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ABSTRACT 

 

Depletion of fossil fuel as the source of energy has opened the door to the 

research of various abundant, potential and valuable sources of energy. Therefore, 

biomass gasification to produce either liquid or gases fuel has been widely investigated. 

The production of hydrogen from biomass gasification of agricultural waste which are 

sugarcane bagasse (SCB) and empty fruit bunch (EFB) has been studied by using small 

lab scale gasification. There were 12 series of experiments run to investigate the effects 

of operating temperature at 600˚C, 700˚C, 800˚C and 900˚C and three different particle 

sizes (0.3 mm, 0.6 mm, and 1.0 mm) of both raw materials. The gasification unit which 

consists of turbulent furnace and a micro glass reactor were used and nitrogen (N2) was 

supplied as the carrier gas and oxygen (O2) was used as the gasifier agent. Both samples 

were reduced in the moisture content after drying process. The characteristic of both 

raw materials was identified using thermo gravimetric analyzer (TGA) to determine 

volatility, moisture content, thermal stability and the decomposition kinetics of the 

samples. The fix sample size of 1.0 g and N2/O2 ratio of 9:1 was used in the experiment. 

From the experiment, it was found that the particle size of 0.3 mm and the operating 

temperature of 800˚C were producing more hydrogen for gasification of EFB and 

particle size of 0.3 mm with 900˚C for gasification of SCB, compared to other particle 

size or operating temperature. This is because the smaller particle size gives more 

surface area to react in partial oxidation process and there is more energy supply at the 

high operating temperature to break the complex long chain bond of lignincellulosic 

biomass into the simplest carbon chain of syngas. Amount of ash from the experiment 

was analyzed to identify the ash content in the raw materials. The study conducted 

showed the potential of local agricultural waste as a raw material in producing hydrogen 

via biomass gasification. 
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ABSTRAK 

 

Susutan bahan api fosil sebagai sumber tenaga telah membuka pintu kepada 

penyelidikan pelbagai sumber-sumber tenaga yang berpotensi dan bernilai. Oleh itu, 

gasifikasi biomass untuk menghasilkan sama ada bahan api cecair dan gas telah 

diselidiki dengan meluas. Pengeluaran syngas dari gasifikasi biomas mengunnakan sisa 

pertanian seperti hampas tebu (SCB) dan tanda buah kosong kelapa sawit (EFB) telah 

dikaji dengan menggunakan unit gasifikasi berskala makmal. Terdapat 12 siri ujian 

yang telah dijalankan untuk menyiasat kesan suhu operasi pada 600˚C, 700˚C, 800˚C 

dan 900˚C dan tiga saiz zarah yang berbeza (0.3mm, 0.6mm dan 1.0mm) untuk kedua-

dua bahan mentah . Unit gasifikasi yang terdiri daripada relau gelora dan reaktor kaca 

mikro mengunakan nitrogen (N2) yang dibekalkan sebagai gas pembawa dan oksigen 

(O2) telah digunakan sebagai ejen gasifier. Kedua-dua sampel dikurangkan dalam 

kandungan kelembapan selepas proses pengeringan. Ciri-ciri kedua-dua bahan mentah 

telah dikenal pasti menggunakan Termo Gravimetrik Analyzer (TGA) untuk 

menentukan turun naik, kandungan kelembapan, kestabilan terma dan kinetik 

penguraian sampel. Saiz tetap sampel 1.0 g dan N2/O2 nisbah 9:1 digunakan dalam 

experiment. Eksperimen didapati bahawa saiz zarah 0.3 mm dan suhu operasi sebanyak 

800˚C untuk gasifikasi EFB dan saiz zarah 0.3 mm dan suhu 900˚C untuk gasifikasi 

SCB dikenalpasti telah menghasilkan lebih syngas berbanding dengan lain-lain 

keadaan. Ini adalah kerana saiz zarah yang lebih kecil memberikan luas permukaan 

yang lebih untuk bertindak balas dalam proses pengoksidaan separa dan pada suhu 

operasi yang tinggi membekalkan bekalan tenaga untuk memecahkan rantaian panjang 

lignincellulosic biomass kepada rantaian yang lebih ringkas seperti hydrogen (H2). 

