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Abstract: 

 Now a day, usage of fuel is increasing along with evolution of vehicles. Therefore the fuel demand and price is increasing 

rapidly. To overcome this issue alternate energy source is required. This alternate should be accessible and reasonable at the 

same time less pollution is important so, I have select vegetable oil . If this alternate fuel is extracted from karan ja seed . It is 

botanical name Pongamia p innata is a renewable non-edible plant. Karanja is a wildly growing hardy plant in all regions of the 

country on degraded soil having low fertility and moisture. Biodiesel was prepared from the non -edible oil of Karanja by 

transesterification of the crude oil with methanol in the presence of kOH as catalyst. A maximum conversion of 92% (oil to 

ester) was achieved at 65˚C and balance  waste oil (glycero l)  used  produce pharmaceutical,  cosmetics etc. Performance and 

emission tests were carried out for 10%, 30%, and 50% karanja oil diesel blends. Results confirm that the performance of the 

engine fuelled with karan ja biodiesel and its blends with diesel fuel is by and large comparable with pure diesel.  
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I.INTRODUCTION 

In the last few years interest & activity has grown up    

Earoundthe globe to find a substitute of fossil fuel.. 

According to Indian scenario the demand of petroleum 

product like diesel is increasing day by day hence there is a 

need to find a solution. The use of edible oil to produce 

biodiesel in India is not feasible in v iew of big gap in 

demand and supply of such oil. Under Indian condition only 

non-edible oil can be used as biodiesel which are produced in 

appreciable quantity and can be grown in large scale on non-

cropped marginal lands and waste lands. Non-edible oils like 

jatropa, karanja and mahua contain 30% or more oil in their 

seed, fruit or nut. India has more than 300 species of trees, 

which produce oil bearing seeds Around 75 plant species 

which have 30% or more oil in their seeds/kernel, have been 

identified and listed . Traditionally the collection and selling 

of tree based oil seeds were generally carried out by poor 

people for use as fuel for lightning. Biodiesel has become 

more attractive because of its environmental benefits and fact 

that it is made up of renewable resources. Although short 

term test using vegetable oil showed promising results, 

longer tests led to injector coking, more engine deposits, ring 

sticking and thickening of the engine lubricant.  

 

A.1 Alternative fuels 

Alternative fuel, also known as non-conventional fuels, is 

any material that can be used as a fuel, other than 

conventional fuels like petroleum, coal, propane, hydrogen, 

and natural gas. Some well-known alternative fuels includes 

Biodiesel, Bioalcohol, Fuel cell, Hydrogen, Compressed 

natural gas (CNG), Liquefied natural gas (LNG),  and 

Liquefied petroleum gas (LPG) .  

 

A.2 Benefits of an alternative fuels  

 Renewable fuel source.  Many alternative fuels come from 

renewable sources of energy, providing greater energy 

efficiency in the development of fuels and reducing 

dependence on finite sources of energy 

 Provide air quality benefits at reasonable cost Alternative 

fuels have the potential to provide significant air quality 

benefits at lower costs. 

 Reduced potential of environmental damage liability. The 

use of alternative fuels may reduce the threat of soil and 

water contamination that can result from a gasoline or diesel 

spill or leaking underground storage tanks. 

 

A.3 Vegetable oils 

In the last few years interest & activity has grown up around 

the globe to find a substitute of fossil fuel.. According to 

Indian scenario the demand of petroleum product like d iesel 

is increasing day by day hence there is a need to find a 

solution. The use of edible oil to produce biodiesel in India is  

not feasible in view of big gap in demand and supply of such 

oil. Under Indian condition only non-edible oil can be used 

as biodiesel which are produced in appreciab le quantity and 

can be grown in large scale on non-cropped marginal lands 

and waste lands. Non-edible oils like jatropa, karanja and 

mahua contain 30% or more o il in  their seed, fruit  or nut. 

