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transesterification process and pyrolysis process to convert the
biodiesel. This process is lower cost and higher yield of
biodiesel. Biodiesel can be used for IC engine without
modification of engine, which gives improvement in
performance and emission except NOx emission[2]. The main
disadvantage of the biodiesel it have higher NOx emission,
because of higher oxygen content in biodiesel, it produced
more temperature.

Abstract
Bio fuel obtained from renewable resources, such as
agriculture residues, waste wood, sugar cane crops, coconut
shell, mahua oil cake and vegetable oils Bio oil derived from
pyrolysis process it considered as an promising alternating
fuel for IC engine This article reports an experimental study
on 20% Methyl ester of Jatropha and bio-oil as fuels in a
compression ignition (CI) engine This present work bio oil
obtained from the pyrolysis of sweet lime empty fruit bunch.
The bio oil blends with Methyl ester of Jatropha to describe
the performance, emission and combustion parameters in a
diesel engine. The engine is made to run on diesel and bio oil
by various blend ratios of B20BOSL-J 5%, B20BOSL-J 10%,
B20BOSL-J 15% and B20BOSL-J 20%. The results shown
B20BOSL-J 5% blend have suitable for diesel engine.

2.

In this present investigation bio oil is obtained from sweet
lime empty fruit bunch (SLEFB) using pyrolysis method. The
bio oil production was carried in different parameter like
temperature, size and flow rate of gas N2. Temperature were
varied from 500 oC, 550 oC and 600 oC, 2 mm, 4 mm and 6
mm for feed stock size and 0.2 lpm, 0.3 lpm and 0.4 lpm for
gas flow rate. The pyrolysis gas was condensed by condenser,
the oil and water was separated by separator funnel. The
reactor temperature was measure by K-type thermocouple.
The pyrolysis setup was shown in figure 1. The oil yield was
obtained in 28.3 wt% at 550oC, 4 mm for size and 0.3 lpm N2
gas flow rate.

Keywords: Bio Oil, Diesel Engine, Pyrolysis, sweet lime
empty fruit bunch

1.

BIO OIL PRODUCTION:

INTRODUCTION

Biomass is known to meet environmental concerns as a possib
le resource of renewable energy. Biomass renewed into useful
energy by various methods like wet process (liquefaction and
fermentation) and dry process (direct combustion and
pyrolysis). Liquid form of biomass is suitable form of
alternate fuel, because it has more energy and handling cost is
lower. Bio oil produced by pyrolysis process was considered
to be an alternative fuel for automobile and industrial sector.
Some of the disadvantage in direct use of bio oil, like higher
viscosity, corrosive nature and short chain organic compounds
[6,7]. A large number of works have been reported
improvement of bio oil and use of bio oil in modified engines.
However, using a mixture of bio oil and diesel fuel seems to
be the simplest way to utilize the bio oil with minimum engine
modification. It has been found that the suitable bio oil is used
to maximum 20 percentages in diesel engine.

Fig. 1 photographic view of fast pyrolysis plant
Table 1. Properties of pyrolysis oil

Presently researcher concentrate to alternate fuel for diesel
engine the main reason is demand of fossil fuel and strict
emission regulations. The number of researcher has to attempt
to use raw vegetable oil in diesel engine[4]. But it has more
viscosity of raw vegetable oil, it create number of problems in
diesel engine. So the viscosity of oil is reduced by various
methods such as transesterification process, pyrolysis and
emulsion process. The most suitable method is
1145

Properties of bio oil

Values

Cetane number

31

Fire point in ° C

<30

Flash point in ° C

<30

Net Calorific value kJ/kg

33165

Kinematic viscosity @ 40° C in cSt

2.42
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3.

Table 2. In the fifty eight components five components are
major and other is minor. On the basis of the MS database,
these peaks can be identified With D-Limonene being present
in highest amount (8.06%), many derivatives of D-Limonene
were also detected. On the basis of the MS database, these
peaks can be identified (O-Xylene, D-Limonene, Phenol, 3methyl-, Phenol, 2,4-dimethyl-, Naphthalene, 2-methyl-).

BIO OIL CHARACTERISTICS FOR SWEET LIME
EMPTY FRUIT BUNCH

The figure shows the GC-MS analysis of the bio oil evaluated
from SLEFB was conducted to identify the various
compounds presences in the oil. Fifty eight compounds were
found, only the major peak compounds which are listed in the

Figure 2. GC-MS test results for bio oil – BOSL
Table 2. Components obtained in bio oil –SLEFB
S.no
1

Name
O-Xylene

Formula
C8H10

RT
2.874

Area in %
3.85

Synonyms
Benzene, 1,2-dimethyl-

MW
106.16

2

D-Limonene

C10H16

4.189

8.06

(+)-4-isopropenyl-1-methylcyclohexene

136.234

3

Phenol, 3-methyl-

C7H8O

6.462

5.97

m-Cresol

108.13

4

Phenol, 2,4-dimethyl-

C8H10O

77.658

2.91

2,4-Xylenol

122.16

5

Naphthalene, 2-methyl-

C11H10

110.102

1.18

2-methylnaphthalen

142.97
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4.

