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Abstract

In the efforts to reduce effects of climate change, biodiesel fuels from plant
oils such as Jatropha curcashave been proposed as alternative fuels which can
be used in the transportation sector in diesel engines. The current study in-
vestigates the effects of fatty acids composition on fuel properties of biodiesel
derived from Jatropha curcas seeds obtained from selected regions of Bots-
wana. The physicochemical fuel properties investigated include kinematic
viscosity, flash point, energy content, density, pour point and cloud point
from derived Jatropha curcas biodiesel. Results of the study showed that Ja-
tropha curcasbiodiesel samples for all regions under review are dominated by
unsaturated fatty acids which are desirable for cold flow properties and kine-
matic viscosity of the biodiesel fuel. The major fatty acids in Jatropha curcas
biodiesel fuels from all the regions range from 69.00% to 77.81% of unsatu-
rated fatty acids. The overall results conclude that fatty acids composition has
influence on the fuel properties of the biodiesel under investigated.
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1. Introduction

The ever increasing demand for energy worldwide, driven by industrialization,
has led to reliance on fossil fuels to satisfy these energy needs. However, use of
fossil fuels is challenged by the depletion of known resources and the negative
impact of the fuel’s combustion emissions on the environment which causes ad-
verse effects such as climate change [1]. Consequently, biodiesel fuel has been
identified as one of the clean alternative energy sources which can be utilized to

mitigate said effects.

Due to global concerns on utilization of edible feedstock such as sunflower
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being used for fuel production, lot of work has been carried out to explore the
utilisation of non-edible oils such as Jatropha curcas, mahua, neem and castor
for biodiesel production [2] [3] [4]. Rutz and Rainer [5] echoed that the choice
for a certain feedstock is pre-determined by factors such as agricultural, geo-
graphical and climatic conditions where the feedstock is harvested.

Since biodiesel is made of esters of fatty acids, it is therefore important to
perform the esters profiles of biodiesel prior to its use. In most vegetable oil bio-
diesel feedstock, the major fatty acids present are: oleic, linoleic, palmitic and
stearic with oleic being the dominant [6] [7] [8]. Oleic and linoleic acid form
part of the unsaturated fatty acid of the biodiesel sample, that is, fatty acids with
one or more double bond within their moleculer structure. Oleic acid has a sin-
gle double bond in their structure while linoleic acid has two double bonds.

The unsaturated fatty acids can further be divided into two types namely:
monounsaturated and polyunsaturated. The monounsaturated (Cn:1) fatty acid
contains only one double bond in their chemical structure while polyunsaturated
(Cn:2,3) fatty acid has two or three double bonds. It is ideal for the vegetable oil
used for production of biodiesel to have relatively larger percentage of monoun-
saturated fatty acids than polyunsaturated fatty acids. This is because oil con-
taining relatively high proportion of polyunsaturated fatty acids tends to exhibit
a poor oxidation stability and it can compromise the fuel properties such as ki-
nematic viscosity and impair fuel quality [9] [10] [11]. Other fuel properties
which are negatively affected by high degree of unsaturation are density and ce-
tane number [6]. The authors further echoed that an increase in degree of unsa-
turation leads to an increase in density and decrease in cetane number of the
biodiesel fuel. Oxidation stability is a measure of change in fuel quality during
extended storage. Kinast [12] describes oxidation stability as an indicator of shelf
life of the fuel.

On contrary, an increase in degree of unsaturation particularly monounsatu-
rated fatty acids improves other fuel properties such as cold flow properties and
kinematic viscosity [7] [8]. The authors further highlighted that higher degree of
unsaturation lead to outstandingly improved low temperature performance. As
for kinematic viscosity, the same authors alluded that with increase in unsatura-
tion the kinematic viscosity reduces.

Saturated fatty acids such as palmitic and stearic do not have double bond in
their molecular structure. Contrary to the discussions made earlier on poor oxi-
dation stability of fuel with high content of polyunsaturated fatty acids (linoleic),
for a good oxidation stability, the fuel should have more of saturated fatty acid
[8] [13]. The discussions has demonstrated that fatty acids composition is an
integral part in the biodiesel production as it has great influence in the physico-
chemical fuel properties of the biodiesel fuel.

