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ABSTRACT 
Waste spent coffee ground (SCG) has a potential lipid to use for biodiesel production. One-pot simultaneous 
extraction and transesterification of SCG lipid using soxhlet apparatus were developed with heterogeneous 
substance as the catalyst. A response surface methodology based on the Box-Behnken design experiment was 
established to study the effect of catalyst weight (1 – 9 wt.%), ratio methanol: hexane (1:1 – 1:5, v/v) and reaction 
time (30 – 90 min). The quadratic equation model generated from the design was used to predict the optimum 
condition and it verified by experiment. The optimum biodiesel conversion of 36% occurred using CaO as catalyst 
under reaction condition at the maximum level of parameters while the conversion of 90% obtained using BaO in 
reaction condition of catalyst weight 6.5 wt%, a ratio of 1:5 and 30 minutes reaction time. In addition, the reactive 
extraction soxhlet (RES) intensified the DT of wet SCG biomass required simple phase separation and evaporation 
of co-solvent to purify the biodiesel product.   
Keywords: Soxhlet, Direct Transesterification, Spent Coffee Ground, Biodiesel.    
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INTRODUCTION 
One major problem in biodiesel low sales is its higher price than petroleum-derived diesel fuel.1 The 
production cost of 75 – 88%, which is associated with purchasing the oil as raw material in biodiesel 
production2,3 is the reason. Therefore direct transesterification (DT) of oil-bearing materials has been 
proposed to reduce the cost. In fact, the DT-biodiesel product was met the international standard and 
could run the diesel engine.4 In the DT process, methanol acts as an extraction and reagent agent to 
simultaneously extract the oil and convert it to fatty acid methyl ester (biodiesel) with or without a 
catalyst.1,5 Non-catalytic DT offers some advantages, including high yield, purer and easy separation of 
product.6 However, the process has to be conducted at high temperature and pressure, requiring specific 
equipment and safety health concerns.7 In contrast, the catalytic DT process mainly operates in ambient 
pressure and temperature and could be intensified using some instrument such as ultrasonic, microwave, 
turbo thin-film device and more.1,5,8,9 Homogeneous catalysts, particularly alkaline bases, have better 
catalytic activity than acid, which therefore has been implemented in most biodiesel plants.10 However, 
those processes consume a lot of water for neutralization and purification of products which raises 
environmental issues related to disposal waste basic stream.1,11  
Heterogeneous catalyst provides some advantages, such as being recoverable and reusable.12-14 Simple 
filtration could separate the catalyst from the product as they have a different phase.11,12 However, this 
benefit generates mass transfer limitation as diffusion of the catalyst is limited, rendering low catalytic 
activity than homogeneous.15 Moreover, an excessive alcohol amount is required to avoid product 
adhering to the catalyst surface which could reduce its activity.7  However, alkaline earth such as SrO and 
BaO showed high catalytic activity on transesterification reaction. For example, previously studied on 
transesterification of sunflower oil using barium hydroxide has concluded that the heterogeneous catalyst 
has similar catalytic activity performance with potassium hydroxide.16 However leaching problem limited 
the utilization of those heterogeneous catalysts.17 Despite the low catalytic activity of SrO and BaO, CaO 
has low solubility in methanol, abundant either in nature or waste product and high biodiesel yield. For 
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example, a yield of 95% occurred after 3 hours transesterification reaction of soybean oil using CaO as 
the catalyst.18 Moreover, CaO derived from waste eggshell have been applied as a catalyst in the DT of 
dry microalgae Acutodesmus obliquus biomass yielding 86% biodiesel in 3.6 hours reaction time.19 
However, the separation of heterogeneous catalyst from the seed/biomass is impossible as they stick 
together, hindering the reuse of the catalyst.20 To solve the problem, impregnating the catalyst with ferric 
ion could increase the reusability of the catalyst.10 However, incorporation catalyst with a magnetic core 
required several reaction steps and various reagents.21 
Our previous research has utilized soxhlet extraction in the DT of wet spent coffee ground (SCG). A 
Simultaneously extraction-transesterification reaction is occurred producing biodiesel in 30 minutes with 
a conversion efficiency of 97% using homogeneous alkaline as a catalyst. No effect of water contained in 
wet SCG was observed in biodiesel conversion efficiency as the extraction and transesterification 
proceeded in different chambers.22 Therefore, to add new insight in the reactive extraction soxhlet (RES) 
method, the heterogeneous catalyst is used to catalyse the transesterification reaction. Heterogeneous 
substances such as CaO and Bao were studied and compared their performance in the DT of wet SCG 
using RES method. A response surface methodology with Box-Behnken design experimental consist of 
three levels and three parameters was used to identify the optimum condition for biodiesel production. 
The parameter factors of catalyst weight, ratio methanol to hexane and reaction time were measured with 
biodiesel conversion as an independent parameter. The range of three levels for each factor was selected 
based on our previous studies. 

