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Abstract. Biodiesel production from waste cooking oil (WCO) provides an 

environmentally friendly solution for reducing fossil fuel dependence while 

addressing improper oil disposal. This study contributes a targeted 

optimization strategy for biodiesel synthesis by integrating two specific 

research initiatives: (1) the application of microwave-assisted 

transesterification to accelerate reaction kinetics, and (2) the development of 

a heterogeneous CaO catalyst derived from Pila ampullacea shells with 

controlled particle-size variation. The effects of these initiatives were 

systematically evaluated by measuring biodiesel yield and fuel quality under 

nine treatment combinations of microwave power (80, 240, 400 W) and 

catalyst particle size (40–60, 60–100, <100 mesh). The measurements 

revealed that higher microwave power significantly improved reaction 

efficiency due to enhanced dielectric heating, while larger catalyst particles 

produced higher CaO crystallinity, contributing to increased catalytic 

activity. The optimal condition (400 W, 40–60 mesh) produced a biodiesel 

yield of 62.75%. Characterization results showed compliance with SNI 

7182:2015 for density, viscosity, cetane number, and iodine value, while 

acid number and calorific value indicated the need for further refinement. 

Overall, the findings demonstrate that combining microwave energy with 

biomass-derived CaO catalysts can substantially enhance biodiesel 

production performance, while the measurement outcomes clarify the 

mechanisms responsible for yield and quality improvements. These results 

offer important implications for scalable, low-cost biodiesel technologies 

using waste-based resources.  

1 Introduction 

In the modern era, the use of petroleum in transportation and industry has become 

commonplace. This is due to the steadily increasing number of vehicles each year, reaching 

152,565,905 units [1]. As a result, petroleum availability continues to decline, with a 
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production rate of 700 thousand barrels per day projected to last only 9.5 more years [2]. The 

government has set an energy mix target of 23% by 2025; however, the achievement so far 

has only reached 13.1% [3]. In addition, Indonesia is one of the world’s largest producers of 

palm oil commodities. The area of palm oil plantations in Indonesia reached 14,326,350 

hectares in 2018 [4], positioning the country as a major global producer of palm oil and, 

consequently, a significant consumer of palm-based cooking oil. This large production 

capacity indirectly contributes to the substantial generation of waste cooking oil (WCO). 

According to a study by the National Team for the Acceleration of Poverty Reduction 

(TNP2K) and Traction Energy Asia, national palm cooking oil consumption in 2019 reached 

16.2 million kiloliters (KL), of which 40–60% ultimately became used cooking oil, 

amounting to 6.46–9.72 million KL of WCO annually [5]. 

These statistics underscore not only the abundance of WCO as a potential biodiesel 

feedstock but also the underlying scientific challenges associated with its utilization. Due to 

repeated heating cycles, WCO typically exhibits elevated free fatty acid (FFA) levels, 

oxidation products, polymerized triglycerides, and solid impurities, all of which hinder 

efficient transesterification. High FFA content promotes unwanted soap formation, reduces 

catalyst activity, complicates phase separation, and ultimately lowers biodiesel yield and 

quality. Therefore, despite its large availability, converting WCO into high-quality biodiesel 

requires optimized pretreatment, enhanced catalytic performance, and reaction strategies 

such as microwave-assisted transesterification to overcome these inherent feedstock 

limitations. 

The significant potential of used cooking oil waste must be properly managed to prevent 

environmental pollution. One approach is to process it into biodiesel. The utilization of used 

cooking oil as biodiesel can reduce production costs, since the material is generally 

considered waste with no benefit or value to society [6]. This strategy also has the potential 

to assist the government in achieving the New and Renewable Energy (NRE) mix target of 

at least 23% by 2025 and at least 31% by 2050. The proposed solution to this problem is the 

production of biodiesel from waste cooking oil by employing adsorbents derived from 

activated carbon made from cocoa seed shells and heterogeneous base catalysts obtained 

from rice field snail shells—both being waste materials—expected to improve the quality of 

the resulting biodiesel. 

This idea is also supported by petroleum production data in Indonesia from 2015–2019, 

which shows a declining trend. Production reached 786 thousand barrels of oil per day 

(MBOPD), then increased to 831 thousand barrels per day in 2016, but consistently declined 

from 2017 to 2019, with production levels of 801 thousand barrels per day, 772 thousand 

barrels per day, and 745 thousand barrels per day, respectively [7]. These data demonstrate 

that petrodiesel production is also decreasing, as it relies on petroleum as its raw material. 

