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Abstract - Depletion of fossil fuels and environment concern promoted the interest in development of alternative fuel 

sources. Expected increase in world population is about 8-10 billion by 2050, combined with significant growth in emerging 

economy will result in substantially increase in energy consumption. Economic development in developing countries and 

policy of OPEC(oil and petroleum exporting countries) leads to rise in petroleum prices. To be able to respond to this growth 

demand and environment protection we need to use natural resources more efficiently and increase the use of alternative fuel 

such as biodiesel. Recently plant oil and waste oil are gaining world-wide attention because they can be found easily in many 

parts of the world and are more efficient and eco-friendlier. This paper investigates the potential of Calophyllum Inophyllum 

(undi) and waste cooking oil obtained from INDIAN BIODIESEL CORPORATION, Baramati for biodiesel production. In 

this present work, investigation were carried out to study the performance characteristics of calophyllum inophyllum (undi) 

and waste cooking oil based hybrid biodiesel. The results were compared with diesel fuel and the blends used where in the 

ratios (B09,B18, B27, B36). The experiments were performed on single cylinder, four stroke, water cooled diesel engine 

running at constant speed of 1500rpm and different readings were obtained at different loads. The engine performance 

parameters such as specific fuel consumption, brake power, brake thermal efficiency and volumetric efficiency were 

recorded. 
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I. INTRODUCTION 

 

As fossil fuels are widely used in transportation and 

in many industries due to its high heating power and 

good combustion characteristics but its depleting day 

by day. If we don't save our fossil fuels and natural 

gases then the future of Earth is going to be very 

harsh. Today pollution is the only major factor which 

is affecting the Earth’s Environment. To save the 

Earth and natural resources we have to switch on to 

other fuels as a substitute. The renewable energy such 

as biodiesel can play an important role in reducing 

hazardous emission which is coming out by burning 

of conventional fuels. The research of biodiesel as an 

alternative fuel for the diesel engine started not only 

because of it is depleting resources but also because 

of rise inpetroleum prices. Calophyllum Inophullum 

linn (Undi) is non edible oil and it is available in 

various parts of the world.A primary step in any 

biodiesel production system is to extract maximum 

oil content from seeds and undi gives maximum 

extraction of oil from its seeds of about 60-70%. 

Waste cooking oil is also a good substitution for 

biodiesel production. It is easily obtained from 

various restaurants and hotels in very cheap price. 

The present study deals with hybrid biodiesel which 

is the combination of undi oil and waste cooking oil 

obtained from INDIAN BIODIESEL 

CORPORATION, Baramati. It’s not feasible to make 

biodiesel from edible oil because it can create food 

crises so we have to make an effective biodiesel with 

non-edible oil such as neem, mahua, jatropha etc. To 

analyze its performance such as brake power, brake 

thermal efficiency, brake specific fuel consumption 

and volumetric efficiency we have obtained a hybrid 

biodiesel with blending ratios of B09, B18, B27 and 

B36 and compared the results with conventional 

diesel fuel at different loads. 

 

II. MATERIALS AND METHODOLOGY 

 

A. Materials 

When we use the edible oil repeatedly for cooking, it 

will become non-edible because of increase in acid 

value these oils are the waste products of many 

restaurants and hotels. When they become nonedible, 

they cannot be use for cooking so it is considered as 

waste cooking oil.The undi oil is non edible oil these 

plants can easily grow in many parts of the world. 

From undi seeds we can extract 60%-70% of oil as 

this is more than most of other seeds as shown in 

table(a) 

 

Plants Oil content % 
Biodiesel 

conversion % 

Undi 60-70 98 

Karanja 30-35 97 

Mahua 30-40 98 

Jatropha 37-38 97 

Palm 30-60 92 

Neem 20-30 88 

Table (a) 

 

The good seeds are collected and taken for the oil 

extraction. The oil can be extracted by mechanical 

expeller and by Soxhlet extraction method. Mixture 

of undi-waste cooking oil collected from the Indian 

biodiesel corporation, baramati, Maharashtra. This 
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hybrid mixture was made by mixing of undi-waste 

cooking oil in equal proportion in weights. 

