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Abstract— The Present research work studies about the 

production of biodiesel using karanja (Pongamia pinnata) 
seeds as a raw material), study of its characteristics and 
potential as a substitute for Diesel fuel in CI engines. 
Increasing the consumption and the price hike of petroleum 
fuel day to day is really problems for developing countries 
those are dependent on foreign suppliers and pay huge 
amount of import bill. During the last decade, the use of 
alternative fuel in diesel engines has received renewed 
attention. 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 diesel is increasing day by day hence there is a 
need to find a solution. So by using bio fuel as an combustion 
element this problem can be sorted so we have formulated a 
process which involves transesterification of karanja oil with 
methanol in the presence of a catalyst (NaOH), to yield 
biodiesel as the main product and glycerin as by-product. 
Crisis of petroleum fuel and import of fossil fuel is giving a 
high impact on the economy and development.  Besides the 
economy and development, fossil fuel also leads to a major 
problem like global warming and change. The emission of 
harmful gasses like CO, NOx, CO2, and smoke density 
causes acid rain, health hazard and also global warming. The 
high oil price, environmental concern and supply instability. 
Biodiesel is part of the solution which reduced many of the 
problems. The objectives of this study are the production 
process, fuel properties, oil content, engines testing and 
performance analysis of biodiesel from karanja oil which is 
known as Karanja oil methyl ester (KOME).    Engine tests 
have been carried out in a water cooled four stroke diesel 
engine and  experimental investigation have been carried out 
to examine properties, performance and emission of different 
blends of KOME.  

  
Keywords: Pongamia pinnata, transesterification, 
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I. INTRODUCTION 
Increasing the consumption and price hike of petroleum fuel 
day to day is really problems for developing countries those 
are dependent on foreign suppliers and pay huge amount of 
import bill. During the last decade, the use of alternative fuel 
in diesel engines has received renewed attention. 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 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 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 inappreciable 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 .The 
uncertainty of petroleum-based fuel availability has created a 
need for alternative fuels [1]. Hence research on biodiesel as 
an alternative of diesel is in progress. Biodiesel is renewable 
fuel, it has simple technology of production, low handling 
hazards, emits low pollutants, and can be used in engine 
without substantial modifications [2]. The main source of 
biodiesel i.e. oil producing plant, can grow easily in wide 
range of geographic locations and flexible climatic 
conditions. Among the edible and non-edible vegetable oils, 
the non-edible oils such as jatropa, karanja, putranjivaetcare 
economical as biodiesel for its less consumption in domestic 
purposes. It is widely agreed that biodiesel decreases the 
emissions of carbon monoxide (CO), carbon dioxide (CO2) 
particulate matters and nitrogen dioxide (NO2). It is also said 
to be carbon neutral as it contributes no net carbon dioxide to 
the atmosphere [3]. Other countries have seriously 
considered the massive use of bio energy in the future. China 
[4], Germany [5],Austria [6] and Sweden [7] have set goals 
of utilizing 10–15% of their internal primary energy supply 
through bio-energy up to the year 2020, where Vietnam has 
set a target of using bio energy i.e. 37.8% of the total energy 
consumption [8]. Different researchers have tried to produce 
biodiesel from vegetable oils either by enzyme, acid or alkali 
.Many of them reported about 97.7% conversion to 
production transesterification reaction within 18 minutes by 
using 1% KOH catalyst at 65°C.They have studied the 
transesterification reaction of sunflower and soybean oil sat 
different temperature and different molar ratio. He got the 
conversion from 90 to 98%.Literature shows already that 
many researches are done on non-edible vegetable oils such 
as jatropa, mahua, karanja, neem, etc. and edible vegetable 
oils separately to study the performance and emission 
characteristics of these in diesel engine. Jatropa, karanja and 
putranjiva plants are abundantly available in tropical and 
subtropical regions such as India, Bangladesh. The seeds 
from these plants go waste annually which can be utilize for 
biodiesel production and hence may solve partly fuel crisis 
problem. The present conventional fuel crisis has inspired the 
authors to compare the performance and emission 
characteristics of Ricardo variable compression diesel engine 
using transesterified oils of karanja, or jatropa or putranjiva 
and select the best one for the use in diesel engine. 

            The use of these non-edible fuels in conventional 
diesel engines by blending with diesel substantially reduces 
exhaust emissions like, carbon dioxide (CO2), dust particles, 
carbon monoxide (CO) and nitrogen oxides (NOx) with 
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reduction of the greenhouse emission. Power regarding to 
this, is same to that of diesel engine. The specific fuel 
consumption by the CI engine is less than that of pure diesel 
and the brake thermal efficiency is slightly on higher side. 
The aim of the present report is to experimentally compare 
the effects of biodiesel blended fuel with petroleum diesel on 
the performance of diesel engine. 

II. KARANJA OIL AS AN ALTERNATIVE 
FUEL 

       India has more than 300 species of trees, which produce 
oil bearing seeds [9]. Around 75 plant species which have 
30% or more oil in their seeds/kernel, have been identified 
and listed [10]. 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 [11]. 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.Milletiapinnata 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 the synonym Pongamiapinnata and it 
was moved to the genus Milletia only recently. 
Pongamiapinnata is one of the few nitrogen fixing trees 
(NFTS) to produce seeds containing 30-40% oil. 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. 
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. 

