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Abstract— internal combustion engines especially of the 

compression ignition (CI)-type play a major role in 

transportation, industrial power generation and in the 

agricultural area. There is a need to search and find ways of 

using alternative more fuels, which are preferably renewable 

and also emit low levels of gaseous and particulate pollutants 

in internal combustion engines, low emission of waste gases 

the rapidly depleting conventional petroleum resources have 

promoted research for alternative fuels for internal 

combustion engines. The present objective of this project is 

to check various performance and emission parameters of a 

diesel engine, that whether Jatropha, Thumba and Undi oils 

can be a possible replacement to current diesel crises. The 

performance and emission evaluation was conducted on a 

diesel engine using blends of Jatropha, Thumba, Undi 

biodiesels and neat preheated Jatropha, Thumba and Undi 

biodiesels and the taken exhaust gas emissions of NOx, CO, 

CO2, and HC were analyzed under different load. 
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I. INTRODUCTION 

From last ten years has witnessed growing anxiety on the 

environment and the effect of greenhouse gases, a 

consequence of combustion of fossil fuel. This has revived 

interest in the use of vegetable oils as a fuel substitute, with 

re-evaluation of their performance in unmodified diesel 

engines. Vegetable oil having fuel properties same to diesel 

and has an acceptable engine performance. However, long 

term endurance tests with vegetable oil reported some engine 

durability issues such as severe engine deposits, piston ring 

sticking, injector choking, gum formation and lubricating oil 

thickening. These obstacles are primarily attributed to high 

viscosity and poor volatility of straight vegetable oils due to 

large molecular weight and bulky molecular structure. Higher 

viscosity of vegetable oil (30–200 cSt at 40oC) as compared 

to mineral diesel (4 cSt at 40oC) leads to unsuitable pumping 

and fuel spray characteristics.[1] For long running, direct use 

of vegetable oils are not suitable as fuels for diesel engines; 

they have to be modified to bring their combustion related 

characteristics closer to diesel. Vegetable oils are easily 

available in nature, are renewable, have a reasonably high 

Cetane number to be used in CI engines with simple 

modifications and can be easily blended with diesel in the 

neat and esterified (bio diesel) forms. Vegetable oils are 

amongst the first widely considered as an option to liquid 

fossil fuels, and the products of transesterification of such oils 

with alcohols are now majorly used as biodiesel. Jatropha oil, 

Karanja oil, coconut oil, sunflower oil, rapeseed oil and neem 

oil are some of the vegetable oils that have been tried as fuels 

in internal combustion engines. Indeed, transesterification is 

well accepted and best suited method of utilizing vegetable 

oils in CI (compression ignition) engine.[6] Using biodiesel 

can help to reduce the worlds depend on non-renewable fuels 

and which also has significant environmental benefits. The 

bio diesel used as lifetime sources and which reduces the use 

of fossil fuel. 

The reasons for these environmental benefits are: 

using biodiesel later of the conventional diesel fuel reduces 

exhaust emissions such as the overall life circle of carbon 

dioxide (CO2), particulate matter (PM), carbon monoxide 

(CO), sulfur oxides (SOx), volatile organic compounds 

(VOCs), and unburned hydrocarbons (HC) significantly. As 

the result of previous the researchers have reported that 100% 

biodiesel emits lower tail pipe exhaust emissions compared 

to the diesel fuel; nearly 50% less in PM emission, nearly 

50% less in CO emission and Ease of Use about 68% less in 

HC emission. Furthermore, since biodiesel can be said a 

sulfur-free fuel, it has 99% less SOx emission than the diesel 

fuel. However, most of the biodiesels produce 10% to 15% 

higher oxides of nitrogen (NOx) when fueling with 100% 

biodiesel. Production of biodiesel from vegetable oil adds 

extra cost of processing because of the transesterification 

reaction involving chemical and process heat inputs. 

Biodiesel has viscosity about 4 to 6 Cst while diesel has 

viscosity about 2.5 Cst. This high viscosity of biodiesel can 

be reduced by preheating of biodiesel. The preheated 

biodiesel could be used as petroleum fuel substitute. 

