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ABSTRACT 
The increased demand for renewable energy sources and global need to sources the energy supply have spurred internal in 
development of production of biodiesel from edible and non-edible oil crops. Non- edible oil sources such as Jatropha, pungamia, 
soy bean, cotton seed oils have been identified as some of the potential sources of biodiesel. The biodiesel prepared from 
transesterfication process as Jatropha oil and cotton seed oil respectively. The physical property of JOME, CSOME, and combination 
of JOME & CSOME were tested. The biodiesel was tested in single cylinder diesel engine and the performance resulted showed 
increased in fuel consumption with decreased in diesel contents. Moreover, the BTE, BMEP of the biodiesel resulted in increased in 
values when compared with neat diesel. The emission result revealed that higher amount of oxygen in the fuel results revealed in 
increased NOx, emission being the characteristic of biodiesel. Due to high flash point of the biodiesel blend the HC and CO2 emission 
was reduced ensuring complete combustion of the fuel in combustion chamber. 
 
KEYWORDS: Jatropha, Cotton Seed, NOx, COx.  

 

INTRODUCTION 

 

Due to dwindling reserve of fossil fuel and their associated geo-political and environmental problems have 

increased the need to seek alternative renewable and sustainable sources for fuel production. One of the variable 

replace or additive source for diesel is the use if biodiesel extracted from different oil sources viz, edible and 

non-edible vegetable oils, fatty oils, waste oils, etc. From literature studies, the use of vegetable oils as fuel 

atomization and low volatility originated from their high molecular weight and density. Both edible and non-

edible vegetable oils can be used as feedstock in the production of biodiesel. The use of edible oils for fuel 

production is a concern as the global food demand rises sustainability issues on deforestation and ecological 

imbalance are large with bio fuel production. The high supply cost of feed stocks which account for more than 

80% of the overall biodiesel production cost coupled with their competitiveness as source of food have turned 

attention to the exploitation of non-edible sources such as Jatropha, Cotton Bean Oil, Neem Oil, Pongame Oil, 

Sea Mango Oil, etc. To improve fuel properties and to reduce use of edible vegetable oil, such as non-edible in 

viscosity and density of oils various methods such as heating the vegetable oils for mixing with diesel fuel or 

emulsion with alcohol or transesterfication have been employed. Experimental studies clearly revealed that the 

widely applied and convenient method for reduction of viscosity and density of vegetable oils is 

transesterfication. The fuels produced via transesterfication of the oil are called biodiesel. An important property 

of biodiesel is its oxygen content of about 10% which is usually not contained in diesel fuel. It is well known 
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that viscosity of fuel affects fuel properties such as atomization, vaporization and A/F Mixture in the engine. 

The high viscosity of vegetable oils and the low volatility, affects the atomization and spray pattern of fuel, 

which in turn lead to incomplete combustion and severe carbon deposits on piston heads, injector choking and 

piston ring sticking and other combustion problems. The methods used to reduce the viscosity are Blending with 

diesel, Transesterfication, Emulsification, Pyrolysis, and Preheating.  

This paper deals about the performance and emission characteristics of combination Jatropha and cotton 

seed oil used as blend with conventional diesel. Both Jatropha Oil Methyl Ester and Cotton Seed Oil Methyl 

Ester have been prepared by transesterfication process. 

 

Literature Review: 

Basavaraj M. Shrigiri et al, investigated the combination of CSOE & NKOME in 1-cylinder diesel engine 

.The biodiesel blend yield to increase the exhaust gas temperature and it also increase the hydrocarbon emission, 

the NOX emission were also found to be on the higher side compared with convection diesel fueled engine. The 

peak load pressure of CSOME & NKOME was found to be on the lower side compared with diesel. 

M.M.Rashed et al, investigated the combination of jatropha and palm biodiesel engine . The biodiesel blend 

result reveated that the increased SFC Reduced the exhaust emission again increased NO exhaust emission. 

