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Abstract 
 

High feedstock costs make biodiesel production impractical and economically unfeasible, particularly 

as most feedstocks are unknown for performance. Waste oil, such as sludge palm oil (SPO), may be 

used to produce biodiesel. This study examined the efficiency and prospect of Sludge Palm Oil 

Biodiesel (SPOB) production from SPO through transesterification. One-step and two-step 

transesterification methods were performed for SPOB conversion. However, only a two-step method 

was effective in converting SPO into SPOB. SPO's high free fatty acid (FFA) content necessitated a 

two-step process to reduce FFAs to less than 4% before SPOB conversion. Step 1 yielded 78% SPOB 

at 2 hours, 0.03:1 acid catalyst–to–oil, and 8:1 alcohol–to–oil. The optimal SPOB yield for step 2 at 4 

hours, 0.01:1 alkaline catalyst–to–oil, and 9:1 alcohol–to–oil was 78%. SPOB components were 

analyzed using FTIR with SPOB having a 1435.04 cm-1 methyl peak. The diesel engine performance 

test mixed SPOB with mineral diesel at different concentrations with 30% SPOB blends in mineral 

diesel offers the lowest fuel consumption (0.1089 ml/s), maximum braking horsepower (24.9266 rpm), 

and best mechanical efficiency. Density, flash point, and heating value were also tested to identify 

SPOB's physical characteristics and discussed in detail. 

 

Keywords: Sludge Palm Oil, Free Fatty Acids, Transesterification, Fourier Transform Infrared 

Spectrometer, Diesel Engines 

 

 

1. Introduction 
  

Growth in oil consumption, rapid diminishing of oil reserves, and the high price of oil are 

mainly due to rapid population and massive global industrial growth [1]. Furthermore, massive global 

industrial growth and political problems between countries resulted in soaring oil prices with low 

resources [2]. On the other hand, biodiesel is biodegradable and non-hazardous, with low sulfur 

content that is environmentally feasible [3]. Thus, biodiesel is identified as a potentially clean and 
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renewable energy resource. Not only that, using biodiesel increases energy security, improves air 

quality and the environment, and provides safety benefits [4]. 

Biodiesel is a monoalkyl ester of fatty acids derived from renewable feedstocks, such as 

vegetable oils, animal fats, waste oils, or other greases [5]. It is a clean and biodegradable alternative 

fuel. Biodiesel is a renewable energy resource produced through the transesterification process with 

mono-hydric alcohol, which converts fats and oils into biodiesel. It is an environmentally friendly, 

non-hazardous, non-toxic fuel with low sulfur content [6]. 

A tropical crop called oil palm is farmed primarily for palm oil extraction. It is the world's 

highest-yielding and least cheap vegetable oil, making it a source of biodiesel and the preferred 

cooking oil for millions worldwide [7]. In addition, numerous packaged and fast meals, personal care 

and cosmetic items, and home cleansers frequently include palm oil and its derivatives [8]. Palm oil 

output increased twofold between 2003 and 2013 due to the demand for these goods, which is 

expected to continue [9-11]. When considering both production and trade, palm oil ranks as the 

world's most significant tropical vegetable oil, making up one-third of vegetable oil output in 2009 

[12, 13]. The dominance of palm oil may be attributed to several factors, including its low cost and 

adaptability as a component in many processed goods [14], as well as its yield, nearly four times that 

of other oil crops [15]. 

The utilization of waste oils, such as sludge palm oil (SPO), presents a promising avenue for 

sustainable biodiesel production. However, challenges such as high feedstock costs and performance 

uncertainties have hindered its economic feasibility. This research explores the novel approach of 

producing Sludge Palm Oil Biodiesel (SPOB) through transesterification, focusing on efficiency, 

performance, and prospects. Two distinct transesterification methods, namely one-step and two-step 

processes, were evaluated to convert SPO into biodiesel. The study found that the two-step method 

was essential due to SPO's high free fatty acid (FFA) content, necessitating FFA reduction before 

conversion. The objectives of this research are to assess the efficiency of SPOB production through 

transesterification, analyze its chemical composition, evaluate its performance in diesel engines, and 

characterize its physical properties. 

