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ABSTRACT

Environmental issues, the growing demand for energy, political concerns,
increasing crude oil prices and the medium term depletion of petroleum created the
need for the development of vegetable oils as alternative fuels. Vegetable oil based
fuels (bio fuels) are promising alternative fuels for diesel engines because of their
environmental and strategic advantages. Biodiesel is gaining more and more
importance as an attractive fuel due to the depleting fossil fuel resources. Chemically
biodiesel is monoalkyl esters of long chain fatty acids derived from renewable feed
stock like vegetable oils and animal fats. The costs of feedstock and production
process are two important factors which are particularly against large-scale biodiesel
production. Jatropha curcas oil (JCO) is considered a future feedstock for biodiesel
production because it is easily grown in harsh environments and is a non-edible crop
that is not in demand as a food source. Microwave irradiation is one of the good
methods to reduce the reaction time and get the higher yield; however, heterogeneous
transesterification using a solid catalyst rather than a liquid acid or base catalyst is a
more environmentally responsible way to utilize crude Jatropha oil for biodiesel
production. The use of a heterogeneous catalyst also avoids neutralization and
washing steps, thereby leading to a simpler and more efficient process. This project
presents optimize three critical reaction parameters including catalyst concentration,
microwave exit power and reaction time from the transesterification of used jatropha
curcas oil (JCO) by using microwave irradiation in an attempt to reduce the
production cost of biodiesel. To arrest the reaction, similar quantities of methanol to
oil molar ratio (6:1) and calcium oxide as the catalyst were used. The results showed
that the best yield percentage (96%) was obtained using 300W microwave exit
power, 8 %(wt) CaO and 7 min. From the results obtained it was clear that free acid

methyl ester (FAME) was within the standards of biodiesel and diesel fuel.
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ABSTRAK

Isu alam sekitar, permintaan yang semakin meningkat untuk tenaga,
kebimbangan politik, peningkatan harga minyak mentah dan kekurangan jangka
sederhana petroleum mewujudkan keperluan bagi pembangunan minyak sayuran
sebagai bahan api alternatif, bahan api berasaskan Minyak sayuran (bahan bakar bio)
menjanjikan bahan api alternatif bagi diesel enjin kerana kelebihan alam sekitar dan
strategik, Biodiesel semakin lebih dan lebih penting sebagai bahan api yang menarik
kerana bahan api semakin berkurangan sumber fosil. Kimia biodiesel adalah ester
monoalkyl rantaian panjang asid lemak yang diperolehi daripada stok suapan boleh
diperbaharui seperti minyak sayuran dan lemak haiwan. Minyak Jatropha curcas
(JCO) dianggap bahan mentah masa depan bagi pengeluaran biodiesel kerana ia
mudah ditanam dalam persekitaran yang sukar tumbuh dan adalah tanaman yang
tidak boleh dimakan yang tidak berada dalam permintaan sebagai sumber makanan.
Penggunaan mangkin heterogen juga mengelakkan langkah peneutralan dan
membasuh, sekali gus membawa kepada proses yang mudah dan lebih cekap. Projek
ini membentangkan dan mengoptimumkan tiga parameter kritikal reaksi termasuk
kepekatan pemangkin, kuasa gelombang mikro keluar dan reaksi masa dari
transesterification digunakan jatropha curcas minyak (JCO) dengan menggunakan
penyinaran gelombang mikro dalam usaha untuk mengurangkan kos pengeluaran
biodiesel. Untuk reaksi kuantiti yang sama dengan metanol kepada nisbah minyak
molar (06:01) dan kalsium oksida sebagai pemangkin telah digunakan. Keputusan
menunjukkan bahawa hasil peratusan terbaik (96%) telah diperolehi dengan
menggunakan kuasa gelombang mikro dengan keluaran 300W, 8% (wt) CaO dan 7
min. Daripada keputusan yang diperolehi, ia adalah jelas bahawa asid metil ester

(FAME) adalah bebas dalam piawaian biodiesel dan diesel.
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CHAPTER 1

INTRODUCTION

1.1 Introduction

When Rudolf Diesel designed an engine to run on peanut oil in 1894, he was
convinced that it would have a great future and even went on to predict that biofuels
would play a significant role in the future. The use of vegetable oils for engine fuels
may seem insignificant today. But such oils may become in the course of time as
important as petroleum and the coat tar products of the present time. He stated little
did he know that it would take so long for the world of technology to catch-up with
his vision of motor fuel. Biofuel (Biodiesel and Bioethanol) will become a vital part
of our energy supply in the near future. Being derivates of renewable resources, they
provide the opportunity for us to become less dependent on crude oil. Furthermore,
the introduction of bio fuels into the motor fuel market will be the most immediate
and most efficient way to meet the obligations of the “KYOTO Protocol”, which is
the United Nations framework convention on climate change -in order to reduce
greenhouse gas emissions. For example, The “EU Bio fuels Regulation™ intends to
raise the market usage of bio fuels from 2% in 2005 to a remarkable 5.75% in 2010
in the transport fuel market. This is equivalent to a market potential of approximately
14 million tons of biofuels by 2010. The construction of large scale production units

will be inevitably necessary. In the US the production is projected to reach 5.6 billion



gallons of Bioethanol by 2008 and 1.0 billion gallons of Biodiesel in the same

period.