Several studies have been carried out on the subject of biodiesel, and in Bots-
wana, government conducted a feasibility study on the production and use of

biofuels in 2007 [14]. According to the report, Jatropha curcas was identified as
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the most promising crop for biodiesel production in Botswana. Consequently, in
2012 the government further undertook a five (5) year research project aimed to
determine appropriate method for Jjatropha curcas cultivation in Botswana’s
climatic condition. Though much literature exists in the area of the current
work, the current study is stimulated by government’s ambition and efforts to
develop a biodiesel sector in the country. Scientific evidence to validate biodiesel
from locally grown jatropha kernel oil as good fuel was deemed necessary to in-
form policy. Hence the current study focuses on investigating the effect of fatty
acid composition on fuel properties of Jatropha curcasbiodiesel. It is the view of
the authors that the results will fully support the government's efforts to stimu-

late rapid development of biodiesel industry in Botswana.

2. Materials and Methods
2.1. Seed Preparation

Jatropha curcas seeds were collected from selected regions of Botswana namely
Paje, Serowe, Mmadinare and Tsamaya. Figure 1 shows the picture of Jatropha
curcas seeds and seed kernel. All the regions are situated along the eastern side
of the country. Selection of these regions was based on the availability of seeds at
the time of the study. Prior to the experimental procedures, seeds were cleaned
by removing foreign materials such as husk, small stones and leaves. Stones can
cause deformation of the press tools and foreign material of plant origin such as
weeds and stems can reduce oil quality. This step was done by hand since it was
not complex. To further remove any small foreign materials, a metal sieve sepa-
rator of 5 mm diameter was used. This is similar to a study by [15]. The seeds
were then sun dried for about 3 weeks to remove moisture as in the method by
[16]. It is important that the seeds are well dried before pressing since moist

seeds can develop mould which can jam the pressing equipment.

2.2. Mechanical Extraction

Oil extraction was carried out using Kern Kraft screw press machine (KK40F
Universal). After the seeds were cleaned, they were fed on the seed hopper. The

rotational speed of the machine was then set at higher speeds of 80 revolutions

Figure 1. Jatropha curcas seeds and seed kernel.
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per minute (rpm) since Jatropha curcas seeds are hard-shelled. During the oper-
ation, oil was drained from the holes of the sieve and the press cake continuously

ran from the pre-jet.

2.3. Biodiesel Production

Jatropha curcas crude oil was processed into biodiesel. In order to achieve this,
the alkali catalysed transesterification process was used. This process was per-
formed using Biodiesel Starter Kit sourced from Division of Reliance Energy
Resources, LLC in Florida, United States of America. The laboratory scale bio-
diesel processing unit works in four stages namely; heating of oil, transesterifica-

tion process, separation and dry washing as demonstrated in Figure 2.

2.4. 0il Characterization

Oil characterization involves the chemical composition of different derived bio-
diesel samples to establish its fatty acid profiles. The test method involved analy-
sis of the standard as a reference sample as described in Section 2.4.1 to establish

the major esters. Thereafter the biodiesel samples were analysed following the

’ STAGE 2 -TRANSESTERIFICATION PROCESS

STAGE 1- HEATING ‘

Measure Heat the measured Allow crude Tightly close
Jatropha - crude oil slightly oil to cool to the process jar
curcas above 100°C to temp. approx. and leave
crude oil remove any water 58°C contents for 1
in the oil using a hour
burner stove

Transfer the

‘ Methoxide Bottle biodiesel mix
Add MeOH and KOH then in the )
shake until KOH dissolves separation
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| STAGE 3 -SEPARATION

I

V
Separation of Biodiesel
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glycerin separate
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E
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Figure 2. Schematic diagram of biodiesel production from Jatropha curcas crude oil.
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same procedure used for the standard and quantification was performed on ma-

jor esters which was present on standard sample.