Therefore, an investigation was conducted into the efficiency and feasibility of Sludge Palm Oil 

Biodiesel (SPOB) production from sludge palm oil (SPO) through transesterification. Comparison and 

evaluation of one-step and two-step transesterification methods for SPOB conversion were 

undertaken, focusing on yield and purity. The chemical composition of SPOB was analyzed using 

Fourier Transform Infrared Spectroscopy (FTIR), with emphasis on characteristic peaks indicative of 

biodiesel. Diesel engine performance tests were conducted to assess the combustion characteristics 

and efficiency of SPOB blends with mineral diesel at various concentrations. The physical properties 

of SPOB, including density, flash point, and heating value, were determined to understand its 

suitability as a viable alternative fuel. By addressing these aims and objectives, this research 

contributed to the advancement of sustainable biodiesel production by offering insights into the 

efficient utilization of waste oils and enhancing the understanding of Sludge Palm Oil Biodiesel 

(SPOB) as a viable alternative to conventional diesel fuels. 

 

2. Sludge Palm Oil (SPO) as biodiesel and its prospect 
 

SPO is a by-product of the palm oil milling process or, in simpler words, a waste product of the 
palm oil mill [16]. This by-product contains high amounts of oil, dirt, and impurities, as shown in 
Figure 1. Sludge palm oil, also known as palm oil mill effluent (POME), is a brown slurry of roughly 
95 % water, 0.5 to 1 % residual oil, and 4 to 5 % particles, mostly organic [17]. Additionally, there are 
significant levels of organic nitrogen in the effluent. However, many low-grade oils from the palm oil 
industry can be converted into biodiesel [18]. The considerable amount of fatty acids by weight 
percentage is commonly palmitic acid, oleic acid, and stearic acid [16]. The highest percentage of 
composition is palmitic acid at 42.84 wt%, while the lowest percentage of composition is caproic acid 
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at 0.02 wt%. Due to its high percentage of saturated fatty acids and free fatty acids, SPO exists in the 
semi-solid or solid phase at room temperature [16]. Therefore, SPO has higher pour and cloud points 
than regular palm oil [16]. 

 

 
Figure 1. Sludge palm oil in a beaker. 

 
As one of the world's biggest palm oil producers and exporters, Malaysia produces many low-

grade oils, such as SPO, from palm oil industries. The annual production of SPO reaches 41 million 
tons. Therefore, SPO can be a feasible material for producing biodiesel in Malaysia [16], even though 
edible oils such as soybean, rapeseed, and palm oil have been used to make biodiesel as a mineral 
diesel substitute [19]. Table 1 shows the composition of biodiesel and mineral diesel. However, the 
sustainability of these feedstocks is a major potential drawback for biodiesel production [16]. In 
addition, large-scale biodiesel production from edible oils could result in a global imbalance in the 
food supply and demand market [20]. Moreover, many countries and governments do not encourage 
research on biodiesel production using edible oils. Thus, non-edible oils such as waste oils could be 
alternative feedstocks for biodiesel production [21]. 

 

Table 1. Classification of compositions for biodiesel and mineral diesel. 

 

Property Diesel Biodiesel 

Calorific value (MJ/kg) 44.34 42.80 

Viscosity at 40 °C 2.86 4.82 

Viscosity index 98 154 

Pour point °C -6 -2 

Flashpoint °C 65 128 

Cloud point °C 5 8 

Specific gravity (29 °C) 0.792 0.84 

Refractive index at 40 °C 1.32 1.46 
 
In addition, analysis shows that the alkali-catalyzed process using virgin vegetable oil or crude 

oil to produce biodiesel results in higher raw material costs [21]. However, used or waste oils are 
available at lower costs than good-grade oils. Furthermore, a lower feedstock price is significant to the 
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industry as 70 to 85 % of production costs originate from the feedstock. The lower raw material cost 
results in lower production costs using waste or inedible oils as feedstock to produce biodiesel [22]. 
Therefore, sludge palm oil provides a common feedstock for making biodiesel at a lower production 
cost for the industry. 

