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Abstract. The utilization of renewable biomass resources for biofuel
production has gained significant attention as an effective strategy for
converting waste into valuable energy sources. Biodiesel, a promising form
of biofuel, is derived from vegetable oils or animal fats through
transesterification with methanol. Among the various methods employed for
biodiesel production, base-catalyzed transesterification is widely recognized
as the most efficient and cost-effective process. This study focuses on
optimizing biodiesel production from coconut oil (CO) using a CaO/Al>O3
catalyst synthesized via the incipient wetness impregnation method. The
optimization process was conducted using the Box-Behnken response
surface methodology (RSM) in Design Expert statistical software. The
optimal conditions identified for biodiesel production included a calcination
temperature of 1000°C, a reaction time of 1 hour, and a catalyst loading of
7% with biodiesel yield of 72.33% and 75.63%, respectively from waste
cooking oil (WCO) and fresh cooking oil (FCO). Under these optimized
conditions, an experimental fatty acid methyl ester (FAME) yield of 75.63%
was achieved. The statistical models used to predict biodiesel yield
demonstrated a high degree of correlation with experimental results,
yielding an R-value of 0.9756. Furthermore, analysis of variance (ANOVA)
confirmed the statistical significance of the model, with reaction time and
catalyst loading identified as the most influential factors based on F- and P-
values. The physicochemical properties of the produced biodiesel were
found to be within the specifications recommended by ASTM standards,
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further validating the suitability of the synthesized catalyst and optimized
reaction conditions for efficient biodiesel production.

1 introduction

Biofuels, especially biodiesel, are becoming an alternative fuel and gaining high recognition
worldwide, as they offer several advantages over conventional diesel, including being
environmentally friendly, renewable, non-toxic, and secure energy sources. Biodiesel has
been produced from various sources, depending on their availability in different countries.
For example, rapeseed oil is used in Europe, while soybean oil is used in the United States,
and palm oil is favoured in Malaysia. Despite the availability of feedstock, the use of edible
oil for biofuels raises concerns, as it could increase feedstock prices due to competing
demands for food supply and market needs, and potentially lead to environmental issues
resulting from the extensive use of available arable land.

Thus, food waste, such as solid coconut waste, is becoming a promising raw material
since it is abundantly available, degradable, and still contains extractable oil that can be used
for green biodiesel production. The use of coconut waste could alleviate the primary disposal
problem in the coconut processing industry, as the waste is inedible and only a small portion
can be utilised as fertiliser or animal feed. In biodiesel production, some researchers have
used coconut waste from kernels that have been extracted to obtain coconut milk and the
waste/solid coconut fats.

In previous studies, coconut oil biodiesel was produced using homogeneous chemical
catalysts, such as KOH, NaOH, and H2SO4; heterogeneous chemical catalysts include CaO,
CaO/PVA, and NaOH/AI203; and enzyme catalysts, including Novozyme 435
cCandidarugosa, The heterogeneous catalyst is preferred among the available catalysts due
to its low cost, high reaction rate, ability to tolerate high free fatty acid (FFA) and moisture
content, and ease of separation from the biodiesel solution, which reduces the number of
purification steps [11, 2]. The solid catalyst of CaO/PVA was used in a study by Tabya and
Sulaiman (2018) for the transesterification of solid coconut waste. Talha and Sulaiman
(2018) employed an in-situ transesterification process that combined both oil extraction and
transesterification processes into a single procedure. The parameters used are varied, such as
reaction temperature ranging from 55 to 65°C, methanol-to-solid coconut waste molar ratio
ranging from 8:1 to 12:1,, and catalyst concentration ranging from 0.50 to 5.50 wt%, all while
maintaining afixedxed reaction time ofhours hours. The highest biodiesel yield achieved is
95% with the optimum parameters of 2.29 wt% catalyst loading CaO/PVA, a reaction
temperature of 61°C and molar ratio of 12:1 methanol to solid coconut waste [6]. The
optimization of biodiesel production using crude coconut seed oil and CaO/Al,Os as a
heterogeneous catalyst has been studied by Usman et al. [3]. The optimum biodiesel yield
obtained is 93.29% using a reaction temperature of 60 °C, a reaction time of 120 min, a
catalyst loading of 1 wt%, and a 6:1 molar ratio of methanol to oil.

