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ABSTRACT 

 

 

 

 

 Hydrogen has become centre of global attention with its potential of being 

alternative fuel.  It has indeed a favorable choice in dealing with fossil fuel depletion 

and high demand problem. Not only it produces a clean future fuel since it only 

produces water upon combustion; it also provides a solution for abundant waste. This 

study focused on the anaerobic fermentation, one of the biological methods available 

with the use of oleochemical industry waste. The objective of this study was to 

determine the hydrogen producing strain microorganisms that were capable in 

utilizing oleochemical waste and hence producing hydrogen. Mixed culture obtained 

from treated and untreated oleochemical waste was used in this study. Three types of 

medium used in this study were consisted from TYA medium, autoclaved untreated 

oleochemical waste and autoclaved treated oleochemical waste. Whereas the trials 

carried out in this study were based on the several combinations of different medium 

and inoculums. Results obtained in trials conducted were not conclusive since the 

amount of gas released upon fermentation was very minimal. Although the hydrogen 

detection system 3 showed some promising result in Trial 11, repetitions were not 

able to confirm the result obtained due to some technical problems encountered. As a 

conclusion, this study managed to design three detection systems that would show 

conclusive results with presence of substantial amount of hydrogen. Thus, the 

contributing factors of which no detection of hydrogen and the recommendation has 

been discussed. 
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ABSTRAK 

 

 

 

 

 Umum kian mengenali potensi hidrogen selaku pengganti bahan bakar. 

Sememangnya hidrogen merupakan pilihan yang terbaik dalam mengatasi masalah 

kekurangan bahan bakar fosil dan permintaan yang tinggi. Hidrogen merupakan 

alternatif yang mesra alam kerana ianya bukan sahaja menghasilkan air apabila 

dibakar malahan ianya turut menjadi jalan penyelesaian terhadap bahan buangan 

yang kian bertambah. Kajian ini memberi fokus terhadap fermentasi secara anaerobik 

yang merupakan salah satu kaedah biologi yang boleh dilaksanakan dengan 

penggunaan bahan buangan oleokimia. Kajian-kajian yang terdahulu telah 

menunjukkan bahawa mikroorganisma anaerobik merupakan penghasil gas hidrogen 

yang terbaik. Kajian ini bertujuan untuk mengenalpasti jenis mikroorganisma 

penghasil gas hidrogen yang berkebolehan untuk hidup dalam bahan buangan 

oleokimia sekaligus menghasilkan hidrogen. Mikroflora campuran yang diperolehi 

dari bahan buangan oleokimia yang telah dirawat dan belum dirawat digunakan 

sebagai inokulum. Fermentasi dijalankan di dalam kelalang bulat yang 

disambungkan pada sistem pengesanan hidrogen dengan menggunakan tiga jenis 

media yang berbeza iaitu media TYA, bahan buangan oleokimia yang belum dirawat 

dan telah disteril dan bahan buangan oleokimia yang telah dirawat dan disteril. 

Penghasilan hidrogen dari fermentasi dibiarkan selama 48 jam dalam dua suhu 

berbeza. Namun begitu, sistem pengesanan hidrogen tidak memberikan hasil dapatan 

yang meyakinkan. Dengan itu, faktor penyebab dan penambahbaikan telah 

dibincangkan. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background 

 

 

Fossil fuel being one of the major contributors to global prosperity has indeed 

overly consumed over these years. Being an unsustainable fuel, it became harder to 

meet the global demand. Not only that, it is also one of the significant causes of 

global warming and air pollution. It is based on these reasons that the idea of creating 

and finding alternative source of fuel came about. Hydrogen, being a highly priced 

commodity to the industry has become favourite energy to be regarded as an 

alternative fuel (Sivaramakrishna et al., 2008). Hydrogen produces a clean by-

product which is water upon combustion thus it does not pose a threat to the 

environment. Apart from that, it does not contribute to green house effect, acid rain, 

ozone depletion and global warming.  
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Hydrogen can be produced in numerous pathways and that includes 

electrochemical processes, thermochemical processes, photochemical processes, 

photocatalytic processes, or photoelectrochemical processes (Han et al., 2004). 

However there are two major pathways of producing hydrogen that has been the 

focus of various researches. They are process through photosynthetic fermentation 

and anaerobic fermentation. Producing hydrogen through anaerobic process is 

preferable in terms of cost and feasibility.  

 

 

Biologically produced hydrogen results to a win-win solution. Not only being 

a clean fuel, it also solves the problem of industrial wastes. By using these industrial 

wastes as substrate for producing hydrogen, the wastes being dumped and treated 

will be reduced into something more beneficial. Use of industrial wastewater as 

substrate does not only help in treating the waste but also contribute to renewable 

extraction of clean gas (Sivaramakrishna et al., 2008).  Oleochemical industrial 

waste is one of the potential wastes that would likely to become substrate in 

producing hydrogen. It is abundant and rich in glycerols making it favourable to 

become the subject of this study.   

 

 

In order to biologically produced hydrogen, a suitable substrate must be used. 