India has more than 300 species of trees, which produce oil 

bearing seeds Around 75 plant species which have 30% or 

more oil in their seeds/kernel, have been identified and listed 

. Tradit ionally the collection and selling of tree based oil 

seeds were generally carried out by poor people for use as 

fuel for lightning. Biodiesel has become more attractive 

because of its environmental benefits and fact that it is made 

up of renewable resources. Although short term test using 

vegetable oil showed promising results, longer tests led to 

injector coking, more engine deposits, ring sticking and 

thickening of the engine lubricant.  Millet ia pinnata is a 

species of tree in the pea family, Fabaceae, native in tropical 

& temperate Asia including parts of India, China, Japan, 

Malaysia, Australia & Pacific islands. It is often known by 
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the synonym Pongamia pinnata and it was moved to the 

genus Millet ia only recently. Pongamia p innata is one of the 

few n itrogen fixing t rees (NFTS) to produce seeds containing 

30-40% o il. It is often planted as an ornamental and shade 

tree but now-a-days it is considered as alternative source for 

Bio- Diesel. This species is commonly called pongam, 

karanja, or a derivation of these names.  It is a legume tree 

that grows to about 15–25 meters (15–80 ft) in height with a 

large canopy which spreads equally wide. It may be 

deciduous for short periods. The leaves are soft, shiny 

burgundy in early summer and mature to a glossy, deep 

green as the season progresses. Flowering starts in general 

after 3–4 years. Cropping of pods and single almond sized 

seeds can occur by 4–6 years. Small clusters of white, 

purple, and pink flowers blossom on their branches 

throughout the year, maturing into brown seed pods. The tree 

is well suited to intense heat and sunlight and its dense 

network of lateral roots and its thick, long taproot make it 

drought-tolerant. The dense shade it provides slows the 

evaporation of surface water  and its root nodules promote 

nitrogen fixation, a symbiotic process by which gaseous 

nitrogen (N2) from the air is converted into ammonium.  

 

A.4 Renewable and Sustainable Source of Biodiesel 

At a time when society is becoming increasingly aware of 

the declining reserves of oil for the production of fossile 

fuels, it has become apparent that biofuels are destined to 

make a substantial contribution to the future energy demands 

of the domestic and industrial economies. Pongamia p innata 

will impact most significantly through the extraction of seed 

oil for use in the manufacture of biodiesel. The potential of 

P. Pinnata oil as a source of fuel for the biodiesel industry is 

well. 

 

 
Fig :1. Renewable and sustainable source of biodiesel 

 

II.Pongamia Tree  

Recognized.Moreover, the use of vegetable oils fromplants 

such as P. pinnata has the potential to provide an 

environmentally acceptable fuel, the production of which is 

greenhouse gas neutral, with reductions in current  diesel 

engine emissions. Importantly, the successful adoption of 

biofuels is reliant on the supply of feedstock from non-food 

crops with the capacity to grow on marginal land not 

destined to be used for the cultivation of food crops . In this 

regard P. pinnata is a strong candidate to contribute 

significant amounts of fuel feedstock, meet ing both of these 

criteria. Existing feedstocks such as palm oil and canola are 

costly, making the production of biodiesel economically 

marginal. Sources such as tallow and waste oil from food 

outlets are seen as variable in availability and/or of low 

quality. Pongamia pinnata belongs to the sub family 

Fabeacae (Papilionaceae). spreading crown and a short bole. 

The It is also called Derris indica and Pongamia glabra. It is 

a medium sized evergreen tree with a tree is planted for 

shade and is grown as ornamental tree. It is one of the few 

nitrogen fixing trees producing seeds containing 30-40% oil. 

The natural distribution is along coasts and river banks in 

lands and native to the Asian subcontinent. It is also 

cultivated along road sides, canal banks and open farm lands. 