Biodiesel production is worthy of continued study and optimization of
production procedures because of its environmentally beneficial attributes and its
renewable nature. Non-edible vegetable oils such as Jatropha oil, produced by seed-
bearing shrubs, can provide an alternative and do not have competing food uses.
However, these oils are characterized by their high free fatty acid contents. Using the
conventional transesterification technique for the production of biodiesel is well
established. In this study an alternative energy stimulant, ‘‘microwave irradiation’’,
will be used for the production of the alternative energy source, biodiesel. The
optimum parametric conditions obtained from the conventional technique were

applied using microwave irradiation in order to compare the systems.

Then as it can be seen in the previous paragraphs, the vegetable oils have a
high potential to be used in diesel engines even without any processing and only with
some simple modification of diesel engine. Previous researchers showed that the
main difference between the fatty acids is in the length of their carbon chain and also
in the number of double bonds. Then the best way to overcome these problems and
make their combustion properties close to those petroleum fuels is some simple
modifications, Transesterification, micro-emulsion and pyrolysis are three different
ways to modify the vegetable oil and prepare it as a fuel to be used in a type of diesel
engine. Transesterification is introduced as the best well-established way to produce

an alternative and safe fuel from vegetable oil to replace the petroleum based fuels.



1.2 Background of Study

The first concept of using vegetable oil as a fuel was developed by Dr. Rudolf
Diesel later back to 1895, when the first diesel engine to run on vegetable oil. Diesel
later demonstrated his engine and received the ‘Grand Prix’ at the World Fair in
Paris, France in 1900. This engine stood as an example of Diesel’s vision because it
was powered by peanut oil as bio fuel though not strictly biodiesel, since it not was
transesterified. Biodiesel was introduced in South Africa to power heavy-duty
vehicle before World War I1. During the 1920s diesel engine manufacturers altered
to utilize the lower viscosity of the fossil fuel (petro diesel) rather than vegetable oil,

and biomass fuel.

In 1980s, the revival of biodiesel production started with farm cooperative
and the first industrial-scale plant opened with capacity in excess of 10,000 m3 per
year in the 1991 in Austria. In 1990s, France launched the local production of
biodiesel fuel (known locally as diester) obtained by transesterification of rapeseed.
Recently, environmental and economic concerns have renewed the interest in
biodiesel throughout the world, especially in Europe, where it has been used for 20

years.

Biodiesel (fatty acid alkyl esters) is an alternative diesel fuel derived from the
reaction of vegetable oils or lipids and alcohol with or without the presence of a
catalyst. Despite the invention of the vegetable oil fuelled engine by Rudolf Diesel
dated back in the 1900s, full exploration of vegetable oil based fuel such as biodiesel
only came into light in the 1980s as a result of renewed interest in renewable energy
sources for reducing greenhouse gas (GHG) emissions, and alleviating the depletion
of fossil fuel reserves. Since then, biodiesel has slowly penetrated the market in
Europe, especially in Germany and France, as a blend to petro diesel. Commercially,
these blends are named as B5, B20 or B100 to represent the volume percentage of
biodiesel component in the blend with petro diesel as 5, 20 and 100 vol. %,

respectively. Currently, many countries around the world have explored and



commercially used biodiesel blends for their vehicles such as US, Japan, Brazil,
India, and so on. Esterification and transesterification reactions are currently the most
favoured reaction pathways to produce biodiesel. Any type of feedstock that contains
free fatty acids and/or triglycerides such as vegetable oils, waste oils, animal fats,
and waste greases can be converted into biodiesel. However, the final products must
meet stringent quality requirements before it can be accepted as biodiesel (EN14214
for European standard; ASTM D6751 for US). The fuel properties of B5, B20, B100
and No. 2 Diesel, according to the standards, are well established in the literature. A
number of processing technologies for the production of biodiesel have been reported
as the feedstock conversion that depends on the type of feedstock used (N. Yusuf,
2012)