In biodiesel production, experimental work needs numerous experiments to find the
optimum operating conditions, which is time-consuming, not economically viable, and leads
to a poorly understood reaction system since various variables simultaneously influence the
system. Therefore, a computational study is necessary to minimise the number of experiments
and provide sufficient information based on the statistical results. Response Surface
Methodology (RSM) is one of the learning tools that can categorise and predict responses,
depict the relationship between input and output of process variables, and is demonstrably
more effective at anticipating outcomes compared to other conventional techniques, such as
regression analysis [4].
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In the study of Hossain et al. (2021), the production of biodiesel using waste cooking oil
has been examined using BBD to find the optimum parameters with 3 levels (-1 to +1) of
catalyst concentration (A) (0.50-2.00 wt%), methanol to oil molar ratio (B) (6:1-12:1) and
reaction time (C) (120-240 min) [5]. The high significance of the regression coefficient is
influenced by the smaller p-value of 0.0000. All of the model’s parameters are statistically
significant, except for AC, which has a p-value of 0.130. The highest biodiesel yield observed
in the experiment is 97.26%, while the prediction by BBD is 96.74% using the optimum
parameters of 2 wt% catalyst concentration, a 12:1 methanol-to-oil molar ratio, and a 180
min reaction time.

Thus, in this study, fresh coconut oil (FCO) and waste coconut oil (WCO) were used and
compared for their catalytic performance in the presence of a heterogeneous catalyst, metal
oxide-supported CaO with Al,Os. The optimization of parameters used in the
transesterification process was further investigated using RSM.

2 Materials and Methods

2.1 Sample and chemicals

The chemical used for coconut oil extraction was n-hexane (Merck), while methanol (Merck)
was used for the transesterification process. Calcium nitrate tetrahydrate (Sigma-Aldrich)
was used as the catalyst for the transesterification process, and aluminium oxide pellets
(Sigma-Aldrich) served as the catalyst support. The standard used for biodiesel in the GC-
MS analysis was methyl undecanoate (Merck).

2.2 Catalyst preparation

The CaO/Al,O; catalyst was prepared by using wet impregnation method with a ratio of 95%
alumina and 5% calcium oxide. About 0.1 g of CaO was supported with 1.9 g of Al,O3 to
give a ratio of 5:95. Firstly, an approximate of 0.42 g of calcium nitrate tetrahydrate
(Ca(NOs3),.4H,0) was diluted in 17.83 mL of distilled water before 1.90 g of Al,O3 was
added into the solution. The solution was stirred for 6 hr using a magnetic stirrer plate. The
excess water was discarded; meanwhile, the catalyst was oven-dried for 24 hours at a
temperature of 90°C. The catalyst was then calcined for 5 hr at different calcination
temperature with a ramp rate of 5°C/min.

2.3 Extraction of coconut oil

Approximately 20 g (W1) of coconut pulp was weighed and placed into the thimble, followed
by 250 mL of n-hexane into the round-bottom flask. The coconut oil was obtained through
an extraction process using a Soxhlet extractor for 5 hours. After the extraction under reflux
was completed, the coconut oil and solvent were separated using a rotary evaporator and
weighed (W2). The coconut oil yield was calculated using Equation 1. Figure 1 shows the
extraction of coconut oil using Soxhlet extraction and rotavap apparatus.

% coconut oil yield = VWLix 100% (D
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Fig. 1. Extraction of the coconut oil (a) coconut pulp samples in thimbles (b) Soxhlet extraction (c)
rotavap apparatus.

