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Summary:

The depletion of fossil fuel forces the world to look for alternative ways for energy
production. The most important alternative method is biofuels production. Biofuels are a
type of fuel produced from natural resources such as agriculture, agriculture wastes, used
cooking oil and biological creatures. Production of biodiesel from non edible vegetable oils
Is done through a chemical reaction called transesterification reaction. The oil used in this
work is waste cooking oil which cannot be recycled or valid to human use.
Transesterification is a chemical reaction at which the organic group (alkyl) of an alcohol is
substituted with the organic group of a triglyceride producing fatty acid alkyl ester and
glycerol. Transesterification reaction is catalyzed by addition of a base catalyst
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ABSTRACT

The depletion of fossil fuel forces the world to look for alternative ways for energy production. The
most important alternative method is biofuels production. Biofuels are a type of fuel produced from
natural resources such as agriculture, agriculture wastes, used cooking oil and biological organisms.
Production of biodiesel from non edible vegetable oils is done through a chemical reaction called
transesterification reaction. The feedstock used in this work was non edible waste cooking oil which
cannot be recycled or valid to human use. Transesterification is a chemical reaction at which the
organic group (alkyl) of an alcohol is substituted with the organic group of a triglyceride producing
fatty acid alkyl ester (FAME) and glycerol. Transesterification reaction was catalyzed by addition a
base catalyst. The conversion of triglycerides to alkyl esters (biodiesel) depends up on certain
parameters that affect the biodiesel production process such as catalyst concentration, methanol to
waste cooking oil ratio, temperature, mixing rate and reaction time.

The first part of this work is concerning with studying the effect of each reaction parameters on
biodiesel yield and its specifications, specifying the optimum operating conditions for alkaline
transesterification reaction through application of linear regression analysis and multiple regression
analysis which are used to predict the responses change when one of variable is varied. The
statistical software Design Expert 6.0.7 (Stat-Ease Inc., Minneapolis, USA) was used for design of
experiments, regression and graphical analyses of the data obtained. The triglycerides conversion to
biodiesel reaches to 99.2%. The high conversion obtained was based on the following conditions:
methanol to oil molar ratio of 7.54:1, catalyst concentration of 0.875% , 1.17 hr of reaction time,
temperature of 52 °C, mixing rate 266 rpm. The produced biodiesel quality is agreeing with the
American standard testing method (ASTM), all properties such as cetane number, acid number,
flash point, pour point, cloud point and aniline point are in the standard range. The calorific value
of the produced biodiesel is 39.6 MJ/kg which is higher than the standard biodiesel calorific value
by 6 %. The properties of produced biodiesel qualifies its utilization in vehicles instead of petro-
diesel especially that the biodiesel is free of any sulfur.

The second part of work related to technical feasibility study for biodiesel plant build up using the
alkaline transesterification process for more than 100,000 ton of used cooking oil. Apply the
financial model template to analyze the economic effect. MICROSOFT EXCEL PROGRAM is one
of the mathematical programs that used in establishing projects financial model. The main
advantage of using this program is its availability and simplicity that enable any researcher to check
the profitability of his ideas regarding any project and also optimize the project to get the optimum
project configuration. The project will achieve a good income around 4 million US $ every year and
the total net income during the life cycle of project is 72.5 million US $. The technical feasibility
study concludes that the production cost of one litre biodiesel from used cooking oil is 0.515 $
while the global price of petro-diesel is 0.678 $/ litre and global biodiesel current price is 1 $/litre.

Keywords: Biodiesel, Transesterification, Used cooking oil.
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CHAPTER 1: INTRODUCTION

Biodiesel is a fatty acid alkyl ester which produced from biological sources such as vegetable oil,
animal fats wastes and algae. Biodiesel produced from renewable resources is considered the most
important biofuel. Production of biodiesel from non edible vegetable oil hits a lot of benefits. It is
economical as biodiesel production from waste cooking oil is lower in cost than production of
petro-diesel from high cost crude oil in addition biodiesel plants does not cost money like refining
plants. It is renewable as biodiesel is produced from renewable resources such as used cooking oil
or biological organisms while petro-diesel made from finite sources. Production of biodiesel is
simple process does not need a license or a complicated technology. Biodiesel is better for
environment as it does not contain sulfur. Biodiesel which its specification achieves the
international standard limits can be used directly or it can be blended with conventional diesel in
diesel engine as the calorific value of petro-diesel is higher than for biodiesel.

The feedstocks of biodiesel varies between edible oil such as the oil of sunflower, soybean and
coconut or non-edible oil such as the oil of Jatropha, jojoba and used cooking oil. Biodiesel is
produced from vegetable oil through transesterification reaction.

There are four types of the transesterification processes, acid-catalyzed transesterification, alkaline
catalyzed transesterification, enzyme catalyzed transesterification and non catalyzed supercritical
methanol. The alkaline catalyzed transesterification method was used in this work as it is the fastest
reaction, higher yield, mild reaction condition, low cost, less corrosive, less toxicity.

Alkaline catalyzed transesterification steps are three major steps: the first step is feedstock
treatment which includes measuring feedstock free fatty acid, removal of insoluble impurities and
water removal. The second step is the alkaline transesterification process which includes addition of
alcohol and catalyst to the oil at specified temperature and mixing rate for certain time. The final
step of transesterification process is biodiesel treatment which includes biodiesel purification, water
washing, and water removal from produced biodiesel. There is many factors affecting biodiesel
production, these factors are: methanol to oil ratio, catalyst concentration, temperature, time and
mixing rate. The effect of each factor on the final yield is studied in this work through using
rotatable central composite design (RCCD) as it allows usage of few numbers of experiments to
cover wide range of variables. Linear regression method and multiple regression method were used
to analyze the results. Multiple regression method is more accurate as it studies the interactive
between factors and quadratic effects of factor while linear regression studies only one factor effect.
Specifications of produced biodiesel are standard range and it can be blended with diesel engine.

Cost estimation is a prediction of cost and budget required to build up and operate a plant. The
preliminary cost estimation in this work depends on the optimum condition obtained from the
experimental work and parametric estimation way which includes a relationship between relevant
historical data and other variables. The cost estimation model applied on a plant with capacity