Devadra Singh et al, investigated the combination of microalgae and jatropha biodiesel . This to reduction 

transient particular matter, HC,CO emission compared to diesel but NOX is substantially higher. The fuel 

consumption expressed as the BSFC increased for the engine fuel with BJ&BA wear higher then diesel. 

Huseyin Aydin et al, In this experiment study engine performance and exhaust emission were investrigated 

using CSOME blends. Due to higher viscosity and heating valave torque was decreased. compared to diesel fuel 

. heating capacity is lower so power and engine torque is less .Highest exhaust gas temperature was abserved at 

2500rpm with diesel fuel. By using CSOME they said that the exhaust gas emission is reduced compared to 

diesel engine.  

Anbarasu Augustine et al, investigation the combination of cotton seed oil in biodiesel. This to SFC 

increased also exhaust emission is a CO decreased then to lower the HC emission again the NOX emission 

increased due to higher combustion temperature caused by preheating and oxygen content of CSOME .Then to 

smoke density is decreased.  

MD.Nurun Nabi et al, Have investigated of biodiesel from CSO and engine performances study with neat 

diesel engine from this they have studied that the thermal efficiency was lower when compared to diesel fuel 

.due to low heating value increased viscosity ,reliability increased density , Here the exhaust gas emission was 

reduced except NOx. 

R.Senthikumar et al, investigated combination of jatropha and mustard oil diesel. The BS fuel consumption 

was increased & BS Energy and brake thermal efficicency were decreased with increased of blend. Exhaust gas 

temperature was higher than diesel fuel exhaust gas emission was reduced except NOx when compared to diesel 

fuel 

Palash M.Menhe et al, Had, investigated the performance charteristics of CI engine using CSO Blends as 

biodiesel From this investigation they found that 80% blend has better performances here brake thermal was less 

compared to diesel fuel.  

Nitin Shrivastava et al, compared the performances and emission parameter jatropha blend with diesel fuel. 

The brake specific fuel consumption was increased brake thermal efficiency & BS energy decreased with 

increased of blend .exhaust gas temperature was higher than the diesel fuel . Exhaust gas emission was reduced 

except NOx, when compared to diesel fuel. 

A.P. Sathiyagna et al, The SFC increases with increase in percentage of biodiesel in the blends due to the 

lower heating value of biodiesel. The BTE of biodiesel and its blends are slightly higher than that of diesel at 

high engine loads, and keep almost same at lower engine loads. The oxygen content in the biodiesel results in 

better combustion and increases the combustion chamber temperature, which leads to higher NOx emissions, 

especially at high engine loads. The significant improvement in reduction of NOx and a minor increase in CO 

were identified use of selective catalytic reduction (SCR). HC emissions of biodiesel and its blendes have little 

difference from diesel fuel. It is also observed that there is a significant reduction in CO and smoke emissions at 

high engine loads.  

Lalit Sharma et al, Investigated that combination of cotton seed jatropha oil in biodiesel engine. Mixtures of 

conventional diesel with jatropha derived biodiesel and cottonseed derived biodiesel (JCB-40 and JCB-60 

blends) were explored as engine fuels for a diesel engine without any modification. It was found that specific 

gravity, calorific values and engine performance for both blends were close to conventional diesel. This study 

reveals a green technology using plant based biodiesels as alternative to fossil fuels. 
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MATERIALS AND METHODS 

 

The setup consists of single cylinder, four stroke. The setup has stand-alone type independent panel box 

consisting of air box, fuel tank, and manometer, fuel measuring unit, digital speed indicator and digital 

temperature indicator. Engine jacket cooling water inlet, outlet and calorimeter temperature is displayed on 

temperature indicator. Rotameters are provided for cooling water and calorimeter flow measurement. 

 

Transesterification: 

The vegetable oil contains free fatty acids (FFA), water, phospholipids, odorants, and impurities. It can 

cause numerous problems in diesel engines. It also possesses high viscosity, low volatility and poor cold flow 

properties. They lead to severe engine deposits, injector wear, piston ring sticking etc…bio diesel can be 

produced by many ways some of the processes are pyrolysis, micro-emulsification, Transesterification, heating 

&fumigation. In organic chemistry, transesterification is the process of exchanging the organic group R″ of an 

ester with the organic group R′ of an alcohol. These reactions are often catalyzed by the addition of an acid or 

base catalyst. The reaction can also be accomplished with the help of enzymes (biocatalysts) particularly lipases. 