2.4 Transesterification of coconut oil

The coconut oil was undergoing transesterification process to produce biodiesel by using the
reflux apparatus with a thermometer and stirrer attached to the flask. Appendix B shows the
calculation used in the transesterification process. The 20 g of coconut oil (W1) was mixed
with fixed methanol to oil molar ratio of 18:1 before adding the catalyst. The temperature
was set to 60°C. The catalyst was removed after the transesterification process, and the
solution was allowed to separate for 24 hours in a separating funnel. The bottom parts of
glycerol and methanol were drained first. The biodiesel at the top layer was weighed (W2).
The biodiesel yield was calculated by using Equation 2.

% biodiesel yield = 3= x100% )

2.5 Optimization of biodiesel yield using RSM

In the Box-Behnken design (BBD), three independent variables were studied: calcination
temperature (A), catalyst loading (B), and reaction time (C). Meanwhile, the response
variable was biodiesel yield. Table 1 presents the range and levels of three independent
variables, which were coded into two levels: low (-1) and high (+1). 17 run samples have
been suggested by RSM using BBD design. Table 2 shows the specific parameter values for
three levels factor in RSM study.
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Table 1. Independent variables for Box-Behnken design on the biodiesel yield.

Coded Biodiesel yield parameter Units -1 levels +1 levels
A Calcination temperature °C 900 1100
B Catalyst loading % 5 7
C Reaction time hr 1 3

Table 2. Parameter values of three-level factor in RSM.

Run | A: Calcination temperature (°C) | B: Catalyst loading (%) | C: Reaction time (hr)
1 900 5 2
2 900 6 1
3 900 6 3
4 900 7 2
5 1000 5 1
6 1000 5 3
7 1000 6 2
8 1000 6 2
9 1000 6 2
10 1000 6 2
11 1000 6 2
12 1000 7 1
13 1000 7 3
14 1100 5 2
15 1100 6 1
16 1100 6 3
17 1100 7 2

3 Results and Discussion

3.1 Coconut oil yield extraction

Coconut oil samples were obtained by using the Soxhlet extraction method. Table 3 shows
the results for the three coconut oil yield extractions, including fresh coconut oil (FCO) and
waste coconut oil (WCO) that have been squeezed once (1X) and three times (3X). The
results show that the FCO contains a high yield of extracted oil (61.26%), followed by WCO
(1X) and (3X) which are 51.66% and 17.08% respectively. This was due to the high amount
of coconut milk in the fresh coconut sample.

Table 3. Extracted coconut oil yield.

Coconut oil samples Coconut oil yield (%)
FCO 61.26
WCO (1X) 51.66
WCO (3X) 17.08

In the study of Zareh et al. [6], the extractable FCO yield obtained was between 65% and
72%, which is higher than the FCO yield obtained in this study. This may be due to the
different extraction methods used for coconut oil, which produce varying oil yield values [7].
Although the extracted waste coconut oil was low in quantity, it could still be consumed and
converted into biodiesel.
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3.2 Optimization of biodiesel using RSM

Response surface methodology (RSM) is a computational study used for designing and
analysing experiments sequentially to obtain the optimum biodiesel yield. Design-Expert
7.1.6 (Stat-Ease Inc., USA) was used to design the experimental model and perform statistical
analysis, specifically a Box-Behnken design. The optimisation of biodiesel production was
studied to determine the relationship between the parameters used, including calcination
temperature, catalyst loading, and reaction time, to obtain the maximum biodiesel yield.
Three levels of independent variables, ranging from -1 to +1, were included: calcination
temperature (A) (900-1100°C), catalyst loading (B) (5-7%), and reaction time (C) (1-3
hours). As a result, a total of 17 experimental designs were obtained to determine the
optimum biodiesel yield.

3.2.1 Fresh coconut oil (FCO) biodiesel

Table 4 presents the parameters suggested by the RSM and the results of the biodiesel yield
from both experimental and predicted analyses of the FCO biodiesel yield. The experimental
biodiesel yields were compared with the predicted biodiesel yields, where the error values
obtained were in the range of 0.28-3.40%.

