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Abstract— Energy consumption is rapidly increasing due to 

population growth, higher standard of living and increased 

production. Significant amounts of energy resources are 

being consumed by the transportation sector leading to the 

fast depletion of fossil fuels and environmental pollution. 

Biodiesel is one of the technically and economically feasible 

options to tackle the aforesaid problems. In this research 

work biodiesel will be produced by trans-esterification of 

crude Rice Bran Oil (RBO).And the analysis of C.I engine 

will be done by using the diesel fuel and also by utilizing the 

blend of biodiesel –diesel .Oil extracted from the inner husk 

of rice, termed Rice Bran Oil (RBO) promises to be a low-

cost, renewable substitute for petroleum-derived diesel as a 

compression ignition (CI) engine fuel. While rice is a major 

crop in India, RBO is underutilized. As an oxygenated fuel, 

RBO reduces emission of pollutants like CO and unburnt 

hydrocarbon (UBHC) by supplying additional oxygen from 

the fuel. The specific objective of this study is to analyse the 

performance, and emission characteristics of RBO and its 

blends with diesel. Results showed that biodiesel obtained 

under the optimum conditions has comparable properties to 

substitute mineral Diesel and is found suitable to use as a 

substitute fuel in the C.I engine asits fuel consumption rate, 

Brake Specific Fuel Consumption (BSFC) and Brake 

Thermal Efficiency (BTE) is very close to that of 

conventional diesel fuel. 

Key words: Rice Bran Oil, Biodiesel, Transesterification, 
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I. INTRODUCTION 

Fossil fuels like petroleum, coal and natural gas have been 

used successfully to meet the energy needs of humanity. 

However, humanity has increasingly and almost exclusively 

become dependent on these non-renewable sources of 

energy, which are threatening to run out in the near future.  

On the other hand in the world petroleum reserves are so 

unevenly distributed that many regions of the world are 

dependent on others nations for their fuel requirements. 

diesel engines, are more efficient than spark ignition (SI) 

engines therefore they are frequently used on farms, in 

heavy trucks, city transport buses, locomotives, electric 

generators, farm equipment, underground mine equipment, 

etc. Diesel fuel used in the diesel engines contains higher 

amounts of aromatics and sulphur, which cause 

environmental pollution.  

Therefore all nations are interested in developing 

renewable and clean-burning fuels to become energy 

independent and reduce the burden on the environment 

imposed by fossil fuels, an important source of carbon 

dioxide which is a leading cause of global warming. As far 

as the transport and agriculture sector is considered, 

vegetable oils have received a lot of attention as substitutes 

for (petroleum-derived) diesel oil, the usual fuel in diesel 

engines. Use of vegetable oil in diesel engines is not a 

radically new concept as the inventor of diesel engine 

‘‘Rudolf Diesel’’ demonstrated his first diesel engine at the 

World Exhibition at Paris in 1900  by using peanut oil as 

fuel. However due to abundant supply of petro-diesel, R&D 

activities on vegetable oil were not seriously pursued. It 

received attention only recently when it was conclusively 

realized that petroleum fuels are dwindling fast and 

environment-friendly renewable substitutes must be 

identified [1].it is only in recent years several research 

works have been made to utilize vegetable oil as fuels in the 

engines. 

In 1973, the OPEC nations cut down their oil 

exports to the world (West), resulting in the oil crisis of the 

1970s. Prices of oil increased dramatically and people 

started to look into renewable sources of energy. Many of 

the federal renewable energy programs were initiated during 

the 1970s including the National Renewable Energy 

Laboratory. Once prices began to fall in 1979, tax incentives 

and other support for the renewable energy industry ended 

thanks to shortsighted policies. The initial steps taken 

toward a renewable energy initiative were abandoned. 

All these factors necessitate continued search and 

sustainable development of renewable energy sources that 

are environmentally friendly.Consequently, there are some 

alternatives, especially renewable energy options have been 

discovered and explored. Some of the feasible technologies 

in the area of solar, wind, and biomass have been 

discovered, tested, perfected, and are gaining popularity. 