Transitioning from petrodiesel to biodiesel, which is made from more easily obtainable and 

environmentally friendly raw materials, will certainly help address the fossil energy crisis in 

Indonesia caused by declining petroleum production that cannot keep pace with fossil energy 

consumption. 

Homogeneous base catalysts such as NaOH and KOH are widely used in 

transesterification; however, their application often leads to undesirable soap formation, 

catalyst dissolution in the reaction mixture, and high water consumption for purification [8]. 

These limitations have driven the development of heterogeneous catalysts that remain in the 

solid phase and can be easily recovered by simple filtration. One promising heterogeneous 

catalyst source is the rice field snail (Pila ampullacea), whose shells are rich in naturally 

occurring calcium carbonate that can be thermally converted into catalytically active CaO 

[9]. Previous studies have shown that reducing CaO particles to the nanometer scale 

significantly enhances catalytic activity, producing methyl ester yields as high as 81.61%, 

compared with only 30.71% using micrometer-sized catalysts [10]. Additionally, CaO 
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loading of 4% w/w at 60°C for 130 minutes has achieved biodiesel yields up to 78.2% [11]. 

The preparation of CaO nanoparticles from biomass waste (e.g., eggshells and snail shells) 

typically involves cleaning, drying at 110°C, grinding to a 200-mesh powder, and calcination 

at approximately 700–900°C to obtain highly reactive CaO surfaces [9]. 

A key scientific challenge in biodiesel synthesis, however, lies in overcoming the slow 

reaction kinetics of conventional heating methods, where heat transfer occurs primarily 

through conduction, resulting in temperature gradients and longer reaction times. 

Microwave-assisted transesterification offers a compelling alternative by delivering energy 

volumetrically through dielectric heating, enabling methanol and waste cooking oil to 

interact more efficiently and dramatically shortening reaction duration [12]. Microwaves 

(0.3–300 GHz) generate heat through dipolar polarization and ionic conduction, mechanisms 

that energize polar reactants such as methanol and promote rapid molecular alignment under 

an oscillating electromagnetic field [13,14]. 

The novelty of this study lies in integrating a waste-derived CaO heterogeneous catalyst 

from Pila ampullacea shells with microwave radiation, creating a synergistic system that 

simultaneously enhances catalyst reactivity and heat transfer efficiency. Microwave energy 

not only accelerates the transesterification kinetics but also selectively heats the CaO catalyst, 

increasing the availability of active sites and improving the interaction between methanol and 

triglycerides. This combined approach offers the potential for reaction rates up to 300 times 

faster than conventional heating, while utilizing low-cost agricultural waste materials as 

catalysts [15]. Such a strategy demonstrates a sustainable and highly efficient pathway for 

converting waste cooking oil into biodiesel, addressing both environmental and technological 

gaps in current biodiesel production methods. Therefore, this study is expected to optimize 

the production of biodiesel from waste cooking oil by utilizing microwave radiation and a 

heterogeneous base catalyst in the form of CaO derived from rice field snail shell waste 

(Pomaceae canaliculata L). The processed biodiesel is expected to meet the quality standards 

specified in SNI 7182:2015 for biodiesel. 

2 Materials and Methods 

2.1 Pretreatment of Waste Cooking Oil 

Firstly, the waste cooking oil obtained from several fried food vendors was purified by 

removing insoluble impurities such as leftover fried crumbs, batter residues, and other debris. 

Next, the oil was homogenized by stirring it in a large container to ensure that all the waste 

cooking oil utilized in this research had uniform quality. Subsequently, the water content in 

the waste cooking oil was removed by heating it on a hot plate at a temperature of 110°C and 

stirring with a magnetic stirrer at a speed of 300 rpm for 1 hour to completely eliminate the 

moisture content in the oil. The entire pretreatment process of the waste cooking oil 

feedstock, aimed at removing water content and insoluble impurities, can be seen in Fig 1. 
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(a) 

 
(b) 

 
(c) 

