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1 ABSTRACT

The increasing demand and consumption growth rates of diesel fuel together with environmental
concerns directed attention to the use of non-edible oils such as jatropha or waste cooking oil (WCO) as
alternative biofuels in diesel engines. Extraction methods of jatropha seeds and waste cooking oil
collection have effects on the physical and chemical properties of the produced bio-oil and biodiesel;
these properties have effects on engine performance and emissions. Oil characteristics such as viscosity,
density, calorific value, flash point, and Cetane number were considered.

The aim of this paper is to compare bio-oil or biodiesel which are produced by extraction methods from
Egyptian jatropha seeds and WCO. The extraction method of Jatropha oil is by using a screw press, and
that from WCO is by a chemical method. A screw press was designed, manufactured, and tested on the
laboratory scale, to produce oil at extraction temperature of 100°C and screw speed of 60 rpm. The effect
of temperature on oil density and viscosity for the extraction processes were investigated. Correlations
were deduced which relate viscosities and densities with oil temperature for the studied bio-oil and
biodiesel. The raw material used for producing the bio-oil affect the fatty acid composition. The
production temperature also has effects on the viscosity and density of the extracted oil by the different
processes.

Free fatty acid (FFA) compositions are measured to be 2.7 and 4.596% for jatropha bio-oil and WCO
bio-oil, respectively. The density of waste cooking bio-oil is 916 kg/m3 which is better than that
produced from jatropha oil. The kinematic Viscosity of jatropha biodiesel being 1.4 is better than that
of WCO oil. The flash point of waste cooking oil is better than all different oils, on the other hand, the
Cetane number of waste cooking oil is better as compared to other oils. The heating value of waste
cooking oil is better than different types of oil. Therefore, the waste cooking oil is the best to use,
otherwise use preheated jatropha oil.

KEYWORDS: Jatropha seeds, Yield, Screw press, Waste cooking oil (WCO), Biodiesel, Bio-oil.
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2 INTRODUCTION

The continuous increase in global energy demand has been followed by an increase in the rate of growth
in spent fossil fuel consumption. Burning fossil fuels is the main cause of harmful emissions and global
warming. An effective partial solution to fossil fuel emissions is the use of alternative biofuels [1].
Edible vegetable oils are very expensive, so researchers are working on ways to produce biodiesel from
non-edible vegetable oils such as jatropha seeds and waste cooking oil. Jatropha trees can be grown in
deserts and irrigated with wastewater. Jatropha oil can be extracted from the seeds by chemical methods
or mechanical presses [2]. Jatropha oil is inedible before detoxification, which makes it the best choice
to use as an alternative source of biodiesel. Jatropha is a multi-purpose shrub belonging to the Euphorbia
group, which grows best in the subtropical parts of Africa and Asia. Jatropha oil can be converted into
biodiesel using the transesterification process or use oil directly in diesel engines or oil burners with oil
pre-treatment [2,3]. Ancient extraction methods to extract oil from seeds had used both manual and
simple methods; these are at present the least useful. Jatropha oil can be extracted mechanically by
pressing the seeds, chemically, and enzymatically [4-6]. At present, Jatropha seeds are used to extract
oil by expellers .It is somewhat important to use a screw press to produce a higher yield with acceptable
physicochemical properties of the oil [7,8].

A fixed screw press was used to extract oil from jatropha seeds with a cylindrical barrel and a helical
screw on a conical shaft supported by bearings with a shaft [9]. The hopper feeds the screw with seeds
to be pressed into the cylindrical housing and the cake comes out from the other end, and the oil comes
out through small holes in the bottom of the barrel [9]. Jatropha oil extraction by screw press is more
efficient in producing higher yield than other known methods. There are minimum extraction
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temperatures to reduce the percentage of free fatty acids in the extracted oil. The extraction temperature
of 75 to 100 °C and the screw speed of 20 to 60 rpm gave the maximum output of the jatropha extract.
These conditions also reduce the motor power and torque of the screw driver [1].

Producing biodiesel from waste cooking oil has economic benefits, as its cost is the lowest among
renewable and conventional fuels [10]. Since plants and vegetable oils and animal fats are renewable
sources of biomass, biodiesel represents a mostly closed cycle of carbon dioxide (about 78%) as it is
derived from renewable sources of biomass [11]. Edible vegetable oils make up over 95% of world
biodiesel production [12]. References [13,14] stated that the use of edible oils in biodiesel production
could lead to some negative impacts in developing countries, such as malnutrition and higher food
prices. Where the prices of refined virgin oils are generally very high, commercial production of
biodiesel fuel is therefore impracticable [15]. The highly important issue in biodiesel production is the
cost of the raw material which could account for up to 75 percent of the total cost of production [16].
These results in prices of biodiesel 1.5 times higher than those of fossil diesel [17].