III. BIODIESEL 
Vegetable oils have attracted attention as a potential 
renewable resource for the production of fuel. 
Transesterification products derived from vegetable oils have 
been recognized as an alternative fuel for diesel engines, 
including neat vegetable oil, mixtures of vegetable oil with 
petroleum diesel fuel and alcohol esters of vegetable oils. 
Alcohol esters of vegetable oils appear to be the most 
promising alternative [12]. Vegetable oils are triglycerides 
glycerine esters of fatty acids; alcohol esters of fatty acids 
have been prepared by the transesterification of the 
glycerines, wherein linear, mono hydroxy alcohols react with 
vegetable oils in the presence of a catalyst to produce alcohol 
esters, which is a known biodiesel [13].Alternative fuel 
studies are driven by the need for new energy sources and the 
need to protect the environment. Biodiesel is biodegradable 

and non-toxic has low emission problems and so it is 
environmentally beneficial [14]. Biodiesel is a chemically 
produced methyl esters from vegetable oil to replace the 
traditional diesel fuel. The chemical process is known as 
transesterification and consists of treating vegetable oils, like 
soybean, sunflower and rapeseed, with reactants (methanol 
or ethanol) to obtain a methyl or ethyl ester and glycerol. In 
transesterification, one ester is converted to another. The 
reaction is catalyzed by a reaction with either an acid or base 
and involves a reaction with an alcohol, typically methanol, if 
a biodiesel fuel is the desired product [15]. Fats and oils are 
made up of 1 molof glyce. It is attractive because it grows 
naturally through much of arid India, having very deep roots 
to reach water, and is one of the few crops well-suited to 
commercialization by India’s large population of rural poor. 
[16]. the karanja tree is of medium size, reaching a height of 
15-25 meters. The tree bears green pods which after some 10 
months change to a tan colour. The pods are flat to elliptic, 
5-7 cm long and contain 1 or 2 kidney shaped brownish red 
kernels. The yield of kernels per tree is reported between 8 
and 24 kg. The composition of typical air dried kernels is: 
Moisture 19%, Oil 27.5%, and Protein 17.4%. The oil 
content varies from 27%-39%. [17]. Nagarhalli M.V. et al., 
[18] have tested KOME and found that HC emission decrease 
by 12.8% for B20 and 3% for B40 at full load. NOx 
decreased by 39% for B20 and 20% for B40 at full load. 
BSEC increased by 7% for B20 and 1.9 % for B40 at full 
load. A B40 blend has been recommended by the author.  
H.Raheman and A.G. Phadatare et al., [19] Emissions and 
Performance of Diesel Engine from Blends of Karaja Oil 
Methyl Ester (KOME) and Diesel have used for test. They 
found the average BSFC was 3% lower than diesel in case of 
B20 and B40. Maximum BTE was found to be 26.79% for 
B20 which is 12% higher than diesel. They concluded that 
B40 could replace diesel.Nitin Shrivastava et al., [20] made 
the experiment on JOME and KOME indicated that the 
emission of both showed reduction in CO, HC and smoke 
emission whereas NOx emission was found higher compared 
to diesel. Ramchandra S. Jahagidar et al [21] carried 
experiment on KOME found that for KOME the brake power 
of the engine was almost same for all the loads. For BTE of 
KOME were improved by 3.8%. Volumetric efficiency also 
improved. They concluded that B40 & B60 will have the 
optimum performance. Sahoo P.K et.al. [22] For experiment 
purpose petroleum diesel was purchased from a nearby filling 
station. The above karanja oil contains free fatty acids, 
phospholipids, sterols, water odorants and other impurities. 
Above all the crude karanja oil was having high viscosity 
value. In order to use straight vegetable oil (SVO) in the 
engine, viscosity was to be reduced which can be done by 
heating the above oil. Other problems associated with using it 
directly in engine include carbon deposits, oil ring sticking, 
lubricating problem and also formation of deposits in the 
engine due to incomplete combustion. 
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IV. KARANJA CHARACTERISATION 
It is medium sized tree and is found throughout India. The 
tree is drought resistant. Major producing countries are East 
Indies, Philippines, and India. The oil content varies from 
2739%.Its cake is used as pesticide and fertilizer. 

                   Fig (IV.1):  Karanja tree with fruits     
                    
The yield potential per hectare is 900 to 9000 Kg/Hectare. As 
per statics available Pongamia oil has got a potential of 
135000million tones per annum and only 6% is being 
utilized. The tree is well suited intense heat and sunlight and 
its dense network of lateral roots and its thick long tap roots 
make it drought tolerant. 
 

A. Uses 
        The total karanja tree has got excellent medicinal 
properties. 
 
B. Wood 

             Karanja is commonly used as a fuel. Its wood is 
susceptible to insect attack, so wood is not considered as 
quality timber. But it may be used in agricultural implements, 
tools and combs. 
 

C. Oil 
         A thick yellow – orange to brown oil is extracted 
from seed. About 24% of yield is obtained by 
mechanical expeller. The oil has bitter test and 
disagreeable aroma, so it is considered as a non-edible 
one. In our country this oil can be used as a fuel for 
cooking and lamps. Also oil is used as lubricant, 
pesticide and in soap making industries. The oil has 
medicinal value in the treatment of rheumatism and in 
skin diseases. The crude oil for analysis is collected from 
Indian Biodiesel Corporation, Baramati and 
Maharashtra, India. 
 
D. Leaves 
                Leaves can be used for anthelmintic, digestive, 
and laxative, for inflammations, piles and wounds. Their 
juice is used for colds, coughs, diarrhea, dyspepsia, 
flatulence, gonorrhea, and leprosy. The fresh leaves are 
eaten by cattle and by goats in arid regions. 

 
E. De Oiled Cake 
              It constitutes flavonoids, uranoflavonoids, 
andfuran derivatives and is used in treating skin diseases 
and in biopesticide. The meal cake can be used as 
fertilizer, pesticide and used for organic farming. Seed 
shells can be used as combustibles 
 
F. Kernel 
                 It is used for oil extraction and the oil can be 
used asfuel, soap production, insecticide and medicinal 
use. 
 
G. Root And Bark 
                 It (as alexipharmic, anthelmintic) used 
forabdominal enlargement, ascites, biliousness, diseases 
of the eye, skin, and vagina itch, splenomegaly, tumors, 
ulcers and woundsas cleaning gums, teeth and ulcers. 
 
