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INTRODUCTION
In the past decade, much research has focused on the production of 
biodiesel, a renewable and sustainable alternative to conventional 

fossil fuels. Biodiesel is derived from organic sources such as 
vegetable oils, animal fats, and recycled cooking grease, making it an 

environmentally friendly option for reducing greenhouse gas 
emissions and mitigating the impacts of climate change (Benjamin et 
al.,2017; Jabbar et al., 2019). The exploration of biodiesel production 
methods has been driven by the growing demand for cleaner energy 
solutions, as well as the need to reduce dependence on fossil fuels. 

DESIGN OF EXPERIMENT
The factors and their levels of Central Composite Design for the CaO -catalyzed transesterification process

Experimental runs were 30, that is,  (2k + 2k + 6) for each catalysts

METHODOLOGY
The data used for this study were collected by the use of;

 Association of Official Analytical Chemists  (AOAC) methods for the physico-chemical 
characterization of the waste cooking oil (WCO) and palm kernel oil (PKO)

AOAC methods and American Society of Testing and Material (ASTM) standards for the 
physico-chemical characterization of the biodiesel produced, that is, waste cooking oil 

methyl ester (WCOME) and palm kernel oil methyl ester (PKOME)
 Scanning Electron Microscopy (SEM) for the characterization of the Calcium Oxide (CaO) 

catalyst (uncalcined and calcined)
Central Composite Design (CCD) with Response Surface Methodology (RSM) for the design 

of experiment and optimization process on the biodiesel production
 Transesterification process for the biodiesel production

 Fourier’s Infra-red Spectroscopy (FTIR) and Gas Chromatography-Mass Spectroscopy (GC-
MS) for the spectroscopic and chromatographic analysis of the WCOME and PKOME 

produced.

Flow chat of the production process 

The biodiesel yield was calculated as shown below.
Yield of biodiesel (Y) = liters of biodiesel produced× 100

liters of oil used

Transesterification reaction

Experimental set-up of the batch reaction

Calcium oxide 

WCOME (CaO-
catalyzed)

PKOME (CaO-
catalyzed)

RESULTS AND DISCUSSIONS
Physico-chemical characterization of the oils and biodiesel produced with CaO catalyst in comparison with ASTM 
standard

Characterization of uncalcined and calcined Calcium Oxide (CaO) catalyst using SEM

SEM image of uncalcined CaO catalyst SEM image of calcined CaO  catalyst   

FTIR Characterization of the Biodiesels

Where, A is calcination temperature (OC), B is calcination time (min), C is reaction temperature (OC) and D is 
reaction time (min).

FTIR spectrum of CaO-catalyzed PKOME

GC-MS characterization of the optimal yield of the CaO-catalyzed biodiesels
Composition of CaO-catalyzed WCOME

Composition of PKOME CaO-catalyzed

Production WCOME (CaO-catalyzed)

Production of PKOME  (CaO-catalyzed)

The chosen fitted quadratic model equations for  the biodiesel in terms of 
coded and actual terms (factors)
WCOME (CaO) yield (%wt) = 

PKOME (CaO) yield (%wt) = 
-124.58329+0.88811×A +0.52442×B -14.54950×C +8.52023×D -2.36355E-004×AB -1.02722E-003×AC 
-7.31920E-003×AD -4.87428E-003×BC -5.29774E-003×BD +0.045626×CD -1.82579E-004×A2 

+9.69952E-004×B2 +0.10166×C2 -0.038821×D2

ANOVA for  Response Surface Quadratic Polynomial Regression Model for WCOME (CaO-catalyzed)

FTIR spectrum of CaO-catalyzed WCOME

ANOVA for  Response Surface Quadratic Polynomial Regression Model for PKOME (CaO-catalyzed)

2D interactive contour plot of the effect of calcination time and calcination 
temperature on WCOME yield

3D interactive surface graph of the effect of calcination time and calcination 
temperature on WCOME yield

2D interactive contour plot of the effect of calcination time and calcination 
temperature on PKOME yield

3D interactive surface graph of the effect of calcination time and 
calcination temperature on PKOME yield

Experimental system selected yield versus experimental validated
yield of the optimum process parameters to produce the highest yield
of biodiesel

CONCLUSION
The production of biodiesel of better optimization yield and quality
from WCO and PKO respectively using CaO catalyst has been achieved.
The biodiesel yields were significantly influenced by the calcination
time and temperature of the catalyst and the reaction temperature and
time according to the Response Surface Quadratic Polynomial
Regression Model.
The study provided up-to-date information on the optimum reaction
conditions in the transesterification of PKO and WCO with CaO as
catalyst.

2D contour plot and 3D surface graph showing the 
interactions between independent variables of the 

biodiesels
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