Table 4. Experimental design with observed and predicted values of transesterification process of

FCO biodiesel yield.
A: Calcination B: C: Experimental Predicted
Catalyst . . . . 1. Error
Run temperature loading Reaction biodiesel yield biodiesel (%)
(°O) (%) time (hr) (%) yield (%)
1 900 5 2 54.32 51.01 3.31
2 900 6 1 59.55 61.67 2.12
3 900 6 3 48.66 49.41 0.75
4 900 7 2 66.72 67.17 0.45
5 1000 5 1 58.79 59.99 1.20
6 1000 5 3 45.65 48.22 2.57
7 1000 6 2 52.58 51.05 1.53
8 1000 6 2 47.65 51.05 3.40
9 1000 6 2 51.40 51.05 0.35
10 1000 6 2 51.33 51.05 0.28
11 1000 6 2 5231 51.05 1.26
12 1000 7 1 75.63 73.07 2.56
13 1000 7 3 61.75 60.55 1.20
14 1100 5 2 49.81 49.36 0.45
15 1100 6 1 57.20 56.45 0.75
16 1100 6 3 46.53 45.25 1.28
17 1100 7 2 55.29 58.61 3.32

To improve the accuracy of the regression model, the final model equation in regards of
coded factors was derived, as shown in Equation 3. The terms A, B, and C represent the
calcination temperature, catalyst loading, and reaction time, respectively. Meanwhile, the
final equation in terms of actual factors is demonstrated in Equation 4.

%FCO biodieselyield=51.05-2.55A+ 6.35B—6.07C—-1.73AB+ 0.055AC—-0.18BC

~0.99A2 +6.48B2 +2.93C2
3)
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%FCO biodiesel yield =91.05900+0.27607A—17.21450B—17.21450C—0.017300AB
+(5.50000E— 004)AC— 0.18500BC— (9.94500E - 005)A2

+6.47550B% +2.92550C2
4)

The operational parameters that affect biodiesel yield and the interaction between these
parameters and the yield have been analysed using ANOVA to examine the suitability and
significance of the predictive model. The response surface quadratic model is chosen in this
study because it can be used to represent the interaction between two sets of variables,
allowing the model to explain or predict specific outcomes. Table 5 shows the summary of
the ANOVA for the response surface quadratic model. In this study, the p-value of the model
is 0.0023, indicating that the model is statistically significant. The p-value is less than 0.0500,
indicating the reliability of the regression model in predicting biodiesel yield [8]. The model’s
adequacy is evaluated using the lack-of-fit. This lack-of-fit test will determine whether there
are any additional relationships that fit the model better than the ones that were predicted and
included in the analysis. Since the p-value of the lack-of-fit for the FCO biodiesel model in
this study is greater than 0.05, the lack of fit is statistically non-significant. Therefore, it
signifies that the model is valid and reasonable [9]. It also indicates that the amount of
experiments was adequate to examine the effect of the parameters used on the optimization
of biodiesel yield.

Table 5. Analysis of variance (ANOVA) and lack-of-fit test for response surface quadratic model for
transesterification process of FCO biodiesel.

Source Sum of Squares | df | Mean square F value Prob >F Remark
(p-value)
Model 904.63 9 100.51 10.96 0.0023 Significant
A 52.12 1 52.12 5.68 0.0486
B 322.83 1 322.83 35.21 0.0006
C 295.00 1 295.00 32.17 0.0008
A2 4.16 1 4.16 0.45 0.5220
B2 176.56 1 176.56 19.26 0.0032
C? 36.04 1 36.04 3.93 0.0879
AB 11.97 1 11.97 1.31 0.2908
AC 0.01 1 0.01 1.32E-003 0.9720
BC 0.14 1 0.14 0.02 0.9062
Residual 64.18 7 9.17
Lack-of-fit 48.49 3 16.16 4.12 0.1024 Not Significant
Pure error 15.69 4 3.92
Cor total 968.81 16

Furthermore, the model terms of A, B, C and B? were observed to be significant at the
95% confidence level based on the computed large F-value and the p-values <0.05.
According to the F-values in the regression model, it can be observed that the parameter of
catalyst loading (B) is the most important parameter in biodiesel conversion, followed by
reaction time (C) and calcination temperature (A), with F-values of 35.21, 32.17, and 5.68,
respectively. Meanwhile, the model terms of A2, C2, AB, AC, and BC are statistically non-
significant with a p-value greater than 0.05. Table 6 presents the statistical parameters
resulting from ANOVA in FCO biodiesel yield, while Figure 2 illustrates the relationship
between predicted and experimental FCO biodiesel yields.
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Table 6. Statistical parameters from ANOVA in FCO biodiesel model.