2.4.1. Procedure

Initially the standard was injected into the Gas Chromatograph-Mass Spectome-
try (GC-MS) then ran five (5) times with six (6) different concentrations of equal
interval from 10 ppm (part per million) to 1 ppm. At each concentration, peak
areas and retention times were recorded and calibration curve was generated
with each fatty acid in the standard sample which its calibration curve was used
as reference for analysis of fatty acids in biodiesel samples. The same procedure

was repeated for each biodiesel sample.

2.4.2. Instrument Conditions

The composition and quantity of fatty acid methyl ester (FAME) was deter-
mined according to test method ASTM D6584, using Agilent Technologies GC
System 7890A gas chromatograph (GC) equipped with a HP-5MS capillary
column (30 m x 250 pm x 0.25 pm) and an automated injector. The instrument
which was used in the study was Agilent Technologies GC System 7890A gas
chromatograph (GC) connected to the mass spectrometer with Triple-Axis de-
tector. Helium was used as carrier gas at a pressure of 72 kPa and flow rate of 64
mL/min according to manufacturers’ specification. 1 pL of sample was injected
using an automated injector. The initial oven temperature was set to 100°C for 4
minutes, which was then increased at a rate of 7°C/min to 235°C, then 10°C/min
to 300°C for 7 minutes. The injector and detector temperatures were set to
325°C allow these target molecules to volatize. Total run time was about 36 mi-

nutes.

2.5. Fuel Quality Analysis

Biodiesel produced from seeds collected from all the four regions of Botswana
was investigated for the following fuel quality properties; kinematic viscosity
analysis, density flash point, cloud point, pour point and energy content.

1) Kinematic Viscosity Analysis

Kinematic viscosity analysis was performed using a Fungilab Premium Series
Viscometer (PREL 401024). The viscometer was coupled to a Thermo Fisher
Scientific heating bath circulator. The temperature of the heating bath was then
set to a maximum of 95°C as per the manufacturer specifications. On the visco-
meter, the low centipoise (LCP) spindle with its appropriate thermo station
jacket was used since the samples analysed were of low viscosity.

The instrument was then started simultaneously with the heating bath set at
95°C. The spindle speed was varied based on the torque values with the ideal
range being 50% - 95% as suggested by the manufacturer. Sample viscosity
readings were performed at temperature intervals of 2°C from room tempera-
ture to 60°C because it was noticed that viscosity of biodiesel remains constant
between 54°C to 60°C.
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2) Flashpoint Measurement

Flashpoints of biodiesel fuel samples were determined using an automated
Pensky-Martens Closed Cup Tester (Tanaka) according to the ASTM D93 test
method. A 100 ml brass test cup was filled with fuel sample to approximately 60
ml and covered with the test cover. The expected flash point, identification of
fuel sample and procedure were then entered on the machine. The test mode
used was the special mode (SPEC) since the samples tested were biodiesel fuels
of unknown flash point. The test cup was heated and the sample agitated by a
stirrer. At regular intervals, an ignition source was introduced into a test cup un-
til a flash was detected. The procedure was repeated thrice for each sample and
an average reading recorded.

3) Cloud and Pour Point Analysis

The cloud and pour points of the fuels were tested using the Normalab cloud
and pour tester coupled with a cooling bath which uses methanol as the cooling
medium. The temperature of the cooling bath was set to —60°C. The test sample
was poured into a sample container up to a specified mark and then mounted on
the motorised measurement head. The initial temperatures for cloud and pour
point were entered prior to the test run. As soon as the specific temperature of
cloud and pour point of the test sample were reached, the results were displayed
on the screen and recorded.

4) Energy Content

The heating values of jatropha curcas biodiesel fuels were determined using
IKA C200 Calorimeter. The instrument was connected to a computer installed
with CalWin calorimeter software for easy capture and display data. The expe-
riment entails weighing the sample, oxygenating it and igniting it to determine
its energy content. The decomposition vessel was charged with oxygen at a
pressure of 30 bars for 30 seconds to ensure adequate oxygen for combustion
process. The test run was initiated and the results were automatically saved in

the computer. Total run time for each experiment was 9 minutes.