H. Fruit Hull 
                 It can be used as green manure, biogas 
production and combustibles. Oil cake can be used as 
fertilizer and combustibles. 

               

 
                   Fig (IV.H.1): Karanja fruit, Husk and Seed  

V. EXTRACTION OF KARANJA OIL 
Karanja seeds were collected from College of Forestry, under 
Orissa University of Agriculture and Technology (OUAT), 
Bhubaneswar, Odisha. For oil extraction from kernel of 
karanja two methods were implemented. First one was the 
mechanical extraction and second one was the chemical 
extraction means solvent extraction. In mechanical process, 
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the seeds were expelled in a mechanical expeller which was 
available in the Integrated Biodiesel Plant. The oil recovery 
was calculated to be near about 27%.We extracted (200 – 
250) ml of oil by grinding 1kg of karanja seeds. The extracted 
karanja oil contains free fatty acids, phospholipids, sterols, 
water odorants and other impurities. All the crude karanja oil 
was having high viscosity value. In order to use straight 
vegetable oil (SVO) in the engine, viscosity was to be 
reduced which can be done by heating the above oil. Other 
problems associated with using it directly in engine include 
carbon deposits, oil ring sticking, lubricating problem and 
also formation of deposits in the engine due to incomplete 
combustion. In order to reduce viscosity, four techniques 
were adopted like pyrolysis, dilution, micro emulsification 
and transesterification. Currently we adopt transesterification 
technique to convert high FFA and high viscous fluid to low 
FFA and low viscous fuel, namely karanja biodiesel. Since 
the crude karanja oil acid value was found to be more than 6, 
so acid esterification and transesterification techniques was 
adopted. We converted to biodiesel in the lab of OUAT, 
BBSR. The alcohol used is methanol, acid is sulphuric acid 
and KOH is used as an alkali. 
  

                      Fig. (V.1): Extraction process setup 
 
A fixed mass of fresh karanja seeds are taken and put into the 
expellers for oil extraction purpose. Two expellers are 
arranged in a series for this process. The fresh seeds filled 
with karanja oil are crushed by the rollers provided in the first 
expeller and cakes are formed. After the cake formation the 
outputs are fed to the second expeller. In second expeller 
extracts karanja oil from the cakes with particulate 
impurities. Then the extracted karanja oil undergoes 
filterization process. In this process the crude karanja oil is 
impinged on a semitransparent film or fine net and the 
karanja oil with soluble impurities is collected. Then the 
expelled oil is drawn    into a chemical mixture where the oil 
is blended with some appropriate agents. External power 
source is used for these processes and is regulated under 
guidance. Then the blended karanja oil is taken into the 
reactor unit. In the reactor unit the oil is kept in a particular 
temperature and pressure for minimum 24 hours. Inside the 
reactor unit the soluble impurities are separated from the 
blended fluid. The containers of the reactor units are 
provided pipes and control valves at the bottom. Now the 
pure karanja oil is drawn out by the control valve and the 
soluble impurities are left in the container.  

A. Layout of Experiment 

 

VI. EXPERIMENTAL PROCEDURE FOR 
PRODUCTION OF BIO-FUEL 

        Reaction or transesterification was carried out in a 
system, as shown in figure .reactor consisted of spherical 
flask, which was put in side the heat jacket .oil was used as 
medium of heat transfer from heat jacket to the reactor. 
Thermostat was a part of heat jacket, which maintained the 
temperature of oil and in term the temperature of the 
reactance at a desired value. The reaction was carried out at 
around (65-70) ˚c. Spherical flask consist of 4 openings. The 
centre 1 was used for putting starrer in the reactor. The motor 
propelled the starrer .Thermometer was put in side the 2nd 
opening to continuously monitor the temperature of the 
reaction.  Alcohol being volatile vaporised during the 
reaction. So the condenser was put in the 3rd opening to reflux 
the vapour back to the reactor to prevent any reactant loss.4th 
opening was used for filling reactants to the reactor. 
 
 
 

A.   

Fig. (VI.1): Experimental unit 
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A. Process for Preparation of Biofuel From Karanja Oil  
 
 
 
 
 
 
 
 
 
 
 

Fig (VI.A.1):  Production Process 
 
 

B. Degumming Process: 
 

                              In this process the impurities, gum 
particles, unnecessary additives or a little amount of 
glycerin from raw karanja oil were separated. Followed 
by 1% of phosphoric acid (approximately 10 ml) was 
added with 1 liter of karanja oil. Then it was heated and 
stirred up to 1 – 1.5 hours maintaining the temperature at 
65 degree temperature. Was allowed settled down it on a 
flat beaker for 24 hours. Next acid test was performed. 

 
Fig (VI.B.1): Degumming Process 

 
 

C. Acid Test 
 

                               After degumming process acid test 
was done. Here the free fatty acid (FFA) of the 
degummed oil was tested. 
FFA= acid value/2 
 If  FFA greater than 1.5, then it is known as high FFA. 
 If FFA less than 1.5, then it is known as low FFA. 
 If FFA greater than 1.5, go through esterification to 
convert it into low FFA and then esterification. If FFA 
greater than 1.5, then only transesterification is done. 
 Lowest the FFA value =better quality in biodiesel. 
 As the tested acid value greater than 5. So esterification 
was done again and again till the acid value less than 3. 

VII. ESTERIFICATION 
 
 
                        Karanja oil contains 6%- 20% (by wt) free 
fatty acids26-29. The methyl ester is produced by chemically 
reacting karanja oil with an alcohol (methyl), in the presence 
of catalyst (KOH). A two stage process was used for the 
transesterification of karanja oil .The first stage (acid 
catalyzed) of the process was to reduce the free fatty acids 
(FFA) content in karanja oil by esterification with methanol 
(99% pure) and acid catalyst sulphuric acid (98% pure) in 
one or one half hour time at 60°C in a closed reactor vessel. 
The karanja crude oil was first heated to 45-50 °C and 1% (by 
wt) sulphuric acid was to be added to oil. Then methyl 
alcohol about (22-25)% (by wt) was  added. Methyl alcohol 
was added in excess amount to speed up the reaction. This 
reaction was proceed with stirring at 700 rpm and 
temperature was controlled at 55-60oC for 90 min with 
regular analysis of FFA every after 25-30 min. When the 
FFA was reduced up to 1%, the reaction was 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 completion. After dewatering 
the esterified oil, it was fed to the transesterification process. 
 