EXPERIMENTAL 
Materials 
The SCG was gathered from the local coffee shop in Medan, Indonesia while all the chemicals used in 
this experiment were purchased and used without prior treatment. The catalysts used in this study (CaO 
and BaO) were purchased from local chemical dealer and was used as received.  
 
The RES-intensified the DT of SCG using Heterogeneous Catalyst 
The soxhlet apparatus which consists of two connected chambers were used for this experiment. The top 
chamber was filled with 10 gram of wet SCG in a thimble and connected to the condenser. In the second 
chamber, 150 ml of methanol and hexane as co-solvent was poured and the heterogeneous catalyst, either 
CaO or BaO was added based on the investigated weight of the catalyst. The reaction time counted when 
the solvents from the top chamber dropped down to the second chamber until the examined time. Next, 
the hexane layer was separated and evaporated to have biodiesel. The product was stored in a desiccator 
before gas chromatography (GC) analysis. 
 
The Experimental Design 
The optimum condition of the DT of wet SCG biomass was determined using Box-Behnken response 
surface methodology experiment design with three parameters and 3 levels. The experimental design 
comprised of 15 experiments to each heterogeneous catalyst with 3 replicates at the centre point. The 
biodiesel conversion (%) based on GC analysis was used as the response. The range of three levels of 
parameters was selected based on our previous research (Table-1).22  

 
Table-1: Reaction Condition of the DT wet SCG Biomass to Biodiesel 

Parameters Symbols 
Levels 

-1 0 1 
Catalyst Weight (wt.%) A 1 5 9 

Ratio Methanol : Hexane (v/v) B 1 3 5 
Reaction Time (min) C 30 60 90 

 
The Box-Behnken design enables the determination of the single effect of each parameter and the 
interaction between them on the dependent variable. The quadratic equation model for predicting the 
optimum condition of the DT of wet SCG biomass to biodiesel using heterogeneous catalyst was 
expressed based on eqn.-1.  
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𝑌 =  𝑎 +  𝑎 𝑋 + 𝑎 𝑋 +  𝑎 𝑋 + 𝑎 𝑋 + 𝑎 𝑋 + 𝑎 𝑋 + 𝑎 𝑋 𝑋 +  𝑎 𝑋 𝑋 +
 𝑎 𝑋 𝑋 + 𝑒         (1) 

 
Where Y = the response (biodiesel conversion); a0 is a constant; a1, a2, and a3 are linear coefficients; a11, 
a22, and a33 are quadratic coefficients; a12, a13, and a23 are interaction coefficients; and X1, X2 and X3, are 
the coded parameters such as catalyst weight (wt.%), ratio methanol: hexane (v/v) and reaction time (min), 
respectively. A total of 15 experimental conditions for both CaO and BaO as heterogeneous catalyst were 
studied to determine the quadratic equation as shown in Table-2. 
 

Table-2: Experimental Design based on Box-Behnken Model of Three Parameters and Three Levels on the 
Biodiesel Conversion and Predicted Value. 

Run A B C 
CaO BaO 

Biodiesel 
Conversion (%) 

Predicted  
Values 

Biodiesel 
Conversion (%) 

Predicted  
Values 

1 9 3 90 26.38 31.894 84.77 83.151 
2 9 5 60 38.94 32.834 71.61 78.119 
3 9 1 60 28.65 23.856 85.3 87.221 
4 9 3 30 20.75 26.136 91.05 84.239 
5 1 3 90 35.11 29.724 65.72 72.531 
6 1 3 30 30.94 25.426 67.28 68.899 
7 1 1 60 18.79 24.896 75.28 68.771 
8 1 5 60 24.12 28.914 72.53 70.609 
9 5 5 30 20.96 21.680 88.73 89.032 

10 5 1 90 20.93 20.210 94.24 93.937 
11 5 5 90 31.04 31.633 83.22 78.330 
12 5 1 30 20.7 20.108 75.8 80.690 
13 5 3 60 23.41 27.747 85.77 85.660 
14 5 3 60 28.73 27.747 76.83 85.660 
15 5 3 60 31.1 27.747 94.38 85.660 

 
Biodiesel Conversion Analysis 
Determination of biodiesel conversion was performed using GC analysis following EN 14103:2011 
standard. Methyl heptadecanoate was used as an internal standard and added to the biodiesel sample. An 
aliquot of that mixture was injected into the GC apparatus (Shimadzu type 2010) consisting of a capillary 
column (length 15 mm and ID = 0.25 mm) and a flame ionization detector. The biodiesel conversion is 
expressed as C (in percentage) and was calculated based on the differences in the peak area of the methyl 
esters and internal standard as shown in eqn.-2.23 
 

𝐶 =


 𝑥 
 

 𝑥 100%        (2) 

Where A is the sum of methyl esters peak area and As is peak areas of internal standard, while Cs and Vs. 
are the concentration and volume of internal standard, respectively and m is the mass of methyl ester 
sample. 

