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Abstract - Internal combustion engines are the essential 
parts of transportation and diesel engine are mostly used 
in vehicles which are the main contributor for harmful 
emissions like CO, HC, NOX and CO2. And consumption 
of diesel fuel is also been increased and it also non-
renewable in nature. Diesel fuel environmental effect and 
continuous increase in prices have regenerated interest in 
bio-fuels. Biodiesel is renewable, biodegradable and also 
has low harmful emission profiles and so it is 
environmental friendly. Jatropha curcas oil is selected for 
biodiesel production. It has high crude oil yield, suitable 
fatty acid composition, good adaptability to different agro-
climatic condition and low gestation period. Biodiesel is 
prepared by 2-step trancesterification process from crude 
jatropha curcas oil (CJCO).And Fuel properties are 
derived of extracted biodiesel according to ASTM- 6751 
which are comparable to diesel fuel. Fuel properties are 
also derived of each jatropha biodiesel blends. Next single 
cylinder 4-stroke water cooled diesel engine is used for 
testing B0 (100% diesel), B10, B20, B30, B40, B50, B60 
jatropha biodiesel blends for evaluating engine 
performance like brake power, brake thermal efficiency, 
brake specific fuel consumption, brake specific energy 
consumption and exhaust emission like CO, CO2, NO2 and 
HC . It is investigated as compared to B0100% diesel), B30 
showed considerably good engine performance and low 
CO2, CO, HC but high NO2 exhaust emission. 
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I. INTRODUCTION 
      High population in cities has increased automobile vehicle 
usage and also resulted in grown traffic, and this has increased 
petroleum product consumption. And this has also affected 
environment by emitting harmful emissions. And diesel 
engine is main contributer for increasing this harmful 
emission. And this harmful emission has maximum impact on 
the people [1].The emissions like CO2, NO�, HC, CO, 
smoke. And also sources of fossil fuel are reducing. Due to 
this an alternative fuel for diesel engine is becoming 

extremely important. Biodiesel which is made from 
renewable-sources, has better ignition quality, lower 
environmental impact, comparable energy content like in 
diesel fuel and higher flash point which makes it suitable to 
use in diesel engine. The potential of biodiesel appear to be 
enormous from an economical, political and environmental 
perspective. Speaking in terms of advantages, much heard is 
that they, as an alternative fuel, could solve several issues as 
the increasing energy prices worldwide, the increasing need of 
energy imports, the negative environmental consequences of 
fossil fuel combustion and the security of national energy 
supply for many countries. 
      The energy content of biodiesel differs from conventional 
fuels. Total energy output per litre of biodiesel is determined 
by the feed stock used, region where the feedstock is grown 
and production techniques applied. Biodiesel production is a 
very modern and technological area for researchers as an 
alternative fuel for diesel engines because of the increase in 
the petroleum price, its renewability and the environmental 
advantages. Biodiesel can be produced from renewable 
sources such as vegetable oil, animal fat and used cooking oil. 
But as a future fuel biodiesel has to compete with diesel fuel 
economically currently, the cost of biodiesel is high as 
compared to conventional diesel oil because most of the 
biodiesel is produced from pure vegetable oil. Extensive use 
of edible oils may cause other significant problems such as 
starvation in developing countries. It is estimated that the cost 
of biodiesel is approximately 1.5 times higher than that of 
diesel fuel due to the use of food grade oil for biodiesel 
production. And it can be achieve by using less expensive 
feedstock such as inedible oil and also availability and 
sustainability of feedstock is necessary.  
      And with no food uses and less expensive feedstock like 
jatropha curcas, with ability to grow in any environment 
across the world can be used for making biodiesel [2]. 
 