Although majority of the renewable energy technologies are 

more eco-friendly than conventional energy options, but 

their adoption is very slow because of various factors such 

as economic constraints, lack of supply etc. However  use of 

biofuels (vegetable oils) are increasing popularly because 

they are  proving as immediate substitutes to the 

conventional petro fuels and They require little engine 

modification or fuel modification. Generally biofuels are the 

oils obtained from the living plant sources. These oils may 

be obtained from resin and plant seeds. Plant oils are 

renewable and have low sulphur in nature.  

II. VEGETABLE OIL 

Vegetable oils are chemically complex esters of fatty acids. 

These are the fats naturally present in oil seeds, and known 

as tri-glycerides of fatty acids. The molecular weight of 

these tri-glycerides would be of order of 800 kg/m3or more 

[2]. Triglycerides have a three-carbon backbone with a long 

hydrocarbon chain attached to each of the carbons. These 

chains are attached through an oxygen atom and a carbonyl 

carbon, which is a carbon atom that is double-bonded to 

second oxygen. The differences between oils from different 

sources relate to the length of the fatty acid chains attached 
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to the backbone and the number of carbon–carbon double 

bonds on the chain. Most fatty acid chains from plant and 

animal based oils are 18 carbons long with between zero and 

three double bonds. Fatty acid chains without double bonds 

are said to be saturated and those with double bonds are 

unsaturated. The carbon–carbon double bonds in unsaturated 

oils and fats are prone to oxidation by oxygen in the air. 

This effect is magnified when the bonds are conjugated (two 

double bonds separated by two single bonds), as is the case 

for linoleic and linolenic acids. These fatty acids will 

oxidize 50–100 times faster than oleic acid with an 

unconjugated double bond . Saturated fatty acids are not 

subject to this type of oxidative attack. The choice of oil or 

fat feedstock determines the resulting biodiesel’s position in 

the trade-off between cold flow, oxidative stability, and 

cetane number. Biodiesel from more saturated feedstock 

will have higher cetane numbers and better oxidative 

stability, but will have poor cold flow properties. Biodiesel 

from oils with low levels of saturated fats will have better 

cold flow properties, but lower cetane number and oxidative 

stability [3]. 

 
Palmiti

c acid 

Steari

c acid 

Olei

c 

acid 

Linolei

c acid 

Linoleni

c acid 

Number 

of carbon 
16 18 18 18 18 

Number 

of double 

bond 

0 0 1 2 3 

Soybean 8 4 25 55 8 

Sunflowe

r 
5 6 30 59 - 

Olive oil 13 1.5 70 15 0.5 

RBO(rice 

bran oil) 
21.5 2.9 38.4 34.4 2.2 

Palm oil 43.5 4.3 36.6 9.1 - 

Table 1: Fatty Acid Composition For Common Oils And 

Fats (% By Weight)  [4] 

III. BIODIESEL 

The best way to use vegetable oil as fuel is to convert it in to 

biodiesel. Biodiesel is a generic name for fuels obtained by 

transesterification of a vegetable oil. Biodiesel is the fuel 

that can be produced from straight vegetable oils, edible and 

non-edible, recycled waste vegetable oils, and animal fat. 

The risks of handling, transporting and storing biodiesel are 

much lower than those ones, associated with petro diesel. 

Biodiesel is safe to handle and transport because it is as 

biodegradable as sugar and has a high flash point compared 

to petroleum diesel fuel. Biodiesel can be used alone or 

mixed in any ratio with petroleum diesel fuel. Oxygen 

content of biodiesel improves the combustion process and 

decreases its oxidation potential. Structural oxygen content 

of a fuel improves combustion efficiency due to the increase 

of the homogeneity of oxygen with the fuel during 

combustion. Because of this the combustion efficiency of 

biodiesel is higher than petro diesel as well as the 

combustion efficiency of methanol/ethanol is higher than 

that of gasoline. Biodiesel contains no sulfur. The use of 

biodiesel can extend the life of diesel engines because it is 

more lubricating than petroleum diesel fuel. Biodiesel has 

got better lubricant properties than petro diesel. The higher 

heating values (HHVs) of biodiesels are relatively high. The 

HHVs of biodiesels (39–41 MJ/kg) are slightly lower than 

that of gasoline (46 MJ/kg), petrodiesel (43 MJ/kg) or 

petroleum (42 MJ/kg), but higher than coal (32–37 MJ/kg). 