3. Results and Discussions
3.1. Fatty Acid Composition

Fatty acid composition of biodiesel is an important characteristic in biodiesel
production. The properties of biodiesel fuel are determined by the quantity of
each fatty acid present in the biodiesel fuel sample. Table 1 shows the results of
fatty acid composition in biodiesel produced from Jatropha curcas oil from four
different regions, namely, Paje, Serowe, Tsamaya and Mmadinare villages.

From the results in Table 1 it can be observed that the major fatty acids in Ja-
tropha curcas biodiesel samples for all regions under review were the oleic, li-
noleic, palmitic and stearic with oleic being the dominant one. The reported
percentage of oleic acid was 48.65% for Tsamaya followed by Paje at 43.14%, Se-
rowe at 41.90% and Mmadinare at 37.92%. The results further demonstrate that

the percentage composition of monounsaturated fatty acid found in different
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Table 1. Fatty Acid Composition of Biodiesel derived from Jatropha curcas oil from re-
gions of Paje, Serowe, Tsamaya and Mmadinare.

Fatty Acid Relative Composition (%)
*Structure
Scientific Name Paje  Serowe Tsamaya Mmadinare
Saturated Acid

Palmitic Hexadecanoic C16:0 14.22 15.12 18.06 15.03
Stearic Octadecanoic C18:0 8.39 8.31 10.21 7.16
Total Saturated 22.61 23.42 28.27 22.19

Unsaturated Acid
Oleic Cis-9-octadenoic Cl18:1 43.14 41.9 48.65 37.92
Linoleic Cis-9,12-octadecadienoic ~ C18:2 31.42 32.2 18.35 37.48
Palmitoleic 9-hexadecenoic Clé:1 1.01 1.09 1.23 1.03
Isooleic acid 10-octadecenoic Cl18:1 1.45 1.39 1.75 1.38
Total Unsaturated 77.02 76.58 69.98 77.81
Total monounsaturated 45.62 44.88 51.06 37.92
Total polyunsaturated 3142  32.20 18.35 37.48

“Number of carbon atoms: degree of unsaturation.

biodiesel samples is higher than that of polyunsaturated fatty acid. Several stu-
dies including [9] [10] [11] recommends that the best vegetable oil used for
production of biodiesel should consist a larger amount of monounsaturated fatty
acids compared to polyunsaturated fatty acids as oil containing relatively high
amount of polyunsaturated fatty acids tends to exhibit a poor oxidation stability
and it can compromise the fuel properties such as kinematic viscosity and im-
pair fuel quality. In this case, the situation is favourable. Due to increased
amount of unsaturated fatty acids in biodiesel fuel produced from oil seeds col-
lected from Paje and Mmadinare regions, some of the fuel properties such as ki-
nematic viscosity and cold properties are expected to be favourable.

Total saturated fatty acids (palmitic and stearic) of each biodiesel sample is
22.61%, 23.42%, 28.27% and 22.19% for Paje, Serowe, Tsamaya and Mmadinare
respectively. Contrary to the discussions made earlier on poor oxidation stability
of fuel with relatively high content of polyunsaturated fatty acids (linoleic), for a
good oxidation stability, the fuel should have more of saturated fatty acid [8]
[13]. Therefore, from the four biodiesel under review, biodiesel fuel from Tsa-
maya region would be expected to have a good oxidation stability due to rela-
tively high percentage of saturated fatty acids of 28.27% and less polyunsaturated
fatty acids of 18.35%

3.2. Physico-Chemical Fuel Properties

1) Kinematic Viscosity
Kinematic viscosity is defined as a measure of the fluid's internal resistance to

flow under gravitational forces. Figure 3 presents information obtained for ki-
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nematic viscosity of Jatropha curcas biodiesel fuels produced using seeds from
different selected regions at different temperatures.