II. BIODIESEL FROM JATROPHA CURCAS 
      Jatropha curcas is basically a non-food source and does 
not affect food demand. Jatropha is in interest of many 
researchist due to its easy availability. Jatropha is adaptable in 
tropical and sub-tropical and even in harsh agricultural area. It 
has rapid growth, easy propogation and low gestation period. 
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Jatropha curcas oil fatty composition is shown in table 1[3]. 
There is variation in the percentage of fatty acid composition 
in Jatropha oil.This variation is due to the different agro-
climatic condition for cultvation of Jatropha. Jatropha curcas 
oil extracted from jatropha curcas seeds have specification 
matching with standard shown in table 2. [4]. Biodiesel 
prepared from non-edible oil like jatropha curcas oil (which 
have high flash point) and blending with additives, provides 
complete combustion  and results in reduction of harmfull 
emission CO, CO2 , HC, smoke and NO� and can be used 
directly in any existing ,unmodified diesel engine. Jatropha 
curcas plant consumes less water and can grow in waste land. 
And its cultivation, seed collection, oil extraction and bio-
diesel production can provide good rate of employment. The 
by-products which are produced after biodiesel production can 
be used in fertilizer and soap industries. JB is free from 
sulphur and still exhibits excellent lubrication. Its flash point 
and fire point are higher than petroleum diesel so it is a much 
safer fuel than diesel, it also provide complete combustion 
therefore it is beneficial in reduction of CO and HC emissions. 
Bulk modulus of JB is higher than diesel fuel, which leads to 
rapid transfer of pressure from fuel pump to lift the needle of 
the injector much earlier. It results in more fuel accumulation 
before the start of combustion giving rise to higher 
temperature. Boiling point of JB is higher than diesel fuel. 
Because of higher boiling point, it retains its liquid state for a 
long duration. Jatropha oil is not used directly in diesel 
engine, due to its high viscosity and can creates various long-
term operational and durability problems such as poor fuel 
atomization, fuel injector choking, piston ring sticking, fuel 
pump failure, fuel filter clogging, and lubricating oil dilution. 
Therefore its processing is necessary for converting it into 
biodiesel. 
 

Table 1 Fatty acid composition of CJCO oil. 
Fatty acid range Ref[3] 

Myristic acid (C14:0) 0-0.1 0.1 

Palmitic acid (C16:0) 14.1-15.3 15.1 

Palmitoleic acid 
(C16:1) 

0-1.3 0.9 

Stearic acid (C18:0) 3.7-9.8 7.1 

Oleic acid(C18:1) 34.3-45.8 44.7 

Linoleic acid(C18:2) 29.0-44.2 31.4 

Linolenic acid(C18:3) 0-0.3 0.2 

Arachidic acid (C20:0) 0-0.3 0.2 

Behenic acid (C22:0) 0-0.2 0.2 

 
 

III. MATERIAL & METHODS 
      CJCO (2 litre) was purchased from A1 oil India, limited, 
Mumbai. All chemical used in the experiment such as 
methanol (99%), ethanol, petroleum-ether, sulphuric-acid, 
potassium-hyroxide, NaoH were used from chemistry 
department, Punjabi university,Patiala. NaOH was used in 

pellet form as base catalyst for transesterification reaction. 
The experiment was conducted in chemistry department, 
Punjabi university, Patiala. The experimental setup included 
magnetic stirrer as shown in figure 1, thermometer (fig. 2), 
round bottom flask 1000ml (fig. 3), separating funnels (fig. 4) 
and burette. Before starting transesterification process the 
most important step is to find acid value of CJCO. If the acid 
value is less than 8 mg KOH/g oil than it can be done in single 
step and if acid value is greater than 8 mg KOH/g oil than 2-
step transesterification is required for greater yield [2]. 
Normally jatropha crude oil has acid value between 15-20 mg 
KOH/g and varies due to agro-climatic condition. 
 

           
   Fig.1 Magnetic stirrer                  Fig.2 Thermometer       
 

           
    Fig.3 Round bottom flask            Fig.4 Separating funnel 

A. Acid- base titration method for determination of acid 
value of CJCO 
i. Take 2.5 g of oil sample in titration flask. 

ii. Now mix oil with solvent (petroleum ether and 
ethanol 95%) taking it about 25 ml (12.5 ml 
petroleum ether and ethanol each). 

iii. Now add 2 drop of 1% phenolphthalein indicator. To 
prepare it take 0.5g of phenolphthalein powder into 
50ml ethanol and 50ml distilled water and mix it 
thoroughly. 

iv. Titrate it with 0.1N potassium hydroxide (0.56g 
KOH/100ml distilled water) till the light pink color 
appears and note down the titrated volume from 
burette. 
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v. Acid value =  

    
         The Acid value of CJCO is determined which is 16.3812 
mg KOH/g. And it is clear 2-step transesterification is 
required for preparation of biodiesel in order to have high 
yield 

B. Biodiesel extraction by 2-step transesterification 
1. 1ST step -Acid pretreatment 

      CJCO is basically of dark yellow color and it has high 
viscosity. The acid value is 16.3812 mg KOH/g oil as 
determined by acid-base titration method. This acid value is 
very high and it should be below 1 mg KOH/g oil for easy 
alkaline catalyst. So acid pretreatment is used by using 
methanol and acid catalyst (H2SO4). Firstly CJCO is heated 
about 90±5°C for removing moisture. Methanol and H2SO4 
together heated at about 50°Cand were added into heated oil. 
Then mixture is stirred continuously for 1 hour at 55±5°C. 
Then it is allowed to settle down over night in separating 
funnel. The bottom layer consist glycerol, top layer consist 
reacted methanol and middle layer is separated and its acid 
value is again checked and is used for 2nd step of 
transesterification. 
 

