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Abstract— Today world faces two major crises, depletion 

offossil fuel and environmental degradation. So for solve 

both problems, renewable alternative fuel should be 

necessary with minimum impact on environment. There are 

many alternative fuels in the world likes biodiesel, alcohols, 

pyrolysis oil, CNG, LPG etc. But among all of them 

biodiesel is a most one. In this content, Biodiesel was used 

as an alternative fuel. But with the use of biodiesel 

increasing in NOx emission so to comply with upcoming 

stringent emissions pre and post treatment are necessary to 

reduce emissions. In these experiment blends of biodiesel 

are used such as B0, B5, B10, B15, B20, B25 and B30. In 

these experimental performance parameters such as brake 

thermal efficiency, brake specific fuel consumption was 

measured and emission parameters like CO, HC, CO2, NOx, 

smoke and odour are measured. With used of EGR NOx is 

reduced but HC, CO and smoke are increased so to reduced 

exhaust emission, three combined systems were used such 

as Air Dilution system for smoke and odour, EGR for NOx 

and Catalytic Converter for HC and CO emissions. It has 

been noticed that emissions such as CO, HC, smokes, odour 

and NOx significantly decreased by use of three combined 

system such as air dilution system, EGR and catalytic 

converter. Highest brake thermal efficiency observed with 

B30 blend and lowest NOx emissions observed for B20. 

Keywords: Jatropha Biodiesel, EGR, Catalytic 

Converter,Air Dilution system, Exhaust Emissions. 

I. INTRODUCTION 

Presently world is confronted with two major crisis of fossil 

fuel depletion and environment degradation. And the other 

hand diesel engines are widely used in compare to gasoline 

engine because of their better fuel economy and higher 

power with lower maintenance cost. The application of 

diesel engine in electric power generation, construction, 

agricultural, industrials field and transportation sector. 

About 4 to5 % higher use of diesel engine than gasoline 

engine, these wide uses of diesel engine leads to increase the 

demand of petroleum which is derived from fossil fuel and 

also lead to increasing environmental pollution. So for solve 

both problems of depletion of fossil fuel and environmental 

pollution from exhaust gas emission have led search for 

renewable alternative fuel with lower environmental 

pollution. There are many renewable energy source in world 

but among them bio-fuel is one of the most important 

[1].Bio-fuel has received wide attention because the produce 

less emissions of exhaust gases which is responsible for 

global warming, promote rural development and contribute 

toward the main goal of energy security [2].Another most 

important advantage of biodiesel is that it can be used in 

engine without any modification. India has to begin use of 

biodiesel as a substitute for a conventional diesel by certain 

percentage. Biodiesel can be produce from vegetable oil 

(edible or non-edible), algae and animal fats. Use of non-

edible vegetable oil is most preferable to produce biodiesel 

because non edible oil is cheaper than edible oil and also the 

higher productivity than edible oils, jatrophacurcas is an 

example which produces 1590 kg of oil per hectare [3]. 

There are many experimental works done in past 

on biodiesel and its blends, which show significant 

reduction observed in HC, CO, and smoke emissions but 

increased NOx emissions. Emission of NOx is higher for 

biodiesel and its blends than conventional diesel fuel due to 

the extra oxygen molecules in biodiesel [5].There are many 

methods such as injection retarding, humid air injection, 

exhaust gas recirculation (EGR) to reduce NOx emissions, 

among all of them EGR is commonly adopted to reduce 

NOx emissions. Many past research work reported that with 

the use of EGR there is a significant reduction achieved in 

NOx emissions but negative impact is that other emissions 

such as HC, CO and smokes are increased [6] 

So that means additional reduction is mandatory to comply 

with upcoming stringent emissions Norms. There are many 

various exhaust pre and post treatment such as EGR, 

catalytic converter, diesel particulate filter; soot trap etc can 

be used combine to bring emissions at minimum level. As 

the past research work reported that with the use of combine 

oxidation catalytic converter and EGR, there were 

significant reduction observed in HC, CO, NOx and PM 

[15].Odour and smoke emissions reduced by air -dilution 

systems [8, 12]. Therefore it can be possible to achieve 

minimum level of emissions of CO, HC, NOx, smokes and 

odour by combine use of three different exhausts treatments 

system such as EGR, catalytic converter and air-dilution 

systems. 

