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Abstract 

A two step-transesterification process was adopted to produce biodiesel from crude 

jatropha oil sourced from Sudan with 4.5 %wt FFA. The oil was first subjected to acid-

catalysed esterification process under optimized reaction conditions. The optimum process 

parameters that reduced the FFA below 1% were 0.225 v/v sulfuric acid (H2SO4), 8.25:1 

w/w methanol (MeOH) to oil mole ratio and 180 min of reaction time under maintained 

reaction temperature of 65°C. Following this, the esterified oil was subjected to base-

catalysed transesterification process. The highest yield of biodiesel obtained was 92% at 

optimized process parameters of 4.5:1 w/w methanol to oil mole ratio, 0.5 w/w potassium 

hydroxide (KOH), 120 min of reaction time at maintained reaction temperature of 60°C. 

The basic chemical and physical properties of the produced biodiesel were found to be 

within the ASTM D6751 specified limits. 
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1 Introduction 

Sudan has a steadily increasing requirement for fossil diesel for both transport and 

electricity generation in regional areas beyond the national electricity grid. There is a 

growing awareness that biodiesel produced in Sudan could be blended with the available 

fossil diesel, resulting in many positive economic, social and environmental benefits.  

However, using non-food biomass feedstock such as oil produced from the seeds of the 

Central American native shrub jatropha (jatropha curcas) could help to achieve 

sustainable, very low emission and cost-effective biofuels production through successful 

development of advanced biofuels technologies.  In addition to fuel production, its scope 

entails a very significant potential stimulus to the regional and national economies of 

Sudan, due to creation of many permanent jobs from jatropha oil production by small 

holders, to the use of the oil and jatropha by-products for generating fuel, electricity and 

heat. This could thus serve as a viable alternative for firewood and charcoal at the 

domestic level and as a source of renewable energy for industry, and some regional towns 

and cities.  

Interest in production of jatropha curcas for oil production is growing in many countries. 

It is driven by the fact that jatropha can grow and produce on land that is marginal for 

agriculture (including at larger scale provided irrigation water and some necessary soil 

qualities are present), and that the production of biodiesel from jatropha oil can reduce 

imports of petroleum products, can stimulate rural and regional economies, and because 

the plantings can be as a combination of industrial-scale plantings and small-holder 

plantings, and because there is potential for a number of different value-added products 

from the oil and by-products arising from biodiesel production (Silitonga, Atabani et al. 

2011, Goswami and Choudhury 2015, Wendimu 2016). 
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The interest in jatropha curcas is because it  is a potential feedstock for production of 

biodiesel but also for its useful by-products that can be used for other applications. Apart 

from using the oil as biofuels feedstock, it can be used as a lubricant or for other uses, 

including in the pharmaceutical and cosmetic industries (Khalil, Aprilia et al. 2013).  

While early stages of jatropha oil production in Sudan needs well-informed research to 

determine the best soils, establishment processes and early management, there is potential 

for very large plantings once good plant genetics is available that are well-suited to the 

Sudanese climate and growing conditions. In addition, extensive research needs to be 

done in various technical aspects before using jatropha oil as feedstock for biofuels for 

the transportation sector in Sudan. This paper deals with production of biodiesel from 

crude jatropha oil sourced from Sudan, using the two-step transesterification process. 

Through the experimental work, some of the process parameters were optimized, 

followed by characterization of the main physicochemical properties of the biodiesel 

produced. 

 

2 Materials and Methods 

2.1 Materials 

 Jatropha curcas seeds were provided from a jatropha plantation located at Kosti in the 

centre of the Republic of Sudan. The oil was extracted using a mechanical expeller, and 

then processed for experimentation in the Laboratory of Oils and Fats, Department of 

Chemical Engineering, Institute of Technology, Bandung, Indonesia. All chemicals used 

in the production process and analysis methods were obtained in their analytical grade. 

Sulphuric acid (H2SO4) was used as the catalyst in the reaction of CJO with 

methanol for the esterification process, while potassium hydroxide (KOH) was the base 
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catalyst selected for the transesterification process. The main physicochemical properties 

of the CJO sample are reported in Table 1. 