 

A.5 Uses 

A.5.1 Wood: pongam is commonly used as fuel wood. Its 

wood is medium to coarse textured. However, it is not 

durable, is susceptible to insect attack, and tends to split 

when sown. Thus the wood is not considered a quality 

timber. The wood is used for cabinet making, cart wheels, 

posts (NAS 1980), agricultural implements, tool handles and 

combs (GOI 1983).  

 

A.5.1 Oil: A thick yellow-orange to brown oil is extracted 

from seeds. Yields of 25% of volume are possible using a 

mechanical expeller. The o il has a bitter taste and a 

disagreeable aroma, thus it is not considered edible. In India, 

the oil is used as a fuel for cooking and lamps. The oil is also 

used as a lubricant, water-paint binder, pesticide, and in soap 

making and tanning industries. The oil is known to have 

value in herbal medicine for the treatment of rheumatis m, as 

well as human and animal skin diseases. It is effective in 

enhancing the pigmentation of skin affected by leucoderma. 

The oil o f Pongam is also used as a substitute for diesel.  

 

A.5.1 Fodder and feed: The leaves are eaten by cattle and 

readily consumed by goats. However, in many areas it is not 

commonly eaten by farm animals. Its fodder value is greatest 

in arid regions. The oil cake, remaining when oil is used as a 

poultry feed. 

 

A.5.1 Medicinal properties: Although all parts of the plant 

are toxic and will induce nausea and vomiting if eaten. The 

fruits and sprouts, along with the seeds, are used in many 

traditional remedies. Juices from the plant, as well as the oil, 

are antiseptic and resistant to pests. Like, neem oil, it is 

excellent for skin and hair and used in the manufacture of 

soaps, creams, lotions and other skin and hair care products. 

A mixture containing equal amounts of neem and karanja oil 

is very effective on animals for skin problems.  

 

A.5.1 Other uses: Dried leaves are used as an insect 

repellent in stored grains. The oil cake, when applied to the 

soil, has pesticidal value, especially against nematodes and 

also improves soil fertility. Pongam is often planted in 

homesteads as a shade or ornamental tree and in avenue 

plantings along roadsides and canals. It is a preferred species 

for controlling soil erosion and binding sand dunes because 

of its dense network of lateral roots. Its root, bark, leaf, sap, 

and flower also have medic inal properties. The oil of the 

Karanja or Pongam is used in pharmacy and in agriculture. 

The wood is said to be beautifully grained but splits easily 

when sawn thus relegating it to firewood, posts, and tool 

handles. Its dense network of lateral roots makes this tree 

ideal for controlling soil erosion and binding sand dunes. 
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III. EXTRACTION OF OIL: 

In this experimentation process karanja o il seeds are 

collected in the Pongamia pinnata plant after 3-4 days dry the 

seed using sunlight. The seed husk is removed completely 

and seeds can put into the jaw action bucket crushers. The 

karanja oil is collected in the bucket.  

 

 
 

 

Fig .2 Biodiesel preparation: 

 

B.2.1 Esterification: explained the production of biodiesel 

using Esterification as follows. The methyl ester is produced 

by chemically reacting karanja oil with an alcohol (methyl), 

in the presence of catalyst. A two stage process is used for 

the transesterification of karanja oil. The first stage (acid 

catalyzed) of the process is to reduce the free fatty acids 

(FFA) content in karanja oil by Esterification with methanol 

(99% pure) and acid catalyst sulfuric acid (98% pure) in one 

hour time at 57oC in a closed reactor vessel. The karanja 

crude oil is first heated to 50oC and 0.5% (by wt) sulfuric 

acid is to be added to oil then methyl alcohol about 13% (by 

wt) added. Methyl alcohol is added in excess amount to 

speed up the reaction. This reaction is proceeding with 

stirring at 700 rpm and temperature was controlled at 55-57 

oC for 90 min with regular analysis of FFA every after 25-30 

min. When the FFA is reduced up to 1%, the reaction is 

stopped. The major obstacle to acid catalyzed Esterification 

for FFA is the water formation Water can prevent the 

conversion reaction of FFA to esters from going to 

complet ion. After dewatering the esterified oil was fed to the 

transesterification process. 