So, the use of HORECA (hotels , restaurants and catering) WCO as raw material is one way to cut costs,
since these oils are 2-3 times cheaper than vegetable oils from crops or trees [18]. Biodiesel benefits
include safe, reliable, displaces diesel fuel, reduces global warming, and reduces gas pollution like air
toxics. Biodiesel drawbacks include high cost relative to hydrocarbon diesel, a small rise in emissions
of nitrogen oxides, and long-term storage changes in fuel properties [19].

The main objective of the current research is to produce jatropha oil from jatropha seeds while
increasing the extraction productivity to allow commercial production. A screw press was designed,
manufactured, and tested in our laboratory for producing biodiesel from jatropha nuts. WCO was used
to produce biodiesel. The biodiesel produced from these two sources are compared. The effect of the
extraction process on free fatty acid composition and properties of the bio-oil was studied.
Physicochemical properties of jatropha oil and biodiesel are compared to WCO and biodiesel.

3 MATERIALS AND METHODS

Egyptian jatropha is grown at high temperatures in dry weather in Upper Egypt. Jatropha fruits are
peeled for using the seeds to extract oil. The screw press method was adopted in this paper to produce
bio-oil from Jatropha seeds. Waste cooking oil (WCO) sample was collected from a public restaurant in
Cairo, Egypt.

1.1 Screw Press Method

The screw press is a continuous extraction method, and it gives a high yield. It was designed and tested
by the authors to produce a large amount of oil jatropha from seeds of up to 20%. [1]. This screw press
has a base and casing. Casing has a hopper to feed jatropha seeds to press in rotating screw.

Oil is collected from holes down the casing. The electric motor has gearbox to reduce rotational speed
from 1420 to 142 rpm by using reduction ratio 1:10, this motor used to drive the screw press. The screw
speed is controlled by inverter Jatropha seeds were preheated by Heaters out the casing, temperature
control by using temperature digital thermostat from room temperature to 300°C. The maximum oil
yield was achieved to obtain oil with the proper properties at 60 rpm rotational speed and 100 °C
preheating temperature [1]. The screw press schematic diagram and its parts are presented in Figure 1

[1].
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Fig. 1: The screw press schematic diagram and its parts

1.2 Biodiesel Production Process

Jatropha biodiesel was produced by esterification followed by transesterification processes to jatropha
oil. WCO biodiesel was produced by transesterification processes of the waste cooking oil. Methanol
and sulfuric acid as a catalyst blended with jatropha oil between one to three hours at a temperature of
80°C, it's called the esterification process. Methanol and sodium hydroxide as a catalyst mixed to oil
(jatropha - WCO) by the ratio of 20% Methanol and 0.5%:1% sodium hydroxide. The solution is poured
into a separate funnel for up to 12 hours. The biodiesel will float at the top while the denser glycerin will
be at the bottom of the funnel. Glycerol looks very dark compared to the yellow biodiesel [20, 21].

1.3  Gas Chromatography Method

Gas Chromatography (GC) technique used for measuring oil sample fatty acid composition by mixtures
separation based on their boiling point. The methylation process is used to prepare oil samples for GC
[3, 22, 23].

4 RESULTS AND DISCUSSIONS
1.4  Free Fatty Acid

The oil processing extraction method or its cooking way affect the oil color, thus the oil quality as
indicated in Fig. 2. The extraction temperatures affect the physicochemical properties. The oil will
oxidize according to the applied temperature. Oil darker color resulted from higher extraction
temperature or a long time on high cooking temperature. The oil darker color is caused by oxidation
during the process (extraction or cooking). WCO bio-oil is found to be darker than jatropha oil extracted
by screw processes. Qil extraction methods or cooking regime change both the color of oil and its quality.
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Lovibond number is a scale used widely as a comparative method between oil colors [1,3,22] and is
presented in Fig. 2. Table 1 depicts jatropha oil and WCO fatty acid percentages and their Lovibond
numbers. Jatropha oil extracted by screw press has Lovibond No. 4 and a minimum FFA of 2.7% because
its color is light. WCO has Lovibond No. 10 and a maximum FFA of 4.596% because its color is darker.
Titration was used to calculate oil FFA percentage. NaOH solution prepared by mixing four grams of
NaOH in one liter of distilled water. 10 ml of pure isopropyl alcohol are blended with one ml of jatropha
oil. The mixture preheated slowly under stirring until the oil is completely dissolved in alcohol. The end
point will appear by use Phenolphthalein indicator. Phenolphthalein is added to the mixture in two drops.
NaOH solution is added drop by drop to the oil alcohol phenolphthalein solution, with stirring until the
appearance of a pink solution for 10 seconds. FFA percentage calculation from titration from these
equations [24,25].