Biodiesel is non-toxic and degrades about 4 times faster than 

petrodiesel. Its oxygen content improves the biodegradation 

process [5]. 

Some of the oil bearing crops considered as fuel 

substituted are sunflower, safflower, soybean, cotton, winter 

rape, canola and peanut. Most of these oils are edible in 

Indian context. Therefore the emphasis is to find the 

possibilities of using biodiesel produced from the number of 

non-edible oil seeds available in India because the extensive 

use of edible oils may produce some trouble to the 

developing countries leading to some negative impacts such 

as starvation and higher food prices and Utilizingthe land for 

the purpose of producing fuel on land suitable foragriculture 

may reduce the land availability for growing food crops 

and/or increase its price [6]. For instance, in Malaysia the 

biodiesel refineries have created shortages in palm oil. 

Therefore the price of palm oil for cooking has risen by 70% 

[7]. Biodiesel can also be produced from non-edible oil 

seeds like Jatropha, Karanja. Among the various vegetable 

oils studied so far, Rice Bran Oil (RBO) (RBO) is an 

underutilized non-edible(Due to the presence of an active 

lipase in the bran, free fatty acid (FFA) content in RBO is 

much higher than other edible oils. Because of this reason, 

RBO is non-edible) vegetable oil, which is available in large 

quantities in rice cultivating countries, and very little 

research has been done to utilize this oil as a replacement for 

mineral Diesel [8]. Also rice production is a renewable 

process therefore availability of rice bran for oil extraction is 

also renewable in nature. 

In the present work crude Rice Bran Oil (RBO) is 

chosen for investigation. The RBO is extracted from the rice 

bran which is a by-product during grinding of paddy, viz., 

the rice-milling process. During this process rice bran is 

separated from paddy to produce rice. Rice bran is a brown 

layer present between rice and the outer husk of the paddy. 

As rice is the staple food for much of the world, rice bran 

available for oil extraction is a renewable resource. 

Characteristics 

Rice-

bran oil 

(RBO) 

Diesel 
Rice bran oil 

biodiesel 

Specific gravity at 

30°C 
0.928 0.839 .877 

Viscosity(cS)at 

40°C 
42 3.18 5.3 

Calorific value 

(MJ/Kg) 
40.3 44.8 42.2 

Flash point (°C) 316 68 183 

Fire point (°C) 317 103 194 

Table 2: Properties of the Fuel [9] 

India is the second largest producer of rice in the 

world, next to China, with the potential to produce about 1 

million tonnes of Rice Bran Oil (RBO) per annum. Rice 

bran is a low value co-product of rice milling, which 

contains approximately 15–23% oil. Currently, the industry 

is processing about 3.5 million tonnes of rice bran, leading 

to a production of about 0.65 million tonnes of oil and an 

additional 0.33 million tonnes could be produced through 
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modernizing the huller rice mills and installation of Rice 

Bran Oil (RBO) refineries. This non-edible oil remains 

mostly underutilized. It has potential as an alternative low 

cost feedstock for biodiesel production [8].  

IV. MATERIALS AND METHODS 

A. Procedure to Obtain Biodiesel 

There are several mechanism to obtain biodiesel through 

transesterfication but in this project work procedures from 

journeytoforever.org/biodiesel is considered [10]. They are 

as follows:- 

1) Chemicals and equipment needed 

The method considered in this report needed the following 

chemicals and equipment:- 

 1 litre of new vegetable oil. 