 

B.2.2 Transesterification: explained the production of 

biodiesel using trans- -esterification as follows. the catalyst 

used is typically potassium  hydroxide (koh) with 12% of 

one liter oil quantity. it is dissolved in the 200ml of distilled 

methanol (ch3oh) using a standard agitator at 700 rpm speed 

for 20 minutes. the alcohol - catalyst solution was prepared 

freshly in order to maintain the catalytic activity and prevent 

the moisture absorbance. after completion it  is slowly 

charged into preheated esterified o il. when the methoxide 

was added to oil, the system was closed to prevent the loss of 

alcohol as well as to prevent the moisture. the temperature of 

reaction mix was maintained at 60 to 65oc (that is near to the 

boiling point of methyl alcohol) to speed up the reaction. the 

recommended reaction time is 70 min. the stirring speed is 

maintained at 560- 700rpm. excess alcohol is normally used 

to ensure total conversion of the fat or oil to its esters. the 

reaction mixture was taken each after 20 min. for analysis of 

FFA. After the confirmat ion of complet ion of methyl ester 

formation, the heating was stopped and the products were 

cooled and transferred to separating funnel. once the reaction 

is complete, it is allowed for settling for 2-3 hours in 

separating funnel. at this stage two major products obtained 

that are glycerin and biodiesel. each has a substantial amount 

of the excess methanol that was used in the reaction. the 

glycerin phase is much denser than biodiesel phase and is 

settled down while biodiesel floated up. the two can be 

gravity separated with glycerin simply drawn off the bottom 

of the settling vessel. once the glycerin and biodiesel phases 

were been separated, the excess alcohol in each phase was 

removed by distillat ion. once separated from the glycerin and 

alcohol removal, the crude biodiesel was purified by washing 

gently with warm water to remove residual catalyst or soaps. 

trans- -esterification process 

 
The reaction process 

 

IV. PERFORMANCES AND EMISSION TES T 

C.1 S pecification of IC research engine:  

 

S.No. Parameters Specifications  

1 Engine type 

Water cooled 4 

stroke single 

cylinder diesel 

engine 

2 Power 3.50 kW  

3 Rated speed 1500 rpm 

4 Cylinder bore  87.5 mm 

5 Stroke length 110 mm 

6 
Connecting rod 

length 
234 mm 

 

C.2 Test rig diagram: 

 
Fig :3. Test rig diagram  
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C.3 Data collection 

There are four test fuels were used during performance test 

includes 100 % d iesel, 10 % KME blend with diesel, 30% 

KME blend with d iesel, 50 %KME blend with diesel. The 

following tables shows the obtained data’s from performance 

tests for various KME diesel blends such as Brake power, 

Indicated power, brake mean effective pressure, indicated 

mean effective pressure, brake thermal efficiency, indicated 

thermal efficiency, mechanical efficiency, volumetric 

efficiency, specific fuel consumption, air flow, fuel flow and 

air fuel ratio  

 

C.4 Types of Emission  

    1. Carbon monoxide (CO) 

 2. Hydrocarbons (HC) 

 3. Nitrogen oxide (NOX) 

 4. Carbon dioxide (CO2) 

 5. Oxygen (O2) 

 

IV.  RES ULT AND DICUSS ION 

The performance and emission was compared with pure 

diesel from the obtained performance and emission graphs. 

The basic performance and emission parameters were 

presented against brake power for all plastic oil d iesel 

blends. 

 

D.1 Indicated power  

 The variation of indicated power with load for karanja 

methyl ester diesel b lends is shown in figure  

. 