Fig. 1. (a) Insoluble impurities removal, (b) Water content removal, (c) Waste cooking oil after 

pretreatment 

2.2 Calcination of Rice Field Snail Shells 

The preparation of the heterogeneous catalyst from rice field snail shells was carried out by 

first cleaning the shells to remove sand, dust, and any remaining snail flesh that might still 

adhere. Next, the shells were dried under sunlight for approximately 6 hours (from 9 a.m. to 

3 p.m.). The cleaned snail shells were then crushed using a mortar and pestle until a fine 

powder was obtained. The powdered shells were subsequently sieved using 40, 60, and 100 

mesh sieves. The sieved samples of different particle sizes were then calcined in a furnace at 

900°C for 4 hours with a two-step calcination process, during which the material was turned 

over to ensure uniform calcination on all sides of the snail shell powder. The complete 

process of producing the nano-catalyst from rice field snail shell waste can be seen in Fig 2. 

 
(a) 

 
(b) (c) 

Fig. 2. (a) Crushing the rice field snail shells using a mortar and pestle, (b) Calcination process of rice 

field snail shells in a furnace, (c) CaO powder from calcination with different particle sizes. 

2.3 Determination of Waste Cooking Oil Quality 

Before carrying out the transesterification process, it is necessary to test the FFA content, 

density, and kinematic viscosity of the waste cooking oil. These tests are conducted to 

determine the initial quality condition of the waste cooking oil utilized in this study. The free 

fatty acid (FFA) content is one of the factors that influence the biodiesel production process; 

therefore, the FFA level must be less than 2% to prevent soap formation in the biodiesel. The 

quality test for free fatty acids and acid value was conducted according to the AOCS Ca 5a-

40 standard. Meanwhile, the density test of the waste cooking oil followed the AOAC 
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920.212 Specific Gravity (apparent) of Oils, Pycnometer Method and AOAC 920.213 

Specific Gravity of Oils, Temperature Correction methods. Furthermore, the kinematic 

viscosity test was performed using the ASTM D445 standard. The quality testing process of 

the waste cooking oil, including free fatty acid content, density, and viscosity, can be seen in 

Fig 3. 

 
(a) 

 
(b) 

 
(c) 

Fig. 3. (a) FFA analysis use titration process, (b) Density use picnometer method, (c) Kinematice 

viscosity use viscometer oswald. 

2.4 Biodiesel production process 

The data analysis in this study used a completely randomized design (CRD) with a factorial 

pattern consisting of 2 factors, 3 levels, and 2 replications, resulting in a total of 18 

transesterification process runs of waste cooking oil. The first factor was microwave radiation 

power (A) with three levels: 80 W (A1), 240 W (A2), and 400 W (A3). The second factor 

was the variation in catalyst particle size (B) with three levels: 40–60 mesh (B1), 60–100 

mesh (B2), and <100 mesh (B3). This research focused on the effect of catalyst particle size 

and microwave power on the transesterification process with a reaction time of 10 minutes 

and a catalyst loading of 3% m/v. The experimental design used in this study is presented in 

Table 1. 

Table 1. Research Design of Experiment 

Microwave 

Radiation 

Power (A) 

Catalyst particle size, CaO (B) 

B1 

(40-60 mesh) 

B2 

(60-100 mesh) 

B3 

(<100 mesh) 

A1 (80W) A1B1 A1B2 A1B3 

A2 (240W) A2B1 A2B2 A2B3 

A3 (400W) A3B1 A3B2 A3B3 

3 Results and Discussion 

3.1 Quality of Waste Cooking Oil 

The measurement data of the initial FFA content in waste cooking oil were carried out in 

three replications, resulting in an average FFA value of 3%. Meanwhile, the density of the 

waste cooking oil utilized in this study was 0.894 g/cm³ based on tests conducted using the 

AOAC (1990) 920.212 and 920.213 methods. Furthermore, the viscosity test results of the 

waste cooking oil in this study showed a value of 4.76 cSt, as presented in Table 2. 
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Tabel 2. Results of Waste Cooking Oil Quality Test 

Use Cooking Oil Quality Unit Value 

FFA % 3 

Density gr/cm3 0.894 

Kinematic Viscosity cSt 4.76 

The increase in FFA levels in waste cooking oil is caused by oxidation and hydrolysis 

processes that occur together with neutral fats. According to Sinurat [16], the oxidation 

process can take place when oil or fat comes into contact with oxygen. This oxidation reaction 

results in rancidity in oils and fats. Oxidation usually begins with the formation of peroxides 

and hydroperoxides, which causes the FFA content to rise above 2%, thereby inhibiting the 

transesterification process. Meanwhile, the density and viscosity values fall within the typical 

range for palm oil. 