 

Fig (VII.1): Esterification Process 
 

VIII. TRANSEESTERIFICATION 
 
 

A. Catalyzed Reaction Mixing Of Alcohol Catalyst 
                                         
                            The catalyst used is typically sodium 
hydroxide (NaOH) with 1% of total quantity of oil mass. It 
was dissolved in the 13% 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 was slowly charged into 
preheated esterified oil. The quantity of chemicals used and 
time for both the reaction are given in observation 
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B. Transesterification Reaction 
 

                              When the methaloxide 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 was near to the boiling point 
of methyl alcohol) to speed up the reaction. The 
recommended reaction time is 70 min. The stirring speed was 
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 confirmation of completion of methyl ester 
formation, the heating was stopped and the products were 
cooled and transferred to separating funnel. 

Fig (VIII.B.1): Transesterification Process 
 
 

IX. SETTLING AND SEPARATION 
 

      Once the reaction was complete, it was allowed 
for settling for 8-10 hours in separating funnel. At this stage 
two major products were obtained that are glycerin and 
biodiesel. Each had a substantial amount of the excess 
methanol that was used in the reaction. The glycerin phase 
was much denser than biodiesel phase and was settled down 
while biodiesel floated up. The two can be gravity separated 
with glycerin simply drawn off the bottom of the settling 
vessel. The amount of transesterified karanja biodiesel 
(KOME) and glycerin were collected by this process. 

 
 

A. Alcohol Removal 
 
                                    Once the glycerin and biodiesel phases 
were been separated, the excess alcohol in each phase was 
removed by distillation. In either case, the alcohol was 
recovered using distillation equipment and was re-used. Care 
must be taken to ensure no water accumulates in the 
recovered alcohol stream. 
      

B. Methyl Ester Wash 
                             

                                         Once separated from the glycerin and 
alcohol, the crude biodiesel was purified by washing gently 
with warm water to remove residual catalyst or soaps. The 
biodiesel was washed by air bubbling method up to the clear 
water was drained out. The impurities present in biodiesel 
were removed completely by this process. 

Fig (IX.B.1): Water Wash 
 
 

X. EXPERIMENTAL SETUP AND 
PROCEDURE 

 
Experiments were performed in the Internal Combustion 
Engine Lab of Department of Mechanical Engineering at 
SOA University, Bhubaneswar for different blends of 
Karanja oil. A twin cylinder 4 stroke, water cooled, direct 
injection diesel engine was used to investigate the 
performance and emission characteristics. A multi gas 
analyzer was used for analysis of CO, CO₂ ,O₂, NO .The 

engine specification is shown in below.     

SL.NO ENGINE 
PARAMETERS 

SPECIFICATION 

01           Manufacturer Kiloskar 
02           Dynamometer Mechanical Type 
03 No. of cylinder 2 
04   Stroke length(L) 110mm 
05     Bore diameter (D) 87.5mm 
06           Arm length 0.3581m 
07     Diameter of orifice 30mm 
08          ‘Cd’  of orifice 0.62 
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Table (X.1): Engine Specifications 
 

A. Load Performance Testing 
 

                   The Karanja oil or biofuel was being blended 
with the conventional diesel with the portion of Belding by 
volume of 5%,10%,15% respectively. 
 

B. Blending Of Biodiesel 
 

                     Blends of biodiesel and conventional 
hydrocarbon-based diesel are produced by mixing biodiesel 
and petroleum diesel in suitable proportions under 
appropriate conditions. Much of the world uses a system 
known as the "B" factor to state the amount of biodiesel in 
any fuel mix: 
  

• 100% biodiesel is referred to as B100, while 
• 20% biodiesel, 80% diesel is labeled B20 
• 10% biodiesel, 90% diesel is labeled B10 
• 5% biodiesel, 95% diesel is labeled B5 

 
B100: 
 
         B100 is 100% biodiesel. It has a solvent effect and it 
can clean a vehicle's fuel system and release deposits 
accumulated from previous petroleum diesel use. The release 
of these deposits may initially clog filters and require filter 
replacement. It may require special handling and equipment 
modifications. To avoid engine operational problems, B100 
must meet the requirements of ASTM D6751 [25], Standard 
Specification for Biodiesel Fuel (B100). B100 use could also 
increase nitrogen oxides emissions, although it greatly 
reduces other toxic emissions. B100 is less common than B5 
or B20 due to a lack of regulatory incentives. 
 
B20: 
 
        B20 (20% biodiesel, 80% petroleum diesel) is the most 
common biodiesel blend. B20 is popular because it 
represents a good balance of cost, emissions, cold-weather 
performance, materials compatibility, and ability to act as a 
solvent. Using B20 provides substantial benefits and avoids 
many of the cold-weather performance and material 
compatibility concerns associated with B100. Biodiesel 
blend B20 must meet prescribed quality standards—ASTM 
D7467 [25]. Biodiesel contains about 8% less energy per 
gallon than petroleum diesel. For B20, this could mean a 1% 
to 2% difference, but most B20 users report no noticeable 
difference in performance or fuel economy. Greenhouse gas 
and air-quality benefits of biodiesel are roughly 
commensurate with the blend. B20 use provides about 20% 
of the benefit of B100 use. 
 