 200 ml of methanol, 99+ per cent pure. 

 Lye catalyst—either potassium hydroxide (KOH) 

or sodium hydroxide (NAOH). 

 Blender or mini processor. 

 Scales accurate to 0.1 grams or preferably less. 

 Measuring beakers for methanol and oil. 

 Half litre translucent white HDPE (# 2 plastic) 

container with bung and screw- on cap. 

 2 funnels to fit the HDPE container. 

 Thermometer 

The alcohol used is methanol, which makes methyl 

esters, or ethanol (ethyl esters). Most methanol comes from 

fossil fuels (though it can also be made from biomass, such 

as wood) , while most ethanol is plant-based(though it’s also 

made from petroleum). But the biodiesel process using 

ethanol is much difficult than with methanol. Ethanol (or 

ethyl alcohol, grain alcohol -- ETOH, C2H5OH) also goes by 

various other well-known names, such as whisky, vodka, 

gin, and so on. 

The lye catalyst can be either sodium hydroxide 

(NAOH) or potassium hydroxide (KOH). NAOH is often 

easier to get and is cheaper to use. 

2) Procedure 

a) Measurement 

The lye was measured quicklyinto a handy-sized lightweight 

plastic bag on the scales and closed in a container because it 

rapidly absorbs water from the atmosphere and water 

interferes with the biodiesel reaction.  NAOHused was 97% 

pure which is the optimum requirement for the process, used 

exactly 3.5 grams. 

200 ml of methanol was measured and poured into 

the half-litreHDPE container via the funnel. The lye was 

added to the HDPE container carefully via the second 

funnel.  

b) Mixing 

The container was swirled and shaken for some time to 

dissolvethe lye completely in the methanol, forming sodium 

methoxide. As soon as the liquid is clear with no 

undissolved particles the process can be started. 

c) Preheating 

The oil is preheated to 55
o 
Celsius (130 degree f) and poured 

it into the blender along with the prepared methoxide from 

the HDPE container where it is mixed for next 20 to 30 

minutes.  

d) Transfer 

As soon as the process is completed, the mixture is poured 

from the blender into the 2-litre PET bottle for settling 

down. As the mixture cools it will contract and wemust let 

some more air into the bottle. 

e) Settling 

After settling down for 12-24 hours, a dark- 

colouredglycerine by-product will get collected in a distinct 

layer at the bottom of the bottle, with a clear line of 

separation from the paler liquid above, which is the 

biodiesel. The biodiesel varies somewhat in colour 

according to the oil used (and so does the by-product layer 

at the bottom) but usually it's pale and yellowish (used-oil 

biodiesel can be darker and more amber). 

After settling, the top layer of Biodiesel is carefully 

collected into a clean jar or PET bottle, taking care that the 

glycerine layer mixed doesn’t gets mixed up with the 

biodiesel. If itdoes, we must re-settle and try again. 

f) Washing 

For washing the 2- litrePET bottles are used in succession, 

with half a litre of tap water added for each of the three or 

four washes required. A small 2 mm hole is pierced in the 

bottom corner of each of the two bottles and covered 

securely with duct tape.  Biodiesel is poured into one of the 

wash bottles and the half-litre of fresh water is added into it 

to be shaken and mixed until a homogeneous mixture of 

water and oil is obtained. Later settled, the oil is drained as 

above, and repeated until finished.  

g) Drying 

When it's clear (not colourless but translucent) it's dry and 

ready to use. It might clear quickly, or it might take a few 

days. To save time it may be heated gently to 48 degree 

celsius (120 degree f) and allowed to cool which evaporates 

the remaining water. 