Biodiesel produced from waste oils has the advantage of having similar performance 
characteristics as biodiesel produced from crude oils. Like biodiesel made from crude oil, waste oil 
biodiesel exhibits performance characteristics similar to petroleum diesel while emitting less carbon 
monoxide, particulate matter, and volatile organic chemicals that cause smog and health problems. 
Also, a recent study shows that biodiesel produced from waste oils resulted in an 86 % reduction in 
lifecycle greenhouse gas emissions compared to conventional petroleum diesel. In contrast, soybean-
based biodiesel had 54 % fewer lifecycle greenhouse gases [22]. Hence, this shows an additional 
positive perspective of using sludge palm oil (waste oils from palm oil mills) as the raw material for 
producing biodiesel. 

 

2.2 Transesterification process 
 

Transesterification is the most efficient and reliable method to produce high-quality, clean 

biodiesel [23]. This is mainly due to the ability of the transesterification process to yield a high 

volume of biodiesel at room temperature with low pressure and a short reaction time required [24]. It 

is a chemical reaction process where triglyceride molecules in oils or fats react with alcohol to form 

esters or biodiesel and glycerol with the presence of a catalyst [25]. It is where triglyceride molecules 

displace the alcohol from an ester to form biodiesel in the presence of an acid or alkali catalyst. Figure 

2 shows the chemical reaction of methanol transesterification. 
 

 
Figure 2. The overall chemical reaction of transesterification with methanol. 

 

3. Methodology 
 
3.1 Materials  

 
The Sludge Palm Oil (SPO) was collected from FELCRA Palm Oil Mill, Kota Samarahan, 

Sarawak, Malaysia, courtesy of Felcra Jaya Samarahan Sdn. Bhd. It was then stored in the Energy 
Laboratory, Department of Mechanical and Manufacturing Engineering, Universiti Malaysia Sarawak, 
for subsequent laboratory works. Materials and equipment used for biodiesel production were 
methanol (MeOH) (99 % absolute), potassium hydroxide (KOH) (92 % pure), sulfuric acid (H2SO4), 
ethanol (EtOH), diethyl ether (Et2O), phenolphthalein (php), sludge palm oil (SPO), orbital shaker, 
magnetic stirrer cum heater, and electronic weighing scale. 
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3.2 Cleaning and pre-treatment of sludge palm oil  

 
SPO first proceeded with sedimentation to sediment the larger particles and dirt from the oil. 

The layer of oil formed on top of the dirt was then poured into a new beaker for storage and 
subsequent filtration process. Filtration of cleaned oil then proceeds with 3 to 4 repetitions to entirely 
remove any smaller particles and dirt that might exist in SPO. Finally, filtered SPO was then heated 
slowly to 100 °C to remove water content and other dirt. Finally, the clearer fluid of SPO was poured 
and stored for the subsequent biodiesel production. 

 

3.3 Free fatty acids measurement 
 
Titrimetry determined the FFAs value in SPO. The acid value is the number of KOH (in mg) 

required to neutralize the fatty acids contained in 1 gm of the fat. Reagents required include of solvent 
mixture (95 % ethanol + diethyl ether, 1:1 v/v) and 0.1M KOH in ethanol with 1 % phenolphthalein in 
95 % ethanol. Firstly, 5.0g of SPO was weighed into a 100 ml conical flask, adding 50 ml of solvent 
mixture. Next, gentle heating of the mixture with a hot stirrer plate was conducted. Then, it was 
titrated with KOH solution (with 25 ml burette graduated in 0.1 ml) with continuous stirring till the 
end point of phenolphthalein indicator (persisting pink color for at least 10 s). The formula calculated 
this acid value (56.1 x M x V)/ W, where V is the amount of KOH solution used in ml, M is the 
molarity of the KOH mixture, and W is the weight of the SPO sample in gm. Suppose the FFAs value 
is greater than 4 %. In that case, the FFAs must be removed through a pre-treatment process using 
sulfuric acid as a catalyst or proceed with a one-step transesterification process if otherwise. 