Jumlah abu dari eksperimen dianalisis untuk mengenal pasti kandungan abu dalam 

bahan-bahan mentah. Kajian yang dijalankan menunjukkan potensi sisa pertanian 

tempatan (SCB dan EFB) sebagai bahan mentah berharga yang berpotensi dalam 

menghasilkan syngas melalui pengegasan biomas 
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CHAPTER 1 

 

 

INTRODUCTION 

 

 

1.1 Background of Study 

 

Ever since the first production of oil in 1859, the demand of for crude oil has been 

increasing throughout the year. Fossil fuel is a non-renewable energy and the source is 

limited also depleted as years goes by. The increasing in global energy needs, human 

nation should take consideration on a renewable energy to replace fossil fuel as our 

main energy sources production. The problem has been going on for a years and 

perhaps there are no single solution. As stated by the Union of Concerned Scientists, 

McLamb, "No single solution can meet our society's future energy needs. The solution 

instead will come from a family of diverse energy technologies that share a common 

thread and they do not deplete our natural resources or destroy our environment.” 

(Mclamb, 2008-2010). 

 

Despite of the problem, there are many choices of renewable energy for example 

wind, sun, water, and biomass. These renewable energies are more promising than fossil 

fuel because of the source availability. However, the renewable energy is depending on 

the location for example Malaysia; sources like water and biomass are still very 

available compared to sun and wind which depends on the global weather.  

 

The use of biomass energy has been emphasized in the 9
th

 Malaysian Plan. 

Supported by the growth of agricultural sector in Malaysia, biomasses from the 

agricultural waste as the source of energy to replace fossil fuel are reliable. Gasification 

turns out to be a natural choice for conversion of renewable carbon-neutral biomass into 

gas which are the gases produce can be used to generate energy. There are many choices 
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of biomass which can be obtained from agricultural waste for example sugarcane 

bagasse, palm empty fruit bunk, rice husk and other has its own potential.  

 

However, the use of biomass gasification has not widely practice in our nation 

because of the production cost which did not comply with the gas yield produced. 

However, the use of biomass which is derived from plants will not only reduce the 

dependence of fossil fuel but also supporting the agricultural production especially in 

Malaysia. 

 

As for this research, the study will be concerning on the investigation of the 

optimum operating temperature and particle size that will help to increase the 

production of syngas which is mainly hydrogen in gasification of biomass using 

sugarcane bagasse and palm empty fruit bunch as the feedstock. Therefore, the study 

will be the seed of hope for the solution to our global energy problem besides promoting 

the potential of local agricultural waste. 

 

1.2 Problem Statement 

 

Although there are many research has been conducted on biomass gasification, 

yet, there are still more parameter that has to be investigate to undertake the problem in 

gas yield production. The problem is what are the parameters that should be considered 

in order to increase the desirable gas production? Therefore, to produce more desirable 

hydrogen gas, parameter such as material, operating temperature and raw material are 

the main concern in this research. 

 

1.3 Objective of Statement 

 

The aims of this research are to investigate the potential of local agricultural waste 

which are sugarcane bagasse and empty fruit bunch as a feedstock in biomass 

gasification. Besides that, this research is to identify the optimum operating temperature 

and the particle size of the feedstock that effect the production of syngas which is maily 

hydrogen in gasification of biomass. 
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1.4 Scope of Research 

 

In the research of biomass gasification of local agricultural waste such as 

sugarcane bagasse and palm empty fruit bunk, the scope will be investigating the 

optimum temperature at 600°C, 700°C, 800°C and 900°C and the effect of particle size 

from 0.3mm, 0.6mm and 1.0mm. Therefore, the true potential of sugarcane bagasse and 

palm empty fruit bunk in syngas production from gasification process will be 

discovered. 
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CHAPTER 2 

 

 

LITERATURE REVIEW 

 

 

2.1 Introduction 

 

Nowadays, the depleting of fossil fuels has been a major issue around the globe 

since the energy consumption is increasing with population and economic 

developments. Therefore, a reliable affordable and clean energy supply such as biomass 

as a substitute to fossil fuels has become more promising.  

 

Industrial biomass can be grown from numerous types of plants, including 

miscanthus, switch grass, hemp, corn, poplar, willow, sorghum, sugarcane, and a variety 

of tree species, ranging from eucalyptus to oil palm (Volk, 2000).As we can see here, 

the biomass energy is another reliable renewable energy and it is important for us to 

undergo a various research to improve the production of energy from biomass.  