 
Fig. 1: Set Up For Biodiesel Production 

 
Fig. 2: Biodiesel Produced                   
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Fig. 3: Biodiesel after Water Test 

B. Engine Specification 

 
Fig. 4: Pictorial View of the C.I. Engine 

Particulars Description 

Engine type 

 

Four stroke, single cylinder, 

vertical water cooled, diesel engine 

Bore diameter 87.5 mm 

Stroke length 110 mm 

Compression 

ratio 
16.7 

Rated power 5 horse power 

Rated speed 1500 rpm 

Dynamometer Hydraulic dynamometer 

Table 3: Test Engine Specification 

V. EXPERIMENTAL PROCEDURE 

For obtaining the base line data of the engine first the 

experiment is performed with diesel and then with blends of 

diesel and biodiesel (rice bran methyl ester). Biodiesel and 

diesel oil were mixed in the following proportion by volume 

to obtain blends: 

100 % diesel- B0 

90% diesel + 10% biodiesel- B10 

80% diesel + 20% biodiesel- B20 

70%diesel + 30% biodiesel- B30 

60% diesel + 40% biodiesel- B40 

50% diesel + 50% biodiesel- B50 

40% diesel + 60% biodiesel- B60 

30% diesel + 70% biodiesel- B70 

20% diesel + 80% biodiesel- B80 

10% diesel + 90% biodiesel- B90 

100% biodiesel- B100 

The initial experiment is performed using the 

B0(i.e 100% diesel) fuel. For this only diesel is fed into the 

fuel tank. Hydraulic dynamometer is used to measure the 

brake power. All the valves in hydraulic dynamometer are 

let open for complete water circulation. Constant load test is 

used in the experiment. Now from the fuel tank fuel has to 

pass through the 10cc graduated burette which is fixed on 

wooden base, after passing through which the fuel reaches 

to the injector. Then the engine is started on the diesel fuel 

and runs on diesel for the first few minutes for warm up. 

The load on the dynamometer is set at 0 kg in the 

beginning and the time taken by engine to consume the 10 

cc volume of fuel from the burette is noted down. The load 

is gradually increased and further readings are observed. By 

doing this volume flow rate for each load is obtained for 

diesel fuel and with the help of this volume flow rate fuel 

consumption rate for each load is also found. The same 

experiment is performed using all the other blends one by 

one and the readings observed 

VI. PARAMETERS EVALUATED 

A. Brake Horse Power 

Brake Horse Power is the power developed by an engine at 

the output shaft. 

The brake horse power of the engine can be 

calculated using the following formula which is mentioned 

over the dynamometer: 

    
    

    
 

Where, 

BHP = brake horse power  

W = weight in kg 

N = speed of engine coupled with dynamometer in  rpm 

B. Fuel Consumption Rate In Gram Per Second 

As time taken by the engine to consume 10 cc volume of 

fuel has been obtained already, the fuel consumption in 

gram per second can be calculated using the following 

formula:  
                            

  
                                          ⁄

                                                  
 

C. Brake Specific Fuel Consumption 

BSFC is defined as the amount of fuel consumed per unit of 

power developed per hour. It is determined on the basis of 

brake output of the engine. 
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          ⁄  

  
                                     ⁄

                                          
 

D. Brake Thermal Efficiency 

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. 

     
               

                                                     ⁄
 

VII. RESULT AND DISCUSSION 

A. Brake Specific Fuel Consumption (BSFC) Vs Brake                   

Power 

 
Fig. 5: GRAPH 1: BSFC Vs BP 

The variation of brake specific fuel consumption with brake 

power is shown in the graph. It is observed from the graph 

that BSFC first decreases for all the test fuels with increase 

in load i.e. up to 80% and then tends to increase with 

increase in load. But the BSFC of each blended fuel 

increases as the percentage of biodiesel (rice bran oil methyl 

ester) is increased in the blend. 

It can be observed that the pure diesel fuel (B0) has 

the lowest BSFC at all loads, the BSFC for B10,B20 fuel is 

almost comparable to that of the B0 Fuel. After B10 and 

B20 as the percentage of biodiesel is increased in the blend, 

the BSFC of the blend fuel increases till B80 in comparison 

to the B0 fuel. Now again the BSFC of the B90 and B100 

fuel becomes comparable to that of the B0 fuel.  