 

3.4 One-step catalyzed transesterification 
 
Firstly, pre-treated SPO was heated until a temperature higher than 100 °C to remove water 

content. Methoxide solution was prepared by mixing the different methanol–to–oil ratios of 5:1, 6:1, 
7:1, 8:1, 9:1, and 10:1 with KOH (by volume). The amount (in gm per liter of oil used) required was 
derived by the amount of KOH (ml) used during titration with an additional 5.0. The methoxide 
mixture was heated to 50 °C and then mixed with heated SPO. A magnetic stirrer cum heater was used 
to heat and stir the mixture at 400 rpm for two reaction hours while maintaining a temperature of 65 
°C. Also, the orbital shaker was used to shake the mixture for 2 hours at room temperature at a speed 
of 250 rpm. Then, the mixture was allowed to settle for 2 hours or overnight to separate into two 
distinctive layers. The lower layer of glycerol was removed, while the upper layer of methyl ester was 
washed with desterilized water. The produced biodiesel was filtered with filter paper to produce pure 
biodiesel. Finally, filtered biodiesel was heated to above 100 °C to remove water content. 

 

3.5 Two-step catalyzed transesterification 

 

3.5.1 Acid-catalyzed esterification reaction 
 

The first step was a pre-treatment step to remove high FFAs content in SPO. Pre-treated SPO 
was heated to a temperature greater than 100 °C to remove the water content in SPO. H2SO4 and 
MeOH were mixed in a beaker. Different methanol–to–oil ratios of 5:1, 6:1, 7:1, 8:1, 9:1, and 10:1 as 
well as different sulphuric acid–to–oil ratios of 0.01:1, 0.02:1, 0.03:1, 0.04:1, 0.05:1, and 0.06:1 by 
volume were analyzed to obtain the optimum esterification process parameter ratio. This mixture was 
heated to 50 °C. The heated acid alcohol mixture was then poured into heated SPO. This newly 
formed mixture was allowed to react for 2 hours at a temperature of 60 °C and stirring speed of 200 
rpm with a magnetic stirrer cum heater or an orbital shaker shaking at 250 rpm for 2 hours. Then, the 
mixture was allowed to settle for an hour, and the upper layer of the methanol-water portion was 
removed. The lower layer was washed with desterilized water to remove impurities and excess 
sulphuric acid. The oily product was heated to above 100 °C to remove water content and proceed 
with the subsequent procedure for biodiesel production. 
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3.5.2 Base catalysed transesterification reaction 
 
The second step was a biodiesel production step from the previous step oily product. The oily 

product from Step 1 was heated at 50 °C until it became clearer fluid. A mixture of potassium 
hydroxide and methanol was heated to 50 °C. Different methanol-to-oil ratios of 5:1, 6:1, 7:1, 8:1, 9:1, 
and 10:1 by volume and potassium hydroxide-to-oil ratios of 0.01:1, 0.02:1, 0.03:1, 0.04:1, 0.05:1, and 
0.06:1 by weight were studied to obtain the optimum biodiesel production parameters ratio. The 
methanol and potassium hydroxide mixture was poured into a heated oily product. It was allowed to 
react for 4 hours at a temperature of 60 °C with a stirrer speed of 200 rpm with a magnetic stirrer cum 
heater or an orbital shaker shaking at 250 rpm for 4 hours. The mixture was then settled overnight and 
removed from the lower layer of glycerol. The upper layer of methyl ester was washed with 
desterilized water to remove excess alcohol. The produced biodiesel was then filtered to remove 
impurities. Finally, the filtered biodiesel was heated to slightly above 100 °C to remove the water 
content for pure biodiesel. 

 

3.6 Characterization of SPO biodiesel  

 

3.6.1 Fourier Transform Infrared (FTIR) spectroscopy  
 
The Shimadzu Fourier Transform Infrared Spectrometer model IRAffinity-1 was used to examine 

the chemical bonds and functional groups of the pieces prepared from 400cm-1 to 4000cm-1. 
 

