diesel blends showed reasonable 

efficiencies, lower smoke, CO2 and CO emissions. 

It was observed that Multi-DM-32, Bio-additive 

possesses many attributes as Multi-Functional fuel additive. 

Its ability to reduce the surface tension between two or more 

interacting immiscible liquids helped the fuel to flow better 

through injector and better atomization of fuel, which 

improved the combustion and performance of the engine at 

all variable loads. Multi-DM-32 also improved the pollution 

control. 

In their work they have concluded that, Jatropha 

biodiesel can be used as an alternative fuel in C.I. engines 

without any substantial hardware modifications in the engine. 

The physical, chemical and thermal properties of Jatropha 

biodiesel is improved by the process of transesterification. 

Test Ref. Std. Diesel Jatropha 

Description 
(ASTM 

6751) 
 

Biodiesel 

(JB 100) 

Density (kg/m3) D 1448-1972 830 875 

Kinematic 

viscosity (cst) 
D 445 2.72 5.72 

Calorific value 

(kj/kg) 
D 6751 42500 39500 

Cetane no. D 613 51 53 

Cloud point  

(Deg. Celsius) 
D 2500 -6 14 

Flash point 

(Deg. Celsius) 
D 93 64 138 

Fire point (Deg. 

Celsius) 
D 93 70 142 

Table 4: Comparison of properties 

The oil bearing capacity of Jatropha plant is higher 

than the other plants from which vegetable oils are extracted. 

As Jatropha oil is non-edible, it is cheaply and abundantly 

available.  Lower blends of Jatropha biodiesel shows low 

BSFC, high BTE and reduced emissions compared to the 

diesel fuel. Decrease in CO, HC and smoke opacity and 

increase in CO2 and NOx emissions are seen with Jatropha 

biodiesel. With increase in compression ratio of the engine, 

the performance of the Jatropha blends is improved, 

moreover higher blends too showed a satisfactory 

performance with increase in compression ratio. 

Jatropha biodiesel with oxygenated additives 

improved the overall performance of the engines and reduced 

emissions which are comparable with diesel fuel. 

V. CONCLUSION 

The study aims to evaluate the suitability of using biodiesel 

as an alternative fuel in a diesel engine. Experimental 

investigations were carried out on the operating 

characteristics of the engines for various biodiesel. The 

following conclusions are drawn from the investigations. 
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