Statistical parameters Value
R? 0.9338

Adj R? 0.8486

Pred R? 0.1738

Adeq Precision 12.336

The coefficient of determination (R?) is used to assess how closely the predicted data
align with the fitted regression line [10]. For FCO biodiesel analysis, the value of R2 obtained
is 0.9338. The R? value is close to or equal to 1, indicating that the new observations are well-
predicted by the model. The value of Pred R2 (0.1738) is not as close to the Adj R2 (0.8486)
as it may signify a large block effect or a likely problem with the model and/or data. The
significant difference between the predicted R2 and R2 values indicates that the experimental
data for FCO biodiesel yield do not align perfectly with the model's predicted value.
Meanwhile, the Adeq Precision ratio is to determine the signal to noise ratio. The Adequate
Precision of this model is 12.336, indicating an adequate signal, as a ratio greater than 4 is
desirable.

Therefore, the RSM model predicts a maximum biodiesel yield of 73.07% for FCO
biodiesel using a calcination temperature of 1000°C, a catalyst loading of 7%, and a reaction
time of 1 hour. According to the experimental data, the error between the predicted and
experimental biodiesel yields is only 2.56%. Thus, the experimental FCO biodiesel yield
demonstrated an acceptable agreement with the value predicted by RSM. Figure 2 shows a
predicted versus actual yield for transesterification process of FCO biodiesel.

75.63 —

67.83 —

60.02 —

5222 —

4442 —|

45.65 53.14 60.64 68.13 75.63

Fig. 2. Predicted versus actual yield for transesterification process of FCO biodiesel.

Three-dimensional response surface plots were used to show the interactive effects of
reaction parameters on FAME yield as a function of two factors within the experimental
range while maintaining the third factor constant. Figure 3 show three-dimensional response
surface plots and contour plots of the interaction between reaction parameters and FCO
biodiesel yield. All three parameters—calcination temperature, catalyst loading, and reaction
time — had significant effects on the response, which is biodiesel yield.
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The interactions of the two sets of variables —calcination temperature and catalyst
loading, and calcination temperature and reaction time — are not significant with respect to
each other. Figure 3(a) show the interaction of calcination temperature and catalyst loading
on biodiesel yield at a fixed 1 hr reaction time. It can be observed that a high biodiesel yield
is obtained by raising the calcination temperature to 1000°C and increasing the catalyst
loading to 7%. The biodiesel yield decreased when the calcination temperature was increased
to 1100°C, which was attributed to the inhibition of catalytic activity due to the collapse of
the high structure and the formation of a new inactive phase of the catalyst [11].

Figure 3(b) depict the interaction of calcination temperature and reaction time on
biodiesel yield at fixed catalyst loading of 7%. There was a drastic decrease in biodiesel yield
when the reaction time was increased from 1 hr. When the reaction time was increased to 3
hours, the biodiesel yield decreased, possibly because longer reaction times result in more
side products being produced than biodiesel, as the transesterification process is reversible.
The interaction between catalyst loading and reaction time on biodiesel yield at a fixed
calcination temperature of 1000 °C is demonstrated in Figure 3(c). It was observed that high
catalyst loading, and a shorter reaction time would increase biodiesel yield. The low catalyst
loading in the transesterification process is attributed to the fewer number of active sites,
which then leads to a reduced biodiesel yield. Thus, by increasing the catalyst loading, the
active sites are sufficient for producing the maximum biodiesel yield [12].