II. EXPERIMENTAL INVESTIGATIONS 

A. Biodiesel Preparation from Vegetable Oil 

1) Transesterification reaction 

The major components of vegetable oils and animal fats are 

Triglycerides. To obtain biodiesel, the vegetable oil or animal 

fat is subjected to a chemical reaction termed 

transesterification. 

 
a) Filtering 

Filter the vegetable oil to remove solid particles from it. You 

may have to warm it up a bit first to get it to run freely; 35°C 

should be enough. A Cartridge filter is used for the same. 

b) Removing the Water 

Heat the oil first to remove the water content. Vegetable oil 

will probably contain water, which can slow down the 

reaction and causes saponification (soap formation). Raise 

the temperature to 100°C, hold it there and allow water 

contents to boil off. Run the agitator to avoid steam pockets 

forming below the oil and exploding, splashing hot oil or 

drain water puddles out from the bottom as they form, you 

can save oil that comes out with the water later. When boiling 
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slows, raise the temperature to 130°C for 10 minutes and 

allow cool to it. 

B. Preparation of Blends of Biodiesel 

At present the amount of biodiesel available is less than that 

of diesel. The biodiesel blended with diesel by volume as B10 

(10% Jatropha biodiesel & 90% diesel fuel), B20 (20% 

Jatropha biodiesel & 80% diesel fuel), B30 (30% Jatropha 

biodiesel & 70% diesel fuel), B40 (40% Jatropha biodiesel & 

60% diesel fuel), B50 (50% Jatropha biodiesel & 50% diesel 

fuel), B100 (100% Jatropha biodiesel & 00% diesel 

fuel).Then the samples were proceed for their property 

testing’s. 

 
Fig. 1: Blends of Jatropha Biodiesel 

 
Fig. 2: Blends of Thumba Biodiesel 

C. Experimental Setup 

Testing is carried out in IC engine lab having single cylinder 

diesel engine with load cell. Capacity of engine is 5.9 kW 

with water cooling, direct injection and Constant speed 

engine. The test setup is shown in Figure. 

 
Fig. 3: VCR Test Machines 

In it rope brake dynamometer has been used for 

loading the engine. The fuel flow rate is measured on the 

volumetric basis using a burette and stop watch arrangement. 

The engine exhaust temperature has been measured using 

thermocouple. A Netel exhaust gas analyzer has been used to 

measure the NOx (ppm), CO (% by volume) CO2 (% by 

volume) and HC (ppm) emissions in the exhaust gas. 

Emission analyzer consists of filter for filtration processed 

and probe sensor for sensing emissions of diesel engine.  

D. Preheating Arrangement 

Preheating the biodiesel prior to injection can reduce the 

viscosity. By preheating the biodiesel to about 35oC to 50oC, 

the viscosity becomes almost equal to that of diesel. Instead 

of using external heating source; exhaust gas heat were used 

for preheating of biodiesel. For utilization of exhaust gas heat 

for preheating small heat exchanger is used. The biodiesel is 

flowing through helical coil tube and exhaust gas flowed 

across the tube. After that preheated biodiesel used for CI 

engine as a fuel through the burette for fuel consumption 

measurement. Schematic diagram of setup used for testing 

shown in Figure below.  

 
Fig. 4: Schematic diagram of preheating setup 

III. RESULT 

A. Biodiesel Blends Performance characteristics 

The results for the variation in the brake specific fuel 

consumption (BSFC) with increasing load on the engine for 

the various biodiesel blends are shown in Figure. For all 

biodiesel blends and diesel, the specific fuel consumption 

falls with increasing load. The brake specific fuel 

consumption (BSFC) decreases with the increase in load, as 

this is because of; at higher load power generated is more, 

with respect to fuel consumption rate. The increase in 

biodiesel fuel consumption is mainly due to its low heating 

value, as well as its high density and high viscosity [2]. The 

different feedstock of biodiesel with different heating value 

and carbon chain length, or different production processes 

and quality, also have an impact on engine economy. As the 

percentage of biodiesel increase in the blends the brake 

specific fuel consumption also increased. Biodiesel blends 

B15, B20 shows nearly similar performance to diesel. A 

Biodiesel B100 blend shows poor brake specific fuel 

consumption performance as compare to the diesel and other 

blend. 
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Table 1: Brake specific fuel consumption (kg/kw-hr) for 

Biodiesel Blends 

 
Fig. 5: Brake specific fuel consumption vs. Load (%) 

B. Brake Thermal Efficiency (BTE) 

The variation in BTE with increasing load on the engine for 

the various biodiesel blends and for diesel fuel are shown in 

Figure 5.7 to 5.12 Biodiesel and its blends resulted in 

decreased brake thermal efficiency as compared to diesel 

fuel. This was due to oxygen (11%) present in the biodiesel 

molecules that improves the combustion characteristics but 

poor volatility result in poor atomization and poor spray 

characteristics. The poor spray characteristics may affect the 

homogeneous air-fuel mixture formation which in turn lower 

the heat released rate thereby reduction in brake thermal 

efficiency [2]. Also the lower heating value of biodiesel leads 

to injection of higher quantities of fuel as compared to diesel 

for the same load conditions hence, decrease in brake thermal 

efficiency. B20 biodiesel blends shows very similar brake 

thermal efficiency to the diesel compared to the other 

biodiesel blends. 
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Table 2: Brake Thermal Efficiency (%) for Biodiesel Blends 

