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A B S T R A C T 

In the current scenario world petroleum reserve is getting depleted and there is an urgent need to find an 

alternative fuel, which has similar characteristics of conventional fuels. Jatropha based bio diesel is an 

alternative, which can be easily produced and made commercial. Also, bio diesel can be directly used on 

internal combustion engine (ICE) without any modification. Study on the different cultivation methods of 

Jatropha Curcas plant and production methods in India have been explained in detail. The emissions of 

CO, PM (particulate matter), CO2 and SOx are less as compared to diesel. However, NOx emissions are 

high in bio diesel. The aim of this work is to find an optimum blend, which has least NOx emissions, and 

to find the emission index of bio diesel. The blends chosen for the experiment included B20, B40, B60, 

B80 and B100. The optimum blend with least NOx emission was found to be B20 but the NOx emissions 

are still high compared to diesel.  The emission index of NOx of all blends was calculated. The Emission 

Index value showed that blends B20 – B40 can be used on diesel engine without any engine modification 

and also with a minimum emission of NOx. Bio diesel is environment friendly and a better alternative to 

diesel. 

© 2014. Hosting by OHSFE Journal. All rights reserved.    
 
 

1. Introduction 

In today’s scenario of depleting petroleum reserves, there is an urgent 
need to find an alternative fuel to meet the demands. India ranks sixth in 
the world in terms of energy demand. The economy of India 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. 

If the corrective measures are not taken in time, the India’s maximum 
revenue will be wasted out in the import of petroleum products. 
Therefore, attempt needs to be made to reduce dependence on imports and 
seek better alternatives. Among bio fuels, jatropha-diesel blends have 

gained much popularity as it does not require any modification in the 
diesel engine and emissions rates are less compared to conventional 
diesel. Jatropha Curcass seeds are non-edible and do not compete with the 
food market. Jatropha seeds have triglyceride which is transesterified to 
methyl or ethyl esters and glycerol is obtained as a by-product. 
Transesterification process converts the vegetable oil into a non-toxic and 
biodegradable renewable fuel. Also, the by-product glycerol can be used 
for other pharmaceutical, cosmetics and many other sectors. They are also 
used in making inks, candy, liquid soap etc. The by product of the process 
is profitable and there is no waste in the whole bio diesel process.  Bio 
diesels have improved characteristics like reduced molecular weights as 
compared to diesel. Most bio diesels can be easily fed on internal 
combustion engine (IC) without any modification. The combustion can be 
optimized by adjusting the injection timing. There may be some 
drawbacks on the availability on large scale and related consequences on 
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the agricultural sector, but can be improved and enhanced with further 
research and technologies. Overall biodiesels have more potential and use 
over conventional diesel. This project is a study on the emission rates of 
different blends of Jatropha Curcass based biodiesel and ways to find 
optimum blend of jatropha oil to make environment friendly fuel. 

 

2. Materials and Methods 

The experiment to produce bio diesel was carried out in the university 
Biodiesel lab. Jatropha seeds contain triglycerides and in the process of 
transesetrification, the triglycerides get converted to ethyl or methyl esters 
and glycerol. The process uses catalyst and it is known as Base Catalyzed 
Trans esterification. The overall transesterification reaction is given by 3 
consecutive and reversible equations as below: The first step is the 
conversion of triglycerides to diglycerides, then the conversion of 
diglycerides to monoglycerides, and of monoglycerides to glycerol, giving 
one methyl ester molecule per mole of glyceride at each step. 
The overall reaction is as follows:  
 

 
Emission Study: 

Emission study was done by testing the sample diesel and bio diesel 
blends in the diesel engine. The blends used for testing were B20, B40, 
B60, B80 and B100.The engine was started by cranking it with hand. The 
engine attains a constant speed in a less time as it is constant speed 
engine. Fuel was filled in the fuel tank and flows automatically to the 
calibrated tube. This tube helps in calculating the time taken for the 
consumption of 50 ml of the fuel. Electrical loading is applied and gets 
power from the engine. Sensors are attached and gives the following 
temperature readings  

T1 = Air inlet temperature 

T2 = Water outlet temperature 

T3 = Exhaust temperature 

T4 = Lubricant oil temperature 

The inlet temperature can be considered as ambient temperature, which is 

approximately 19 ̊ C. Tachometer is used to measure the rpm (revolutions 

per minute) of the engine at a particular load. The pipe of the gas analyser 

is connected to the smoke outlet manifold. The emission readings are 

obtained from the smoke meter and gas analyser. Three sets of readings 

are taken to take the average value of the three. 

The readings obtained are tabulated in the table below and a graph was 

plotted to compare the emission rates. 