3.6.2 Titrimetric analysis 
 

Titrimetric is a category of quantitative analytical techniques where an analyte's concentration is 

measured based on its stoichiometric interaction with a reagent that is gradually added to a sample 

until a predetermined amount of the analyte is consumed. Titration was conducted three times and had 

its average taken to improve titration result accuracy. The FFAs value was calculated based on the 

formula of . 

 

3.6.3 Heating value, density, flashpoint 
 
The heating value of these oil products was conducted with Bomb Calorimeter Parr 6400. The 

density of SPO, SPOB, and mineral diesel was determined with Anton Paar Density Meter DMA-35, 
and the Flashpoint of SPOB was determined with Seta Multiflash Automatic Flash Point Tester Model 
34000-0. 

 

4. Results and Discussion 
 

4.1 Sludge palm oil titrimetry 

 
Figure 3 shows the product of titrimetric analysis, while Table 2 shows the SPO titrimetric 

results. It shows that the second titration shows the highest acid value, while the third titration shows 
the lowest acid value. An average result shows that the average acid obtained was 44.87 % from all 
three titrations. According to Fernandez-Maestre [25], It is important to get an average titration value 
by running at least a few repetitions to ensure it falls in the range of wanted values to measure.  
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Table 2. SPO FFAs titrimetric results. 
 

 First Second Third Average 

acid value 

(%) 
W/g 8.22 7.33 7.88 

V/ml 66.90 60.00 60.4 

Acid Value 45.64 45.95 43.03 44.87 

 

 
 

Figure 3. End-product of the titrimetric method. 
 

4.2 One-step and two-step transesterification 
 

A one-step transesterification method was conducted with an orbital shaker or magnetic stirrer 
cum heater to convert SPO into biodiesel. Even though this method could produce SPO biodiesel, the 
yield was meagre due to SPO's high free fatty acids (FFAs) content. Thus, only a tiny portion of SPO 
was converted into biodiesel, while most of it was turned into soap through a reaction between free 
fatty acid and an alkali catalyst. Furthermore, it caused severe emulsification [26]. The emulsions are 
not welcome if it is not handled properly. They are likely to produce an unstable composition, which 
causes several issues, particularly in many refining process operations [26]. Therefore, the biodiesel 
conversion procedure has proceeded with a two-step transesterification method. The two-step 
transesterification method was applied due to the high FFAs content in SPO, which is 44.87 % (more 
than 4%). The variables are defined and studied through experimental procedures, namely type of 
equipment, optimum methanol–to–oil ratio, and catalyst–to–oil ratio required to be investigated.  

 

4.2.1 Effect of type of equipment used 

 

From Figure 4, biodiesel conversion efficiency for magnetic stirrer falls between a range of 51 

to 55 %, with an average percentage of 52.33 % of yield. However, the biodiesel conversion 

efficiency with orbital shaker falls between 72 to 78 % at an average percentage of 75 %. Thus, 

biodiesel conversion is more efficient using an orbital shaker than a magnetic stirrer cum heater [27-

29]. It is mainly due to the orbital shaker's continuous and high mixing rate than the magnetic stirrer 

cum heater [27-29]. Also, biodiesel could be produced efficiently and effectively at room temperature, 

thus proving mixing rate is an essential parameter than the temperature during biodiesel production. 

Therefore, the orbital shaker was chosen as the best-optimized equipment for biodiesel conversion 

[30]. 
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Figure 4. Comparison of biodiesel conversion between different types of equipment used. 

