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Abstract: This research utilizes the microalgae Chlorella sp. as a raw material for 

biodiesel production through the in-situ microwave-assisted transesterification 

method with the addition of a co-solvent. This study examines the effects of 

microwave power, reaction time, H₂SO₄ catalyst concentration on biodiesel 

yield. The study results show that using the in-situ microwave-assisted 

transesterification method with hexane as a co-solvent can increase the efficiency 

of biodiesel production from the microalgae Chlorella sp. The optimal conditions 

were a transesterification time of 7 minutes and a catalyst concentration of 0.3 

M, which produced the highest biodiesel yield of 77.32%. 
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1. Introduction 

Indonesia has several alternative energy potentials, including biogas, 

bioethanol, and biodiesel. Biodiesel has characteristics similar to those of fossil-

based diesel engine fuels. It is environmentally friendly because it produces 

lower combustion emissions compared to petroleum-based diesel fuels and can 

decompose naturally. It is a renewable energy source [1, 2]. Biodiesel can be 

produced from various sources, such as vegetable oil, animal fat, and algae [3]. 

Microalgae, in particular, present a promising raw material for biodiesel 

production [4-5]. Among these, Chlorella sp. is known for its high lipid content, 

making it an ideal candidate for biodiesel feedstock. The oil content in Chlorella 

sp. is about 21.3%, with the major fatty acids being palmitic acid and oleic acid 

[6]. A practical method is needed to break down the rigid cell walls of the 

microalgae, allowing for more efficient oil extraction. 

In situ transesterification is a cost-effective and straightforward method 

for biodiesel production [7-9]. This process, also known as direct transesterification 

[10], allows extraction and transesterification to coincide, with alcohol serving 

as both the solvent and the reactant [11]. Combining these steps, in situ 

transesterification eliminates the need for separate oil extraction and purification 

processes, making it highly efficient [7]. Further research is needed to explore 

the potential of Chlorella sp. microalgae for biodiesel production using in situ 

transesterification with an H₂SO₄ catalyst. 
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2. Materials and Methods 

2.1 Materials 

The microalgae (Chlorella sp.) used in this study were commercially sourced from PT. Spiralife 

Biotechnology Indonesia in dried powder form with a moisture content of approximately 5%. No further drying 

or particle size modification was conducted, and the biomass was used as received. Methanol (CH₃OH), n-

hexane, ethanol, KOH, and a H₂SO₄ catalyst were obtained from Merck. 

2.2 Methods 

Ten grams of microalgae were placed in a 250 mL three-neck round-bottom flask, adding 150 ml of a 

hexane and methanol solvent mixture in a 3:2 (v/v) ratio. A catalyst was added according to the predetermined 

concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 N). The three-neck flask was then placed in the microwave. The flask 

was positioned in the center of the microwave cavity and stirred with a magnetic stirrer. Microwave-assisted 

in-situ transesterification was conducted at five power settings: 136 W, 264 W, 440 W, 616 W, and 800 W. Each 

run was performed for 3, 5, 7, 9, 11, or 13 minutes in continuous mode. No intervals or cooling periods were 

applied during the operation. After each run, the flask was cooled at room temperature (±27 °C), and the 

temperature was measured using an infrared thermometer. The final mixture was then separated and analyzed. 

3. Results and Discussion 

3.1 Effect of Extraction Power Variation on Microalgae Oil Yield 

The yield of microalgal oil influences the biodiesel yield produced. In the in situ process, the extraction 

and transesterification processes are carried out directly, meaning that it is not possible to analyze the yield of 

extracted microalgal oil using the in situ method. However, this study conducted a separate process to analyze 

the amount of oil that can be extracted from microalgae by varying the microwave power. This separate 

process was used to determine how much oil can be extracted and react to form biodiesel. 

 

Figure 1. Relationship Between Microwave Power (136 watts, 264 watts, 440 watts, 616 watts, and 800 watts) 

and Microalgal Oil Yield Percentage. 

Figure 1 illustrates the results of the extraction process at different microwave power levels: 136 watts, 

264 watts, 440 watts, 616 watts, and 800 watts. Identifying the optimal microwave power for oil extraction from 
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Chlorella sp. maximizes oil yield. The findings indicate that the optimal power level, which produces the highest 

oil yield, is 440 watts. The data shows that 800-watt power provides a higher temperature than other powers.  

