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Where FAEE is the yield in percentage, 𝜑0 is the cut off, 𝜑𝑖 is the coefficient of linear variables, 

𝜑𝑖𝑖 is the coefficient of interactive variables, 𝜑𝑖𝑗 is the coefficient of quadratic terms, 𝑋𝑖 , 𝑋𝑗 are 

the variables and  𝑅 is the differential error. 

FAEE1 (%wt. ) = +90.61 + 1.32𝑋1 + 1.18𝑋2 + 2.26𝑋3 + 1.21𝑋4 − 0.26𝑋1𝑋2 + 0.063𝑋1𝑋3  
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FAEE2 (%wt. ) = +91.65 + 0.74𝑋1 + 1.37𝑋2 + 2.33𝑋3 + 0.69𝑋4 − 0.30𝑋1𝑋2 + 0.17𝑋1𝑋3  
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FAEE3(%wt. ) = +93.90 + 1.61𝑋1 + 1.87𝑋2 + 2.93𝑋3 − 0.21𝑋4 − 0.64𝑋1𝑋2 + 0.67𝑋1𝑋3  

−0.48𝑋1𝑋4 + 1.26𝑋2𝑋3 − 1.10𝑋2𝑋4 − 1.26𝑋3𝑋4 + 1.41𝑋1
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The equations showed that the reaction temperature (X3 with high F-value in Table 4b) 

and the catalyst amount (X2 with high F-value) are the most impactful constraint factors on the 

response yield.  

Further mathematical optimization via criteria setting, the constraint variables were set in the 

ranges, while the responses were set in targets (supplementary file) which produced the graphical 

interactions between the responses (FAEE1, FAEE2, and FAEE3) and the linear constraint 

interactions (𝑋1𝑋2, 𝑋1𝑋3 , 𝑋1𝑋4, 𝑋2𝑋3, 𝑋2𝑋4, and 𝑋3𝑋4) known as three-dimensional contour 



plots are presented in Fig. 4. The plots also proved there were perfect interactions among the 

variable constraints on the responses. However, the best mutual interactions occurred between 

X2X3 (catalyst amount and reaction temperature), this also showed that catalyst developed as 

well as reaction temperature played a key part in the conversion of oil to biodiesel.  

 Meanwhile, the least interaction noticed in X3X4 (reaction temperature and EtOH/OMR) 

depicted that the combination of other factors apart from the catalyst produced a low effect. 

Hence, the effects of the developed catalysts on biodiesel yield are of great important but 

fermented submerged calcined Theobroma cocoa pod husk (FSCTCPH) with coefficient 1.26 in 

X2X3 produced high mutual effects than 1.00 produced by CTCPH and 0.86 observed in 

BTCPH. 

 

 


