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Abstract— The increasing demand for petroleum based fuel , global warming , environmental pollution has driven the world to search 
for newer , safer and cleaner sources of fuel. So, In this project we will make mixer of biodiesel and diesel by different ratios and then 
check the performance on single cylinder four stroke CI engine. Note down the brake power, fuel consumption, thermal efficiency 
and emission. And also compare this whole analysis with the performance which is done by using diesel as a fuel. Jatropha curcas 
which is one of the source of biodiesel . It is non-polluting, locally available and reliable renewable resource. The plantation of 
Jatropha is also growth in wasteland and low rainfall area. The fraction of the waste jatropha is useful as biomass.  
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I. INTRODUCTION 

 
India is the seventh largest country in the world after Russia, Canada, China, USA, Brazil and Australia covering 

geographical area of 328.73 million ha, which constitutes 2.42 percent of earth’s surface. India with 109 caror population is the 
second most populous nation of the world after China. The climatic contrasts, the varied landscapes and the widely divergent 
environmental conditions of India account for the magnificence of its flora and fauna. It ranks sixth in the world in terms of 
energy demand. Its economy is projected to grow 8-9 percent over the next two decades and there will be a substantial increase 
in demand for oil to manage transportation and to meet various other energy needs. While India has significant reserves of coal, 
it is relatively poor in oil and gas resources. Due to stagnating domestic crude production, India imports approximately 72 
percent of its petroleum requirement [1]. 
     Oil provides more than 95% of the energy required for India’s transportation sector while only 22% of future projected 
demand can be met by domestic supplies (Planning Commission of India 20012). In 2012, the Planning Commission of India 
established the Committee on Development of Bio-Fuels to explore how India can use ethanol and biodiesel blended with motor 
spirit (gasoline) and diesel, respectively, to reduce vehicle emissions and to decrease the country’s reliance on petroleum-based 
fuels. Based on its ability to thrive in a variety of agro-climatic conditions, a low gestation period, and high seed yield relative 
to other plants with oil-bearing seeds, Jatropha was selected as the most suitable for the production of biodiesel in India. In 
September 2008, the Indian government passed a new standard requiring that by 2017, all transport fuels in India must contain 
at least 20% biofuels (Padma 2012). It has been determined that biodiesel can be used in diesel engines at a blend of up to 20% 
(B20) without substantial engine modifications and generally results in reductions of hydrocarbon, carbon monoxide, particulate 
matter, and sulphur dioxide emissions (Planning Commission of India 2012) [3-4]. 

Biodiesel is an alternative fuel similar to conventional or ‘fossil’ diesel. Biodiesel can be produced from straight vegetable oil, 
animal oil/fats, tallow and waste cooking oil. The process used to convert these oils to Biodiesel is called trans esterification. 
This process is described in more detail below. The largest possible source of suitable oil comes from oil crops such as rapeseed, 
palm or soybean, Jatropha etc. Though oil straight from the agricultural industry represents the greatest potential source it is not 
being produced commercially simply because the raw oil is too expensive. After the cost of converting it to biodiesel has been 
added on it is simply too expensive to compete with fossil diesel. The result is Biodiesel produced from waste vegetable oil can 
compete with fossil diesel [5]. Bio-diesels are having its own advantages as listed below [2]. 

• It is made from renewable resources. 
• It performs just as well as the normal diesel fuel. 
• It causes less pollution as compared to diesel-powered engines. 
• It is relatively less inflammable compared to the normal diesel. 
• It can be mixed with normal diesel fuel. 
• It is biologically degradable and reduces the danger of contamination of soil. 
• It contains no sulphur, the element responsible for acid rain. 
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• There are no extra costs for the conversion of engines in comparison to other biological fuels. 
• It is suitable for catalytic convertor. 
• Its refineries are comparitively simpler and environmental-friendly in design than typical petrochemical refineries. 
• It produces 78% less carbon dioxide (CO2) than normal diesel fuel. 
• It has a higher Cetane and lubricant rating than pure petroleum-based diesel fuel, which improves engine efficiency and 

operating life cycle. 
Properties of different vegetable oils are compared in the following table. 