 

2.2 Syngas 

 

Syngas is the abbreviation for Synthesis gas. This is a gas mixture that 

comprises of carbon monoxide, carbon dioxide and hydrogen (Zhe, 2010). The name 

syngas is derived from the use as an intermediate in generating synthetic natural gas and 

to create ammonia or methanol. Syngas is also an intermediate in creating synthetic 

petroleum to use as a lubricant or fuel.  

 

The syngas is produced due to the gasification of a carbon containing fuel to a 

gaseous product that has some heating value. The use of syngas as a fuel is 

accomplished by the gasification of coal or municipal waste. In these reactions, carbon 
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combines with water or oxygen to give rise to carbon dioxide. This carbon dioxide 

combines with carbon to produce carbon monoxide.  

 

2.2.1 Hydrogen to Carbon Monoxide Ratio 

 

The values of hydrogen-to-carbon monoxide ratio are important to evaluate the 

product over unwanted product according to the favorable product which can be either 

hydrogen of carbon monoxide. In all types of gasifiers, the carbon dioxide (CO2) and 

water vapor (H2O) are converted or reduced as much as possible to carbon monoxide, 

hydrogen and methane, which are the main combustible components of producer gas 

(Wijeyekoon, 2009). This means that the hydrogen-to-carbon monoxide ratio is the key 

to know the performance of the gasification process.  

 

The parameter such as biomass particle size and temperature of the process will 

affect the hydrogen-to-carbon monoxide ratio. Therefore, these parameters can be used 

to control the amounts of hydrogen or methane produced from the gasification process. 

Controlling the ratio of hydrogen to carbon monoxide in the syngas is crucial since to 

produce hydrocarbon fuels requires an optimum ratio between hydrogen and carbon 

monoxide. 

 

2.3 Biomass Gasification to Produce Hydrogen 

 

2.3.1 Biomass 

 

A generally accepted definition of biomass are defined by the United Nation 

Framework Climate Change which emphasize that biomass is a non-fossilized and 

biodegradable organic material originating from plants, animals and micro-organisms 

that also includes products, by-products, residues and waste from agriculture, forestry 

and related industries (UNFCC, 2005).  

 

Biomass is the organic material from recently living things, including plant 

matter from trees, grasses, and agricultural crops. The chemical composition of biomass 
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varies among species, but basically consists of high, but variable moisture content, a 

fibrous structure consisting of lignin, carbohydrates or sugars, and ash. (Turn, 1999).  

 

Common sources of biomass are included agricultural which varies from food 

grain, bagasse, corn stalks, straw, seed hulls, nutshells and manure from cattle, poultry 

and hogs. Some other sources are including from forest, and municipal. The broad use 

of biomass can be best describes by Figure 2.1 below; 

 

 

 

Figure 2.1: Schematic of waste treatment and recycling of biomass 

 

(Source: Luis, 2011) 
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2.3.2 Types of Biomass 

 

In the book of Biomass Gasification and Pyrolisis by Prabir Basu, he specifically 

divided biomass into two broad groups which is virgin biomass which includes wood, 

plants, leaves (lingo-cellulose), crops and vegetables (carbohydrates). The other 

category is waste includes solid and liquid waste from sewage, animal and human 

waste. 

 

2.3.3 Ligno-Cellulosic Biomass 

 

A major part of biomass is lingo-cellulose, so this type is described in some 

detail. Lignocellulosic material is the nonstarch, fibrous part of plant materials. 

Cellulose, hemicelluloses and lignin are its three major constituents (Robert 2011). 

Figure 2.2 below shows the long chain chemical structure of lignocellulosic of biomass. 

 

 

 

Figure 2.2 Chemical Structural of Ligno-cellulosic of Biomass 

 

(Source: Kittikun 2000) 
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Thermochemical processes such as gasification convert lignocellulosic biomass 

into a gas, namely as syngas for further refining to a wide range of products including 

ethanol, diesel, methane or butanol. 

 

Because of the long chain structure of lignocellulosic of biomass, a great amount 

of energy is needed to break the chain into a simpler carbon-hydrogen bond. 

Gasification of biomass is one of thermochemical process that is suitable produce 

syngas which the process can exceed 1000˚C to supply energy to the chemical reaction 

in order to break the long chain of lignocellulosic of biomass.  