3.2 The Composition of the Heterogeneous Catalyst Derived from Rice Field 
Snail Shells 

The CaO catalyst that has undergone the calcination process was then analyzed using XRD 

to determine the compounds contained within the catalyst. The XRD test was conducted for 

each variation of catalyst particle size. The XRD test results for each particle size are 

presented in Figure 4, 5, and 6. 

 
Fig. 4. XRD Analysis Graph of CaO Catalyst with Particle Size 40–60 Mesh 
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Fig. 5. XRD Analysis Graph of CaO Catalyst with Particle Size 60-100 Mesh 

Based on Figures 4, 5, and 6, it is known that the XRD test results are influenced by the 

particle size of the CaO catalyst. Smaller catalyst particles have smaller pores, resulting in 

less optimal calcination outcomes. Conversely, larger catalyst particles have larger pore 

cavities, allowing for faster and more uniform heating during calcination. This affects the 

XRD results, where catalysts with larger particle sizes (40–60 mesh) show higher CaO 

compound intensity, indicated by a peak at an angle of 37.174° reaching a height of 1969 

with 46 counts. This is followed by the catalyst with a particle size of <100 mesh, which at 

an angle of 33.765° reaches a height of 1000 with 32 counts, while the 60–100 mesh particle 

size catalyst at an angle of 33.791° reaches a peak height of 923 with 30 counts. 

 
Fig. 6. XRD Analysis Graph of CaO Catalyst with Particle Size < 100 Mesh 
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3.3 Biodiesel Yield Produced Using Microwave Radiation 

Biodiesel was produced by mixing waste cooking oil with methanol at a molar ratio of 1 : 6. 

The production process of methyl ester was carried out using microwave radiation to 

accelerate the reaction compared to conventional heating, as microwaves provide uniform 

heating in all directions. The CaO catalyst concentration was kept constant at 3% w/v in each 

experiment. The biodiesel yield obtained from each treatment can be seen in Table 3 using 

software Design Expert 13. 
Table 3. Yield of Biodiesel 

Std Run 

Factor 1 

A:Radiation power 

Watt 

Factor 2 

B:Particle size 

Mesh 

Response 1 

Yield 

% 

7 1 80 100 34.59 

13 2 80 60 42.79 

18 3 400 100 50.55 

4 4 80 60 47.45 

6 5 400 60 59.2 

17 6 240 100 54.77 

9 7 400 100 47.45 

5 8 240 60 58.98 

1 9 80 40 55.88 

16 10 80 100 53.44 

10 11 80 40 53.44 

14 12 240 60 64.52 

15 13 400 60 58.98 

2 14 240 40 55.88 

3 15 400 40 63.86 

12 16 400 40 61.64 

8 17 240 100 54.32 

11 18 240 40 58.76 

 

3.4 Discussion 

3.4.1 Biodiesel Yield Analysis 

Based on the diagram shown in Fig. 7, letter A represents the variation in microwave 

radiation power used, and letter B represents the variation in catalyst particle size in biodiesel 

production. The graph shows that the highest biodiesel yield was obtained from sample 

A3B1, with a radiation power of 400W and a catalyst particle size of 40–60 mesh, yielding 

62.75%. This result was achieved because the 40–60 mesh catalyst has the largest particle 

size and thus a smaller surface area, resulting in lower absorption capacity compared to 

smaller particle sizes. 

Meanwhile, the lowest yield was obtained from sample A1B3, which used a power of 

80W and a catalyst particle size of <100 mesh, yielding 36.03%, with a difference of 26.72% 

from the highest yield. This occurred because the <100 mesh catalyst has a larger surface 

area than other size variations, leading to greater absorption capacity, while the power used 

was the lowest among the variations. 
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Fig. 7. Biodiesel Yield in 3D Graphs 

3.4.2 Analysis of Variance 

ANOVA analysis was used to examine the significance level of the effects of each test 

variable — catalyst particle size, microwave power, and the combined interaction of both — 

on the biodiesel yield produced. The data used were obtained from a factorial Completely 

Randomized Design (CRD) with two replications. The results of the ANOVA test are 

presented in Table 4. 