 

Table 1: Property specifications of crude jatropha oil (CJO) sourced from Sudan 

Property  Value 

Acid value (mgKOH/g) 8.99 
Density @ 15oC (g/ml) 0.918 

Kinematic viscosity@40oC (mm2/s) 41 

Saponification (mgKOH/g) 193.6 

Water content (%) 0.14 

Calorific value (MJ/Kg) 39.45 

Flash point (oC) 248 

Iodine value (mg I2/g) 103.87 
 

2.2 Experimental procedure 

Production of biodiesel from crude jatropha oil via the transesterification process using 

different catalysts is the most common method (Abdullah, Hanapi et al. 2017, Chuah, 

Kleme et al. 2017, Nisar, Razaq et al. 2017). The transesterification reaction involves the 

reaction of the triglyceride with alcohol in the presence of catalyst to form biodiesel 

(Musa 2016, Farouk, Zahraee et al. 2017). Alkaline-catalysed transesterification is 

regarded as the most widely used process for biodiesel production because it is very fast 

and yields a high amount of biodiesel. However, to use alkaline catalysts, the free fatty 

acid (FFA) level should be less than 1%wt (Luna, Calero et al. 2014).  However, most the 

non-edible oils including jatropha oil have higher FFA values. When a higher FFA oil is 

used transesterification with alkali or base catalyst  a considerable amount of soap is 

produced which are emulsifiers that make the separation of glycerol and ester phases very 

difficult (Farouk, Zahraee et al. 2017). Acid-catalysed esterification was found to be a 
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good solution to this problem (Oliveira, Sá et al. 2017). Therefore, the best tactic to 

produce biodiesel from jatropha oil with high FFA value is to first use the acid-catalysed 

esterification process followed by alkaline-catalysed transesterification process. The 

sequences of the production steps and the apparatus used in this experimental work are 

shown in Figure 1 and Figure 2. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1:          Biodiesel production process - main steps 

 

Figure 2:          Lab scale setup for biodiesel production process 

Temp. = 105 oC, Time = 1 hour Pre-treatment of the oil 

Esterification process 

Transesterification process 

Biodiesel Washing 

Biodiesel Purification Temp. = 70 oC, Time = 30 min 

Temp. = 50 oC, PH<8 

KOH, MeOH 
Temp.= 60 oC, Time = (60-120 min) 

H2SO4, MeOH 
Temp. = 65 oC, Time = (60-180 min) 
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2.2.1 Acid-catalysed esterification step 

Prior to the start of esterification reaction, the crude jatropha oil was filtered and heated 

for 1 hour at 105o C to remove the impurities and water. The reaction was conducted in a 

three-necked round-bottom flask filled with a mixture of 200 g of crude jatropha oil and 

methanol. A water-cooled condenser and a thermometer with stopper were connected to 

the side openings on either side of the round-bottomed flask. The mixture was warmed 

up to 50 oC by placing the round-bottomed flask on a heater and stirred using a magnetic 

stirrer inserted into the flask. At that point, H2SO4 was added to the mixture and the 

reaction conducted at the maintained temperature of 65o C.  After the reaction was 

completed, the reacted mixture was poured into the separating funnel and allowed to 

separate and settle the methanol phase for 30 minutes.  The high and low levels of the 

process variables are given in Table 2. Before starting the second process step, the acid 

value was analysed using titration method and found to be within the desired range for the 

next step. This esterified oil was subjected to base-catalyzed reaction. 

 

Table 2:  Levels of the acid-catalysed esterification step variables 
 

 

 

 

2.2.2 Base-catalysed transesterification step 

In this process, the esterified oil from the first step was poured into a round-bottomed 

flask. The required amount of catalyst KOH was weighed and dissolved completely in 

methanol to form potassium methoxide. Meanwhile, the esterified oil was warmed up, 

and the prepared methoxide was added into the oil at 60o C. The reaction was conducted 

in vigorous mixing mode, and then it was allowed to separate and settle in a funnel for 

Variables Low Level  High Level 
H2SO4  Ratio (% v/v) 0.225 1.5 
MEOH Ratio (w/w) 4.5:1 12:1 
Reaction time (min) 60 180 
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30 min to remove the glycerol layer which formed in the bottom of the funnel before its 

removal. Following this, the produced methyl ester was washed three times with warm 

distilled water at 50° C until the pH of the washed water was less than 8. To remove the 

moisture the final product was held at 70° C for 30 min under vacuum condition. The 

high and low levels of the variables of this process are given in Table 3.  