Table 1 Comparison of properties of diesel and bio-diesel [8] 

Type of vegetable oil Cetane 
Number 

Calorific 
Value 

(MJ/kg) 

Viscosity 
(mm2/sec) 
at 38º C 

Cloud 
point (ºC) 

Pour 
point 
(ºC) 

Flash 
point 
(ºC) 

Density 
(kg/m3) 

Castor oil NA 39500 395 NA -31.7 260 961 
Coconut oil NA 30000 NA NA NA 180 925 
Cottonseed oil 40 39000 29 1.7 -15 234 925 
Linseed oil 37 3907 29 1.7 -15 241 925 
Olive oil NA NA NA NA NA 200 910 
Palm oil 42 NA NA NA NA 180 910 
Pee nut oil 42 39700 39.5 12.8 -6.7 271 910 
Sesame oil  40.2 39700 35.5 3.9 -9.4 250 922 
Soya been oil 38 39700 32.6 3.9 -15 255 997 
Jatropha oil 51 39700 51 16 NA 242 932 
Diesel 47 45000 2.7 -15.1 -33 52 870 

II. JATROPHA AS BIO-DIESEL  

Jatropha, a large soft-weeded deciduous shrub, is also known as Ratanjyot, Jamalgota, and Chandrajyot etc. It is a wildly 
growing hardy plant, in arid and semi- arid  regions of the country on degraded soils having low fertility and moisture.  It can 
thrive well on stony, gravelly or shallow and even on calcareous soils having soil depth of about 2 feet. It can be grown under 
wide range of arid and semi-arid climatic conditions but cannot with stand heavy frost.  It can be cultivated successfully in the 
regions having scanty to heavy rainfall with annual rainfall ranges from 500-1200 mm. The bushy plant (3-4 meter high) of 
Jatropha bears numerous side branches arising from its main stem. The flowers are yellowish green in loose panicles. The 
flowering occurs twice in a year i.e. in March-April and in September-October. The ripe fruits are about 2-5 cm. large and ripen 
fruits are yellow in colour. The seeds resemble with castor seed in shape either ovoid or oblong and are covered in a dull 
brownish black capsule. Biodiesel Jatropha can be used in both heavy-duty road vehicles such as buses and in locomotives.  
Biodiesel Jatropha is initially being used in India in blends of B5, B10, and B20 and has shown no adverse impacts on engine 
performance in blends of up to B10 in Indian Railways trials. [8] 

  
Fig. 1 Jatropha seed [8] 

      
Analysis of Jatropha curcas seed shows the following chemical compositions. Moisture: 6.20% Protein: 18.00% Fat: 38.00% 
Carbohydrates: 17.00% Fibres: 15.50% Ash: 5.30%. The oil content is 25-30% in the seed. The oil contains 21% saturated fatty 
acids and 79% unsaturated fatty acids. These are some of the chemical elements in the seed, cursin, which is poisonous and 
render the oil not appropriate for human consumption. Oil has very high saponification value and being extensively used for 
making soap in some countries. Also oil is used as an illuminate in lamps as it burns without emitting smoke. It is also used as 
fuel in place of, or along with kerosene stoves. [1-4] 