 

4.2.2 Effect of catalyst-to-oil ratio 

 
H2SO4 was used as a catalyst in the esterification process. The amount of catalyst used affects 

the reaction rate and oil acid value [31]. The esterification process aims to lower the SPO-FFAs to less 
than 4%. Thus, this procedure was conducted to determine the optimum catalyst-to-oil ratio, resulting 
in an oily product of the lowest acid value. Figure 5 shows the acid value of ester after the 
esterification process, and the titration method was used to determine its acid value. From Figure 5, 
the optimum catalyst-to-oil ratio was 0.03:1 or 3% H2SO4. KOH was used to produce biodiesel as a 
catalyst in the transesterification process. Figure 6 shows the effect of alkaline catalysts on biodiesel 
yield. From Figure 6, the optimum base catalyst-to-oil ratio is 0.01:1, with a maximum biodiesel yield 
of 78 %. Therefore, the additional base catalyst does not improve the efficiency of biodiesel 
conversion while lowering its biodiesel yield. 

 

 
Figure 5. Effect of ratio of H2SO4 on lowering acid value. 
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Figure 6. Effect of ratio of KOH on biodiesel yield. 

4.2.3 Effect of alcohol-to-oil ratio 

 
MeOH was used as the alcohol for SPO biodiesel conversion. MeOH in the esterification 

process was used to remove water content and FFAs in oil, while MeOH was used in 
transesterification to convert SPO into biodiesel [32]. Figures 7 and 8 show the alcohol-to-oil ratio 
effect on ester and biodiesel yield, respectively. The optimum alcohol-to-oil ratio with the highest 
ester yield is 8:1 by volume for the esterification process. The optimum alcohol-to-oil ratio with 
maximum biodiesel yield for transesterification is 9:1 by volume. Excess addition of methanol does 
not increase the yield amount of efficiency of biodiesel conversion, but it creates waste, and it is not 
economically feasible as the biodiesel yield decreases [33]. Thus, the optimum alcohol-to-oil ratio is 
vital for maximum biodiesel yield at low cost and minimal waste. Figure 9 shows the obtained SPO 
and SPOB. 

 

 
Figure 7. Effect of methanol-to-oil ratio on ester yield for esterification. 
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Figure 8. Effect of methanol-to-oil ratio on biodiesel yield for transesterification. 

 
Figure 9. Samples of SPO (left image) and SPOB (right image). 

4.3 Sludge palm oil biodiesel (SPOB), sludge palm oil (SPO), and mineral diesel spectrum 

analysis 

 
FTIR graphs of SPOB, SPO, and diesel are shown in Figures 10, 11, and 12, respectively. The 

spectrum ranges from 750 cm-1 to 4000 cm-1. The main difference between these spectrums is SPOB 
spectrum has a peak at 1741.72 cm-1, which shows the presence of a methyl ester carbonyl bond 
(C=O). The fact of this bond shows that SPOB is a fatty acid methyl ester (FAME) or biodiesel [34]. 
The stretching vibration of the C-O ester is notified at 1238 cm-1, 1163 cm-1, and 1095 cm-1. The 
stretch vibration of sp2 C-H is also found at 3005 cm-1, sp3 C-H at 2922 cm-1, and 2852 cm-1 [34]. 
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Figure 10. FTIR spectrum for SPO biodiesel. 

 

 
Figure 11. FT IR Spectrum for SPO. 
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Figure 12. FTIR spectrum for mineral diesel. 

4.4 Diesel engine performance analysis 

 

A diesel engine performance test was conducted with 20 ml blends and 120 N loads. The study 

performance parameters were tabulated in Table 3, and graphs were plotted from Figures 13 to 17. 

From Figure 13, the fuel consumption rate generally decreases with increasing SPOB blends. 

However, the decreasing trend stopped at 40% SPOB blends and increased at 50 % SPOB blends. 

Figure 14 shows a general increment of specific fuel consumption with the percentage of SPOB 

blends. It is mainly due to decreasing energy content with an increment of biodiesel. Figure 15 shows 

a general decrease in brake horsepower of a diesel engine with an increased percentage of SPOB 

blends. This graph shows that B30 offers the highest brake horsepower and is more competent than 

mineral diesel. Figures 16 and 17 show that B30 delivered the highest mechanical efficiency of a 

diesel engine with its usage and generated the highest speed. Thus, from Figures 13 to 17, B30 or 30 

% SPOB blend in diesel is the best-performing fuel with the lowest fuel consumption rate, generates 

the highest brake horsepower, and displays the highest mechanical efficiency while producing the 

highest speed [34]. 

