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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter provides an overview of the research background about the energy
demand and consumption in Malaysia, covering the alternative renewable energy
sources, the dependency on fossil fuels, the advantages of biofuels and the
production of biofuels from palm oil biomass. The research problem statement is
then highlighted, followed by the objective and the scope of the study which is
focused on finding the formulation of green diesel mixtures and the potential
chemicals as biofuels from palm oil biomass. The chapter ends by describing the

significance of the study followed by an overview of the thesis.



1.2 Research Background

Nowadays, biofuel from biomass has become an important alternative source of
energy. Compared to fossil fuel, biofuel is almost totally CO; neutral and is therefore
capable of reducing carbon dioxide emissions which is the main cause of global
warming. Biomass-derived fuels also have negligible sulfur content and therefore, do not
contribute to the emissions of sulfur dioxide which causes acid rain (Ashok, 2009). The
production of biofuel from biomass also reduces the consumption of crude oil, thereby

reducing dependency on fossil fuel.

According to estimates done by the International Energy Agency, a 53% increase in
global energy consumption is foreseen by 2030, with 70% of the growth in demand
coming from developing countries (Tick and Shing, 2010). Figure 1.1 shows the energy
consumption by sectors in Malaysia. It shows that, transportation sector consumed
almost 40%. Figure 1.2 shows the total energy demand in Malaysia. From Figure 1.2, oil
is the most required/crucial/limited energy required in 2030. However, Malaysia is
expected to become a net oil importer by 2030 and the Minister of Energy, Water and
Communications stated that in 2006 ‘reserved of crude oil are projected to last for 19
years’ . It is a very crucial to find potential renewable energy technologies to fulfill the

energy demand in Malaysia.
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Figure 1.1: Energy Consumption by Sectors in Malaysia (Hugh Yard, 2008)
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Figure 1.2: Total Energy Demand (Tick and Shing, 2010)

Transport worldwide consumes about one-fifth of global primary energy and is thus
responsible for similar amounts of Green House Gas Emissions (Dirk and Nicklas,



2005). Table 1.1 shows the CO, emissions from fuel combustion. From the table, we can
see that CO; emission from fuel combustion in Malaysia increased 235.6% from 1990 to
2009. This environmental problem leads government to consider sustainability as one of
the goal for New Economic Model (NEM) Plan. The sustainability component of the
NEM is meant to ensure that all of the proposed measures defined under the new model
must be sustainable in both economic and environmental terms. Biofuel from biomass is
one of the potential paths that are considered in order to achieve sustainability goals in
the NEM.



Table 1.1: CO, emission from fuel combustion. ( IEA statistic, 2011)