 
Table 1: Fatty Acid Composition of Jatropha and Cotton seed Oil (%Wt) 

Fatty acid Chemical formula System name Jome (wt) Csome (wt) 

Myristic acid 

Palmitic acid 
Palmitoleic acid 

Stearic acid 
Oleic acid 

Linoleic acid 

Linolenic 
 

 

 c14 h28 o2 

 c16 h30 o2 

 c16 h30 o2 

 c16 h36 o2 

 c18 h34 o2 

 c18 h32 o2  

 c18 h32 o2 

 c20 h40 o2 

Tetradecanoic 

Hexadecanoic 
Hexadec-9-enoic 

Octadecanoic 
Cis-9-octadecenoic 

Cis-9-cis-12  

 

0.1 

14.6 
0.6 

7.6 
44.6 

31.9 

0.3 
0.3 

0.09 

12.01-.14.6 
2.5 

12.96-19.96 
34.09-37.57 

26.33-38.26 

0.27-0.3 
0.94 

 

Chemical properties: 

The fuel properties of biodiesel and diesel fuel are shown in Table. It is shown that the viscosity of 

biodiesel is evidently higher than that of diesel fuel. The density of the biodiesel is approximately 4% higher 

than that of diesel fuel. The lower heating value is approximately 9.08% lower than that of diesel fuel. 

Therefore, it is necessary to increase the fuel amount to be injected into the combustion chamber to produce 

same amount of power. Fuels with flash point above 520 oC are regarded as safe. The compressibility effect of 

the vegetable oil causes an earlier injection of fuel into the engine cylinder as compared to diesel fuel. 

 
Table 2: Properties of Jatropha and Cotton Seed Oil 

PROPERTY JOME CSOME DIESEL 

Specific Gravity 0.8621  0.91  0.840 

Cetane index 38  41  40 

Density (kg/m3) 856  870  816 

Kinematic Viscosity(mm2/s) 5.37  4.5  2.5 

Calorific value(MJ/kg) 39.174  39.5  42 

Flash point(*C) 174  215  51 

Fire point(*C) 230  240  63 

Oxygen (wt%) 11.06  10.49  0 

 

Results: 

Single cylinder diesel engine was used to study the performance and emission characteristics of biodiesel 

blend combination of Cotton Seed and Jatropha Oil. The biodiesel blends B1, B2, B3, B4 were tested in the 

single cylinder diesel engine at compression ratio of 17.50 and compared with diesel 

 

Performance characteristics: 

Brake Specific Fuel Consumption: 

The average brake specific fuel consumption for blends B1,B2,B3 and B4 at maximum load were found 

as,0.41Kg/KW-hr,0.43kg/KW-hr, 0.46kg/KW-hr, 0.49kg/KW-hr, 0.42kg/KW-hr. The main reason for high 

brake specific fuel consumption is than due to high viscosity and low calorific value of biodiesel when 

compared with diesel. The blend B1 showed maximum fuel consumption among the blends. This was attributed 

to the viscosity properties of the blend and the calorific value of the biodiesel.  
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Indicated Power: 

The average indicated power for blends B1, B2, B3 & B4 at maximum load found as 2.44KW, 2.07KW, 

2.76 KW, 2.08KW. The main reason for high indicated power is that due to less viscosity and low calorific 

value of biodiesel when compared with diesel. The blend B3 showed maximum indicated power because of 

better atomisation of biodiesel when compared with conventional diesel. Further the biodiesel also producer 

much leaner mixture when compared with the diesel. 