B10: 
 
         A B10 blend is 10% biodiesel and 90% petroleum 
based diesel. It is one of the most common blends associated 
with biodiesel because of the use of a B10 blend in state or 
municipal mandates. Most major engine manufactures have 
approved of the use of a B5 blend in their engines. The 
American Standard for Testing and Materials (ASTM) which 

sets the international standards for diesel fuel has revised its 
statements so that a B5 blend is treated the same as 
conventional diesel ASTM D975-08a [25], Specification for 
Diesel Fuel Oils, revised to allow for up to 5 percent 
biodiesel content. This allows B5 blends to be treated the 
same as conventional diesel for testing purposes. 
 
B5: 
 
                     A B5 blend is 5% biodiesel and 95% petroleum 
based diesel. It is one of the most common blends associated 
with biodiesel because of the use of a B5 blend in state or 
municipal mandates. Most major engine manufactures have 
approved of the use of a B5 blend in their engines. The 
American Standard for Testing and Materials (ASTM) which 
sets the international standards for diesel fuel has revised its 
statements so that a B5 blend is treated the same as 
conventional diesel ASTM D975-08a, Specification for 
Diesel Fuel Oils, revised to allow for up to 5 percent 
biodiesel content. This allows B5 blends to be treated the 
same as conventional diesel for testing purposes. 
 

XI. PERFORMANCE PARAMETER 
 
The above prepared bio diesel have performed in a 4-stroke 
twin cylinder water cooled CI Engine with the variation of no 
load, half load & full load.    
Engine performance is an indication of the degree of success 
of the engine performs its assigned task, i.e. the conversion of 
the chemical energy contained in the fuel into the useful 
mechanical work. The performance of an engine is evaluated 
on the basis of the following:  
(a) Specific Fuel Consumption.  
(b) Brake Mean Effective Pressure.  
(c) Specific Power Output.  
(d) Specific Weight. 
 (e) Exhaust Smoke and Other Emissions.  
 
                         The particular application of the engine 
decides the relative importance of these performance 
parameters.   
 
For Example: For an aircraft engine specific weight is more 
important whereas for an industrial engine specific fuel 
consumption is more important.  
For the evaluation of an engine performance few more 
parameters are chosen and the effect of various operating 
conditions, design concepts and modifications on these 
parameters is studied. The basic performance parameters are 
the following:  
 
 (a) Power and Mechanical Efficiency.  
 (b) Mean Effective Pressure and Torque.   
 (c) Volumetric Efficiency.  
 (d) Specific Fuel Consumption.  
 (e) Thermal Efficiency and Heat Balance.  
 (f) Exhaust Smoke and Other Emissions.  
 (g) Specific Weight 
 
(a) Power and Mechanical Efficiency 
                        The main purpose of running an engine is to 
obtain mechanical power.  

117 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 9, September 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

• Power is defined as the rate of doing work and is equal to 
the product of force and linear velocity or the product of 
torque and angular velocity.  
• Thus, the measurement of power involves the measurement 
of force (or torque) as well as speed. The force or torque is 
measured with the help of a dynamometer and the speed by a 
tachometer. 
The power developed by an engine and measured at the 
output shaft is called the brake power (bp) and is given by,                    
bp =2     
                N=Engine speed in rpm, 

                T=Torque  

 
Indicated Power: 
            It is the power developed in the cylinder and thus, 
forms the basis of evaluation of combustion efficiency or the 
heat release in the cylinder. 
 
        IP = pim LANk 
                   60 
Where, pm = Mean effective pressure, N/m2, 
L = Length of the stroke, m, 
A = Area of the piston, m2, 
N = Rotational speed of the engine, rpm (It is N/2 for four 
stroke Engine), and 
k = Number of cylinders. 
Thus, we see that for a given engine the power output can be 
measured in Terms of mean effective pressure. The 
difference between the ip and bp is the indication of the 
power lost in the mechanical components of the engine (due 
to friction) and forms the basis of mechanical efficiency; 
which is defined as follows; 
 

Mechanical efficiency=bp/ip 
The difference between ip and bp is called friction power 
(fp). 

              fp = ip – bp 
 

(b) Mean Effective Pressure and Torque 

                    Mean effective pressure is defined as a 
hypothetical/average pressure which is assumed to be acting 
on the piston throughout the power stroke. Therefore, 
 
Pm = ( ip×60) / LANK 
 
Where, Pm = Mean effective pressure, N/m2, 
Ip = Indicated power, Watt, 
L = Length of the stroke, m, 
A = Area of the piston, m2, 
N = Rotational speed of the engine, rpm (It is N/2 for four 
stroke engine), 
k = Number of cylinders. 
 
(c) Volumetric Efficiency 

                   Volumetric efficiency of an engine is an 
indication of the measure of the degree to which the engine 
fills its swept volume. It is defined as the ratio of the mass of 
air inducted into the engine cylinder during the suction stroke 
to the mass of the air corresponding to the swept volume of 
the engine at atmospheric pressure and temperature. 
Alternatively, it can be defined as the ratio of the actual 

volume inhaled during suction stroke measured at intake 
conditions to the swept volume of the piston. 

 
The amount of air taken inside the cylinder is dependent on 
the volumetric efficiency of an engine and hence puts a limit 
on the amount of fuel which can be efficiently burned and the 
power output. 
 

(d) Specific Fuel Consumption 

                     Specific fuel consumption is defined as the 
amount of fuel consumed for each unit of brake power 
developed per hour. It is a clear indication of the efficiency 
with which the engine develops power from fuel. 
Brake specific fuel consumption (B.S.F.C)=Mf /bp 
            Mf =mass of fuel 
            Bp=brake power 
This parameter is widely used to compare the performance of 
different engines. 

 

(e) Thermal Efficiency and Heat Balance.  
                                    Thermal efficiency of an engine is 
defined as the ratio of the output to that of the chemical 
energy input in the form of fuel supply. It may be based on 
brake or indicated output. It is the true indication of the 
efficiency with which the chemical energy of fuel (input) is 
converted into mechanical work. Thermal efficiency also 
accounts for combustion efficiency, i.e., for the fact that 
whole of the chemical energy of the fuel is not converted into 
heat energy during combustion. 
 