II. EXPERIMENTAL SET UP AND PROCEDURE 

A. Properties of test fuel 

Jatropha biodiesel is a chosen as a test fuel, because it is 

non-edible. The current experimental study focused to use 

Jatropha biodiesel as a blend with conventional diesel to 

improve its properties to be nearer to conventional diesel 

fuel. The blending percentage denoted by B0, B5, B10, B15, 

B20, B25 and B30. Table 1 show the properties of different 

blends of biodiesel and diesel. 

B. EGR system  

The concentration of NOx in the exhaust is closely 

associated to the peak cycle temperature. There are different 

methods by which peak cycle temperature can be reduced 

and NOx emission can be controlled. One of them exhaust 

gas recirculation (EGR) is commonly used to reduce NOx 

emission. The amount of EGR is calculated using equation 

as follows: 

EGR % = (MEGR/ Mi) × 100 
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MEGR = Mass of recalculated gas / Mass of total intake air of 

cylinder. 

 

C. Air dilution system 

An air dilution system which can be decreased exhaust 

odour. In this system, exhaust gas is diluted with fresh air 

and odour is reduced. Exhaust gas and fresh air are mixed in 

the tunnel in a cross flow type mixing process. This system 

can also used as alone or with any other exhaust after 

treatment. Air dilution system. 

 Property Diese 
B5 B10 B15 B20 B25 B30 

 

 

l  

       
 

Viscosity        
 

at 40
o
 C, 2.54 2.76 3.03 3.29 3.62 3.76 3.92 

 

CSt        
 

Density(K 

836 838.3 841 842.6 844.3 852.4 858.3 

 

g/ m
3
) 

 

Calorific 
4350 4321 4292 4263 4234 4205 4176 

 

Value  

0 0 0 0 0 0 0 

 

(MJ/Kg
-1

) 
 

consists of a blower and a tunnel. In the air dilution 

system, there are two inlet passage for entering exhaust gas 

and fresh air and one outlet pipe (divergent type) for 

releasing diluted exhaust to atmosphere. With this air 

dilution system smoke opacity can be also decreased. As in 

past experiments author used this air dilution system and in 

this experiment follow the same method for air dilution 

systems. In this experiment air dilution tunnel is made by 

wood 90×30×30 cm [12]. 

D. Experimental set up and procedure 

The experimental installation for present work consists of 2-

cyllinder, water cooled, and common rail DI diesel engine. 

The specification of this engine given in table 2.3.The test 

engine was connected to hydraulic dynamometer. All 

experimental readings were taken after 20 minutes of engine 

start, to stabilize the engine and there was no almost any 

fluctuation of exhaust emission. Experimental test carried 

out at four differentloads such as 4, 6, 8, and 10 kg. Stop 

watch and fuel level indicator was used to measure the fuel 

consumption. An Indus 5 PEA 205 gas analyzer was used to 

measure exhaust emissions of NOx, HC, CO, CO2. Smoke 

was measured by numerical smokes scale level method. 0 

for no smoke and 9 for highest smoke used, fig. 2.1 show 

the smoke level scales and table 2.2 described the smoke 

level [8]. A ph meter was used to measure the ph value of 

exhaust gases and correlate the odour to the ph values of 

exhaust gases. 

 
Fig. 2: Experimental setup 

 
Fig.3:schematic diagram of Experimental set up(1)Test 

Engine (2) Hydraulic Dynamometer (3) Fresh Air in(4) 

EGR system (5) Catalytic converter (6)Air dilution system 

(7)Gas analyzer (8)Exhaust Gas. 

 

Engine name Kirlosker 
Engine no. 19.8004/9074 

Cylinder number 2 
RPM 1500 
BHP 10 
KW 7.4 

Fuel injection system Common rail 
Valve no. 2/cylinder 

Bore X stroke 80mm X 101mm 
Displacement 1004 cc 

E. Sensual Assessment 

Sensual assessment is one method used to check odour 

intensity of exhaust gas. In the past research work, nose is 

used to detect smell of exhaust gas and odour level scale is 

used to evaluate the odour level of exhaust gases [9]. In this 

experiment follow the same method to evaluate the odour 

level of exhaust gas. Odour level scale is in table 2.4 as 

follow. 
Odour 

Verbal Description  

Level  

  
 

1      Not detectable No odour 
 

2 Slight Odour but not uncomfortable 
 

3 Moderate Uncomfortable odour 
 

4 Strong        Irritating odour, not possible to exposure for 
 

long time  

  
 

5 Very strong      Very irritating odour, not possible to exposure 
 

even for 2 sec.  