Table 4. Analysis of Variance of Biodiesel Yield 

Source df 
Sum of 

Squares 

Mean 

Square 

F 

value 

p-value 
Notation 

5% 1% 

A 2 592,004 296,002 59,373 4,256 8,022 highly significant 

B 2 446,434 223,217 44,773 4,256 8,022 highly significant 

AxB 4 156,379 39,095 7,842 3,633 6,422 highly significant 

Error 9 44,869 4,985         

Total 17 1239,687           

Based on the results of the ANOVA test in Table 4, it can be seen that each variation used 

had a highly significant effect on each treatment, and the combination of both variations also 

showed a highly significant impact. The results of the analysis of variance (ANOVA) indicate 

that the treatments applied have a highly significant effect on the observed response variable. 

The term highly significant means that the differences in the mean values among treatments 

did not occur by chance, but rather were caused by a real influence of the treatment factors 

being tested. Statistically, this is demonstrated by a p-value < 0.01, which indicates that the 

probability of rejecting the null hypothesis (H₀) incorrectly is less than 1%. Therefore, it can 

be concluded that the treatments applied have a strong and statistically significant influence 

on the research outcome. In this study, variations in microwave radiation power and the 

particle size of CaO catalysts showed a highly significant effect on the biodiesel yield, 

implying that both factors truly affected the efficiency of the transesterification process. 
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3.4.3 The Effect of Microwave Radiation Power on Biodiesel Yield 

The effect of variations in microwave radiation power on biodiesel yield is shown in Figure 

8. 

 
Fig. 8. The Effect of Microwave Radiation Power on Biodiesel Yield 

It can be seen in Figure 7 that the microwave power used in the transesterification process 

affects the biodiesel yield percentage. From the graph, the two lines indicated as B2 and B3 

show a similar trend, the yield increases and reaches an optimum at 240 W, then decreases 

at 400 W. This indicates that the peak yield value is achieved at a power of 240 W. It can be 

concluded that the peak and optimum effect of microwave power on biodiesel yield occurs 

at variation A2. 

 

However, an anomaly in the effect of power on biodiesel yield is observed for the catalyst 

particle size variation B1 (40–60 mesh), as the yield increases from 54.66% at A1 (80 W) to 

57.32% at A2 (240 W), and then rises again to 62.75% at A3 (400 W). This occurs because 

the catalyst particle size of CaO also influences the yield. B1 represents the largest catalyst 

particles, resulting in a smaller surface area, which explains why the yield for A3B1 still 

continues to increase. 

3.4.4 The Effect of Catalyst Particle Size on Biodiesel Yield 

In Figure 9, it can be observed that the yield decreases from variation B1 to B2 and then 

decreases again at B3. This occurs because the smaller the catalyst particle size used, the 

larger the surface area, resulting in higher absorption capacity [17]. 
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Fig. 9. The Effect of Catalyst Particle Size on Biodiesel Yield 

Figure 9 shows the optimum yield point based on the XRD analysis of the catalyst used, 

which occurs at variation B1 with a catalyst particle size of 40–60 mesh, representing the 

largest particle size. However, an anomaly occurs with the use of 240 W microwave radiation 

power (A2), which shows an increase in yield from particle size variation B1 at 57.32% to 

B2 at 61.75%, followed by a decrease from B2 at 61.75% to variation B3 at 54.55%. This is 

because 240 W is the most optimal power, producing the highest yield for each particle size 

variation. Therefore, it can be concluded that the variation in power also influences the 

biodiesel yield obtained. 

3.4.5 Biodiesel Quality 

The optimization test conducted using Design Expert 13 software, nine solution 

combinations were obtained, as shown in Table 5, with solution number 1 representing the 

most optimal combination for the biodiesel production process. 
Table 5. Solutions for 9 combinations of categoric factor levels 

Number Radiation power Particle size Yield Desirability 

1 400 40 62.750 0.941 

2 240 60 61.750 0.907 

3 400 60 59.090 0.819 

4 240 40 57.320 0.759 

5 80 40 54.660 0.671 

6 240 100 54.545 0.667 

7 400 100 49.000 0.481 

8 80 60 45.120 0.352 

9 80 100 44.015 0.315 

Based on Table 5 and Fig.10, it is evident that treatment A×B represents the interaction 

between microwave radiation power and CaO catalyst particle size in the transesterification 

process for biodiesel production. In the presented treatments, the interaction has a highly 

significant effect. In the table, the treatment variation A3B1 shows the best result, producing 

the highest biodiesel yield of 62.75%. 
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Fig. 10. Interaction between A: Radiation power (watt) with B: Particle size (mesh) in Biodiesel Yield. 