Brake thermal efficiency    =    bp / Mf×Cv 

 
   Where,     Cv             = Calorific value of fuel, kJ/kg, and 
                   mf              = Mass of fuel supplied, kg/sec. 
 
(f) Exhaust Smoke and Other Emissions. 

                               Smoke and other exhaust emissions such 
as oxides of nitrogen, unburned hydrocarbons, etc. are 
nuisance for the public environment. With increasing 
emphasis on air pollution control all efforts are being made to 
keep them as minimum as it could be 
 
1. PARTICULATE MATTER (PM) 
 
           Particulate matter also known as particle pollution or 
PM is a complex mixture of extremely small particles and 
liquid droplets. Particle pollution is made up of a number of 
components, including acids (such as nitrates and sulfates), 
organic chemicals, metals, and soil or dust particles. PM 
emissions from biodiesel are 30-47% lower than overall PM 
emissions from diesel. Breathing particulate has been shown 
to be a human health hazard. 
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2. HYDROCARBONS (HC) 
 
             Breathing particulate has been shown to be a human 
health hazard. The exhaust emissions of total hydrocarbons 
(A contributing factor in the localized formation of smog and 
ozone) are on average 20 -67 percent lower for biodiesel than 
diesel fuel. 
 
3. NITROGEN OXIDES (NOx) 
 
              Mono-nitrogen oxides NO and NO2 nitric oxide and 
nitrogen dioxide are termed as NOx. They are produced from 
the reaction of nitrogen and oxygen gases in the air during 
combustion at high temperatures. The oxides of nitrogen 
(NOx) are precarious pollutant emissions, which are 
produced, when the fuel is burnt at high temperature causing 
dissociation of N2, which ultimately leads to the formation of 
nitric acid. The NOx is also responsible for weakening the 
ozone layer. NOx emission is from biodiesel increases or 
decreases depending on the engine family and testing 
procedures. NOx emission is from biodiesel increased by 
10-13%. NOx increases directly with the degree of blending 
and as NOx emission increases with increased temperature. 
 
4. SMOG FORMATION 
             The overall ozone (smog) forming potential of 
biodiesel is less than diesel fuel. The ozone forming potential 
of hydrocarbon emission is nearly 50% less than that 
measured for diesel fuel. 
 
5. SULPHUR EMISSIONS 
              The exhaust emission of sulphur oxides and 
sulphates (major components of acid rain) form biodiesel are 
essentially eliminated compared to sulphur oxides and 
sulphates from diesel. Sulfates are major contributors to acid 
rain. These emissions are practically eliminated when using 
biodiesel. 
 
6. CARBON MONOXIDES 
               Carbon monoxide (CO) is an intermediate product 
of combustion, formed in the earlier stages of the oxidation 
process before full conversion in to CO2. It is emitted in the 
exhaust stream when its progression to CO2 is not complete 
due to cooling of fuel flame temperature, or when the engine 
operation is too fuel rich. The exhausts emissions of carbon 
monoxide from biodiesel are 48 - 50% lower than from the 
petroleum diesel. 
 

XII. MEASUREMENT CONTROL 
 
A. Measurement of Speed 
 
             One of the basic measurements is that of speed. A 
wide variety of speed measuring devices are available in the 
market. They range from a mechanical tachometer to digital 
and triggered electrical tachometers. The best method of 
measuring speed is to count the number of revolutions in a 
given time. This gives an accurate measurement of speed. 
Many engines are fitted with such revolution counters. A 
mechanical tachometer or an electrical tachometer can also 
be used for measuring the speed. The electrical tachometer 
has a three-phase permanent-magnet alternator to which a 

voltmeter is attached. The output of the alternator is a linear 
function of the speed and is directly indicated on the 
voltmeter dial. Both electrical and mechanical types of 
tachometers are affected by the temperature variations and 
are not very accurate. For accurate and continuous 
measurement of speed a magnetic pick-up placed near a 
toothed wheel coupled to the engine shaft can be used. The 
magnetic pick-up will produce a pulse for every revolution 
and a pulse counter will accurately measure the speed. 
  
B. Measurement of Brake Power 
 
            The brake power measurement involves the 
determination of the torque and the angular speed of the 
engine output shaft. The torque measuring device is called a 
dynamometer. Dynamometers can be broadly classified into 
two main types, power absorption dynamometers and 
transmission dynamometer. A rotor driven by the engine 
under test is electrically, hydraulically or magnetically 
coupled to a stator.  
For every revolution of the shaft, the rotor periphery moves 
through a distance 2πr against the coupling force F. Hence, 
the work done per revolution is W = 2 πRF 
 
The external moment or torque is equal to S × L where, S is 
the scale reading and L is the arm. This moment balances the 
turning moment R ×F, i.e. 
 
           S × L = R × F 
Work done/revolution            = 2πSL 
Work done/minute                 = 2πSLN 
Where, N is rpm. Hence, power is given by 
Brake power        P   =      2πNT 
 
Here eddy current dynamometer was used for measuring the 
brake power. 

Fig. (XII.B.1):  Principle of a Dynamometer 
 
               It consists of a stator on which are fitted a number 
of electromagnets and a rotor disc made of copper or steel 
and coupled to the output shaft of the engine. When the rotor 
rotates eddy currents are produced in the stator due to 
magnetic flux set up by the passage of field current in the 
electromagnets. These eddy currents are dissipated in 
producing heat so that this type of dynamometer also requires 
some cooling arrangement. The torque is measured exactly as 
in other types of absorption dynamometers, i.e. with the help 
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of a moment arm. The load is controlled by regulating the 
current in the electromagnets. 
 