2. 2nd step -Base catalyst transesterification 
      Now bottom layer was again heated at 90°C for 15 min. to 
remove moisture content. Methanol and NaOH are heated at 
50°C separately and added into heated oil and together were 
heated for 2 hours and stirred continuously. And after reaction 
completion mixture is allowed for settle down over night in 
separating funnel. The upper layer consist biodiesel and 
bottom layer consist reacted methanol. The upper layer is 
measured for calculating yield produced. Acid – base titration 
was again conducted for determination of acid value. 

3. Hot - water washing of biodiesel 

      After removing upper layer from separating funnel after 
completing 2nd step, hot water washing is done to remove 
catalyst methanol and glycerol residuals. After washing for 5 
time the biodiesel is purified. In this distilled water is heated 
around 90°C and it is poured into separating funnel containing 
upper layer and mixed well and is  allowed to settle and after 
few time water containing soap in milky appearance is 
removed. This process is continued tell water appears clear. 

 
Table 2 Fuel Property Comparison between JBB & diesel 
fuel. 
After washing, biodiesel is heated at 100°C till dissolved 
water is removed. 

C. Fuel properties of jatropha biodiesel and its blends 
      One of the most important characteristics of any fuel is its 
flash point. This is defined as the lowest temperature at which 
it can vaporize to form ignitable mixture in air. As shown in 
table 2. The jatropha biodiesel has high flash point as 
compared to diesel fuel which provide complete combustion 
and also make it suitable for safe storage. Density and 
calorific value are comparable with diesel fuel. Another 
important property is kinematic viscosity and pour point 
which are high than diesel. Higher the viscosity more the 
chances of fuel to cause clogging engine components. And 
pour-point greater than freezing point tends to reduce flow-
ability at low temperature. The main purpose of blending the 
jatropha biodiesel with diesel is to decrease the viscosity and 
pour point. Table 2 Shows properties of blends of jatropha 
biodiesel with diesel like B0  (100% diesel), B10, B20, B30, 
B40, B50 and B60. 
 

IV. EXPERIMENTAL SETUP 
      The experiment is performed in Continental institute of 
engineering and technology workshop, they have 
computerized VCR engine test unit. Unit has single cylinder 

S
.
n
o 

 
 

Property 

 
 

Unit 

 
 

Jatropha 
oil 

 
 

Jatropha 
biodiesel 
(B100) 

 
 

Diesel 
(B0) 

 
Biodiesel 
standard

s 

 
 

B10 

 
 

B20 

 
 

B30 

 
 

B40 

 
 

B50 

 
 

B60 

 ASTM 
6751 

      

1 Density at 
15°C 

g/cm3 0.94 0.87 0.85 0.86-0.90 0.852 0.854 0.856 0.858 0.86 0.862 

2 Kinematic 
Viscosity 
at 40°C 

c.st 24.5 6.2 2.60 1.9-6.0 2.96 3.32 3.68 4.04 4.4 4.76 

3 Flash 
point 

°C 225 210 68 >130 82.2 96.4 110.6 124.8 139 153.2 

4 Pour 
point 

°C 4 2 -20 ____ -17.8 -15.6 -13.4 -11.2 -9 -6.8 

5 Ash 
content 

% 0.8 n.d 0.01 <0.02 0.01 0.01 0.01 0.01 0.01 0.01 

6 
 

Gross 
calorific 

value 

MJ/kg 38.65 40.9050 42 ------ 41.89 41.78 41.67 41.56 41.45 41.34 

n.d  means not derived 
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4-stroke diesel engine which is connected to eddy current 
dynamometer. The dynamometer basically provides different 
load condition on engine to test performance and exhaust 
emission. Figure 5 and 6 show image of experimental setup. 
The eddy current dynamometer connected to engine provides 
maximum brake horse power 7.5 kW at 1500 rpm and 
compression ratio vary from 12 to 18:1 and has 200 bar 
injection pressure. The engine is cooled by circulating water 
by mean of pump. The readings are directly displayed on 
stand-alone box panel. The panel provides readings like load 
(kg), rpm, voltage produced and fuel utilization by engine 

 
is measured from fuel measuring burette. The exhaust gases 
are measured by AVL exhaust gas analyzer. Figure 7 and 
table 3. Shows engine setup schematic representation and 
engine specification. 
 