Out of all blended fuels the BSFC of the B20 fuel 

at all loads is closely similar to that of the B0 Fuel ( or it can 

be said that optimum brake specific fuel consumption is 

observed at 80 % load by the B0 and B20 fuel). 

B. Brake Thermal Efficiency Vs Brake Power 

The variation of brake thermal efficiency with brake power 

is shown in the graph. It is observed from the above graph 

that the BTE increases with increase in load up to 80% and 

then decreases at full load. In general the BTE of test fuels 

decreases in comparison to the B0 fuel as the percentage of 

the biodiesel increases in the blended test fuels. But it is 

observed from the graph that initially the BTE of B20 fuel is 

more than the B0 fuel upto 60 % load and then it becomes 

almost equivalent to that of B0 fuel at 80 % load, afterwards 

it decreases below to the B0 fuel at full load. B0 and B100 

fuel also shows very close behavior to that of the B0 fuel. 

 
Fig. 6: GRAPH 2: BTE Vs BP 

C. Fuel Consumption Rate Vs Brake Power 

 
Fig. 7: GRAPH 3: FUEL CONSUMPTION RATE Vs BP 

The variation of Fuel Consumption Rate with Brake Power 

is shown in the graph. It is observed from the above graph 

that fuel consumption rate of all blended test fuels increases 

with the increase in the load. The fuel consumption rate of 

B0 fuel is minimum in comparison to all blended test fuel at 

all loads. Till 80 % loading condition the fuel consumption 

rate of B10 and B20 blend fuel is very close to that of the 

B0 fuel but at full load the fuel consumption rate of B10 fuel 

increases more than B0, still at full load the fuel 

consumption rate of B20 remains close to that of B0. 

Afterwards the fuel consumption rate of B30, B40, B50, 

B60, B70, B80 increases more than the B0 fuel. Again when 

the B90 and B100 blend fuel is used in the C.I engine the 

fuel consumption rate becomes close to that of B0 fuel. But 

overall the fuel consumption rate of B20 blend fuel is very 

close to that of B0. 

VIII. CONCLUSION 

Objective of this thesis work is to produce biodiesel and 

after that analysis of the engine is done by using the 

conventional diesel fuel, produced biodiesel, and the blends 

of the biodiesel-diesel fuel. After carrying out series of 

experimentation the following conclusions were made: 

1) Out of all blended fuels the BSFC of the B20 fuel 

at all loads is closely similar to that of the B0 Fuel 

(or it can be said that optimum brake specific fuel 

consumption is observed at 80 % load by the B0 

and B20 fuel. 

2) It is observed that initially the BTE of B20 fuel is 

more than the B0 fuel up to 60 % load and then it 

becomes almost equivalent to that of B0 fuel at 80 
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% load, afterwards it decreases below to the B0 

fuel at full load. B0 and B100 fuel also shows very 

close behavior to that of the B0 fuel. 

3) Till 80 % loading condition the fuel consumption 

rate of B10 and B20 blend fuel is very close to that 

of the B0 fuel but at full load the fuel consumption 

rate of B10 fuel increases more than B0, still at full 

load the fuel consumption rate of B20 remains 

close to that of B0. 

Recommendation- B20 fuel is found suitable to use 

as a substitute fuel in the C.I engine as it’s fuel consumption 

rate, BSFC and BTE is very close to that of conventional 

diesel fuel. 

IX. SCOPE FOR FUTURE WORK 

Due to the unavailability of the exhaust gas analyzer it was 

not possible to measure the exhaust gas emissions from the 

engine by using the biodiesel and the biodiesel-diesel blends 

in the engine. It is observed from various research papers 

that by using Biodiesel or Biodiesel-Diesel blends as a fuel 

in the C.I engine reduces the emissions of carbon monoxide, 

carbon dioxide, hydrocarbon etc. and increases the 

emissions of N0x. So by using the exhaust gas analyzer one 

can measure that which Biodiesel-Diesel blend can reduce 

these emissions in a large extent.   
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