RESULTS AND DISCUSSION 
The water content of wet SCG biomass determined using the gravimetrical method was 60%, while oil 
content was 12.5% based on dry biomass established using the soxhlet extraction method. The linoleic 
acid was dominated the fatty acid content in SCG oil, followed by palmitic acid. This result is in 
agreement with our previous investigation and other published results.22,24-26 The RES-intensified DT of 
wet SCG biomass using homogeneous alkaline base catalyst revealed that 30 minutes was sufficient to 
extract and convert the lipid to biodiesel while hexane was the best co-solvent to extract the lipid in the 
first chamber and deliver to the second chamber for transesterification reaction.22 Due to this, the level of 
reaction time was determined from 30 to 90 minutes while the effect of the ratio methanol to hexane as 
co-solvent was studied in a range ratio of 1:1 to 1:5. A review on CaO as a promising heterogeneous 
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catalyst in biodiesel production showed that the catalyst loading (wt.% based on palm oil) was varied and 
a 1% catalyst weight could convert 94% of biodiesel.17 Therefore, the catalyst weight in this study was set 
to 1% as the minimum point and 9% as the maximum point. 
 
Optimization of the DT of Wet SCG Biomass using CaO as the Catalyst 
The optimization of the DT of wet SCG biomass using CaO as catalyst was determined based on the 
single and interaction of parameters of catalyst weight, ratio methanol to hexane and reaction time. The 
experimental and predicted biodiesel conversions based on the Box-Behnken design experiment are 
shown in Table-2. The predicted biodiesel conversion was calculated based on the quadratic model 
developed from the experimental as presented in eqn.-3. 
 

Biodiesel Conversion (%) = 27.75 + 0.72 * A + 3.25 * B + 2.51 * C + 1.24 * AB + 0.37 * AC + 2.46 * 
BC + 2.38 * AA - 2.50 * BB - 1.83 * CC        (3) 
 

Where A, B and C are the symbol of parameters as depicted in Table-1. 
Analysis variance (ANOVA) of parameter and the correlation analysis on the biodiesel conversion of the 
RES-intensified DT of wet SCG biomass using CaO as catalyst was confirmed that no significant effect 
of the parameter. The F- and p-values of the quadratic model were 0.47 and 0.85, respectively, indicating 
that the model developed from this experiment is not significant as the p-value > 0.005. Moreover, the 
correlation coefficient (R2) is quite low (0.46), indicating a moderate linear correlation between 
parameters.  
The interaction effect of parameters on the biodiesel conversion was predicted as shown in the response 
surface plot in Fig.-1. Evidently, in Fig.-1A that higher catalyst loading in increasing ratio of methanol to 
hexane could increase the biodiesel conversion. The same trend is observed in figure 1B as increasing 
catalyst weight raises the biodiesel conversion in prolonged reaction time. This result supports the 
previously published research, which found that increasing catalyst loading on the reaction mixture 
increases biodiesel conversion.27 However, in contrast, that previous result observed a catalyst 
agglomeration rendering decreasing biodiesel conversion while it did not occur in this study due to co-
solvent used. Furthermore, the positive effect of catalyst loading can be identified from the quadratic 
eqn.-3 that both single and factorial for catalyst weight has positive sign meaning increasing this 
parameter could increase the biodiesel conversion.28 Figure 1C showed the interaction between the ratio 
methanol : hexane and reaction time. It can be observed that the addition of hexane as a co-solvent 
intensifies the biodiesel conversion in increasing reaction time. However, this result does not support our 
previous studies which concluded that increasing co-solvent decrease the biodiesel yield.22 This could be 
because an excess of co-solvent causing less contact of the homogeneous catalyst to the SCG oil while it 
did not occur in this study as heterogeneous catalyst did not dissolve in methanol.29 
The optimum biodiesel conversion of 36% occurred using CaO as catalyst under reaction condition at the 
maximum level of parameters. The 100% biodiesel conversion could not be achieved using the level set 
up in this study as the quadratic regression model shown that all parameters have a positive effect on it. 
Based on that the predicted biodiesel conversion of ~99% could be accomplished using parameter values 
beyond the level set up, which is catalyst weight of 23 wt.%, ratio methanol : hexane of 1:7.5 and reaction 
time of 150 min.   
   

Optimization of the DT of Wet SCG Biomass using BaO as the Catalyst 
Response surface method using Box-Behnken design experiment which consists of 15 experimental 
conditions was conducted at random orders for optimization of the DT of wet SCG biomass using BaO as 
heterogeneous catalyst. Table-2 presents the biodiesel conversion based on experimental results and 
predicted conversion calculated from the quadratic regression equation.  
 