 
Fig. 5 Engine setup 

 
Fig.6 Engine setup  

 
 

Table3. Engine specification 
 

 
 

                      
 
 

 
 

 
 
 
 
 
 
 
 
 
                Fig. 7 Schematic representation of engine setup 
 
 
 

V. EXPERIMENTAL APPROACH 
      JBB’s B0, B10, B20, B30, B40, B50 and B60 are used in 
single cylinder diesel engine at 0.6, 4, 8, 11 and 16 kg loading. 
Firstly B0 (pure diesel) is investigated at above stated loading 
and relative rpm, fuel utilization and exhaust gas are analysed. 
Fuel utilization readings are taken in 1 minute. Then after B0 
investigation, B10 blend is prepared by taking 225ml pure 
diesel and 25 ml jatropha biodiesel in 250 ml fuel and it is 
tested at 0.6, 4, 8, 11 and 16 kg loading and relative rpm, fuel 
utilization and exhaust gases are analysed. Similarly 
remaining B20, B30, B40, B50 and B60 blends are tested. 
Data collected from above stated tests are used for calculation 
of engine performance parameter like brake power, brake 
specific fuel consumption, brake specific energy consumption 
and brake thermal efficiency and emission characteristics like 
CO2, NO2, CO, HC. And results are used for comparison 
between biodiesel blends. 
 

A. Formulae used 

Engine Parameters Specifications 

Engine Type Tv1( Kirloskar, Four Stroke) 
Number Of Cylinders Single Cylinder 
Number Of Strokes Four-Stroke 

Rated Power 3.5kw  @1500rpm 
Bore 87.5mm 

Stroke 110mm 
Cubic Capacity 661cc 

Compression Ratio 12 to 18:1 
Rated Speed 1500 Rpm 

Dynamometer Eddy Current Dynamometer, 
Make Saj 

Type Of Cooling Water Cooling 
Fuel Injection Pressure 200 bar 

Fuel Diesel 
Load Measurement Strain Gauge Load Cell 
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i. B.P =   kilowatt. 

         Where, N= speed in rpm, 
               T= W  (W is load in newton and R=0.185 which 
is dynamometer arm length in meter).  
 

ii. B.S.F.C =   g/kw-hr. 
        Where, V= volume of fuel used in cm3. 
                    =fuel density in g/cm3. 
                 B.P= brake power in kw. 

            T = time in which fuel used in hours. 
 

iii. B.T.E=  %. 
       Where, C.V= calorific value of fuel in kj/kg. 
                     m.f = mass of fuel supplied in kg/sec. 
 

iv. B.S.E.C= C.V  B.S.F.C  MJ/kw-hr 
 
       Where, C.V= calorific value of fuel in kj/kg. 
            B.S.F.C =Brake specific fuel consumption in g/kw-hr. 

VI. RESULTS & DISCUSSIONS 
      After experimentation data are evaluated of engine 
performance parameter and exhaust emission and are plotted 
on column bar chart for clear comparison between blends at 
different loading. 
 

A. Engine performance 
 

1. Brake power: 
      In figure 8, B.P is plotted against load. It is observed B.P 
increases with load and there is no variation between blends 
and produced almost same brake power. B.P increases with 
load due to increase in torque. 
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Fig.8 Graph showing relation of B.P with load. 
 

2. Engine speed: 
      In figure 9, Speed is plotted against load. At load 0.6 kg  
B0(pure diesel) produced more engine speed as compared to 

all JBB and among JBB B40 produced higher and B10 and 
B20  produced lower engine speed. At load 4kg, B0 and B40 
produced higher while B10 produced lower engine speed. At 
load 8kg B20 produced more and B10 produced less speed. At 
load 11 kg B50 produced more and B10 produced less speed. 
At load 16 kg load B20, B30, B40, B50 produced higher 
while B0, B10, B60 produced lower engine speed. 
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Fig.9 Graph showing relation of speed with load. 
 

3. Brake specific fuel consumption: 
      In figure10, BSFC is plotted against load. And at load 0.6 
kg B20 produced high BSFC and B30 produced low BSFC. 
At load 4kg B20 produced high and B10 produced low BSFC 
among JBB. At load 8 kg B0 produced high and B30 
produced low BSFC. At load 11 kg all blends produced 
almost same BSFC. At load 16 kg B10 and B30 produced low 
and B0 and B20 produced high BSFC. With increase in 
loading BSFC at different JBB decreases. This is due to 
producing high speed with load. The BSFC is high basically at 
low load for JBB, this is due to high density of JB as 
compared to pure diesel. 