     Jatropha curcus oil cake is rich in Nitrogen, Phosphorous and Potassium and can be used as organic manure. By 
thermodynamic conversion process, pyrolysis, useful products can be obtained from the Jatropha oil cake. The liquid, solid 
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(char), and gaseous products can be obtained. The liquid can be used as fuel in furnace and boiler. It can be upgraded to higher 
grade fuel by trans esterification process. It is significant to point out that, the non edible vegetable oil of Jatropha curcus has 
the requisite potential providing a promising and commercially viable alternative to diesel oil since it has desirable physical 
chemical and performance characteristics comparable to diesel. Cars could be run with Jatropha curcus without requiring much 
change in design. Jatropha oil expelled from seeds and filtered through filter press can replace kerosene or oil lamp. Jatropha oil 
can be used as liquid fuel for lighting and cooking. It will also be used in big Diesel engine based electricity generating sets, 
pump sets, heavy farm machinery, where the viscosity of oil is not an issue. The seeds of Jatropha contain (50% by weight) 
viscous oil which can be used for manufacture of candles and soap, in the cosmetic industry, for cooking and lighting by itself 
or as a Diesel /paraffin substitute or extender. The latter use has important implications for meeting the demand for rural energy 
services and also exploring practical substitute for fossil fuels to counter green house gas accumulation in the atmosphere. 
     There are number of variety of Jatropha. Best among these are Jatropha curcus. Jatropha oil is an important product from the 
plant for meeting the cooking and lighting needs of the rural population, boiler fuel for industrial purpose or as a viable 
substitute for Diesel. About one- third of the energy in the fruit of Jatropha can be extracted as oil that has a similar energy 
value to Diesel fuel. Jatropha oil can be used directly in Diesel engines added to Diesel fuel as an extender or trans esterified to 
a bio-diesel fuel. There are some technical problems to using Jatropha oil directly in Diesel engines that have yet to be 
completely overcome. Moreover, the cost of producing jatropha oil as a Diesel substitute is currently higher than the cost of 
Diesel itself [3-4]. 

III. JATROPHA BIO-DIESEL PRODUCTION 

The vegetable oil contains about 14- 19.5 % free fatty acids in nature, it must be freed before taken into actual conversion 
process. The presence of about 14% of free fatty acid makes Jatropha oil inappropriate for industrial biodiesel production. The 
dehydrated oil is agitated with 4 % HCl solution for 25 minutes and 0.82 gram of NaOH was added per 100 ml of oil to 
neutralize the free fatty acids and to coagulate by the following reaction.  

RCOOH + NaOH → RCOONa + H₂O 
The coagulated free fatty acid (soap) is removed by filtration. This process brings the free fatty acid content to below 2 % 

and is perfect source for biodiesel production. 

 

Fig, 2 Schematic diagram of Bio-diesel production [8]  
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In this study, the base catalyzed transesterification is selected as the process to make biodiesel from Jatropha oil. 
Transesterification-ion reaction is carried out in a batch reactor. For transesterification process 500 ml of Jatropha oil is heated 
up to 70⁰C in a round bottom flask to drive off moisture and stirred vigorously. Methanol of 99.5 % purity having density0.791 
g/cm³ is used. 2.5 gram of catalyst NaOH is dissolved in Methanol in bi molar ratio, in a separate vessel and was poured into 
round bottom flask while stirring the mixture continuously. The mixture was maintained at atmospheric pressure and 60°C for 
60 minutes. After completion of transesterification process, the mixture is allowed to settle under gravity for 24 hours in a 
separating funnel. The products formed during transesterification were Jatropha oil methyl ester and Glycerin. The bottom layer 
consists of Glycerin, excess alcohol, catalyst, impurities and traces of unreacted oil. The upper layer consists of biodiesel, 
alcohol and some soap. The evaporation of water and alcohol gives 80-88 %pure glycerine, which can be sold as crude 
glycerine is distilled by simple distillation. Jatropha methyl ester (biodiesel) is mixed, washed with hot distilled water to remove 
the unreacted alcohol; oil and catalyst and allowed to settle under gravity for 25 hours. The separated biodiesel is taken for 
characterization. 

IV. EXPERIMENTAL SET-UP 

 
Experimental setup used is shown in figure . Engine specification, exhaust gas analyzer device and other details are discussed 

in following section. Also, cooling of rope brake dynamometer is done with water circulation. Single cylinder, four stroke, 
water cooled, direct injection CI engine is used for experimental purpose. Figure 3 shows the position of engine in experimental 
setup. Table 2 shows details of engine specification and other details of engine. Cooling water is circulated at constant flow rate. 