 

 
Brake power: 

The average brake power for blends B1, B2, B3, B4 as maximum load were found as 2.14KW, 2.21KW, 

2.19KW, 2.21KW. The blend B4 Showed maximum brake power which may be due to the friction loss 

associated with the blend compared with other is less.  
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Brake Mean Effective Pressure:  

The average brake mean effective pressure for blends B1, B2, B3, B4 at maximum load were found as 

3.45bar,3.33bar,3.34bar,3.42bar. The reason for such high brake mean effective pressure is that due to high O2 

level in biodiesel and latent heat of evaporation making the fuel completely combustible as of compared with 

diesel. The blend B4 showed maximum brake mean effective pressure. 

 

 
 

Brake mean effective pressure: 

Brake Thermal Efficiency: 

The average brake thermal efficiency for blends B1, B2, B3, B4 at maximum load found as 35.78%, 

34.33%, 34.33%, and 35.39%. The main reason for high brake thermal efficiency is that high O2 level in 

biodiesel when compared with diesel. Thus it can be related that the brake thermal efficiency of the engine is 

directly proportional to the brake mean effective pressure developed in the engine. The blend B1 showed 

maximum brake thermal efficiency. The result also coincides with the higher brake specific fuel consumption. 

 

 
 

Brake thermal efficiency: 

Mechanical Efficiency: 

The average mechanical efficiency for blends B1, B2, B3, B4 at maximum load were found as 114.29%, 

116.52%, 127.96%, and 134.63%. The main reason for high thermal efficiency due to heat loss, frication loss in 

biodiesel compared with diesel. The blends B4 is showed maximum mechanical efficiency.  
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Emission characteristics: 

Oxides of Nitrogen emission (NOX): 

The average NOx emission for biodiesel blends B1, B2, B3, B4 are 611 ppm,540 ppm, 610 ppm, 500 ppm 

respectively. This can be attributed to the lean A/F mixture as biodiesel contains high percentage of oxygen in 

its molecular structure. From literature support it was evident that the oxygenated fuel causes increase Nox 

emission than neat diesel. The higher viscosity of the blend of fuel leads to a bigger droplet size and shorter 

ignition delay. Hence Nox emission is increased. On the other hand Nox emission is highly related to the peak 

combustion temperature. 

 

 
Oxides of Nitrogen emission: 

Hydrocarbon emission (HC): 

HC emission is resulted as the unburnt fuel in the combustion chamber because the fuel attributes in nature. 

It was evident that the at higher loads the unburnt fuel content is reduced hence reducing the HC emissions. The 

blends with different Jatropha and cotton seed oil produced similar HC emissions compared with higher value of 

diesel. 
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Hydrocarbon emission: 

Carbon monoxide emission (CO): 

Carbon Monoxide is formed as a result of incomplete combustion of fuel in the combustion chamber where 

the amount of oxygen required for the fuel to complete burn is less, resulting in rich mixture. It was found 

evident that the combustible property of all biodiesel blend lies similarly.  

 

 
 

Carbon monoxide emission: 

Carbon dioxide emission (CO2): 

It has been observed that co2 emission is high at low load for b4 and it starts decreasing as the load 

decreases, compared to diesel fuel. Co2 emission for b1 is less compared to other blends. The higher the carbon-

dioxide emission, the higher the combustile nature of fuel, leaving behind less amount of CO. This ensures the 

complete burning of fuel in the combustion chamber. 

 

 
Carbon dioxide emission: 
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Conclusion: 

Based on the experimental results with literature support, it can be concluded that, 

 The viscosity of JOME, CSOME, and combination of JOME+CSOME were found as 5.37mm2/s, 

4.5mm2/s, 4.6mm2/s 

 The maximum engine power was developed for the blend containing 40% Jatropha, 30% cotton seed, 

30% diesel.  

 The Peak load pressure was observed for the blends containing 60% Jatropha, 40% cotton seed, 0 

diesel. 

 The Nox emissions for all the biodiesel were found higher side when compared with diesel due to diesel 

high oxygen content in the bio diesel. 

 HC for the blends containing 30% Jatropha, 30% cotton seed, 40% diesel when found on the lower 

side. The HC and CO2 emission attributed to better combustion of biodiesel blend of JOME and CSOME 

compared with biodiesel. 
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