 

2.3.4 Hydrogen Production from Biomass 

 

Two methods available for hydrogen production from biomass are thermo 

chemical and biological routes. Syngas can be produced from bio renewable feedstock 

via thermo chemical conversion processes such as pyrolysis, gasification, steam 

gasification, steam reforming of bio-oils, and super critical water gasification. While for 

biological routes, the hydrogen can be produce by anaerobic digestion, fermentation and 

metabolic processing. From the Figure 2.3 below shows the diagram of pathways of 

biomass to hydrogen 
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Figure 2.3: Pathways from biomass to hydrogen 

 

Source: (Patel, 2005) 

 

However, the thermo chemical routes are more preferable compared to 

biological routes. This is because the advantage of the thermo chemical process which is 

that its overall efficiency which is thermal to hydrogen is higher and production cost is 

lower (Patel, 2005). 

 

 In the pyrolysis and gasification processes, water gas shift is used to convert the 

reformed gas into hydrogen, and pressure swing adsorption is used to purify the 

product. Compared to other method, gasification is more preferable than other method 

because of the lower cost production and higher hydrogen yield. Therefore, this research 

will concern on using gasification to produce hydrogen using biomass as a feedstock. 
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2.3.5 Application of Hydrogen as Fuel Cells  

 

A fuel cell by definition is an electrical cell, which unlike storage cells can be 

continuously fed with a fuel so that the electrical power output is sustained indefinitely 

(Connihan, 1981). They convert hydrogen, or hydrogen-containing fuels, directly into 

electrical energy plus heat through the electrochemical reaction of hydrogen and oxygen 

into water (Brian, 2001). 

 

The other electrochemical device that we are all familiar with is the battery. A 

battery has all of its chemicals stored inside, and it converts those chemicals into 

electricity too. This means that a battery eventually "goes dead" and you either throw it 

away or recharge it. With a fuel cell, chemicals constantly flow into the cell so it never 

goes dead, as long as there is a flow of chemicals into the cell, the electricity flows out 

of the cell. 

 

2.3.6 Gasification of Biomass 

 

Gasification is the conversion of solid or liquid feedstock into useful and 

convenient gaseous fuel or chemical feedstock that can be burned to release energy or 

used for production of value-added chemicals (Prabir, 2010).  

 

While, biomass gasification is the conversion of an organically derived, 

carbonaceous feedstock by partial oxidation into a gaseous product, synthesis gas or 

“syngas,” consisting primarily of hydrogen (H2) and carbon monoxide (CO), with lesser 

amounts of carbon dioxide (CO2), water (H2O), methane (CH4), higher hydrocarbons 

(C2+), and nitrogen (N2) (Jared P., 2002). 

 

Biomass gasification can be considered as a form of pyrolysis, which takes place 

in higher temperatures and produces a mixture of gases with hydrogen content. The 

synthetic gas produced by the gasification of biomass is made up of H2, CO, CH4, N2, 

CO2, O2, and tar. (Demirbas, 2009). Gasification of biomass is generally observed to 

follow the reaction: 
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                                                   (2.1) 

 

The product distribution and gas composition depends on many factors 

including the gasification temperature, feedstock particle size and the reactor type. 

 

Gasification is an energy process producing a gas that can substitute fossil fuels 

in high efficiency power generation, heat, and can be used for the production of liquid 

fuels and chemicals via synthesis gas. Gasification is one of the effective energy 

conversion methods for the utilization of biomass. The resulting gas, known as producer 

gas, is a mixture of carbon monoxide, hydrogen and methane, together with carbon 

dioxide and nitrogen (Umeki et al. 2009). 

 

Most biomass gasification systems utilize air or oxygen in partial oxidation or 

combustion processes. These processes suffer from low thermal efficiencies and low 

calorific gas because of the energy required to evaporate the moisture typically inherent 

in the biomass and the oxidation of a portion of the feedstock to produce this energy. 

The resulting combustible gas can be burnt to provide energy for cooking and space 

heating, or create electricity to power other equipment (Demirbas, 2009). 

 

2.4 Types of Gasifier 

 

The simplest gasifier equipment is the fixed bed reactor, which consist of an 

upright cylindrical container that has an inlet and outlet for the gases and where the 

feedstock is fed from above and the ashes removed at the base of the container. Some 

example of fixed bed reactors are the updraft gasifier, the downdraft gasifier, and the 

cross flow gasifier. The Figure 2.4 below shows the type of gasifier for biomass. 
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