The following are the main advantages of eddy current 
dynamometers: 
 
(a) High brake power per unit weight of dynamometer. 
(b) They offer the highest ratio of constant power speed range             
(up to 5:1). 
(c) Level of field excitation is below 1% of total power being 
handled by dynamometer, thus, easy to control and program. 
(d) Development of eddy current is smooth hence the torque 
is also smooth and continuous under all conditions. 
(e) Relatively higher torque under low speed conditions. 
(f) It has no intricate rotating parts except shaft bearing. 
(g) No natural limit to size-either small or large. 
 
  

Fig. (XII.B.2): Eddy Current Dynamometer 
 
 
 

C. Measurement of Exhaust Emission 
 
               Substances which are emitted to the atmosphere 
from any opening of the exhaust port of the engine are termed 
as exhaust emissions. If combustion is complete and the 
mixture is stoichiometric the products of combustion would 
consist of carbon dioxide (CO2) and water vapour only. 
However, there is no complete combustion of fuel and hence 
the exhaust gas consists of variety of components, the most 
important of them are carbon monoxide (CO), unburned 
hydrocarbons (UBHC) and oxides of nitrogen (NOx). Some 
oxygen and other inert gases would also be present in the 
exhaust gas. Over the decade numerous devices have been 
developed for measuring these various exhaust components. 
 
 Flue gas analyzer was used for measuring total exhaust 
emission. Gas analyzer is an instrument which is capable of 
analyzing the species of chemical gases is present in the 
sample. Not only it identifies the species but it also has 
capability to give measurement value of the quantity which it 
displays either in numerical form or shows it graphically.  
 
 
 
 

       Fig. (XII.C.1):  Kirloskar 4- Stroke Twin Cylinder Water 
Cooled CI Engine Fueled by Diesel  

 
XIII. ENGINE PERFORMANCE ANALYSIS 

 
 

A. Brake Power vrs Load 
    

 
Fig. (XIII.A.1) Graph 

 
 
The variation of the engine brake power obtained with 
different fuel blends at various engine speeds is shown. As 
the figure shows the engine power increases with the 
increasing of the engine speed for all fuels. It is observed that 
brake power increase with load in all cases. Brake power is 
more or less equal with diesel at lower loads for BD10 and 
BD15 blends. Maximum brake power is observed for B15 
oil. The power developed by the engine at varying load is 
higher for Diesel and slightly less for the blends of Karanja. 
However with B15 blend the brake power developed is very 
close to that with diesel. The lower value of power output 
with biodiesel blends is due to the higher viscosity and lower 
heating value of the blends as compared to conventional 
diesel. Comparing with diesel fuel, the blend including 5% 
BD gives the same engine power. However, as the ethanol 
concentration increases above 5% the engine power 
decreases. This can be explained as follows: for a small 
amount of ethanol, the large cetane number of the biodiesel 
compensates the reduction of cetane number from addition of 
ethanol to diesel fuel. Therefore, the heat of combustion and 
the cetane number of the BD blend remained steady, and thus 
the engine power remains the same as the engine operates 
with pure diesel fuel. On the other hand, as the ethanol 
concentration increases the cetane number of the blended fuel 
decreases and the auto ignition temperature and heat of 
vaporization (the latent heat of vaporization of ethanol is  
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Higher than diesel fuel) of blended fuels increases. 
Therefore, longer ignition delays occur and the combustion 
process may extend to the expansion stroke and the fuel 
cannot be completely burned as results the engine power 
decrease. Another reason for decreasing engine power can be 
related to the decreasing lower heating value of blends due 
the lower heating value of the ethanol and biodiesel than that 
of diesel fuel. 
 

B. Engine load vrs Brake Thermal Efficiency 
 
 

 
Fig. (XIII.B.1) Graph 

 
Graph shows the variation of the brake thermal efficiency at 
different engine load condition for diesel fuel and Karanja At 
low load, low compression ratio the brake thermal efficiency 
for Diesel is more than biodiesel. At higher load and higher 
compression ratio the brake thermal efficiency of Bio-diesel 
is marginally higher than the conventional diesel. it may be 
observed that the Brake Thermal Efficiency for B10 and B15 
at lower load is more or less equal to that of diesel. At higher 
load the Brake Thermal Efficiency increases for B10 and B15 
blends, methylester-diesel fuel blends. It can be observed 
from the figure that, B-10and B-15 shows brake thermal 
efficiency comparable to diesel fuel. There was a reduction in 
brake thermal efficiency with the increase in biodiesel 
proportion in the fuel blends. The possible reason for low 
efficiency may be due to low calorific value, higher viscosity 
and higher density of the biodiesel of Karanja oil. 
 

C. Engine Speed vrs Brake Thermal Efficiency 

 
Fig. (XIII.C.1) Graph 

 

The variation of brake thermal efficiency with engine speed 
for different fuels is shown in Graph. The BTE increases with 
the increase of engine speed from 1510 to 1540 rpm but 
decreases from 1400 to 1600 rpm. Compared with diesel fuel, 
the BTE of the DBE5 and DBE10 blends is slightly higher 
than that of diesel fuel. However, as the ethanol 
concentration increases above 10% the BTE decrease. This 
can be attributed to the following factors: Up to 10% ethanol 
concentration, the oxygen content in the fuel blends improves 
combustion especially during the phase of 
diffusion-controlled combustion and hence increases the 
BTE. Higher than 10% ethanol concentration, the higher 
latent heat of vaporization leads to increase the heat losses; 
the lower cetane number leads to longer ignition delay and 
hence incomplete combustion occur as more fuel is burned in 
the expansion stroke; and the reduction in lower heating 
value of the fuel blends leads to an increase in the volume of 
fuel injected to maintain the same engine power. Therefore, 
the combined effect of these factors will lead to the BTE 
decrease. 
 