 
  

Fig :4.  Indicated power against load 

This graph shows how the indicated power is varies for 10 

%, 30 %, 50% karan ja methyl ester diesel blends and pure 

diesel. Indicated power for diesel at 12kg is 5.57 kW. 

Indicated power for 10 %, 30 %, and 50 % of karanja methyl 

ester diesel blend is 5.18, 5.01, and 5.16 kW respectively. It 

clear that indicated power is decreases if the KME 

percentage in fuel is increased. 

 

D.2 Brake power 

 The variation of brake power with load for karanja methyl 

ester diesel blends is shown in figure  

 

 
 

Fig :5. Brake power against load 

 

This shows how the brake power is varies for 10 %, 30 %, 

50% karanja methyl ester diesel blends and pure diesel.  

Brake power for diesel at 12kg is 3.24 kW. Indicated power 

for 10 %, 30 %, and 50 % of karan ja methyl ester diesel 

blend is 3.28, 3.22, and 3.44 kW respectively. It is observed 

that brake power for different blends is higher as compared 

to pure diesel. 

 

D.3 Mechanical efficiency 

The comparisons of KME d iesel blends with pure diesel are 

shown in figure 7.3. Mechanical efficiency for pure diesel at 

12kg load is 58.16 %. The same for 10 %, 30 %, and 50 % 

KME d iesel blends are 65.22 %, 64.17%, and 66% 

respectively. 

 

 
Fig :6. Mechanical efficiency against load 

 

It is observed that for all KME diesel b lends mechanical 

efficiency is higher when compared to pure diesel. It is also 

observed that the mechanical efficiency is decreased from 

65.22 to 64.17 % for 30 % KME diesel blend from 10 % 

KME diesel blend and again it is increased to 66 % for 50 % 

KME diesel b lend. 

 

D.4 Brake mean effective pressure 

The variation of brake mean effective pressure for various 

KME diesel blend and pure diesel is shown in figure7.4. 

Mean effective pressure for pure diesel at 12kg load is 4.15 

bar. The same for 10 %, 30 %, and 50 % KME diesel blends 

are 4.21, 4.12, and 4.11 bar respectively. It is observed that 

for 10 %KME brake mean effective pressure is higher as 
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compared to diesel after that it is decreases for 30 % and 50 

% KME gradually. 

 

 
Fig :7. Brake mean effect ive pressure against load 

 

D.5 Indicated mean effective pressure: 

 

 
Fig :8. Indicated mean effective pressure against load 

 

The variation of indicated mean effective pressure for 

various KME diesel blend and pure diesel is shown in 

figure7.5. Indicated mean effect ive pressure for pure diesel at 

12kg load is 7.14 bar. The same for 10 %, 30 %, and 50 % 

KME diesel blends are 6.46, 6.43, and 6.23 bar respectively. 

It is observed that indicated mean effective pressure is 

decreases if KME diesel b lend is increases.  

 

D.6 Volumetric efficiency: 

 
Fig :9. Volumetric efficiency against load 

The variation of volumetric efficiency with load is shown in 

Figure7.6. It can be observed from the figure that the 

volumetric efficiency is 79.63 % at 12kg for diesel.  

However when the engine is fuelled with KME-diesel blends 

such as 10% KME, 30% KME, and 50% KME, It  gives the 

volumetric efficiency of 79.7%, 80.05% and 79.48%, 

respectively at full load. It is observed that the volumetric 

efficiency of the karan ja methyl ester blend is closer or 

slightly higher to diesel except 10 % KME d iesel blend.  

 

D.7 Brake thermal efficiency  

 The variation of brake thermal efficiency with load is 

shown in Figure7.7. It can be observed from the figure that 

the thermal efficiency is 23.80% at 12kg load for diesel. 

However when the engine is fuelled with KME-diesel blends 

such as 10% KME, 30% KME, 50% KME, it gives the 

thermal efficiency of 26.35%, 27.46%, 23.47%, respectively 

at 12kg load. It is also observed that brake thermal efficiency 

is higher for 10% and 30% KME Diesel blends and it is 

slightly lower fo r 50 % KME Diesel blend when compared 

to pure diesel. 