28.2XVxn

FFA% = 1)
Where,
V = Titration solution volume in ml,
n = NaOH solution normality (n=0.025), and
w = Oil sample weight in grams (1ml = 0.92 g).
Thus,
FFA% = 0.766 V (2)
# Value Color
2
3
4
6
10
13
17
22
24
30
38+

Fig. 2: Lovibond scale for oil extraction or cooking color

Table 1: Jatropha oil and WCO fatty acid percentage and their Lovibond Nos

No. Extraction process FFA, % Lovibond No.
1  Jatropha oil extracted by screw press (JSP) 2.7 4
Oil extracted from local waste cooking oil
2 (WCO) 4.596 10

2.2  Gas Chromatography Analysis

The retention indices of the separated fatty acids methyl esters components were calculated using fatty
acids methyl esters standards (C4-C22), (Sigma Aldrich Co.) as references. There are three main types
of fatty acids that can be presented in a triglyceride which is saturated (Cn: 0), monounsaturated (Cn: 1)
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and polyunsaturated with two or three double bonds (Cn: 2, 3). Various vegetable oils are potential feed
stocks to produce a fatty acid methyl ester or biodiesel, but the quality of the fuel will be affected by the
oil composition. The vegetable oil should have lower saturation and lower Poly unsaturation.

The major fatty acids in jatropha oil are oleic, linoleic, palmitic, and stearic fatty acids, and those for
waste cooking oil are palmitic and oleic. Jatropha bio—oil can be classified as linoleic—palmitic oil
compared to waste cooking oil bio-oil which is classified as Oleic—palmitic oil. Jatropha oil has higher
linoleic fatty acid and WCO oil has higher oleic fatty acid as shown in Table 2 and Fig. 3.

Table 2: Jatropha oil and WCO oil fatty acid composition

No. Fatty acid WCO Jatropha oil
1 Palmitic (16:0) % 31.00 25.26
2 Stearic (18:0) % - 2.11
3 Oleic (18:1) %  69.00 17.09
4  Linoleic (18:2) % - 48.15
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Fig. 3: Fatty acid compositions by GC for oils
2.3 Effect Of Temperature On Oil Density

Figure 4 exhibits the variations in densities for different temperatures of oil and biodiesel. The results
indicate that oil temperatures have significant effect on the density of the extracted oils. The measured
values of densities by test method ASTM D4052 at the same temperature of 20°C for fossil diesel,
jatropha oil, jatropha biodiesel, waste cooking oil, WCO biodiesel are 829, 913, 876, 916, and 865.01
kg/m?, respectively. The densities of oils decrease with increase in temperature. The density is inversely
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proportional to the oil temperature as a linear relationship as obtained from the measured results. The
density can be correlated as a linear relationship with oil temperature for the extraction processes as
shown in Table 3. Density correlations at different temperatures can predict and calculate densities for
oil and biodiesel.

Table 3: Temperature and density correlations for oil and biodiesel

No. Type Density Equations
1 Jatropha oil p=-0.576T +923.73
2 Biodiesel of Jatropha oil p=-0.6072 T + 885.84
3 Waste cooking oil p=-0.615T +926.5
4  Biodiesel of waste cooking oil p=-0.5705T + 877.27

940

Waste cooking oil
+ Jatropha oil
920 M Biodiesel of Jatropha oil
Biodiesel of waste cooking oil
Diesel Density at 20 °C

900 |-

co
co
=]

Density, Kg/m3

[o2]
D
o

840 |-

A
820 -

800

15 25 35 45 55 65 75 85 95 105
Temperature, °C

Fig. 4: Effect of temperature on oil density

2.4 Effect Of Temperature On Oil Viscosity

Figure 5 shows the variations in viscosities for different temperatures of oil and biodiesel. The results
reveal that oil temperatures have significant effect on the viscosity of the extracted oils. The measured
values of densities by test method ASTM D445 at the same temperature of 40°C for conventional diesel,
jatropha bio-oil, jatropha biodiesel, waste cooking oil bio-oil, WCO biodiesel are 1.2, 4.1, 1.4, 4, and
1.509 CP, respectively. The viscosities of oils decrease with increase in temperature. The viscosity is
inversely proportional to the oil temperature as a linear relationship as obtained by the measured results.
Preheating of bio-oil fuel is one of the solutions to overcome the problems related to the higher oil
viscosity in diesel engines. Correlations of viscosities at different temperatures are helpful in predicting
and calculating viscosities as shown in Table 4. Viscosity correlations at different temperatures can
predict and calculate viscosities for oil and biodiesel.
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Waste cooking oil
¢ Jatropha oil
B Biodiesel of Jatropha oil
Biodiesel of waste cooking oil
7 - Diesel Viscosity at 40 °C