Power is related to temperature [12], according to the formula: 

 

                                                                                 𝑃 . 𝑡 = 𝑚 . 𝑐. ∆𝑇                                                                                (1) 

with: P    = Microwave Power (Watt) 

t     = Time (s) 

m   = Mass of microalgae (kg) 

c    = specific heat (J kg-1 oC-1) 

∆𝑇 = temperature difference (oC)  

As shown in Equation 1, the relationship between power and temperature is directly proportional. 

This indicates that an increase in power leads to a more substantial change in temperature. High temperatures 

can help break down cell walls, facilitating contact between methanol and oil and producing higher yields. 

However, as indicated in Equation 1, a continuous increase in power will lead to even higher temperatures. 

Excessive heat at elevated temperatures may damage the biomass [13-15], causing it to dry out and potentially 

burn [16]. 

3.2 The Effect of  Reaction Time on Biodiesel Yield 

Figure 2 presents the results of a study examining the effect of transesterification time on biodiesel 

yield at a microwave power setting of 440 watts. 

 

Figure 2. Effect of Extraction Time Variation (3, 5, and 7 minutes) on Biodiesel Yield 

Figure 2 illustrates the results of the transesterification process conducted at a power setting of 440 

watts. Biodiesel yield increased at 3, 5, and 7 minutes, with yields of 30%, 60.94%, and 73.66%, respectively. 

By the 7th minute, the biodiesel yield reached its optimum or equilibrium point, indicating that further 

reaction time would not enhance the yield. However, at the 9th minute, the yield decreased to 52.85%. 

Prolonged extraction times can result in excessive heating, significant solvent loss, the formation of by-

products, and energy loss in the process. Compared to previous reports, the biodiesel yield of 73.66% obtained 

in this study after 7 minutes at 440 W is notably high. For instance, [17] reported a biodiesel yield of 68% from 

microalgae using microwave-assisted transesterification under similar conditions. Meanwhile, [18] achieved 

only 60% yield when using hexane as a co-solvent with waste cooking oil as feedstock. These differences may 

be attributed to the optimized microwave power applied in our study, the relatively short reaction time, and 

the synergistic effect of hexane as a co-solvent, which enhances methanol–lipid interaction. Furthermore, the 

direct use of Chlorella sp. with high lipid content and the simultaneous extraction–reaction strategy significantly 
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improve over conventional multistep methods. Integrating co-solvent and controlled microwave power likely 

contributed to better mass transfer and thermal efficiency, resulting in higher biodiesel yield within a shorter 

time frame. 

The observed decline in yield at 9 minutes may be attributed to thermal degradation of fatty acid 

methyl esters (FAME) due to prolonged exposure to high temperatures. The excessive duration may also lead 

to methanol evaporation, decreasing reactant availability, or promoting side reactions such as soap formation 

and reverse esterification. These thermal and chemical instabilities likely reduced conversion efficiency 

beyond the optimal reaction time. Specifically, the decline in yield at the 9th minute may be attributed to 

thermal degradation of fatty acid methyl esters (FAME) due to prolonged exposure to microwave energy. 

Elevated temperatures can lead to ester breakdown, methanol evaporation, and reduced reactant availability. 

In addition, the extended heating period in the presence of an acid catalyst (H₂SO₄) may promote reverse 

reactions or unwanted side reactions such as saponification. These phenomena collectively reduce the efficiency of 

the transesterification process and result in a sharp decline in biodiesel yield after the optimal reaction time. 

3.3 The Effect of H₂SO₄ Catalyst Concentration on Biodiesel Yield 

This in situ transesterification process utilized microalgae powder, with methanol as solvent, hexane 

as co-solvent, and employed an acidic homogeneous catalyst, specifically H₂SO₄. Methanol is the reactant due 

to its polar nature and short carbon chain. The homogeneous acid catalyst H₂SO₄ is more effective than base 

catalysts because it can produce a higher yield by converting free fatty acids (FFA) into fatty acid methyl esters 

