
Accepted Manuscript

Biodiesel production from castor oil in Egypt: process optimisation, kinetic study, 
diesel engine performance and exhaust emissions analysis

Omar Aboelazayem, Nour El-Gendy, Ahmed A. Abdel-Rehim, Fatma Ashour, 
Mohamed A. Sadek

PII: S0360-5442(18)31048-X

DOI: 10.1016/j.energy.2018.05.202

Reference: EGY 13037

To appear in: Energy

Received Date: 18 December 2017

Accepted Date: 31 May 2018

Please cite this article as: Omar Aboelazayem, Nour El-Gendy, Ahmed A. Abdel-Rehim, Fatma 
Ashour, Mohamed A. Sadek, Biodiesel production from castor oil in Egypt: process optimisation, 
kinetic study, diesel engine performance and exhaust emissions analysis,  (2018), doi: Energy
10.1016/j.energy.2018.05.202

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to 
our customers we are providing this early version of the manuscript. The manuscript will undergo 
copyediting, typesetting, and review of the resulting proof before it is published in its final form. 
Please note that during the production process errors may be discovered which could affect the 
content, and all legal disclaimers that apply to the journal pertain.



ACCEPTED MANUSCRIPT

1Corresponding Author: 

(O. Aboelazayem), Department of Chemical Engineering, The British University in Egypt, El-
Shorouk City, Cairo, Egypt. Email: omar.aboelazayem@bue.edu.eg

1

1 Biodiesel production from castor oil in Egypt: process optimisation, 
2 kinetic study, diesel engine performance and exhaust emissions analysis
3
4 Omar Aboelazayema,1, Nour El-Gendyb, Ahmed A. Abdel-Rehimc, Fatma Ashourd and Mohamed A. Sadeka

5 a Department of Chemical Engineering, The British University in Egypt, Misr-Ismalia Road, El-
6 Shorouk City 11837, Cairo, Egypt.
7 b Department of Process Design and Development, Egyptian Petroleum Research Institute, Nasr 
8 City 11727, Cairo, Egypt.
9 c Department of Mechanical Engineering, The British University in Egypt, Misr-Ismalia Road, El-

10 Shorouk City 11837, Cairo, Egypt.
11 d Chemical Engineering Department, Cairo University, Giza 12613, Egypt. 
12
13 ABSTRACT 
14 In this study, biodiesel production from castor oil has been investigated. Five independent 
15 variables including; methanol to oil (M:O) molar ratio, catalyst concentration, reaction 
16 temperature, time and stirring rate have been chosen to investigate their effect on biodiesel yield. 
17 Response Surface Methodology (RSM) via Rotatable Central Composite Design (RCCD) has been 
18 used to evaluate the influence of the independent variables on the reaction response. Analysis of 
19 variance (ANOVA) has been used to investigate the adequacy of the predicted model. The 
20 optimum conditions for 97.82% biodiesel yield have been achieved at M:O molar ratio of 5.4:1, 
21 potassium hydroxide (KOH) catalyst concentration of 0.73%, temperature of 64oC, time of 2.5 h 
22 and stirring rate of 320 rpm. The predicted optimum conditions have been validated with 0.59% 
23 relative error from experimental results. The kinetic calculations concluded that reaction is pseudo 
24 second order with reaction rate constant, activation energy and frequency factor of 
25 0.16 M-1 min-1, 21.95 kJ/mol and 6.02 M-1 min-1, respectively. Finally, a case study investigating 
26 the performance and emissions on a direct injection (DI) diesel engine fuelled by biodiesel/petro-
27 diesel blends (5, 10, 15 and 20% v:v) has been performed concluding significant reduction of 
28 greenhouse and toxic gases. 
29
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33
34 HIGHLIGHTS
35  Effect of transesterification reaction variables has been examined.
36  Reaction optimal conditions have been predicted using Response Surface Methodology.
37  Kinetics of the overall transesterification reaction have been studied.
38  Diesel engine performance and emissions of biodiesel/petro-diesel blends have been 
39 investigated.
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