Viscosity, CP

15 25 35 45 55 65 75 85 95 105

Temperature, °C

Fig. 5: Effect of temperature on oil viscosity

Table 4: Temperature and viscosity correlations for oil and biodiesel

No. Type Viscosity Equations
1 Jatropha oil p=76.562 T 0806
2 Biodiesel of Jatropha oil p=75.4451 T 036
3 Waste cooking oil p=134.63 T 046
4  Biodiesel of waste cooking oil ~ p=3.9265 T 0286

2.5 Properties Of Bio-Oil And Biodiesel

The measured properties of the tested fuels are presented in Table 5. The heating values of diesel,
jatropha oil, jatropha biodiesel, waste cooking oil and, WCO biodiesel were 42000, 39128, 38789,
37713, and 42948 kJ/kg, respectively. The fuel heating value determines the availability of heat to
produce the engine power. Therefore, heating values are important in the choice of alternative fuels for
diesel engines to increase the engine performance.

Cetane numbers for diesel, jatropha bio-oil, jatropha biodiesel, waste cooking oil bio-oil, and WCO
biodiesel are 45, 37.83, 42.62, 150 and 65.19, respectively. Fuel combustion quality in engine was
measured by Cetane number. Cetane number affects ignition quality and engine performance, cold
starting, warm up, and engine combustion roughness .Shorter ignition delay causes higher Cetane
number and leads to reduction in engine performance.

Flash points for of diesel, jatropha oil, jatropha biodiesel, waste cooking oil and, WCO biodiesel are 75,
142, 121, 167, and 120 °C, respectively. The flash point is critical for storage safety and handling. Oil
has higher flash temperature than biodiesel and ordinary diesel, so, storage and handling of oil are
relatively less hazardous in comparison to diesel.
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Table 5: The measured properties of the tested fuels

Properties Density at 15.56 Kinematic Viscosity Flash Lower Heating Cetane
°C, kg/m? at 40°C, CP Point, °C Value kJ / kg Number
Method ASTM ASTM ASTM ASTM ASTM
D4052 D445 D93 D-224 D613
Diesel 829 1.2 75 42000 45
Jatropha Oil 913 4.1 142 39128 37.83
Jatropha 876 1.4 121 38789 42.62
Biodiesel
Waste 916 4 167 37713 150
cooking oil
WCO 865.01 1.509 120 42948 65.19
biodiesel

SUMMARY AND CONCLUSIONS

The main goal of this paper is to compare jatropha oil extracted by screw press and oil produced from
waste cooking oil to obtain biodiesel based on optimum physical and chemical properties. The present
results led to these conclusions:

1.

The screw press is the optimum examined technique (or is good) for large scale production of bio-
oil and biodiesel from jatropha seeds. The oil extraction yield is up to 20% at 60 rpm rotational
speed and 100 °C. It has the minimum extraction time because it is a continuous process.

The waste cooking oil has darker color which is caused by oxidation during the cooking process; it
has Lovibond No. 10 and maximum FFA of 4.596%. Jatropha oil extracted by screw press method
gave the lighter oil color because of the lower FFA of 2.7% and Lovibond No. 4 for the produced
oil.

The present correlations in Tables 3 and 4 for viscosities and densities can be used to predict and
calculate viscosities and densities at any given temperature for oil and biodiesel produced from
jatropha and waste cooking oil. The extracted oil and biodiesel densities and viscosites decreased
with increase in temperature.

Flash points of oil and biodiesel are higher than that of fossil diesel so, storage and handling of oil
are relatively less hazardous in comparison to hydrocarbon diesel. The heating values of diesel,
jatropha bio-oil, jatropha biodiesel, waste cooking oil bio-oil, and WCO biodiesel were 42000,
39128, 38789, 37713, and 42948 kJ/kg, respectively.

The major fatty acids in jatropha oil were oleic, linoleic, palmitic, and stearic fatty acids, whereas
for waste cooking oil were palmitic and oleic fatty acids. Jatropha oil can be classified as linoleic—
palmitic oil compared to waste cooking oil bio-oil which is classified as Oleic—palmitic oil. Jatropha
oil has higher linoleic fatty acid, and WCO oil has higher oleic fatty acid.

Finally, jatropha oil extracted by screw press method is the optimum process because it has a high yield
of up to 20 %, good acceptable properties overall as compared to WCO oil. WCO biodiesel has good
acceptable properties overall compared to jatropha biodiesel. Both jatropha oil, preheated to a
temperature of 100 °C, and WCO biodiesel, under a preheating temperature of 40 °C, can be used as
alternative fuels to conventional fossil diesel.
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