(FAME). During the in situ transesterification process, the addition of a co-solvent, such as hexane, results in 

the formation of a single-phase solution. Although hexane and methanol do not typically mix, a sufficient 

volume of methanol creates a homogenous solution. As a co-solvent, hexane enhances the solubility of oil in 

methanol [17][18]. The addition of hexane reduces the interfacial surface tension between oil and methanol, 

forming a single-phase liquid. This improved mixing facilitates better contact between the reactants, thereby 

increasing the reaction rate. A single-phase solution is a key factor in the in situ transesterification process, as 

it significantly enhances the yield of crude biodiesel. Initial extraction was conducted by varying the extraction 

time to determine the optimum duration. The extraction process involved 10 grams of powdered microalgae 

and time variations of 3, 5, 7, 9, 11, and 13 minutes, carried out at a microwave power setting of 440 watts, 

resulting in the highest yield at 7 minutes. Following extraction, transesterification was performed using a 

fixed biomass-to-methanol ratio of 1:15 (wt/vol) while varying the catalyst concentration. The study 

commenced by weighing 10 grams of microalgae powder and mixing it with methanol and hexane as co-

solvents, followed by the addition of H₂SO₄ catalyst in varying concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 M. 

 

Figure 3. The Effect of H₂SO₄ Catalyst Concentration (0.1, 0.2, 0.3, 0.4, and 0.5 M) on Biodiesel Yield 
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Figure 3 illustrates the effect of varying H₂SO₄ catalyst concentrations on biodiesel yield. The 

respective yields at catalyst concentrations of 0.1, 0.2, 0.3, 0.4, and 0.5 M were 35.6%, 54.59%, 77.32%, 64.93%, 

and 60.53%. The results indicate that increasing the concentration of the H₂SO₄ catalyst from 0.1 M to 0.3 M 

leads to a substantial increase in biodiesel yield, peaking at 77.32%. This trend aligns with findings from [19], 

who reported that higher concentrations of H₂SO₄ catalyst reduce the percentage of free fatty acids (%FFA), 

thereby enhancing biodiesel production. However, as the catalyst concentration is increased beyond 0.3 M, a 

decline in yield is observed. This reduction may be attributed to the adverse effects of high acid catalyst 

concentrations, which can lead to alcohol dehydration. Such dehydration can inhibit the transesterification 

process, reducing overall biodiesel yield.  

3.4 GC-MS Analysis Results 

From the analysis, the following data was obtained: 

Table 1. Results of GC-MS Analysis of Biodiesel 

Compounds Analyzed Amount (%) 

9-Octadecanoic acid 19.24 

Benzene, 1-ethyl-2-methyl 3.83 

Decane 1.67 

Hexadecanoic acid, methyl ester 10.06 

Hexadecanoic acid 1.47 

13-Hexyloxacyclotridec-10-en-2-one 5.65 

9-Octadecenoic acid, methyl ester 46.34 

Octadecenoic acid, methyl ester 11.73 

 

Table 1 shows that the biodiesel content in the reaction product is 68.14%, with a remaining free fatty 

acid content of 20.72%. The remainder consists of other compounds, such as 13-Hexyloxacyclotridec-10-en-2-

one, an antioxidant compound at 5.65%. The GC-MS analysis revealed that the biodiesel obtained contains 

68.14% FAMEs, which does not meet the minimum standard of 96.5% set by SNI 7182:2015. This indicates that 

additional purification steps are necessary to enhance fuel quality before it can be applied in diesel engines. 

Future studies should focus on improving the transesterification efficiency and integrating purification 

techniques to meet the standard biodiesel quality. 

4. Conclusions 

The study results showed that using the in-situ microwave-assisted transesterification method with 

hexane co-solvent can increase the efficiency of biodiesel production from the microalgae Chlorella sp. The 

optimal conditions were found at a transesterification time of 7 minutes and a catalyst concentration of 0.3 M, 

which produced the highest biodiesel yield of 77.32%. Future research should explore the other variables of 

optimization of process parameters and evaluate the physicochemical properties of the biodiesel, including 

cetane number, viscosity, density, thermal, and oxidative stability. Additionally, studies focusing on the scale-

up potential of this method, as well as a thorough techno-economic analysis, are essential for evaluating its 

feasibility in industrial applications. These aspects, which were beyond the scope of the present work, are 

recommended for future investigation.  
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