Based on the interaction results of variable A: microwave power and B: catalyst particle 

size, the A3B1 variation, which produced the highest yield, was selected for biodiesel quality 

testing and compared with the SNI 7182:2015 biodiesel standard, as presented in full in 

Table 6. 
Table 6. Biodiesel Quality based on SNI 7182:2015 

Parameter Unit 
Quality 

Standard 
Value Note 

Density at 40C Kg/m³ 850-890 887 Compliant 

Kinematic viscosity at 40C cSt 2,3-6,0 3,44 Compliant 

Acid number mg-KOH/g Maks. 0,5 2,65 Non-compliant 

Cetane number - Min. 51 62,50 Compliant 

Iodine number %-mass Maks. 115 54,15 Compliant 

Calorivic value MJ/Kg Min. 40 39,39 Non-compliant 

3.4.6 Density 

The density obtained from the best biodiesel yield was 887 kg/m³, which falls within the SNI 

standard range of 850–890 kg/m³. A density value higher or lower than this range indicates 

the potential presence of impurities in the biodiesel. A higher density suggests the presence 

of heavy contaminants such as water, residual glycerol, catalyst, or salts/soaps, while a lower 

density indicates the presence of light impurities such as alcohol or other substances mixed 

with the biodiesel. Therefore, the biodiesel density produced meets the SNI standard, 

indicating that the purity level of the resulting biodiesel has been achieved. 

3.4.7 Kinematic viscosity 

The kinematic viscosity test at 40°C on the best sample yielded a value of 3.62 cSt. This 

value meets the biodiesel quality standard, which ranges from 2.3 to 6.0 cSt. A low viscosity 

can cause fuel injection pump leakage, whereas a high viscosity can result in overly rapid 

fuel injection and hinder the fuel atomization process [18]. 
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3.4.8 Cetane number 

Based on the test results, the cetane number value was >62.5, which complies with the 

biodiesel quality standard SNI 7182-2015. A low cetane number is related to the fatty acid 

content in biodiesel. A high FFA content indicates a high concentration of long-chain fatty 

acids in biodiesel, resulting in a lower combustion rate and lower cetane number. A low 

cetane number in fuel causes inefficient combustion, leading to higher emissions and slower 

diesel engine performance [19]. 

3.4.9 Acid number 

The acid number indicates the amount of free fatty acids present in biodiesel. A high acid 

number can lead to the formation of ash-like deposits that affect the combustion process in 

the engine cylinder, increasing fuel corrosiveness and reducing engine performance [9]. 

Based on the tests conducted, the acid number of biodiesel from waste cooking oil was 2.03 

mg KOH/g. This value indicates that the biodiesel’s acid number does not meet the SNI 7182-

2015 biodiesel quality standard. 

3.4.10 Iodine number 

The degree of unsaturation or the number of double bonds in the fatty acids that make up 

biodiesel is indicated by the iodine number. The performance of biodiesel at low temperatures 

can be improved by the presence of unsaturated fatty acids, as these compounds have lower 

melting points. The low iodine number obtained is influenced by the heating process during 

biodiesel production, which causes the degradation of stearic acid bonds [20]. The iodine 

number of waste cooking oil biodiesel was 54.5% mass (g-I₂/100g), which meets the 

biodiesel quality standard SNI 7182-2015. 

3.4.11 Calorivic value 

The energy contained in a fuel is known as its calorific value, which determines the rate of 

fuel consumption per unit of time. A fuel becomes more economical when its calorific value 

is higher [21]. The results of this study show that the obtained calorific value was 39.39 

MJ/kg. This indicates that the calorific value of the biodiesel does not meet the quality 

standard specified in SNI 7182:2015. 