  
 

Table. 2: Odour rating scale 

A difference of one point is reported as equivalent 

change in the concentration of odorous gases. So that means 

one point change in odour level scale is a significant change 

in exhaust odour. In this study, 5 assessors are used and 

average value of odour level from these 5 assessors is used 

in this study. Odour level range is about 0.25 points among 
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the human assessors for replication of data [9]. In this study 

exhaust gases is poured in 5L bag and then assesors examine 

the odour level. 

In past research works used Instrumental method to 

avoid sensual error and for to correlate instrumental result 

and sensual results. A digital ph meter is used to measured 

ph value. In this study follow same instrumental method [8]. 

In the exhaust gas main component is aldehyde and also 

organic acids effect on the exhaust gases. Organic acids or 

aldehydes condensed in aqueous solution and change the ph 

value of exhaust gas so the ph value of exhaust gas is one 

indicator to evaluate the odour level. In this study bag 

sampling method is used to determine the ph value as other 

past experiments done for measured the ph value of exhaust 

gas, this study followed same method. [9] 5 L volume bag is 

used for sampling and sampling time is about 7 sec , after 

sampling 25 cc of water filled into bag to make solution and 

then solution cooled to about -10
o
 C about 5 min to absorb 

odorous contents in solution. After that ph value measured 

of exhaust gas solutions [12] 

III. RESULT AND DISCUSSION 

A. Performance analysis 

1) Brake thermal efficiency with EGR 

When EGR introduced to diesel engine BTE is decreased 

due to oxygen available for combustion get decreased due to 

replace by exhaust gas and also dilution of fresh air with 

exhaust gas and lower flame velocity and lead to incomplete 

combustion. In compare to without EGR, BTE of B0 is 

decreased about 2 to 3 % at tested load conditions in 

compare to B0 without EGR. And for B30 BTE decreased 

about 2 % at 2.13, 3.19, 4.26 and 5.32 kw load conditions in 

compare to B30 without EGR. 

 
Fig. 4: Brake Thermal Efficiency with EGR 

2) Brake Specific Fuel Consumption with EGR 

The fuel consumption of the engine was increased with 

increasing amount of Bio-diesel blends in diesel. It can be 

due to fact that engine consume more fuel with diesel-

biodiesel blends than neat diesel to developed same power 

output. It may be due to low calorific value of diesel-

biodiesel blends. Due to the increasing fuel consumption, 

brake specific fuel consumption is decreased with bio -

diesel blends at increased rated power. 

After the introducing EGR to engine BSFC increased for all 

blends and neat diesel. For B0 BSFC increased about 2 to 3 

%than B0 without EGR and for B30 about 1 to 2 % at 

2.13,3.19, 4.26 and 5.32 kw load condition than B30 fuel 

mode without EGR. 

 
Fig. 5: Brake Specific Fuel Consumption with EGR 

B. Emissions Analysis 

1) NOx Emissions without Any System 

Fig. 9 shows the variation of NOx emissions for different 

biodiesel blends and neat diesel. NOx emission of biodiesel 

blends is higher than diesel due to the more oxygen 

molecules in biodiesel. Due to the more oxygen contents, 

they contribute to NO to oxidizing and form NOx. For 

biodiesel blends lowest NOx emission observed with B20 

which is nearer to diesel fuel. NOx emissions increased for 

B20 about 1 to 2 % at tested load conditions in compare to 

neat diesel fuel. However increasing NOx concentration is 

the main problem n bio- diesel blends and it can be reduce 

by making suitable change in the engine parameter or with 

using different pre-post treatment. 

 
Fig. 6: NOx without EGR 

2) NOx emissions with EGR: 

EGR is one of the techniques to reduce NOx emission. In 

EGR exhaust gas is recalculated in intake with fresh air, 

because of this flame temperature reduce so formation of 

NOx is decreased. NOx decreased with increasing EGR rate. 

In this experiment only 15 % exhaust gas is recalculated. 

Figure 3.8 show the variation of NOx emissions of diesel 

fuel and different biodiesel blends. After EGR used NOx 

emission decreased about 35 % for both fuel neat diesel and 

B20.  
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Fig. 7: NOx withEGR 

3) CO Emissions without Any System 

The CO emission from the engine fuelled with bio-diesel 

blended fuels is shown in Figure 3.10. CO emissions are a 

forming incomplete combustion of fuel. However, if 

combustion complete than CO is oxidizing to CO2. CO 

emission of diesel is low because diesel fuel combustion 

occurs with lean mixture. Show the Figure 3.10 CO 

emission of Jatropha biodiesel blends lower at all operating 

condition than diesel, expected due to the extra oxygen 

molecules in Jatropha biodiesel blends, which complete fuel 

combustion and help to CO to oxidizing to CO 2. Higher CO 

reduction observed with B30 fuel mode which is about 9 % 

at tested load condition in compare to diesel fuel. 