EXPERIMENTAL INVESTIGATION:

The experiments were conducted on the DI diesel engine
using bio oil, mixture with Methyl Ester of Jatropha
(B20MEOJ). The line diagram of experimental setup is
depicted in figure 3. The test engine is a DI, water cooling,
single cylinder, compression ignition engine. Eddy current
dynamometer is used as a loading device for tested engine.
The test is conducted at constant speed at 1500 rpm. The
engine speed is governed by governor. The entire system is
controlled in a control panel. Experimental test have been
analysis a diesel engine using sweet lime empty fruit bunch
(BOSL) and its blends of 5%, 10%, 15% and 20% of BOSL
with B20MEOJ fuel and diesel is separately at various load
(20%,40%, 60%, 80% and 100%). The emission like HC, CO,
and NOx were measured with help of the AVL 444 DI-gas
analyzer. The smoke density was obtained from the AVL 437
analyzer. The AVL combustion analyzer was used to evaluate
the combustion parameter.

Fig 3. Test Engine

Figure 5 Brake thermal efficiency with Brake power

Table 3. Specifications of the Test Engine

Figure 5 illustrates the variant with increase brake power for
increase in of brake thermal efficiency (BTE) for diesel and
BOSL-J blends. Among 10 %, 15 % and 20 % blend ratios,
the bio oil blend of 5 % has maximum BTE at full load. It
was almost close to that of diesel. The efficiency of BOSL-J
5 % has increased by 2.97 % when compared to BOSL-J 20 %
operation. This possible reason is better spray characteristics
of BOSL-J 5 % blend fuel in the cylinder, it leads to efficient
consumption of air resultant in complete burning of fuel [3,5].

No of cylinder
Type
Speed
Brake power
Compression ratio
Ignition timing

Single cylinder
Water cooled, Vertical.
1500 rpm
5.2 Kw
17.5:1
23 bTDC (rated)
Eddy current

Dynamometer
Bore
5.

Figure 4 Specific fuel consumption with Brake power



Stroke

87.5 mm



110 mm

Emission characteristics
Figure 6 shows variations of smoke density for diesel, 5 %, 10
%, 15 % and 20 % of BOSL-J at various brake power of the
engine. From the graph it was observed that load increase
also increases in smoke density. The higher smoke density
was in BOSL-J blends. This was due to poor combustion
[12,15]. However, smoke density of BOSL-J 5 % blend was
lesser than other blends of BOSL-J.

RESULT AND DISCUSSION

Performance Characteristics – BOSL-J
The variation of specific fuel consumption of the engine was
depicted in Figure 4. It concluded that the SFC of 5 % blend
of BOSL-J was a little superior than diesel fuel. The SFC for
diesel was 0.254 kg/kW-hr at maximum load while the
resultant plots for different blends 5 %, 10 %, 15 % and 20 %
of BOSL-J. This was due to the heterogeneity of fuel air
mixture that results in higher in SFC [1,8].
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Figure 9 Carbon monoxide against Brake power

Figure 6 Smoke density with Brake power

The variations of the CO emission were shown in Figure 9.
The CO was higher for all blend of BOSL-J at minimum and
maximum load. The CO emission was lower for intermediate
load for blends of fuel. The CO emission for diesel was 0.09
and for BOSL-J 5 % was 0.1 % by volume at maximum load.
CO was a produced of improper burning due to lacking amount
of air in the fuel air mixture. It can be explained by the fact that
blends of BOSL-J due to their lower calorific value resulted in
fuel richness which has lead to incomplete combustion and
resulted in more carbon monoxide emissions [16].
Figure 7 Oxides of nitrogen against Brake Power
Figure 7 indicates that NOx emission of different BOSL-J
blends. The tendency shows where brake power is higher
NOx also higher. This is excess of oxygen and more
temperature. The lower of NOx emission from BOSL-J blend
value was due to restrict premixed combustion[9,11]. The heat
release during the premixed combustion phase was lower for
20 % blend of BOSL-J as compared to other blends.
Figure 8 illustrate the difference of HC using BOSL-J blends.
It was shows that the emission of hydrocarbon increases with
increase of load. HC emission varies from 26 ppm at minimum
load to 43 ppm at maximum load for diesel fuel and 32 ppm at
minimum load to 51 ppm at maximum load for BOSL-J 5 %.
All blend of BOSL-J was slightly higher than diesel. This was
due to recognized two reasons [10]. One was that the larger
penetrate of fuel and some amount of hydrocarbon retains in
combustion chamber.

Figure 10 Exhaust gas temperature against Brake power

Figure 11 Heat release rate against Crank angle
Figure 10 depicted EGT and brake power for various blends
of BOSL-J and diesel. Clearly the exhaust gas temperature of
all blends of BOSL-J gives lesser EGT compare with diesel.

Figure 8 Hydrocarbon against Brake power
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EGT was influenced by delay period. Shorter delay period
results in a late combustion and lesser EGT.

emission from BOSL-J blend value was due to
restrict premixed combustion.


The CO emissions of BOSL-J blends are higher
compare to diesel due to poor atomization. It due to
their lower calorific value resulted in fuel richness
which has lead to incomplete combustion and
resulted in more carbon monoxide emissions.



The HC are more in BOSL-J blends this may be
attributed due to larger penetrate into the cylinder
and some amount of gaseous hydrocarbon retains in
combustion chamber and the crevice volume was left
unburned.

Combustion Characteristics – BOSL-J
Figure 11 depicted the comparison of heat release with crank
angle of diesel fuel, BOSL-J at maximum brake power. The
heat release rate was lesser for bio oil blends. The heat release
rate was about 181.134 kJ/m3 degree with diesel, 153.82 kJ/m3
degree for BOSL-J 5 % blend, 133.83 kJ/m3 degree for BOSLJ 10 % blend, 125.95 kJ/m3 degree for BOSL-J 15 % blend and
122.169 kJ/m3 degree for BOSL-J 20 % blend. The rate of heat
release rate for the BSOL-J blends have short delay period
[13]. However the periods of premixed combustion of all
BOSL-J blends shows no difference.
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