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This paper studies the effect of calcination mixed waste catalyst for optimization 

FAME yield. Coconut waste ash and eggshells was used as mixed heterogeneous 

catalyst. The parameter investigated including, amount of catalyst, agitation 

rate, and methanol: oil molar ratio. The factorial design was applied at three 

levels of methanol: oil molar ratio (18:1-24:1), amount of coconut catalyst 

(1wt%-5wt%) and agitation rate (100rpm-350rpm). The highest biodiesel yield, 

82.25% was achieved at 350 rpm, 18:1 methanol to oil ratio, and 5 wt% amount 

of catalyst. This study proves that mixed catalyst capable to increase the yield of 

biodiesel. 
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1. Introduction 

 

The depletion of fossil fuels due to increase of population necessitates the usage of alternative 

renewable sources in recent years. Renewable or sustainable energy sources include hydropower, 

biomass or biofuels, geothermal, wave and solar energy. Mostly, the renewable energy resources 

help to supply energy for electrical power generation and transportation sectors simultaneously, 

save the environment and reduce the dependence on fossil fuels [1]. 

Most of the energy demand is fulfilled by conventional energy sources like coal, petroleum, and 

natural gas. Commonly transport is the almost totally dependent on fossil, especially petroleum [2]. 

In developed countries, use of modern technologies and efficient bioenergy conversion, becoming 

cost wise competitive with fossil fuels. The National Biofuel Policy was announced by Malaysian 

government and it proposal is to produce B5 blend biodiesel which is consist of 5% processed palm 
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oil with 95% petroleum diesel for domestic market [3]. Biomass energy includes wastes, standing 

forests, and energy crops. It also may involve animal waste. Biomass energy able to be supplied 

almost 90 percent of the energy. 

Selecting catalyst from waste source such as shells, ashes, rocks and bones should be 

encouraging to save our environment [4-6]. The reusable of catalyst can be work up to six times 

without reduce their efficiencies. Using catalyst from waste materials is an advantage due its 

abundance; thus, where the waste will be collected and recycled and indirectly saves the 

environment. Besides, catalyst from waste source material is more affordable and sustainable. 

Reducing the cost of production is the most important factor that need to be considered as it 

contributes about 75% of the overall cost [7]. Furthermore, the use of homogeneous catalysts will 

increase the production cost as it leads to soap formation, the catalyst cannot be reused, and 

produces large amount of wastewater [8-11]. In this study, heteregonoues catalyst helps to reduce 

the cost as it will be produced from waste source and can be reused. Thus, heterogeneous catalyst 

is considered as green process as it exhibit in less corrosive character, leading to safer, cheaper and 

more environmentally operation [7, 12]. Therefore, this study is conducted to determine the 

optimum methanol to oil molar ratio, amount of catalyst and agitation rate to produce the highest 

yield of biodiesel. 

 

2. Materials and Methods 

2.1 Materials 

 

Coconut waste and egg shells were collected from a shop which produces coconut milk at Pasar 

Besar Gombak, Malaysia. Methanol and n-Hexane was bought from Sigma Aldrich sdn bhd.  

 

2.2 Transesterification 

 

The temperature and time for reaction was setup at steady state temperature which is at 60°C 

in 3 hours, the parameters which are varied in this experiment are amount of coconut waste 

catalyst in the range between 1-5wt%; 1% of the eggshell was added into each weight percent 

coconut waste and the agitation rate was varied at 350 rpm, 225 rpm and 100 rpm. Methanol to oil 

molar ratio also was varied between 18:1-24:1 as shown in Table 1. 

The experimental design was analyzed and done by using Design Expert 7.0.1 and the 

experimental design selected for this study is Central Composite Design (CCD) where the response 

measured yield was fatty acid methyl ester (FAME). There are four variable need to be varied such 

as molar oil to methanol, catalysts concentration, and agitation rate of incubator shaker. The 

experimental run was 17 with three centre point. 