 
 

Fig. 3. Experimental Set-Up 
Fig. 4. Exhaust gas Analyzer 

Exhaust gas analyzer shown in figure 4 is used for measurement of different pollutants. Indus made (model PEA 205) 
exhaust gas analyzer is capable to measure carbon monoxide, hydro carbon, carbon dioxide, oxygen and nitric oxide range and 
resolution for each parameter is shown in table   

Table 2 Engine Specification Table 3 Exhaust gas analyzer Specification 

BHP 5 
Compression Ratio 16:1 
Rated Speed 1500 
Bore (mm) 80 
Stroke (mm) 110 
Number of Strokes  4 
Number of cylinders 1 
Type of  ignition Compression Ignition 
Method of Loading Eddy Current 
Method of starting Crank starting 

 

Gas Range  Resolution 

CO (%) 0-15 0.01 

CO2 (%) 0-20 0.01 

HC (ppm) 0-15000 1 ppm 

O2 (%) 0-25 0.01 
 

Experimental procedure is described in following steps. 
 Before starting the engine check the fuel supply, lubricating oil, and availability of cooling water. 
 Set the dynamometer to zero load and run the engine till it attains the working temperature. 
 Keep the zero load ; adjust the fuel supply so that the engine attains its rated speed run the engine till the steady state 

condition is achieved. 
 Note the fuel consumption rate , cooling water , air flow rate and exhaust temperature. 
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 Set the dynamometer to 20% of full load, adjust the fuel supply so that engine attain the desirable rate speed after 
steady state is reached , note down the dynamometer reading, fuel consumption rate , cooling water temperature air 
flow rate , exhaust gas temperature. 

 Repeat the experiment at 40, 60, 80, and 100% of full load at constant speed. 
 Then do same procedure by blending of biodiesel with diesel for different ratios. 
 These different ratios are: 5% biodiesel + 95% diesel, 10% biodiesel + 90% diesel and 15% biodiesel + 85% diesel.   

 

V. RESULT & DISCUSSION 

A. Brake Specific Fuel Consumption: 

It is clear from figure 5 that with increase in load the brake specific fuel consumption decreases. BSFC for diesel and 5% bio 
diesel is almost same for all loading condition but it increase drastically for 10% and 15% bio diesel may be due to lower 
calorific value of jatropha. 

 

Fig. 5. Load vs. Brake Specific Fuel Consumption 

B. Brake Thermal Efficiency: 

It is derived from the figure 6 that brake thermal efficiency of engine increases with increase in load. Similar to BSFC, brake 
thermal efficiency for diesel and 5% biodiesel for all loading conditions. It decreases signicantly when engine is tested with 
10% and 15% biodiesel blend. 

 

Figure 6. Load vs. Brake Thermal Efficiency 
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C. CO Emissions 

As shown in graphs that CO emissions for the Diesel is higher than that of the blends of Jatropha biodiesel. The increase of 
CO emission as load decrease was an indication of improve combustion efficiency was in correlation to the change in brake 
thermal efficiency BTE under change in load. But at the 80% load CO emission rapidly increase it is due to that at higher load 
fuel consumption is high and combustion process also high this increase incomplete combustion, resulting in rapid increase in 
the CO emission. The emissions of CO increase with increasing load.  

 
 

Figure 7 Load vs. CO Emission 

D. HC Emissions: 

HC exhaust emissions are shown in the graphs. For all of blends, the HC emissions were less than that of the diesel fuel. 
Biodiesel contains oxygen in its structure. When biodiesel is added to diesel fuel, the oxygen content of fuel blend is increased 
and thus less oxygen is needed for combustion. However oxygen content of fuel is main reason for better combustion and 
reduction in to the HC emission. 

 

 
Figure 8 Load vs. HC Emission 

VI. CONCLUSIONS 

Following points can be concluded from the above results. 
 Brake thermal efficiency is increase with increases of load. 
 B15 have minimum thermal efficiency compare to diesel for all load condition. 
 B5 gives the best performance compared to B10 and B15 without modifications in engine. 
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