 

B. BIODIESEL PRODUCTION 

Waste cooking oil obtained from any restaurants or 

hotel has an acid value of 27.3 mg KOH we have to 

reduce this acid value to 5-6 mg KOH for biodiesel 

production in order to reduce the acid value. The 

following process is carried out which is known as 

esterification. 

The biodiesel preparation for waste cooking oil 

consist of various processes.First the collected waste 

oil is filtered by using cloth this is the simplest 

method to extract the big solid particles from the oils 

then we kept it for 24hrs for settling down the small 

particles. Next is the separation of gum particles as 

density is more they settle down at the bottom and we 

separate these gum particles from the oil. Now further 

we de-moisturize the oil as it might contained some 

moisture, it is done by heating the oil at 110℃ for 20 

minutes after this the esterification reaction is done in 

this we use 0.4% H2SO4 as catalyst and 8% CH3OH 

as solvent and this is added in the oil after some time 

and we heat it for 45 minutes at 55-60℃ mixed with 

the help of the stirrer at speed of 600 rpm which is 

known as agitation 

The next  process is transesterification reaction, in 

this 0.4% KOH catalyst and 7% CH3OH is added 

simultaneously one after another providing some time 

gap and then it is heated up to 55-60℃ for 45 minutes 

mixed with stirrer at 600rpm then we keep it for 8-

10Hrs for settling and after that we separate the 

biodiesel and glycerin, they are 80% and 20% 

inproportion.Biodiesel obtain here is impure and then 

the purification is done by hot distilled water bath at 

40℃ and again de-moisturization is done at 110℃ 

for 20minutes. The oil obtain from this process is 

pure biodiesel i.e.B100. 

 

III. RESULTS AND DISCUSSION 

 

Various physical and chemical properties of hybrid 

biodiesel of undi and waste cooking oil and its blend 

were evaluated. The performance of engine was 

evaluated using various parameters like brake thermal 

efficiency, BSFC and BP. The various properties of 

hybrid oil were obtained from IBDC. 

 

1) Density 

ASTM D1448 is used to determine the density of 

fuels. The variation of density with different blend 

ratios are shown in fig1. 

2) Calorific Value 

ASTM D6751 is used to determine the calorific value 

of fuel. The variation of CV with different blend 

ratios are shown in fig1. 

3) Flash point 

ASTM D93 is used to determine the flash point of 

various blends. The variation of flash point with 

different blend ratios are shown in fig1. 

 
Figure 1 

 

 
Figure 1 : Engine Setup 

 

IV. PERFORMANCE ANALYSIS 

 

The effect of load on BP is shown in fig. As load 

increases, BP increases. For maximum load the BP of 

bend B00 is 1.554W, blend B09 is 1.52W, blend B18 

is 1.511W, blend B27 is 1.511W and blend B36 is 

1.533W 

The effect of load on BSFC is shown in fig. As load 

increases, BSFC decreases. For maximum load the 

BSFC of blend B00 is 0.537KJ/Kg-hr, blend B09 is 

0.5246KJ/Kg-hr, blend B18 is 0.538KJ/Kg-hr, blend 

B36 is 0.64KJ/Kg-hr 

 
Figure 2 

The effect of load on brake thermal efficiency is 

shown in fig. As load increases, BTE increases. For 

maximum load the BTE of blend B00 is 15.77%, 
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blend B09 is 16.18%, blend B18 is 15.83%, blend 

B36 is 13.34% 

 

The effect of load on volumetric efficiency is shown 

in fig. As load increases, volumetric efficiency 

decreases. For maximum load the volumetric 

efficiency of blend B00 is 83.85%, blend B09 is 

90.8%, blend B18 is 87.09%, blend B36 is 85.83% 

 

 
Figure 3 

 

 
Figure 5 

 
Figure 6 

 

V. CONCLUSION 

 

Single cylinder constant speed engine ran 

successfully during test on hybrid biodiesel and its 

blend. The blends of undi-waste cooking oil were 

characteristics for their various physical and thermal 

properties. Therefore it may be concluded that hybrid 

biodiesel blend of blend ratios 9%,18%,27%,36% 

would be used as an alternative fuel for diesel in 

diesel engine. Various hybrid biodiesel blends with 

diesel can be focussed for further recommendation. 
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