 
Table 1  

Variables and level used in the central composite design 

Variables (factors) 
Factor 

coding 
Unit 

 Levels  

Low (-1) Center (0) High (1) 

Agitation rate A rpm  100.00 225.00 350.00 

Methanol to oil ratio B - 18:1 21:1 24:1 

Amount of catalyst C wt% 1.00 3.00 5.00 
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3. Results and Discussion  

 

Table 2 shows the ANNOVA for response surface reduced quadratic model. The Model F-value 

of 245.63 implies the model is significant.  There is only a 0.01% chance that a "Model F-Value" this 

large could occur due to noise. With the values of "Prob > F" less than 0.0500 indicate model terms 

are significant.  In this case B, C, B
2
, C

2
, BC are significant model terms. Values greater than 0.1000 

indicate the model terms are not significant. The "Lack of Fit F-value" of 8.03 implies there is a 

5.93% chance that a "Lack of Fit F-value" this large could occur due to noise.   

 
Table 2  

ANNOVA for Response Surface Reduced Quadratic Model  

Sources Sum of Square DF Mean Square F Value Prob >F  

Model 9115.70 9 1012.86 245.63 < 0.0001 Significant 

A       

B 104.73 1 104.73 25.40 0.0015  

C 3483.74 1 3483.74 844.84 < 0.0001  

A
2
 4.25 1 4.25 1.03 0.3439  

B
2
 23.16 1 23.16 5.62 0.0496  

C
2
 1336.26 1 1336.26 324.06 < 0.0001  

AB 21.44 1 21.44 5.20 0.0566  

AC 17.69 1 17.69 4.29 0.0771  

BC 49.57 1 49.57 12.02 0.0104  

Residual 28.86 7 4.12    

Lack of Fit 26.40 4 6.60 8.03 0.0593 Non 

significant 

Pure Error 2.47 3 0.82    

Cor Total 9144.57 16     

 

The "Pred R-Squared" of 0.9674 is in reasonable agreement with the "Adj R-Squared" of 

0.9928."Adeq Precision" measures the signal to noise ratio.  A ratio greater than 4 is desirable.  

Your ratio of 36.172 indicates an adequate signal.  This model can be used to navigate the design 

space. The model’s goodness to fit was checked by determination coefficient R
2
. In this case the 

value of R
2
 is 0.9968 which is closer to 1 denotes better correlation between the observed and 

predicted responses. The result obtained from the central composite design were fitted to an 

equation explain the relationship of amount of catalyst used on the FAME yield conversion, Y. The 

final equation in terms of (coded factors) experimental data 

 

Y = 80.01+ 0.41* A + 3.79* B + 22.64* C + 1.27* A
2
-2.98 * B

2
 - 22.60* C

2
 -1.98* A * B + 1.87* A * C - 

3.14* B * C                  (1)                                      

where A is agitation rate (rpm), B is methanol: oil and C is amount of coconut catalyst. 

Figure 1 shows the interaction between agitation rate and methanol: oil on FAME yield at 

constant amount of catalyst, 3wt%. FAME yield was the highest at 83.7% with increase in ratio of 

methanol: oil (24:1) and decrease in agitation rate (100 rpm). As state by a researcher that, to 

achieve a high yield of ethyl ester, alcohol must be used in excess [13]. This is because, in trans 

esterification of palm oil, triglyceride reacts with an alcohol in presence of base as catalyst, 

producing mixing of fatty acids alkyl ester and glycerol. 
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Fig. 1. Effect of agitation rate and methanol: oil 

 

 
Fig. 2. Effect of agitation rate with amount of coconut waste 

catalyst 

 

 
Fig. 3. Effect of methanol: oil with amount of coconut 

waste catalyst 

 

Figure 2 describes that at range of catalyst amount of 3.5-4wt% at 350 rpm the highest yield 

achieved at 88.3%. Painstil (2013) reported that by increasing amount of catalyst, yield of ethyl 
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ester becomes high. As the amount of catalyst increase, it also increases the contact surface area 

and reactant and directly influencing the conversion [14]. Figure 3 shows that at range 4-7wt% with 

24:1 of catalyst and molar ratio of methanol: oil respectively, the highest yield of 86% was 

achieved. Feuge and Gros (1949) and Freedman, et al (1984) studied that, only at initial stage of 

reaction both parameter; time and temperature has affected the yield of methyl ester but after 

several hours the result was steady and reaches optimum was at 3 hours [11, 15]. 

 

4. Conclusion  

 

The objectives of this study were to investigate the optimum condition for biodiesel production 

using mixed catalyst of coconut waste and eggshell. From the results, the highest FAME yield 

produced was 82.25% at agitation rate of 350 rpm, methnol to oil ratio of 18:1 and amount of 

catalyst of 5 wt%. 
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