D. Brake power V/S Volumetric Efficiency(VE) 

 
Fig. (XIII.D.1) Graph 

 
Graph shows the variation of volumetric efficiency at 
different brake power. It can be seen that the volumetric 
efficiency of Karanja methyl ester blends increases with 
blend concentration. Volumetric efficiency was constant for 
all loading conditions because injection pressure of the 
engine is constant. The possible reason for increased 
volumetric efficiency with increased blend concentration 
may be, because the Karanja methyl ester having higher bulk 
modulus compared to diesel. 
 

E. Exhaust Gas Temperature vs. Load 
 

 
Fig. (XIII.E.1) Graph 
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Graph indicates the variation of exhaust gas temp with load. 
Heat carried away by the exhaust gas can be calculated by 
multiplying this temp into mass of exhaust gases produced 
and the specific heat of exhaust gases. Graph indicates that 
minimum exhaust gas temp is obtained in case of diesel. The 
increase in EGT (Exhaust Gas Temperature) with engine load 
is due to the fact that a higher amount of fuel is required in the 
engine to generate extra power needed to take up conditional 
loading. Exhaust gas temperature for B-30 is highest. For the 
diesel fuel the exhaust gas temperature is lowest among all 
biodiesel blends. 

 
F.  OXYGEN(O2) Emission 

 

 
Fig. (XIII.F.1) Graph 

 
From the Graph it refers that the % of oxygen content at the 
exhaust decreases with increase in load for both the fuels like 
Biodiesel and common diesel at constant compression ratio. 
This is justified as during the chemical reaction of fuel CO 
Burns with O2and converted into CO2. It shows that the 
biodiesel blend almost shows similar characteristics as of 
common diesel. 

 
G.  NOX Emission 

 

 
Fig. (XIII.G.1) Graph 

 

Graph shows that the variation of NOx emission at different 
engine load conditions. The exhaust gas temperature with 
blends having high percentage of Karanja oil is high as 
compared to diesel at higher loads. The slower burning 
character of the fuel causes a slight delay in the energy 
release, which results in higher temperature in later part of 
power stroke and exhaust stroke. Increased exhaust gas 
temperature is due lower heat transfer and the fact that 
biodiesel has some oxygen content in it which facilitate NOx 
formation. Figure indicates the variations of NOx 
concentration with engine load. It was observed that with the 
increase in load NOx composition in exhaust gas of diesel 
increases. Emission of NOX is found to be more for KOME 
blends compared to diesel. The presence of oxygen in KOME 
leads to raise the temp of combustion temp which is 
responsible of NOx formation. 

 
H. CARBON DIOXIDE(CO2 )Emission 

 

 
Fig. (XIII.H.1) Graph 

 
The variation of CO2 produced with diesel and diesel blends 
are presented in Graph .From above graph we concluded that 
the Co2 content in the exhaust increases with increase in load 
at constant compression ratio which shows that Biodiesel is 
having similar property  that of common diesel . Also from 
many researchers have found out that Graph the variation of 
CO2 at higher load emission of CO2 in higher blending ratio 
found to be higher than as compared to lower blending ratio. 
For all blends percentage of CO2 increases with load.  

 
I. HYDRO CARBON HC Emission 

 
Hydrocarbons in exhaust are due to incomplete combustion 
of carbon compounds in the blends. The values of HC 
emission decrease with increase in proportion of biodiesel in 
the fuel blends. The emissions of unburnt hydrocarbons for 
biodiesel exhaust are lower than that of diesel fuel. The 
possible reason for decrease in unburnt HC may be higher 
cetane number and increased gas temperature. The higher 
cetane number of biodiesel results decrease in HC emission 
due to shorter ignition delay. Increased temperature of burnt 
gases in biodiesel fuel helps in preventing condensation of 
higher hydrocarbon thus reducing unburnt HC emissions. 
 

CONCLUSION 

122 
 

http://www.ijiset.com/


IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 2 Issue 9, September 2015. 

www.ijiset.com 

ISSN 2348 – 7968 

 

 
In the above experiments, the production, performance and 
emission study of Karanja Biofuel and compared to the base 
diesel fuel had been investigated. From the above 
observation it can be concluded that besides considering the 
economy part blends of B10 and B15 of Karanja biodiesel 
can be considered as a sustainable fuel. It can be used as an 
environment friendly alternative fuel without major engine 
modification. By transesterification method karanja crude oil 
was converted to Karanja Oil Methyl Ester. The combustion 
and emission characteristics of twin-cylinder four stroke 
water cooled CI engine fuelled with Karanja biodiesel and its 
blends with diesel were analyzed and compared to standard 
diesel fuel. Major of the fuel properties were tested. 
Performance and emission tests were evaluated by using a 
four stroke diesel engine using exhaust gas analyser. 
Respective graphs were plotted and results were analyzed 
and compared with diesel. The major conclusions were 
drawn based on the tests.  

• The oil extraction was found by using magnetic 
stirrer method.  

• Lower calorific value indicates more oil 
consumption.  

• The specific gravity, Kinematic viscosity of Karanja 
Oil blends is much closer to diesel.  

• At higher load maximum brake power was observed 
for B15 blend.  

• BSFC reduces with increase in load  
• BTE shows better result than diesel.  
• Incomplete combustion of Karanja Biodiesel is much 

lower than diesel. 
• Exhaust gas temp is more or less compare to diesel.  
• NOx emissions are found to be more for KOME 

blends while CO2, HC and smoke emissions are 
lowered as compared to diesel.  

 
• The fuel properties like density, flash point, viscosity 

and calorific value of B-10 and B-15 are very 
similar to diesel fuel thus biodiesel B-15 and less 
can be used as an alternative fuel without 
modification of diesel engine and found improved 
performance and emission characteristics of diesel 
engine with diesel fuel.  

 
• Biodiesel use could preserve the environmental air 

quality by decreasing harmful emissions released 
by regular diesel fuel. 

• Biodiesel are produce locally, which decreases the 
nation’s dependence upon foreign energy and can 
employ hundreds or thousands of workers, creating 
new jobs in rural areas and crop cultivation of 
biodiesel plants will boost the rural economy. 
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