 
Fig. 8: CO without any system  

4) CO Emissions with Catalytic Converter 

After the EGR introducing exhaust gas pass through 

catalytic converter. Catalytic converter is a device which is 

reduced HC and CO emissions. HC and CO reduction with 

catalytic converter is mainly depending on the condition of 

catalytic converter and exhaust temperature. Figure 14 show 

the variation of CO emissions of neat diesel fuel and 

different biodiesel blends. Lowest CO emissions observed 

with B30 and CO emissions decreased by increasing blend 

percentage than in compare to diesel fuel. For B0 and B30 

with catalytic converters, CO emissions decreased by about 

2 to 3 % at tested load condition in compare to CO 

emissions with EGR of both fuel B0 and B30 

 

 
Fig. 9: CO with catalytic converter 

5) HC Emissions without Any Systems 

The unburned hydrocarbon from the diesel engine with 

different biodiesel blends is shown in Figure 16. HC 

emissions were increasing with increased load condition for 

all diesel and Biodiesel blends. The HC emission exhausts 

gas was gradually decreased with increasing bio -diesel 

proportion in blends and which is lower for biodiesel blends 

than neat diesel. Higher reduction achieved with B30 mode 

which is about 2 % than in compare to neat diesel fuel. 

 
Fig.10: HC without any system 

6) HC Emissions with Catalytic converter 

Fig. 18 show the variation of HC emission with Catalytic 

converter for neat diesel and different biodiesel blends. 

Diesel oxidation Catalytic converter (DOC) which is used 

for reduce HC and CO concentration. After the using DOC 

emission of HC for B30 and B0 fuel reduced by about 3 % 

than in compare to respectively B30 fuel and B0 fuel with 

EGR at tested load conditions. 

 
Fig.11: HC with catalytic converter 
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IV. CONCLUSION 

An experimental works was conducted to investigate the 

performance and emissions of jatropha biodiesel blends as a 

diesel substitution a DI diesel Engine. The result obtained 

suggest following conclusions: 
 

1) Brake thermal efficiency of biodiesel blends found 

higher than neat diesel at all operating conditions. 

BTE increased with increasing blend percentage 

and increasing with load conditions. Highest BTE 

observed with B30 by about 15 % higher than neat 

diesel fuel. 

2) Highest BSFC reduction found with B30 fuel by 

about 10 % higher reduction rate than neat diesel 

fuel. BTE slightly decreased and BSFC slightly 

increased When 15 % EGR introduced to tested 

engine for all blended fuels and diesel fuel. 

3) NOx Emission is increased with increasing 

biodiesel proportion in diesel. For all biodiesel 

blends, NOxemissions higher than neat diesel fuel. 

Important observation found that with B20 fuel 

NOx emissions lower than all blended fuel and 

higher than diesel fuel but very nearer to neat diesel 

fuel. After the introducing EGR system NOx 

emissions reduced by about 35 % for both fuel B20 

and neat Diesel fuel.  

4) CO2 emission increased with increasingbiodiesel 

concentration in blend which shows better 

combustion than diesel fuel.  

5) B20 blend showed higher average reduction in CO 

and HC emission comparison to average increase in 

NOx.  

6) Odour is decreased with increasing with blend 

percentage. Higher odour reduction observed with 

B30 by about 31 % than neat diesel fuel. After the 

use of air dilution system odour reduced by about 

20 to 21 % for both fuel B0 and B30.  

7) HC and CO decreased with increasing biodiesel 

concentration in blends and which is lowered than 

diesel fuel. HC, CO and smokes are increased with 

the used of EGR systems. HC and CO reduced with 

used of Catalytic converter and smokes reduced 

with air dilution systems.  

8) Smokes decreased with increasing blend 

percentage. Lower smoke emissions found with 

B30 by about 50 % than neat diesel. With use of air 

dilution system smoke is reduced about 55% for 

B30 with compared to diesel fuel without any 

systems.  

9) CO, HC, NOx, Odour and smoke are reduced by 

combination of EGR, Air dilution system and 

catalytic converter for both fuel diesel and 

biodiesel blends.  

10) 15 % EGR is significant to reduce NOx emission 

about 35% for both fuel B0 and B20.  
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