Table 1 – Emission Values from Diesel Engine. 

 
Emission Index Calculation: 

The emission index was calculated for NOx of all the test fuels. The 

calculation helped in finding out the blends, which releases less NOx. The 

calculation was done as follows: 

TOTAL EMISSIONS   =   𝐶𝑂2 + 𝐶𝑂 + 𝑁𝑂𝑥 + 𝐻𝐶        

Emission index is thus calculated as follows 
EI NOx    = !"#

!"#$%  !"#$$#%&$
 

3. Results and Discussions 

The experiment showed that at 100 % load, the blends B20, B40, B60, 
B80 and B100 showed least emissions of CO, CO2 and HC than 
conventional diesel.  The plots of emissions and blends are shown in the 
figure 6, 7, 8, 9 and 10. 

The main advantage of these blends is that they can be directly used into 
the diesel engine as a primary fuel without any addition. The emission 
index of NOx of all blends is calculated. The emission index EI value 
showed that blends B20 and B40 can be used on diesel engine without any 
engine modifications and also with minimum emission of NOx.   

NOx emissions were high in all the bio diesel blends due to higher oxygen 
content and presence of unsaturated compounds.  The main source of NOx 
emissions are due to oxidation of atmospheric nitrogen at higher 
temperatures. The high temperature peak zones lead to uncontrolled 
combustion and forms NOx in the cylinder areas.  The addition of bio 
diesel in the diesel leads to increase of oxygen content in the combustion 
chamber. The results show that at 100 % load, the NOx emissions of all 
blends are higher than diesel. 

For B20, B40, B60, B80 and B100, the NOx emission values are 737 
(ppm), 775 (ppm), 785 (ppm), 848 (ppm) and 832(ppm) respectively at 
full load.  The NOx emission of diesel at 100 % load was 595 (ppm) and 
the least among all. This is possibly due to lower calorific value and 
higher density of bio diesel. Jatropha bio diesel is environment friendly 
and better alternative to diesel. 

The emission index was calculated for diesel and bio diesel blends. 
Emission index is a single value, which denotes the emission of NOx per 
cumulative emissions of all pollutants. EI NOx calculated for diesel, B20, 
B40, B60, B80 and B100 were 0.0116, 0.053, 0.00639, 0.0654, 0.010 and 
0.00757 respectively.  B40 showed the least value of 0.00639. This shows 
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that individual NOx emissions does not affect the EI NOx value as it is a 
cumulative value of all the pollutants and depends on other emissions too. 
This result in the fact that blends B20 to B40 can be commercialized and 
optimized further to reduce NOx emissions. B20 to B40 blends show the 
minimum NOx emissions and can be used on diesel engines without or 
with slight modifications. The EI NOx of diesel showed a value of 0.0116 
is higher than B20 and B40 and proved to be a better alternative to diesel. 
A plot between EI NOx and blends has been plotted. The comparison 
shows the minimum and maximum EI NOX values of all the blends and 
diesel. 

The values obtained after calculating the emission index is as follows 

Table 2 – Emission Index Values. 

Fuel 
Diesel B20 B40 B60 B80 B100 

EI 

NOx 

0.0116 0.053 0.00639 0.0654 0.010 0.00757 

The emission index values showed the bio diesel blends with least NOx 
emissions and also the range within which the fuel can be optimized. The 
range obtained was B20 to B40 and within these ranges; the NOx 
emissions are minimum and also other emissions. 

 
Fig. 1 Emission Index NOx. 

From the pictorial representation we can conclude that the Emission Index 
NOx generated by B40 is comparatively very less. So it can serve as the 
best ecofriendly substitute for the diesel. 

4. Conclusion 

The aim of the project was to find the optimum blend of Jatropha based 
bio diesel with least emissions of NOx. The emission study was done and 
compared with diesel fuel. For blends of bio diesel B20, B40, B60, B80 
and B100, the values of NOx emissions were 737 (ppm), 775 (ppm), 785 
(ppm), 848 (ppm) and 832 (ppm) respectively. The diesel fuel had the 
minimum NOx emission of 595 (ppm) compared to all other blends of 
Jatropha based bio diesel. The blend with minimum NOx emission among 
Jatropha biodiesel blends was B20. To further optimize the blends, 
emission index of NOx was calculated. This showed that B20 to B40 
blends can be used in the commercial scale and also with minimum 
environmental effects.  A possible suggestion for the usage of other 
blends in a diesel engine is that, by coupling the engine with Exhaust Gas 
Recirculation (EGR) systems or with the help of a Catalytic Converter 
that can drastically reduce the emissions as well as increase the engine 
efficiency. 
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