3.2.2 Waste coconut oil (WCO) (1X) biodiesel

Table 7 presents the parameters suggested by the RSM and the results of the biodiesel yield
from the experimental and predicted analyses of WCO (1X) biodiesel yield. The
experimental and predicted biodiesel yields were compared, with an error value between
these yields ranging from 0.09% to 2.61%. Furthermore, it can be observed that the error
values of WCO biodiesel yield are lower than those of FCO biodiesel yield, indicating that
the regression model for WCO biodiesel is more satisfactory than that for FCO biodiesel.

Table 7. Experimental design with observed and predicted values of transesterification process of
WCO biodiesel yield.

A: Calcination B: C: Experimental Predicted
Catalyst . Lo . . Error
Run temperature loading Reaction biodiesel yield biodiesel (%)
°O) (%) time (hr) (%) yield (%)
1 900 5 2 53.37 50.76 2.61
2 900 6 1 59.15 61.10 1.95
3 900 6 3 47.60 48.20 0.60
4 900 7 2 65.99 66.40 0.41
5 1000 5 1 57.43 58.44 1.01
6 1000 5 3 44.71 46.72 2.01
7 1000 6 2 50.63 49.58 1.05
8 1000 6 2 47.44 49.58 2.14
9 1000 6 2 50.69 49.58 1.11
10 1000 6 2 49.49 49.58 0.09
11 1000 6 2 49.67 49.58 0.09
12 1000 7 1 72.33 70.32 2.01
13 1000 7 3 60.34 59.33 1.01
14 1100 5 2 48.60 48.19 0.41
15 1100 6 1 54.20 53.60 0.60
16 1100 6 3 45.38 44.08 1.30
17 1100 7 2 54.44 57.05 2.61

10
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The final regression equation in terms of coded factor for the WCO biodiesel model is as
shown in Equation 5. The terms of A, B and C represent the calcination temperature, catalyst
loading and reaction time respectively.

%WCO Biodieselyield=49.58— 2.98A + 6.12B—5.68C—1.70AB+0.77AC+ 0.18BC
~0.51A2 +6.52B% +2.59C2
(5)

An empirical relationship in terms of actual factors for WCO biodiesel has been derived
by the quadratic equation, as demonstrated in Equation 6.

%WCO Biodiesel yield =164.31400+ 0.15815A-55.58225B-24.85075C-0.016950AB
+(7.70000E—-003)AC+ 0.18250BC— (5.08250E - 005)A2

+6.52425B2 +2.59425C2
(6)

The ANOVA for the response surface quadratic model for WCO biodiesel is shown in
Table 8. The p-value and F-value determine the significance of the model and its consistency
respectively [29]. It was observed that the p-value of the model was 0.0005 (p-value <0.05).
Thus, the model is significant and the regression model for predicting the biodiesel yield is
reliable. Furthermore, the p-value for lack-of-fit is 0.0621 (p-value >0.05), which indicates
that the lack-of-fit is insignificant. The non-significant lack-of-fit in this WCO model is good
since it also reveals that the model is valid and reasonable. The model terms of A, B, C and
B2 are observed to be significant at the 95% confidence level based on the computed large F-
value and the p-values <0.05. As in the FCO biodiesel model, the term B, which is catalyst
loading, also has a major impact on WCO biodiesel production, followed by the terms C
(reaction time) and A (calcination temperature) with the F-value of 57.05, 49.06 and 13.51
respectively. Moreover, the model terms of A2, C?, AB, AC, and BC in WCO biodiesel are
also statistically non-significant as the p-values were greater than 0.05.

Table 8. Analysis of variance (ANOVA) and lack-of-fit test for response surface quadratic model for
transesterification process of WCO biodiesel.