Biodiesel Conversion (%) = 85.66 + 6.49 * A - 1.82 * B + 0.64 * C - 2.74 * AB - 1.18 * AC - 5.99 * BC - 
8.89 * AA - 0.59 * BB + 0.43 * CC        (4) 
 

As shown in eqn.-4, the ratio of methanol to hexane has a negative effect on biodiesel conversion, while 
the interaction and factorial effect of all parameters also have negative signs except for the factorial of 
reaction time parameter. Furthermore, the ANOVA resulted in no significant effect for the model with F- 
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and p-value of 1.192 and 0.4457, respectively. The moderate linear correlation observed in this study as 
the correlation coefficient is 0.68.  
 

Fig-1: Response Surface Graphics of (A) Catalyst Weight and Ratio Methanol to Hexane; (B) Catalyst Weight and 
Reaction Time; and (C) Ratio Methanol to Hexane and Reaction Time on Biodiesel Conversion of the RES-

intensified DT of wet SCG Biomass using CaO Catalyst. 
 
Figure-2 shows the 3-dimensional response surface plot based on the quadratic model equation to 
investigate the interaction effect of variables for optimum condition determination. As shown in figure 
2A, at all ratios of methanol to hexane, the biodiesel conversion was increased in increasing of catalyst 
weight and decreased after reaching the peak in excess of catalyst. This result in agreement with the 
previously published report which observed decreasing 7% of biodiesel yield in the overage of catalyst 
loading.30 Ezzah-Mahmudah et al. reported the same result in transesterification waste cooking oil using 
Fe2O3/CaO as the catalyst.27 It concluded that the decreasing biodiesel yield was due to the increasing 
reaction mixture viscosity. A similar plot pattern was also observed in the interaction of catalyst weight 
and reaction time (Fig.-2B). Reaction time did not have any significant effect on biodiesel conversion in 
RES-intensified the DT of wet SCG biomass using BaO as a catalyst. In all catalyst weight, the biodiesel 
conversion tends similar in increasing reaction time. The interaction effect of the ratio methanol to hexane 
and reaction time was depicted in Fig.-2C. At a reaction time of 30 min, the biodiesel conversion was 
raised in increasing of ratio methanol to hexane and in was inclined ~10% in the prolonged reaction time. 
In contrast, at a high ratio of methanol to hexane, the biodiesel conversion was declined in increasing 
reaction time. It is presumably due to the transesterification reaction achieving equilibrium state at 30 
mins reaction time and the biodiesel conversion decline as the reaction shift to the left in prolonged 
reaction time.31  
Based on the quadratic equation model for RES-intensified the DT of wet SCG biomass using BaO as a 
catalyst, the optimum biodiesel conversion of 90% obtained in reaction condition of catalyst weight 6.5 
wt.%, ratio methanol to hexane of 1:5 and reaction time of 30 min. 
As predicted BaO has better catalytic activity in the DT of wet SCG than CaO. The sequence basicity of 
metal oxide follows the order of MgO < CaO < SrO < BaO.32,33 The result is in agreement with the 
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previous researcher which obtain biodiesel yield of 95.2% using BaO compare to 77.3% using CaO as 
catalyst in ultrasonic intensified the transesterification of palm oil to biodiesel.34 
  

 
Fig-2: Response Surface Graphics of (A) Catalyst Weight and Ratio Methanol to Hexane; (B) Catalyst Weight and 

Reaction Time; and (C) Ratio Methanol to Hexane and Reaction Time on Biodiesel Conversion of the RES-
intensified DT of wet SCG Biomass using BaO Catalyst. 

 

CONCLUSION 
The RES method combined with either CaO or BaO as heterogeneous catalyst provide a new approach in 
one-pot simultaneously extracting and converting lipid from wet SCG biomass. BaO showed better 
catalytic activity with biodiesel conversion three times higher than CaO. No significant effect of all 
parameters was detected either for CaO or BaO. The maximum biodiesel conversion of ~99% predicted 
based on quadratic equation model could be achieved in reaction condition of CaO weight of 23 wt.%, 
ratio methanol : hexane of 1:7.5 and reaction time of 150 mins which is beyond the level set up for 
parameters. Further, for BaO catalysed the DT of wet SCG biomass, the optimum biodiesel conversion of 
90% could be accomplished in reaction condition of catalyst weight 6.5 wt.%, ratio methanol to hexane of 
1:5 and reaction time of 30 mins. The RES-intensified the DT of wet SCG biomass using BaO as catalyst 
offer a simple and effective method as purification of biodiesel product could be done through different 
phase separation and evaporation of the co-solvent. 
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