 

Table 3:  Levels of the base- catalysed transesterification step variables 
 

 

 

 

2.3 Yield and fuel properties of Biodiesel 

The yield of biodiesel produced from crude jatropha oil was calculated using the relation 

shown in Eq. (1) 

Biodiesel Yield (%) = (Weight of biodiesel produced)  x100  (1) 

         Weight of CJO 

The biodiesel properties such as acid value, kinematic viscosity, density, cloud and pour 

point, cold filter plugging point (CFPP), oxidation stability, total glycerol, free glycerol, 

and iodine value, were tested according to ASTM D 6751 standard or EN 14214. Calorific 

value was also tested in this work. Table 4 shows the equipment and standard test methods 

used to measure these properties. 

 

Table 4: Equipment list and test method for properties analysis 

Property  Standard Test 
Method 

Equipment 

Acid value (mg KOH/g) ASTM D664 Standard method by 
potentiometric titration 

Variables Low Level High Level 

KOH (% w/w) 0.5 2 
MEOH Ratio (w/w) 4.5:1 9:1 
Reaction time (min) 60 150 
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Density at 20°C (kg/m3) ASTM D1298 SVM 3000 
Kinematic viscosity at 40°C 
(mm²/s) 

ASTM D445 Cannon-Fenske routine 
Viscometer size 75 

Cloud point (°C) ASTM D2500  Cloud and pour point tester - 
automatic NTE 450 Pour point (°C) ASTM D97 

CFPP (°C) ASTM D6371 Cold filter plugging point tester - 
automatic NTL 450 

Total glycerol (wt%) ASTM D6548 - 
Free glycerol (wt%) ASTM D6584 - 
Iodine value (g I2/100 g) EN 14111 - 
Oxidation stability (h at 
110 °C) EN 14112 873 Rancimat 

Calorific value (kJ/kg) N/S C2000 basic calorimeter 
N/S ≡ not specified neither in ASTM D6751 nor in EN 14214 test methods 

 

3 Results and discussion  

3.1 Acid-catalysed esterification step 

While the esterification of FFA with methanol in the presence of an acidic catalyst is the 

most commonly applied method, the percentage of acid catalyst used and the molar ratio 

of alcohol should be at their optimum values to enhance the process and reduce the total 

production cost. Important variables affecting the FFA content in the esterification 

process investigated in this study were the reaction time, molar ratio of alcohol and the 

concentration of acid catalyst. 

 

3.1.1 Effect of Alcohol Molar Ratio 

The alcohol molar ratio of methanol is one of the important variables affecting the 

concentration reduction of FFA in CJO. The effect of methanol molar ratio on the FFA 

content investigated in this work is shown in Figure 3.   At 180 minutes of reaction time 

and constant concentration of acid catalyst, the FFA contents decreased sharply to 0.76% 

at 8.25:1 w/w molar ratio of methanol to CJO, and then decreased gradually to 0.61% at 

10.125:1 w/w molar ratio of methanol to CJO.  However, after this point the FFA contents 
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started to increase with increase in the molar ratio of methanol.  This could be due to the 

effect of water produced during the esterification, which promotes a backward reaction 

and prevents the reaction to advance in the forward direction, thus stabilizing the overall 

reaction. Esterification is a reversible reaction, which favors forward reaction to produce 

methyl esters if excess methanol is present in the reaction.  However, researchers reported 

that the continuous removal of the water formed in the reaction mixture could enhance 

the esterification process and gives better yield of conversion (Berchmans and Hirata 

2008, Chandane, Rathod et al. 2016).  In this experiment, while the lowest level of FFA 

contents was achieved at 10.125:1 w/w molar ratio of methanol, the optimum weight 

percentage of methanol to oil ratio selected was 8.25:1 w/w, which still yields FFA% of 

less than 1. This selection of the methanol to oil ration of 8.25:1 w/w was mainly to 

minimize the total production cost by using less volume of methanol while reducing FFA 

level well below 1%, so enabling the next process step.  