The results in Figure 3 show that all the fuels tested exhibit decrease in kine-
matic viscosity as the temperature increase. Azom [17] reported that the increase
in temperature causes the kinetic energy to increase and the results in mobility
of molecules hence reduction in kinematic viscosity. The observed profile in
Figure 3 agrees with the one reported by Rashid and Anwar [18]. The ASTM D
6751 biodiesel standard prescribe an acceptable kinematic viscosity at 40°C for
biodiesel to be at the range of 1.9 to 6.0 cSt. All the recorded results fall within
the acceptable ASTM D 6751 biodiesel standard as demonstrated in Figure 4.
These results guarantees a good combustion processes in the engine without
leaving residual residues that can cause damage such as valve sticking and burn-
ing. The same observation was alluded by Anguebes-Franseschi et al [19], who
reported that higher viscosity tends to form larger droplets on injection resulting
in poor combustion processes in compression ignition engines.

Most of the literatures reveal that kinematic viscosity can be affected by the
degree of unsaturation [7] [8] [11] [20]. The authors alluded that decreasing de-

gree of unsaturation leads to an increase in kinematic viscosity. In the current

8.00
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Figure 3. Kinematic Viscosity of Jatropha curcasbiodiesel fuels at different temperatures.
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Figure 4. Kinematic viscosity of different Jatropha curcasbiodiesel at 40°C.
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study the results are opposite, an increase in degree of unsaturation leads to in-
crease in kinematic viscosity. The situation could be due to reason given by
Wardana et al [21] who reported that the trend may be due to the molecular
weight which is more influential on viscosity than the degree of unsaturation. In
the present investigation, molecular weights of unsaturated fatty acids are more
than that of saturated ones. For example, total unsaturated fatty acids for Paje
and Mmadinare village were the highest at 77.81% and 77.02% respectively as
demonstrated by Table 1 in Section 3.1. Corresponding kinematic viscosity of
these study areas were also recorded at 3.17 ¢St and 3.09 cSt for Paje and Mma-
dinare respectively, 13.9% and 15% higher than viscosity for Serowe and Tsa-
maya respectively.

2) Density

Density of the fuel is also an important fuel property that has an effect in the
engine performance. It affects the pumping of the fuel because fuel injection
pumps fuel by volume not by mass [8]. The authors stressed that the greater or
lesser mass of fuel is injected in the compression ignition engine depend upon its
density.

The results depicts in Figure 5 demonstrated that the biodiesel fuels produced
from seeds collected from Paje and Mmadinare villages recorded high density of
0.9042 g/ml and 0.9034 g/ml respectively. Similarly, results for Serowe and
Tsamaya villages recorded density of 0.8945 g/ml and 0.8804 g/ml respectively.
The moderately higher densities recorded for biodiesel fuel of seeds from
Mmadinare and Paje villages may be attributed to their higher degree of unsatu-
ration fatty acids as shown in Table 1 in Section 3.1. Several authors including
Hoekman et al [8] and Refaat [22] reported that higher unsaturation leads to
relatively high density of biodiesel fuels. Other biodiesel fuels densities reported
are in the range of 0.85 to 0.95 g/ml [23] [24] [25] [26]. Additionally, all the re-
ported densities for biodiesel fuels from all the four study areas under review are
within the acceptable range of the EN 14214 biodiesel standard which stipulate
density range of 0.86 - 0.90 g/ml. The ASTM D6751 biodiesel standard does not
specify any range. The observation has also been stressed by several authors in-
cluding Patel et al [27].

0.91
0.90
E 0.89
&
& 088
5
2 0.87
0-86 Mmadinare Paje Tsamaya Serowe
‘ ® Density (g/ml) 0.90 0.90 0.88 0.89

Figure 5. Density of Jatropha curcasbiodiesel fuels from selected regions in Botswana.
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3) Flash Point

Flash point is fuel property that determines the safety of a fuel during its han-
dling and storage. Figure 6 shows the results of flash points for Jatropha curcas
biodiesel fuels produced using seeds from selected regions of Botswana.