millian fonnes of GO 2

CO, emissions: Sectoral Approach

% change

1971 1975 1980 1985 1990 1995 2000 2005 2007 2008 2009 90-09
Non-OECD Total * 42041 53790 67959 76675 91948 94141 100338 131687 14850.7 15607.5 15939.0 73.3%
Algeria a7 140 284 432 517 55.6 624 785 5.7 8a.1 025 79.1%
Angola 17 20 27 29 40 40 5.1 70 104 12.2 120 2221%
Benin 0.3 05 04 05 0.3 0.2 14 27 37 33 432 =
Botswana . . . 16 29 33 42 44 44 45 42 42 5%
Cameroon 07 1.0 17 24 27 25 28 29 41 43 48 79.2%
Congo 0.6 07 0.8 08 0.7 0.5 06 04 12 15 17 128.1%
Dem. Rep. of Conga 25 26 3.1 32 a0 2.1 17 23 26 2.3 249 -3.1%
Cite d'lvoire 24 30 34 30 26 32 6.1 58 57 6.5 6.1 131 4%
Egypt 204 250 423 B5.5 79.2 8B40 1102 1518 1687 1740 1754 121.4%
Eritrea . . . . 0.8 0.5 06 05 0.5 0.5 .
Ethiopia 13 12 14 14 22 23 32 48 6.0 6.3 T4 2357%
Gahon 0.5 07 1.3 17 0.9 13 14 2.1 24 2.3 17 88.0%
Ghana 1.9 23 23 22 27 33 5.1 54 82 7.3 90 2330%
Kenya 32 35 45 46 55 56 6.8 72 83 8.6 100 82.0%
Libyan Arah Jamahiriya a7 9.2 18.6 25 274 35.1 307 425 431 47.0 500 83.0%
Morocco 6.8 9.9 14.0 165 19.6 253 283 386 405 421 413 1103%
Mozambique 24 23 23 15 1.1 1.1 13 15 21 2.0 22 106.8%
Namibia . . . . 18 1.9 29 33 42 37 .
Nigeria 50 17 267 324 29.2 3.1 304 504 441 49.6 412 41.3%
Senegal 1.2 16 20 21 2.0 25 i 46 50 51 53 1614%
South Africa 1738 2002 2145 2201 2547 2760 2982 3303 3565 3384 3604 45.0%
Sudan 33 33 37 432 55 46 55 10.0 120 12.1 133 1409%
United Rep. of Tanzania 15 15 16 15 17 25 25 5.1 55 5.8 B3 2670%
Togo 0.3 0.3 0.4 03 0.6 0.6 1.0 1.0 09 1.1 1.1 97 5%
Tunisia a7 48 78 96 12.1 142 18.0 19.5 206 20.9 208 72.0%
Zambia 34 44 34 28 2.6 20 17 21 14 1.6 17 -34.9%
Zimbabwe 7.2 72 8.0 96 16.0 148 127 104 93 8.3 87 -45.9%
Other Africa 76 9.2 133 118 14.7 16.9 19.3 25.0 279 205 204 1006%
Africa 2657 3321 4083 47690 5454 5084  GB4E 8217  BR42 0412 0275 70.1%
Bangladesh 32 47 72 38 13.6 205 253 365 421 464 507 2735%
Brunei Darussalam 04 14 26 29 34 47 45 5.1 71 75 8.1 141 5%
Cambodia . . . . 14 24 37 44 46 43 .
Chinese Taipei M0 425 722 717 1143 1565 2473 2588 2723 2613 2504 116.8%
India 2002 2412 2833 410 5823 7766 0725 11604 13572 14313 15858  1723%
Indonesia 351 38.0 8.8 B0 1422 2021 2640  33F4 3655 M3I5 3ITEI 164.7%
DFR of Korea 7.5 767 1056 1264 1140 749 58.8 743 f2.4 9.4 §6.2 -41.9%
Malaysia 127 16.1 242 334 489 785 1111 1528 1713 1817 1642  2356%
Mongolia . . . 116 12.7 10.1 88 05 111 11.2 120 -5.3%
Myanmar 45 39 5.1 58 4.0 6.7 8.1 134 125 11.9 10.1 154 7%
Nepal 0.2 03 0.5 05 0.9 17 31 30 25 23 34 2849%
Palkistan 16.6 209 26.1 391 58.6 79.5 973 1172 1386 1330 1369  1337%
Philippines 231 29.1 333 28.6 38.1 57.0 §7.0 713 G8.9 71.0 70.5 85.1%
Singapare 6.0 84 127 163 28.8 375 402 44.1 456 46.1 448 56.7%
Sri Lanka 28 27 37 36 a7 55 105 134 130 12.2 127 23B1%
Thailand 15.9 207 332 414 801 1403 1618 2191 239 2378 2278 1845%
Vietnam 16.1 16.7 14.8 171 17.2 278 440 308 931 1021 1144 5R3.2%
Other Asia 34 10.2 16.5 10.1 10.2 9.3 113 15.6 146 14,5 152 48.9%
Asia 4336 5335 7097 9163 1273.0 16907 2119.2 26155 29140 29883 31532  147.7%
People’s Rep. of China 3004 10512 14053 17049 22113 29861 30373 50624 60284 65068 GB316  208.9%
Hong Kong, China 9.2 10.8 145 220 328 36.0 308 407 434 422 456 35.9%
China 8096 10620 1419.8 17269 22441 30221 3077.2 51031 60718 65490 GB77.2  206.5%