 

 
Figure 3:  Effect of Methanol molar ratio in the FFA contents 
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3.1.2 Effect of Catalyst Concentration 

Previous studies on esterification treatment of crude jatropha oil had clearly stated that to 

reduce the FFA percentage to below 1%, acid catalyst such as H2SO4 must be used for 

better performance in varying quantities (1%w/w and 0.5%v/v), depending on the 

feedstock properties (Farouk, Zahraee et al. 2017). The effect of sulphuric acid 

concentration on the FFA contents of CJO in this experiment is shown in Figure 4.  The 

FFA contents reduced to its lower level of 0.76 at minimum percentage of acid catalyst 

concentration. Thus, the concentration of sulphuric acid chosen for subsequent 

experiments was 0.225% w/w.  

 

 
Figure 4: Effect of acid catalyst ratio in the FFA contents 

 
 

3.1.3 Effect of Reaction Time 

The reduction of FFA in JCO is also depends on the time of reaction. Although other 
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FFA content decreases with increase in reaction time. This is expected, since longer 

reaction time allows for higher conversion of free fatty acids to methyl esters and thus 

reduces the FFA content in CJO.  However, the lowest level of FFA achieved was found 

to be at 180 minutes of reaction time. The optimum condition of acid-catalysed 

esterification of CJO used in this experiment was found to be at 8.25:1 methanol to oil 

ratio, 0.225% (v/v) of H2SO4 and 180 min of reaction time at maintained reaction 

temperature of 65o C.  The lowest FFA content achieved was 0.76% which is an 

acceptable FFA content of the JCO for the subsequent transesterification reaction. 

 

 

 
Figure 5:  Effect of reaction time in the FFA contents 
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3.2.1 Effect of Reaction Time 

The effect of reaction time in biodiesel yield is presented in Figure 6.  It observed that, at 

constant methanol to oil molar ratio of 4.5:1 and 0.5% of KOH, the conversion rate of 

biodiesel increases with the increase in reaction time until the optimum point, after which 

it started to decrease. Researchers reported that the reaction started to slow due to the 

mixing and dispersion of alcohol into the oil. After some time, the reaction proceeds faster 

until maximum yield is reached (Eevera, Rajendran et al. 2009, Anwar, Rasul et al. 2018).  

However, an excess reaction time will lead to a reduction in the product yield due to the 

backward reaction of transesterification, causing more fatty acids to form soaps (Rafiee, 

Joshaghani et al. 2008, Musa 2016). In this experiment, after 120 minute of reaction time, 

the biodiesel yield started to decrees.  The maximum yield of biodiesel obtained was 91% 

at reaction time of 120 minutes. 

 
Figure 6:  Effect of reaction time in biodiesel yield 
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is investigated as shown in Figure 7.  The other process parameters remain constant at 

120 min of reaction time, and 0.5% concentration of KOH.  It was observed that the 

biodiesel yield appears to decrease with the increase in methanol to oil molar ratio in the 

range tested.  As stated before, the stoichiometric ratio for the transesterification reaction 

involves 3 mole of alcohol and 1 mole of triglyceride to produce 3 mole of fatty acid ester 

and 1 mole of glycerol.  Excess alcohol is used during transesterification to ensure that 

the oil will be completely converted to ester due to the forward reaction being more 

favourable. However, for base-catalysed transesterification where the free fatty acids are 

less than 1% after the esterification pre-treatment, a molar ratio of methanol to oil of 5:1 

or 6:1 is sufficient to convert jatropha oil to biodiesel (Bojan and Durairaj 2012, Huerga, 

Zanuttini et al. 2014).  