 
Fig. 6 BTE vs. Load (%) 

C. Biodiesel Blends Emission Characteristics 

1) CO Emissions 

CO is compounds formed during the intermediate stages of 

fuels and is formed mainly due to incomplete combustion of 

fuels. If combustion proceeds to completion, CO is converted 

to CO2. If the combustion is not complete due to shortage of 

air or low gas temperature, CO will be formed. The variations 

of CO emissions are shown in Figure   to. In case of biodiesel 

blends, CO emissions are low than that of diesel fuel, due to 

some extra oxygen contents, which convert CO to CO2 and 

resulted in complete combustion of the fuel. Higher Cetane 

number of biodiesel blends; results in the lower possibility of 

formation of rich fuel zone and thus reduces CO emissions. 

At full load, the oxygen content of the blends and pure 

biofuels seems to play an important role in reducing CO 

emissions [2], [3]. At partial loads, CO emissions of diesel 

fuel are comparable to or even lower than all the other fuels. 

At very low load (25%), emissions of CO from the 

conventional diesel fuelled engine are higher than the others. 

Explanation for this behavior is that at full load the oxygen 

content of the different biofuels helps to complete the 

oxidation of carbonaceous species during combustion [2], at 

partial load, there is enough oxygen available for complete 

combustion anyway. CO emissions are high at low load 

(25%), chances due to the lower gas temperatures inside the 

cylinder which prevent CO being converted to CO2. In this 

case, CO emissions of biodiesel blends are lower than 

conventional diesel fuel, probably due to their lower carbon 

content. 
2) NOx Emissions 

The NOx emissions increased with increase in biodiesel 

concentration in diesel fuel. They are temperature dependent. 

This increase is mainly due to biodiesel of vegetable oil 

contains higher oxygen content [2], Moreover, Cetane 

number and different injection characteristics also have an 

impact on NOx emissions for biodiesel. The content of 

unsaturated compounds in biodiesel could have a greater 

impact on NOx emissions. The unsaturated compound shows 

reduction in NOx emissions. The larger engine load is, the 

higher the level of NOx emissions for biodiesel which is as 

the results of higher combustion temperature due to higher 

engine load. As load is increased, the overall fuel-air ratio 

increased which resulted in an increase in the average gas 

temperature in the combustion chamber and hence NOx 

formation which is sensitive to temperature increases [5], The 

NOx formation is highly dependent upon temperature, due to 

the high activation energy needed for the reactions involved. 

Hence the most significant factor that causes NOx formation 

is high combustion temperatures [4], Nitrogen oxides (NOx) 

emissions decrease can be observed as speed and load are 

increased. This chance due to the increase in turbulence 

inside the cylinder, which may contribute to a faster 

combustion and to lower residence time of the species in the 

high temperature zones. As shown, almost every biofuel 

produced higher amounts of NOx than conventional diesel. 

Thumba and Undi oil biodiesel blends show low NOx 

emissions compared to Jatropha biodiesel blends but higher 

than diesel fuel. 

IV. CONCLUSION 

Brake specific fuel consumption of biodiesel and its blends is 

more as compare to diesel. Biodiesel blends B20 and B30 
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gives comparable brake specific fuel consumption to diesel. 

Brake thermal efficiency of biodiesel blends is lower than 

diesel, because of lower calorific value of the biodiesel 

compare to diesel. In case of biodiesel blends, CO emissions 

are lower than that of diesel fuel, due to some extra oxygen 

contents, which convert CO to CO2 and resulted in complete 

combustion of the fuel. Biodiesel shows high NOx emissions 

than the diesel fuel. This increase is mainly due to higher 

oxygen content in biodiesel. Thumba oil biodiesel and its 

blends shows good performance and emission characteristics 

compared to Jatropha and Undi oil biodiesel and its blends. 

Preheating of the biodiesel lowers down the viscosity of 

biodiesel similar to the diesel. Exhaust gas can be used as a 

heating source for preheating. Preheated biodiesels shows the 

good Thermal efficiency as compared to unheated biodiesel, 

preheating improves the spray characteristics and atomization 

during the injection resulted into because complete 

combustion of fuel. NOx emissions are increased when 

preheated biodiesel used as a fuel as compared to unheated 

biodiesel. In this project preheating of bio-diesel is achieved 

by exhaust gas heat. 
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