 

Table 3. Comparison of performance parameters between SPOB blends. 

 

SPO 

Biodiesel 

Blend 

Fuel 

Consumption 

Rate, FCR 

(ml/s) 

Specific Fuel 

Consumption, 

SFC (ml/kW) 

Brake 

Horsepower, 

Bhp (kW) 

Engine 

Power 

Output, P 

(kW) 

Mechanical 

Efficiency,  

 (%) 

B0 0.1111 40.6256 24.9110 0.4923 43.10 

B10 0.1103 41.9287 24.8240 0.4770 42.95 

B20 0.1093 42.3280 24.8951 0.4725 43.07 

B30 0.1089 42.7350 24.9266 0.4680 43.13 

B40 0.1089 43.4594 24.8792 0.4602 43.04 

B50 0.1091 44.4840 24.8399 0.4496 42.98 
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Figure 13. Comparison of fuel consumption rate with different percentages of SPOB blends. 

 

 
Figure 14. Comparison of specific fuel consumption with different percentages of SPOB blends. 
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Figure 15. Comparison of brake horsepower with different percentages of SPOB blends. 

 

 
Figure 16. Comparison of mechanical efficiency with different percentages of SPOB blends. 
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Figure 17. Graph of speed versus mechanical efficiency for different SPOB blends. 

4.5 Heating value, density, flash point of SPO, SPOB, and mineral diesel 

 
The heat value of a fuel is the amount of heat released during its combustion. From Figure 18, 

mineral diesel exhibited the highest heating value, while SPO exhibited the lowest heating value. It 
was due to the high amount of oxygen content [35, 36]. Therefore, SPOB generates a heating value 
between SPO and mineral diesel. From Figure 19, SPO exhibits the highest density value for its oil, 
while mineral diesel exhibits the lowest density value. Therefore, SPOB has a density value between 
the density value of SPO and mineral diesel. Density is a crucial biodiesel property that affects the 
quality of the fuel. Therefore, density prediction is of utmost importance for properly formulating an 
optimal mix of raw materials that optimizes the cost of producing biodiesel while allowing the 
generated fuel to fulfil the necessary quality criteria [18]. 

On the other hand, the experimental data shows that the flash point obtained for SPOB is 
146°C. The flash point is the lowest temperature at which fuel may generate enough vapor to ignite, 
creating flames. Therefore, biodiesel's flash point is greater than regular diesel's [37,38]. 

 

 
Figure 18. Comparison of different fuels and the corresponding amount of heat generation. 
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Figure 19. Comparison of density between different types of fuel. 

5. Conclusions 
 

The two-step transesterification method was proven more effective than one-step 

transesterification in producing SPOB due to the high FFAs content in SPO. Through this research, 

the tested FFAs content in SPO was higher than 4%. Thus, the two-step transesterification method is 

more suitable for avoiding emulsification and separation problems for biodiesel yield. Therefore, the 

orbital shaker is the most appropriate equipment for SPOB production, including the esterification and 

transesterification processes. For the esterification process, the optimum catalyst-to-oil ratio is 0.03:1 

with the optimum methanol-to-oil ratio of 8:1. Whereas, for the transesterification process, the 

optimum catalyst-to-oil ratio is 0.01:1 with the optimum methanol-to-oil ratio of 9:1 for maximum 

SPOB yield. During the diesel engine performance test, an increasing percentage of SPOB blends 

with mineral diesel results in decreasing fuel consumption rate, a general decrease in brake 

horsepower, and a general decrease in mechanical efficiency for each tested blend. However, the 

increment of SPOB blends increases the specific fuel consumption, as biodiesel has lower energy than 

mineral diesel. Thus, increased biodiesel content in each blend would increase the specific fuel 

consumption. Through this test, B30 is identified as the best-performing blend of fuel with the lowest 

fuel consumption rate of 0.1089ml/s, producing the highest brake horsepower of 24.9266 kW with 

43.13 % mechanical efficiency. 
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