Source Sum of dar Mean F Prob > F (p- Remark
Squares square value value)
Model 858.69 9 95.41 18.14 0.0005 Significant
A 71.04 1 71.04 13.51 0.0079
B 300.00 1 300.00 57.05 0.0001
C 257.99 1 257.99 49.06 0.0002
A? 1.09 1 1.09 0.21 0.6630
B? 179.22 1 179.22 34.08 0.0006
C? 28.34 1 28.34 5.39 0.0533
AB 11.49 1 11.49 2.19 0.1829
AC 2.37 1 2.37 0.45 0.5234
BC 0.13 1 0.13 0.03 0.8780
Residual 36.81 7 5.26
Lack-of- Not
fit 29.88 3 9.96 5.75 0.0621 Significant
Pure error 6.93 4 1.73
Cor total 895.50 16

11
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The results of the statistical parameters obtained from ANOVA for the models in WCO
biodiesel yield are shown in Table 9. The R? value obtained for WCO biodiesel is 0.9589. It
can be seen that the R? value of the WCO biodiesel model is higher than that of the FCO
biodiesel model (0.9338), which indicates that the WCO biodiesel model yields better
predictions of the experimental yield compared to the FCO biodiesel model. The value of
Pred R? (0.4540) is not as close to the Adj R? (0.9060), which may indicate a large block
effect or a likely problem with the model and/or data. The Adequacy Precision of WCO
biodiesel is 15.091, which indicates an adequate signal, as a ratio greater than 4 is desirable.

Table 9. Statistical parameters from ANOVA in WCO biodiesel model.

Statistical parameters Value
R? 0.9589

Adj R? 0.9060

Pred R? 0.4540

Adeq Precision 15.091

Figure 4 shows the relationship between the predicted and experimental value of the
WCO biodiesel yield. The highest predicted yield for WCO biodiesel is 70.32% using the
same optimum parameters as for FCO biodiesel yield, which are 1000°C of calcination
temperature, 7% catalyst loading, and 1 hour reaction time. The experimental value shows
an acceptable agreement with the RSM prediction, as indicated by the small error of 2.01%
between the prediction and the experimental biodiesel yield.

Predicted vs. Actual

7233 —

@
o
al
©

58.06

Predicted

50.92 —

4378 —

4471 51.62 58.52 65.42 72.33
Actual

Fig. 4. Predicted versus actual yield for transesterification process of WCO biodiesel.

Figure 5 shows the three-dimensional response surface plots of the interaction between
reaction parameters and WCO biodiesel yield.
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yield.
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The interactions between the variables of calcination temperature and catalyst loading,
calcination temperature and reaction time, and catalyst loading and reaction time are not
significant with one another. The interaction between calcination temperature and catalyst
loading, at a fixed reaction time of 1 hour, on biodiesel yield is shown in Figure 5(a). It was
found that a high biodiesel yield was obtained by raising the calcination temperature to
1000°C and catalyst loading to 7%. Figure 5(b) illustrate the interaction of calcination
temperature and reaction time on biodiesel yield at a fixed catalyst loading of 7%. The
biodiesel yield increases as the calcination temperature rises up to 1000°C, and then decreases
when the calcination temperature is further increased to 1100°C. Meanwhile, a drastic
decrease in biodiesel yield is observed when the reaction time exceeds 1 hour. Figure 5(c)
depict the interaction of catalyst loading and reaction time on biodiesel yield at a fixed
calcination temperature of 1000°C. It was observed that high catalyst loading and low
reaction time would increase biodiesel yield. A catalyst loading of 7% and a reaction time of
1 hour could yield the maximum WCO biodiesel. The interaction between reaction
parameters on the FCO and WCO biodiesel yield was observed to have the same trend with
respect to each parameter. The maximum biodiesel yield is obtained with a calcination
temperature of 1000°C, a catalyst loading of 7%, and a reaction time of 1 hour for both FCO
and WCO biodiesel yields.

4 Conclusion

The calcium oxide supported by alumina was tested for its catalytic performance in FCO and
WCO biodiesel production. The results show that the biodiesel yield from WCO is
comparable to that from FCO, with yields of 72.33% and 75.63%, respectively, using the
optimum calcination temperature of 1000°C, a reaction time of 1 hour, and a catalyst loading
of 7% from RSM. Therefore, coconut waste has been shown to be a promising feedstock,
which can avoid competing with edible oil sources for food production and reduce the
excessive problem of solid waste generation.
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