* Includes Estonia and Slovenia prior to 1990



According to Hugh Yard (2008), there are three ways to balance the energy budget.
Firstly is by reducing consumption. Secondly is through better use of existing energy
supplies. The last part is by utilizing alternative sources of energy. Palm oil biomass has
a large potential as renewable energy sources. This is shown in Figure 1.3 in which,
palm oil is estimated to supply about 38% of energy. The palm oil industry in Malaysia
has grown to become the main agriculture-based industry. A lot of biomass by-product
is produced from palm oil processing such as empty fruit bunch (EFB), palm oil mill
effluent (POME), palm fibre and palm kernel shell. Cellulosic palm oil biomass (EFB,
palm trunk, palm fiber) constitute a huge renewable resource that can be converted to
chemical and fuel feedstocks. Palm oil biomass is one of the potential sources of
biomass that can be used directly for energy or converted to more convenient

transportable (liquid) fuels or transmitted energy (electricity) range.

m Hydro = Traditional biomass = Landfill & Bio-residues msolar = Palmoil

Figure 1.3: Estimated Renewable Energy Availability in Malaysia [Hugh Yard, 2008]



Biofuel is currently the most widely accepted alternative fuel for diesel engines due
to its technical, environmental and strategic advantages. It has enhanced
biodegradability, reduced toxicity and improved lubricity in comparison with
conventional diesel fuels. Biofuel can be used pure or blended in existing gasoline and
diesel engines without the need for significant modifications to the engine. Biofuel
generally has higher density, viscosity, cloud point and cetane number, but lower
volatility and heating value compared to commercial grades of diesel fuel (Grabosky M.,
1998).

Biofuels have a lot of advantages. They are used to:

)] reduce the energy dependence of nations with respect to fossil

resources acting as stabilizing factors in a global market environment.

i) reduce the global pollution by less CO; emissions on a lifecycle basis.

i) reduce the local pollution in terms of CO, COg, sulfur and particulate

matters.

iv) enable recycling of various potentially energetic industrial and
domestic wastes, such as cooking oil and fats, as well as agricultural

residues.

V) ensure a better balance between industry and agriculture, create new

jobs in rural areas and sustain economic growth.



1.3 Problem Background and Problem Statement

In order to have a smooth engine operation, it is important to use the right fuel blend
ratio. There are various ways to determine the best blend ratio. Experimental methods
for blending fuel at different ratios have been commonly used. The fuel blend is then
tested and checked for performance as well as emissions. The fuel ratio that gives the
best performance at low emissions will be selected as a good fuel blend. This method is
however time consuming and costly because of the need to test many samples
experimentally. Chemical product design using computer aided method to find the best
ratio of fuel blend can save a lot of time and cost. Computer aided methods can
significantly narrow down the search space to a number of feasible and promising
candidates. Then, virtual experimental procedure can be conducted to verify the

properties of the feasible shortlisted candidates and find the best fuel blend composition.

This study proposes two systematic methodologies. The first is to formulate diesel
blended with biofuels including ethanol, butanol and butyl levulinate. General Algebraic
Modeling System (GAMS) software was used to find the optimum blend composition.
Pure component properties were extracted from CAPEC database. The second is to find
potential chemicals as biofuels. Computer Aided Molecular Design tool (ProCAMD)
was used as a tool to generate the potential candidates of chemicals that satisfy the target

value of target properties.

Given a set of fuel property targets, it is desired to identify the formulation of
feasible green diesel mixtures and the potential chemicals as biofuels. Computer aided
molecular design (CAMD) technique was used as a tool to propose an economical and

environmental friendly green diesel fuel.



1.4 Objectives of the Study

The main objectives of this research are described as below:

1. To determine the feasible fuel blend consisting of diesel and several candidates

of biofuels using computer-aided techniques.