 

0

500

1000

1500

2000

2500

3000

3500

0.6 4 8 11 16

B
SF

C
 ( 

g/
kw

-h
r)

Load (kg)

B0

B10

B20

B30

B40

B50

B60

 
 

         Fig. 10 Graph showing relation of BSFC with load. 
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4. Brake specific energy consumption: 
       In figure 11, BSEC is plotted against load. At load 0.6 kg 
B30 shows lower BSEC and B20 shows high BSEC. At load 4 
kg B40 shows lower and B20 shows high BSEC. At load 8kg 
B20 and B30 shows lower and B0 shows high BSEC. At load 
11kg B40 shows lower and B0 and B10 higher BSEC. At load 
16kg all blends show equal results.With increasing load BSEC 
from JBB decreases considerably, it is basically due to lower 
calorific value with increasing JBB. 
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          Fig. 11 Graph showing relation of BSEC with load. 
 

5. Brake thermal efficiency: 
      In figure 12, BTE is plotted against load. At 0.6 kg load 
B0, B30 and B40 shows high and B20 shows lower BTE. At 
load 4 kg B0, B10 and B40 shows higher and B20 shows 
lower BTE. At load 8 kg B30 shows high and B0 shows lower 
BTE. At load 11 kg B40 shows high and B10 shows lower 
BTE. At load 16 kg B10 and B30 shows high and B0 and B20 
shows lower BTE.BTE increases with load due to increasing 
B.P. The difference of BTE between blends is basically due to 
in fuel consumption. 
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Fig. 12 Graph showing relation of BTE with load. 

 
B. Engine exhaust emission 
1. Carbon-dioxide (CO2): 

      In figure13, CO2 is plotted against load and shows 
comparison among different JBB. CO2 emission from JBB is 

significantly less than B0 (pure diesel). B60 showed lower 
CO2 emission compare to pure diesel at all loads. CO2 
emission for all blends increases with increasing load. The 
reason of reducing CO2 while using JBB is due to high flash 
point and oxygen content of JB which provide complete 
combustion of fuel. 
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            Fig. 13 Graph showing relation of CO2 with load. 
 

2. Carbon-monoxide (CO): 
      In figure14, CO is plotted against load and shows 
variation among different JBB. CO emission increases with 
increasing load for all blends. B60 shows lower emission and 
B0 shows higher CO emission at all loads. CO emissions are 
less for all JBB than B0 (pure diesel) at all load. The reduction 
in CO is basically due to oxygen content and flash point in 
fuel with increasing blend, which provide complete 
combustion of fuel. 
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         Fig. 14 Graph showing relation of CO with load. 
 

3. Hydro-carbon (HC): 
      In figure15, Hydro-carbon is plotted against load and 
variation between JBB is compared. HC emission increases 
with load from all blends. B60 shows lower HC emission at 
all loads. B0, B10 and B20 at 4 kg load, B0 and B10 at 8 kg 
load, B0 at 11 and 16 kg load shows high HC emission. The 
reason for reduction in hydro-carbon emission with increasing 
JBB is due to oxygen content and flash point. 
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 Fig. 15 Graph showing relation of HC with load. 

 
4. Nitrogen-dioxide (NO2): 

      In figure16, Nitrogen-dioxide is plotted against load and 
variation between JBB is compared at each load. NO2 
emissions increases with increasing load for all blends. NO2 
emission increases as JBB increases as compared to B0 (pure 
diesel). The reason for increasing NO2 is high oxygen content 
of JB and high temperature inside combustion chamber 
produced during increasing loading. 
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            Fig.16 Graph showing relation of NO2 with load. 

VII. CONCLUSIONS 
i. Kinematic viscosity of blends lies between 

standardized value of ASTM 6751 and all JBB can 
be used. Flash point of B40, B50 and B60 has value 
greater than 130°C as according to standards of 
ASTM 6751. Calorific value decreases as JBB 
increases. Density for all JBB lies within ASTM 
6751 standards. 

ii. Engine performance while using JBB does not differ 
greatly as compared to B0 (pure diesel). B30 and 
B40 found to be superior among JBB. Engine 
performance of JBB is high when load increases. 

iii. The exhaust emission CO, CO2 and HC reduces 
considerably with increase in JBB as compared to 
pure diesel. But NO2 emissions increases when JBB 
increases as compared to pure diesel. 

iv. Among JBB B30 showed satisfactory engine 
performance and exhaust emission. 

v. By blending 30% JB in pure diesel can considerably 
save 30% of pure diesel of world and can fulfill 
increasing demand of petroleum product. 
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