The results show that biodiesel fuels produced from seeds collected from
Mmadinare and Paje villages recorded relatively high flash point of about 177°C
followed by Serowe with 157.17°C and Tsamaya with 146.50°C. The results for
Mmadinare and Paje biodiesel fuels are consistent with the results reported by
[25] [28] [29] who reported flashpoint values in the range of 160°C - 175°C for
Jatropha curcasbiodiesel. It is pertinent to mention that biodiesel standards such
as EN14214 and ASTM D6751 put the minimum values for biodiesel flashpoint
at 101°C and 93°C respectively. Results of this study therefore suggest that bio-
diesel produced using seeds collected from all regions under review satisfies both
the two biodiesel standards.

Flashpoint of the biodiesel can be affected by its kinematic viscosity and den-
sity [30]. The authors alluded that high flashpoint of the fuel is influenced by
higher kinematic viscosity and density of the fuel. Higher flashpoint values for
biodiesel of seeds from Mmadinare and Paje villages may be influenced by rela-
tively high kinematic viscosity and density of its biodiesel fuels as demonstrated
by Figure 4 and Figure 5. Likewise, biodiesel fuels of seeds from Serowe and
Tsamaya had lower flashpoint values possibly due to high content of saturated
fatty acids as depicted in Table 1 in Section 3.1. Other studies have revealed that
residual methanol from esterification process can have negative effects on the
flashpoint temperature of biodiesel fuel [31]. These authors alluded that studies
have shown that residual amount of methanol as low as 1% in the biodiesel fuel
can lower its flashpoint from 170°C to less than 40°C. In the current study, bio-
diesel samples from Jatropha curcas seeds from Serowe and Tsamaya areas may
have recorded lower flashpoint temperatures possibly due to residual methanol
from the esterification process.

The results also demonstrated the interdependence of the flash point property
of biodiesel fuel with other biodiesel properties such as kinematic viscosity and

200.00
180.00
o 160.00
°~: 140.00
5 120.00
= 100.00
g 80.00
g 60.00
= 40.00
20.00
0.00
s EN 14214
Mmadinare Paje Tsamaya Serowe D6751 .
. Min
Min
® Flash Point 177.30 177.50 146.50 157.17 93.00 101.00

Figure 6. Flashpoints of Jatropha curcasbiodiesel fuels from selected region in Botswana.
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density. The investigation demonstrated that the higher the kinematic viscosity
and density of the biodiesel fuel the higher the flash point. Furthermore, the in-
vestigation also demonstrated that high content of saturated fatty acids results in
low value of flash point of the biodiesel fuel.

4) Cold Flow Properties

The low temperature properties which were investigated in the present study
were Pour Point (PP) and Cloud Point (CP). The results for the two properties
are presented in Figure 7 and Figure 8.

Cloud point is defined as the highest temperature at which crystal growth of
the biodiesel fuel is large enough (diameter > 0.5 um) to be noticed while pour
point is the lowest temperature at which the fluid will pour [32]. The two prop-
erties are important parameters to observe how the biodiesel fuel will perform
under low temperature conditions. Hoekman et al [23] and Wardana et al [33]
reported that both the cloud point and pour point of biodiesel fuels are mainly in-
fluenced by the presence of saturated fatty acids in biodiesel fuels. Extended expo-
sure of the biodiesel fuel to temperatures at or lower than cloud point or pour
point temperatures results in crystallation or biodiesel fluid starting to pour.
Kumar et al [34] reported that crystals in the fuel make it difficult for fuel to flow

in engine, ultimately resulting in choking of engine and incomplete combustion.

2.00
1.80
1.60
1.40
1.20
1.00
0.80
0.60 —
0.40
0.20
0.00

Cloud Point (°C)