Jatropha is a genus of approximately 175 succulent plants, shrubs and trees
from the family Euphorbiaceae. Jatropha is native to Central America and has
become naturalized in many tropical and subtropical areas, including Asia, Africa,
and North America. (Abebe K, 2011) Originating in the Caribbean, Jatropha was
spread as a valuable hedge plant to Africa and Asia by Portuguese traders. The
mature small trees bear separate male and female flowers, and do not grow very tall.
Normally, it grows between three and five meters in height, but can attain a height of
up to eight or ten meters under favourable conditions. Jatropha yield varies
depending on the variety (species) of the plant that is used for cultivation. The extract
from its seeds, Jatropha oil, is processed to obtain bio fuel and bio diesel. The yield
of oil can be influenced by several factors; such as; soil, Organic fertilizers, rainfall,
climate, processing etc, (we can see the effect of every one of this aspect later). A
combination of all these conditions, along with consideration of the plant’s genetic
constitution, influences the yields. In spite of the fact that the Jatropha yield can vary
considerably according to such factors, it is possible to estimate optimum figures for
the yield of oil. An estimated yield of 12000 kg of seed per hectare from irrigated
plantations and 4000 kg of seed from rain fed plantations can be expected from 5th
year onwards. The quantity of oil extracted per hectare can be as high as 2.7 tons.
The harvest from this degree of sowing can be as considerable as 78 tons (El Diwani
G, 2009).



1.3 Statement of Problem

Currently, diesel powered vehicles represent about one third of the vehicles
sold in Europe and the United States. Worldwide diesel fuel consumption, as the
amount of available petroleum decreases, the need for alternative technologies that
can prolong the use of liquid fuels and mitigate a forthcoming shortage of
transportation fuels increases, there are currently two global biomass-based liquid
transportation fuels that have the potential to replace gasoline and diesel fuel:
bioethanol and biodiesel. It is assumed that biodiesel will be used as a fossil diesel

replacement and that bioethanol will replace gasoline.

Over the past decade (2000-2010), biodiesel production has increased to an
unprecedented level, fuelled mainly by increases in oil prices, high demand from
emerging countries, speculation, and efforts to combat climate change. Figure 1.1
and 1.2 illustrates how world biodiesel production increased from 9 million tons in
2007 to 12.6 million tons in 2012, which is an increase of 300% over five years. It is
estimated that biodiesel could replace approximately 10% of diesel fuel consumption
in Europe and 5% of Southeast Asia’s total fuel demand. Biodiesel demand increased
from less than 200 million liters in 2000 to about 251 million liters in 2012 and will
surpass 350 million liters in 2020. Th is steep increase in world demand for biodiesel
is due to the obligation of nations to diversify energy supply sources and energy
security policies because of the Kyoto Protocol and/ or national objectives. There
are, therefore, strong export opportunities for countries that can produce biodiesel.
Increasing biodiesel consumption will require an optimized production process
characterized by high production capacity, simplified operations, high yields, and a

lack of special chemical requirements and waste streams. (Harumi Veny, 2010)

A global market survey observes three key trends in the jatropha feedstock
market. The first trend is the expansion of commercial-scale jatropha production

from India, Africa, Southeast Asia , and Latin America. The second trend is the



participation by governments and major energy concerns in the cultivation and
production of jatropha. The third key trend is that jatropha-based projects are being
developed as dual-purpose entities, both as government programs and as a solution to
rising global bio fuels demands.

orld Biodiesel Production and Capacity

Million Tons/Yr or MT/a

source Biodiesel 2020: A Global Market Survey, 2nd edition

Fig 1.1 biodiesel production and demand in 2020

160000 -
140000 A
120000 -
100000
S0000 A
60000 -

Metric Tonnes

Fig 1.2 Annual diesel consumption



1.4  Objectives of the Study

The objectives of this research are:

i)  To produce biodiesel from jatropha oil by using microwave irradiation
using heterogeneous catalyst.

i) To investigate the effect of some critical parameters that will affect the
yield of transesterification.

iii) To compare the yield of the biodiesel production and characteristics of
produced biodiesel with the petro diesel.

1.5  Scope of the Study

The scopes of this project will include:

i.  Conducting literature survey on the various researches on producing biodiesel

from Jatropha Curcas.

ii.  Setting up the apparatus to convert the jatropha oil to biodiesel and also the

equipment needed for oil characterization.



ii.  Extract oil from Jatropha seeds, conversion to biodiesel and characterizing

the Jatropha oil and the biodiesel produced.

iv.  Comparing the test results obtained with conventional diesel.

1.6  Project’s Flow chart:

Literature review on the production of biodiesel from Jatropha oil by
microwave irradiation using heterogeneous catalyst

d

Preparation of the oil and modifying the domestic microwave oven to
perform the experiment

d

Run the experiment with the apparatus to investigate the optimum
critical parameters.

|

Analysis the produced oil characteristics and compare with the
biodiesel and diesel standard in the world.

Figure 1.3 Research flowchart
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