 

 
Fig :10. Brake thermal efficiency against load 

 

D.8 Indicated thermal efficiency 

The variation of indicated thermal efficiency with load is 

shown in Figure 7.8. It can be observed from the figure that 

the indicated thermal efficiency is 41.25 % at 12kg  load for 

diesel. When the engine is fueled with KME d iesel blends 

such as 10% KME, 30% KME, and 50% KME, it gives the 

thermal efficiency of 40.40%, 42.78%, and 35.56% 

respectively at 12 kg load. It is also observed that indicated 

thermal efficiency is also higher for 10% and 30% blends 

and it is slightly lower for 50% KME Diesel blend when 

compared to pure diesel. 

 
Fig :11. Indicated thermal  
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D.9 S pecific fuel consumption  

The variation of specific fuel consumption with load is 

shown in Figure7.9. It can be observed from the figure that 

the specific fuel consumption is 0.34 kg/kWh at 12kg load 

for diesel. When the engine is fueled with KME diesel 

blends such as 10% KME, 30% KME and 50% KME, its 

specific fuel consumption is 0.31of 0.29%, and 0.34% 

respectively at 12kg load. It is also noted that the specific 

fuel consumption is decreased for 10 % and 30% KME 

Diesel blends and it is equal for 50 % KME Diesel blend 

when compared to diesel.  

 

 
Fig :12. Specific fuel consumption against load 

 

 

 

V.EMISS ION TES T GRAPHS  

 

  D.10  carbon monoxide (CO) 

 

 
 

Fig :13. carbon monoxide (CO) against load 

 

D.11  hydrocarbons (HC) 

 

 
 

Fig :14. hydrocarbons (HC)against load 

D.12  Nitrogen oxide (NOX)   

 

 
 

Fig :15 .Nitrogen oxide (NOX)  against load 

 

 

D.13  sulfur dioxide (SOX) 

 

 
Fig :16. Nitrogen oxide (NOX)  against load 

 

D.14  Diesel particulate matter (DPM) 

 

 
 

Fig :17. Diesel part iculate matter (DPM)  against load 

 

VI.CONCLUS ION 

 

In our work the Biod iesel was prepared from the non-edible 

oil o f Karanja by transesterification of the crude oil with 

methanol in the presence of kOH as catalyst. A maximum 

conversion of 92% (oil to ester) was achieved at 65˚C. the 

received karan ja oil is blended in different propotion 

10%,30%, and 50%.the blends are subjected to performance 

and emission test rig engine the calculation are arrived 

 Engine was able to run with 50% waste karanja o il-diesel 

blend 

 Engine fuelled with 50 % waste karanja o il-diesel b lend 

exhibits higher brake power (3.44 kW) when compared to 

pure diesel (3.24 kW). 
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 Mechanical efficiency (66 %) is higher for 50 % waste 

karanja o il-diesel blend when compared to pure diesel 

(58.16%). 

 The volumetric efficiency of the waste karanja o il-diesel 

blend is closer or slightly higher when compared to diesel 

except 10 % KME d iesel blend. 

 Indicated power for all KME d iesel blend is lesser when 

compared to pure diesel 

 Brake mean effective pressure is higher for 10 % KME-

diesel blend and lower for 30 % and 50 % KME-diesel 

blends when compared to pure diesel.  

 Hence a blend of 30% biodiesel and 50% diesel (B30) is 

recommended. There was no significant change in efficiency 

  The results are in line with that reported in literature by 

different researchers using various biodiesel fuels and their 

blends and  

 Economic analysis shows that Karanja oil biodiesel can be 

used in an existing diesel engine without any engine 

modifications which will lead to employment generation and 

saving in vital foreign exchange.  
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