2. To develop a methodology for finding the potential chemicals to replace
conventional biofuels for green diesel blend using (ProCAMD) as a tool.

1.5 Scope of the Study

Five main scopes have been identified to achieve the objectives of the study. These

include:

I. Establishing the desirable target property values for the green diesel. The
properties of the conventional diesel will be taken as target values to generate green
diesel blends and to find feasible chemicals as potential biofuels.

ii. Developing a mathematical formulation to search for a set of feasible fuel
blend compositions that satisfy the target properties of diesel standard using GAMS.

iii. Determining the formulation of the green diesel proposed based on cost and

environmental factor.
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iv. The cost of diesel and biofuels is based on current market. CO2 emission
reduction will be calculated based on the diesel emission factor and biofuel is assumed
to produce zero carbon dioxide.

iv. Conducting virtual experiment using ASPEN PLUS as a validation step to check

the miscibility of the green diesel mixtures.

v. Searching for chemicals with sustainable/green properties to replace

conventional biofuels using ProCAMD as a tool.

vi. Analysin the potential routes to produce the chemicals identified in step v to

ensure it can be produced from biomass.

1.6 Research Significance

This research provides an overview on the potential of biomass as the raw material
to replace conventional biofuel. As a renewable material, palm oil has an important role
to play in supplying the energy needs of the country by incorporating all its products into
the national diesel supply. Its use as biofuel will create a new demand in the export
market, thus helping to strengthen Malaysia’s position as a leading producer and
exporter of palm oil. It will also be in line with the global efforts to reduce the emissions
of greenhouse gases, and underscores the Malaysia’s contribution to this global
objective. Utilization of biofuels is one of the ways to ensure adequate fuel supplies at a
time when yields from existing oil fields are declining and new fields are not yet up and
running. Biofuels can do much to help fill the gap between limited fuel supplies and

increasing worldwide demand—a gap that is almost sure to widen in the coming years.
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1.7 Research Contribution

There are four contributions of this study. They are:

i) A new methodology developed for the formulation of tailor-made green diesel

fuels using computer-aided techniques.

A new methodology to search for feasible candidates of chemicals that have
potentials as biofuels using computer-aided techniques.

i) Formulations of green diesel blend that can reduce CO, emissions and sulfur

contents.

iii) Candidates of biofuels that have properties similar to diesel and can be produced

from lignocellulosic biomass.

1.8 Overview of the Thesis

This thesis consists of five chapters. Chapter 1 begins with the introduction of
the research , the problem statement, the objectives and the scope of the studies which
aims to find feasible fuel blends consisting of diesel and several candidates of biofuels
using computer-aided techniques and to find potential chemicals that can be proposed as

biofuels for green diesel blends.
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Chapter 2 provides a review of the relevant literatures related to the scope
presented in this thesis. Biofuels in diesel blends are reviewed. It also analyses the
potentials of palm oil biomass as biofuels and technologies available to produce biofuels
from lignocellulosic biomass. Important physical properties in diesel blends are also
identified in order to choose the right target properties. Fundamental theory of computer

aided molecular design (CAMD) is also discussed in this chapter.

Chapter 3 presents the detailed methodology of this study to achieve the targeted
objectives. This chapter describes two new methodologies developed in this study. They
are the development of the formulation of green diesel mixtures and the development of
the methodology of finding potential chemicals as biofuels. Both methodologies are
developed using computer aided technique. Besides that, this chapter also elaborates the
procedure on virtual experiment as a validation step of the target properties using
ASPEN PLUS as a tool.

Chapter 4 presents the results of the formulation of green diesel mixtures and the
analysis of these results based on some criteria, such as cost, CO, emission and sulfur
contents. There is also a list of chemicals that satisfies the target properties of diesel
fuels. From the list, the chemical is analyzed whether might have potentials to be
produced from lignocellulosic biomass. This chapter compares results of target

properties from virtual experiments with the formulated green diesel mixture.

Lastly, Chapter 5 presents a summary of the study and some recommendations.

These recommendations explore possible potential areas for future works.
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