3.4.12 Methyl esters content 

Biodiesel made from waste cooking oil has a methyl ester content of 85.9% by mass, which 

does not meet the biodiesel quality standard specified in SNI 7182-2015. The 

transesterification reaction process is a factor that can influence methyl ester content. A 

reversible reaction may occur during transesterification, causing the formed methyl esters to 

revert to triglycerides. Increasing the temperature can lead to hydrolysis of esters into acids 

and alcohols, thereby reducing the FAME conversion rate. 

The biodiesel with the best yield was then analyzed using GC-MS to measure the 

concentration of each component and identify their structures through their positive 

molecular ions and fragments [22]. The GC-MS analysis results are presented in Fig 11. 
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Fig. 11. Gas Chromatogram Reading of Biodiesel 

Based on the chromatogram in Fig 11, 26 compounds were detected. These compounds 

were further analyzed using mass spectrometry (MS) to detect each chemical compound that 

had been separated by the gas chromatography instrument. The MS analysis data for waste 

cooking oil biodiesel are presented in Table 7, which lists the 12 most abundant fatty acids 

found in the biodiesel as well as their corresponding methyl ester contents. 

Table 7. Mass Spectrofotometry Analysis Results of Waste Cooking Oil Biodiesel 
Peak# R.Time Area% Name 

5 5.660 0.09 Hexanoic acid, methyl ester (CAS) 

7 8.055 0.32 Heptanoic acid, methyl ester (CAS) 

8 10.801 1.43 Octanoic acid, methyl ester (CAS) 

11 16.441 0.66 Decanoic acid, methyl ester (CAS) 

15 19.106 0.19 Nonanoic acid, methyl ester (CAS) 

17 21.745 4.44 Dodecanoic acid, methyl ester (CAS) 

20 26.660 7.86 Tetradecanoic acid, methyl ester (CAS) 

22 28.851 1.25 Pentadecanoic acid, methyl ester (CAS) 

23 32.201 34.55 Hexadecanoic acid, methyl ester (CAS) 

24 36.174 31.31 9-Octadecenoic acid (Z)-, methyl ester (CAS 

25 38.059 7.92 OCTADEC-9-ENOIC ACID 

26 38.951 3.76 Eicosanoic acid, methyl ester (CAS) 

This biodiesel contains 85.9% methyl esters and 14.1% fatty acids. The acid content is 

due to the presence of Octadec-9-enoic acid at 7.92%. The fatty acids present in the biodiesel 

are important to consider because they can cause clogging in combustion filters when used 

in motor vehicles [22]. The GC-MS analysis results indicate that the produced biodiesel 

contains a dominant methyl ester compound and a relatively low fatty acid content. However, 

some compounds do not appear as peaks in the chromatogram, possibly due to their very low 

concentration in the waste cooking oil biodiesel. This demonstrates that the microwave-

assisted transesterification process is effective in producing biodiesel in the form of its methyl 

ester. 
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4 Conclusion 

The findings of this study demonstrate that both microwave power and CaO catalyst particle 

size significantly affect biodiesel yield during the transesterification of waste cooking oil. 

The highest yield (62.75%) was achieved at 400 W with a 40–60 mesh catalyst, indicating 

that optimized dielectric heating plays a crucial role in enhancing reaction efficiency. Most 

fuel quality parameters met SNI 7185:2015 standards, confirming the feasibility of using 

microwave-assisted transesterification combined with biomass-derived CaO catalysts. 

The biodiesel produced through the microwave-assisted transesterification process using 

a heterogeneous base catalyst derived from rice field snail shells demonstrated quality 

parameters that met the biodiesel quality standards according to SNI 7185:2015, with a 

density of 887 kg/m³, kinematic viscosity of 3.44 cSt, cetane number of 62.50, and iodine 

number of 54.15%-mass. 

Beyond experimental success, the results have meaningful implications for real-world 

biodiesel production. The use of waste-derived catalysts and microwave heating reduces 

processing time, energy consumption, and waste generation, making the method attractive 

for decentralized or small-scale biodiesel facilities. However, the elevated acid number and 

insufficient calorific value indicate that the process requires additional refinement—

particularly in feedstock pretreatment and post-reaction purification—before industrial 

adoption. 

Future implementation of this method could support national renewable energy targets 

and reduce environmental burdens associated with waste cooking oil disposal. Further studies 

should focus on improving catalyst stability, integrating continuous microwave reactors, and 

reducing free fatty acid levels to enhance biodiesel quality and scalability. 
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