 Moreover, it was observed that at higher molar ratio, a longer time was required for the 

subsequent separation stage since separation of the ester layer from the glycerol is 

difficult.  The excess methanol hinders the decantation by gravity so that the apparent 

yield of esters decreases because part of the glycerol may remain in the biodiesel phase. 

The maximum yield of biodiesel obtained was 92% for methanol/oil molar ratio of 4.5:1 

after 120 min of reaction time. 
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Figure 7: Effect of methanol to oil molar ratio in biodiesel yield 
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which increases the viscosity of the reactants and lowered the yield.  The maximum 

biodiesel yield achieved was 91% at catalyst concentration of 0.5%. 

The optimum condition of the transesterification process was found to be 4.5:1 (w/w) 

methanol to oil ratio, 0.5% (w/w) of KOH, and 120 min of reaction time at maintained 

reaction temperature of 60o C.  The product resulted from this transesterification step at 

these optimal parameters was biodiesel free from glycerol. 

 

 
Figure 8: Effect of KOH concentration in biodiesel yield 

 

A summary of the optimized reaction conditions of the two-step transesterification of 
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4 Characterization of  Biodiesel Properties  

Table 5 shows some of the tested fuel properties of the biodiesel produced from crude 

jatropha oil in this work. It can be observed that acid value, viscosity at 40° C, total and 

free glycerol, CFPP were all in agreement with the standard specified under ASTM 

D6751.  Iodine value was also found to be within the range specified in EN 14214 

standard. However, cloud point, pour point and the oxidation stability were all found to 

be less than the values prescribed in ASTM D6751 and EN 14214 standard respectively. 

This indicates that the use of antioxidants is necessary to meet standards specifications of 

oxidation stability, and more investigation should be made on the suitable additives that 

could improve the properties of the cloud and pour point. The calorific value of jatropha 

biodiesel was also tested and found to be 39,861.  

 

Table 6: Physiochemical properties of jatropha biodiesel 

Property Specification Value  
Standard Test 

limit Method 
Acid Value (mg KOH/g) 0.36 0.5 maximum ASTM D664 
Density at 20°C kg/m3 870 880 at 15 °C ASTM D1298 
Kinematic viscosity at 40°C (mm²/s) 4.68 1.9-6.0 ASTM D445 
Cloud point (°C) -1 -3 to -12 ASTM D2500 
Pour point (°C) -4 -15 to -16 ASTM D97 
Cold Filter Plugging Point (°C) 1 Max +5 ASTM D6371 
Total glycerol (wt%) 0.009 0.02 maximum ASTM D6548 
Free glycerol (wt%) 0.100 0.24 ASTM D6584 
Iodine value (mg I2/g) 97.94 120 EN 14111 

Oxidation stability h at (110 °C) 0.04 3 hours 
minimum 

EN 14112 

Caloric value (kJ/kg) 39,861 - N/S 
N/S ≡ not specified neither in ASTM D6751 nor in EN 14214 test methods 
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5 Conclusion 

Jatropha curcas is promoted as a promising feedstock for biodiesel production in Sudan. 

However, researches in various aspects on production and utilisation of this feedstock in 

Sudan are still in their early stages. This work was aimed at optimizing the parameters 

required for the production of biodiesel from crude jatropha oil using the conventional 

transesterification method in two steps. By use of the acid-catalysed esterification process, 

the FFA content of the oil was reduced from 4.5% to less than 1% under the optimum 

conditions of 8.25:1 (w/w) methanol to oil ratio, 0.225% (v/v) of H2SO4, and 180 min of 

reaction time at maintained reaction temperature of 65o C. Using the second step of base-

catalysed transesterification process, the maximum final biodiesel yield of 92% was 

achieved using the combination of process parameters of 4.5:1 (w/w) methanol to oil ratio, 

0.5% (w/w) of KOH, and 120 min of reaction time at maintained reaction temperature of 

60o C. The basic physicochemical properties of the jatropha biodiesel were analysed and 

found to be within the ASTM D6751 specified limits, particularly in regard to acid value, 

density, kinematic viscosity, CFPP, total glycerol and free glycerol. 
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