Mmadinare Paje Tsamaya Serowe
m Cloud Point 1.00 2.00 2.00 1.00

Figure 7. Cloud point of Jatropha curcasbiodiesel fuels from selected region in Botswana.
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Figure 8. Pour point of Jatropha curcasbiodiesel fuels from selected regions in Botswana.
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The results as depicted in Figure 7, shows that biodiesel fuel of seeds from
Tsamaya and Paje areas recorded equal values of cloud point of 2°C followed by
biodiesel fuel of seeds from Mmadinare and Serowe regions at 1°C. Variation in
the results may be attributed to the presence of saturated fatty acids present in
the biodiesel [8]. The authors reported that feedstocks with highly saturated fatty
acids produce biodiesel fuels with poor cold flow properties. Generally, biodiesel
fuels with high concentration of saturated fatty acids tend to have high cloud point
temperature. From the results in Table 1 in Section 3.1, biodiesel fuel from seeds
for Tsamaya region recorded relatively high-saturated fatty acids, thus 20% and
17.16% higher compared to saturated fatty acids recorded for Paje and Serowe re-
gions. All these may justify why there is slight difference of cloud point for biodiesel
fuels from Tsamaya and Paje regions. Other researches such as [1] [35] [33] re-
ported cloud points in the range of 2°C to 5°C for Jatropha curcasbiodiesel fuel.

Pour point is another important parameter similar to cloud point as it also
focuses on cold properties of fuel. The results in Figure 8 shows that the bio-
diesel fuels from Tsamaya and Paje regions recorded the highest pour point
temperatures of 1°C. Biodiesel fuels from Mmadinare and Serowe regions re-
corded the pour points temperatures of 0°C. Like for cloud point, the slight dif-
ference in the results may be attributed to the presence of saturated fatty acids
present in the biodiesel [8]. From the fatty acid composition Table 1 in Section
3.1, the results shows that biodiesel fuels from Tsamaya and Paje regions rec-
orded high degree of saturated fatty acids which may be the main reason for
high pour point temperatures.

Other authors have reported pour point values in the range of —5°C to 5°C for
different biodiesel feedstock including Jatropha curcas [36] [37] [38] [39]. The
pour point results obtained in the current study are consistence with pour point
values in other studies.

5) Energy Content

The study also investigated the energy content of the biodiesel fuel from Jat-
ropha curcas seeds obtained from selected regions of Botswana and the results

are depicted in Figure 9.
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Figure 9. Energy content of Jatropha curcas biodiesel fuels from selected regions in Bot-
swana.
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All the energy content values of the biodiesel fuels are in the average of 39.00
M]J/kg, biodiesel fuel produced from Jatropha curcas seeds collected from
Tsamaya had energy content of 39.61 MJ/kg followed by biodiesel fuel from
Mmadinare at 39.52 MJ/kg. Paje and Serowe had the least at 39.32 MJ/kg and
39.31 M]J/kg respectively. The minimum and maximum percentage variation
observed was 0.23% and 0.76% respectively which is quite insignificant. There-
fore, this means that all the biodiesel fuels under review will probably have the
same behaviour when it comes to certain engine performance parameter such as
specific fuel consumption which are influenced by energy content of fuel. The
obtained results fall within the same range of results reported in other studies
such as [35] [40] [41] [42]. The authors reported energy content values in the
range between 37 - 40 MJ/kg.

4. Conclusions

The main purpose of the present study was to investigate effects of fatty acids
composition on fuel properties of Jatropha curcas biodiesel fuel. Relevant experi-
ments were successfully carried out and the following conclusions were arrived at:

1) The physicochemical fuel properties of biodiesel investigated are influenced
by the fatty acid composition. The experimentally determined kinematic viscos-
ity, density and flashpoint values are influenced by the degree of unsaturation of
the fatty acid mixture. Biodiesel of Jatropha curcas seeds obtained from Paje and
Mmadinare regions had higher values of kinematic viscosity, density and flash-
point than other regions due to high proportions of unsaturated fatty acids.

2) Biodiesel of Jatropha curcas seeds obtained from Tsamaya and Paje regions
had slightly higher cloud and pour point due to dominant presence of saturated
fatty acids.

3) Energy content of all the biodiesel was averagely the same and this signifies
that the energy content of the biodiesel investigated is independent of fatty acid
composition.

4) Although some differences in values of physicochemical properties were
observed in all the parameters investigated, all the biodiesel fuels were within the
European (EN14214) and American (ASTM D6751) biodiesel standards in terms
of kinematic viscosity, density and flashpoint. As for cold flow properties and
energy content, the results were comparable to other studies.

It is therefore appropriate to conclude that fatty acids composition has great

influence on fuel properties of Jatropha curcasbiodiesel.
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