Most of the hydrogen producing microorganism feed on substrate such as glucose in 

order to function properly. The high cost of suitable feedstock that can be the 

substrate for hydrogen production lead to the usage of renewable biomass as 

feedstock. According to a study by Meher and Das (2008), they concluded that 

industrial waste has the potential to become a significant source of renewable 

hydrogen. However processes involved in using the low cost waste biomass require a 

much more expensive and complicated procedure compared to the derivation of 

hydrogen from natural gas. Even so, biomass‟ potential to provide a cleaner and safer 

environment is much more at stake for years to come. Not only that, waste biomass is 

rather in abundant amount that it can provide a cost effective way to boost the 

economy if it can be converted into something that has such a high value to the 

industry. Although using biomass as substrate in producing hydrogen is a 

breakthrough in technology today, its low hydrogen conversion efficiency and low 
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yield of hydrogen is at question (Das et al., 2001). However, these can be overcome 

with the co-digestion use of microbial consortia which can increase the yield apart 

than improving reactor design and operating parameters. 

 

 

 

 

1.2 Problem Statement 

 

 

The need and demand for fuel has been sky rocketing for the past years as a 

result to increment price of world‟s crude oil. Fossil fuel that has been the major 

contributor to global economy is unsustainable but yet the demand for the energy is 

increasing year by year. Even so, fossil fuel is one of the major pollutants that 

endanger Mother Nature. Although it poses many threats to environment it is still 

remain an important element to drive the economy and create industry. With such 

limited stock of crude oil along with a high demand, the urge to find some other 

renewable energy come about. There are some suggestion and alternative solution to 

deal with the spiking fuel price. As the government suggested, hybrid cars save 

more on fuel. The problem with hybrid cars is the price per unit.  

 

 

According to an article in Berita Harian dated 2
nd

 August 2008, a Honda 

hybrid with engine capacity of 1.3 litres cost around RM 160,000-RM 170,000 

compared to conventional car of the same capacity which only cost around RM110, 

000-RM 120,000. It is rather obvious that the price of hybrid cars does not help in 

curbing the fuel price matter. Not only that, the hybrid cars still posses a threat to 

the environment where there are toxic released by the hybrid battery. The hybrid 

cars use implement nickel metal hydride and lithium ion as their battery. Although it 

is claimed to be less toxic, a substantial amount of carbon monoxide upon usage. 

The expensive price of the cars itself does not help in leading mankind‟s life to a 

better status. Thus, the idea of producing hydrogen from renewable biomass has 

become all time favourite. Hydrogen is known to have the highest energy content 

per unit weight among the known gaseous fuel. It contains around 143 GJ per ton of 
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energy (Boyles, 1984). It also poses no harm since it has the clean combustion 

potential producing no worse than water vapour and heat energy (Chittibabu et al., 

2006). Even though hydrogen can be produced by chemical and physical method, 

hydrogen production via biological route provides a cost-effective and 

environmentally harmless option (Sivaramakrishna et al., 2008). 

 

 

 

 

1.3 Objective 

 

 

The objective of this research is to determine the type of microorganism that 

is able to utilize oleochemical industry waste and hence produce hydrogen. 

 

 

 

 

1.4 Scopes of Study 

 

 

This study consists of three main scopes namely: 

i. Determining the experimental set up for the anaerobic fermentation system 

ii. Testing for the existence of hydrogen gas 

iii. Determining growth capability in different medium 

 

 

 



CHAPTER 2 

 

 

 

 

LITERATURE REVIEW 

 

 

 

 

2.1     Introduction 

 

 

2.1.1  Hydrogen 

 

 

Unsustainable fossil fuel triggers the idea of creating and finding the best 

alternative fuel that will continue to generate the global economy. Fossil fuel being 

not only non-renewable, it also contribute to air pollution and global warming. It is in 

fact one of the significant causes that triggers acid rain (Sivaramakrishna et al., 

2008). With the intense demand for fossil fuel accompanied by the limited stock for 

the source of energy has led to various studies of biologically produced hydrogen. 

Hydrogen has been considered as an ideal and clean energy source for the future 

since it only produce water upon combustion (Yokoi et al., 1998). Unlike coal and 

petroleum, hydrogen does not contribute to greenhouse effect, depletion of ozone and 

acid rain (Chittibabu et al., 2006).  
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Hydrogen is proven to be high value industrial commodity with wide range of 

application. Apart from being source of energy, hydrogen has various other uses 

including a reactant in hydrogenation processes, an oxygen scavenger, and fuel in 

rocket engines and as coolant in electrical generators. The technology that produces 

hydrogen biologically using biomass and wastes actually has given a solution to 

some other problem. It depicts a win-win situation for both unsustainable fossil fuel 

problem and waste bioremediation. By using the unused, discarded waste from the 

industry as substrate in producing hydrogen, has indeed helped to properly manage 

the waste instead of being dumped unattended to. It is from the anaerobic digestion 

method used to reduce the organic content of waste results into discovery of biogas 

that consist of ethane and carbon dioxide (Xie et al., 2008). The discovery of these 

biogas lead to intense research of producing hydrogen via fermentation of industrial 

waste. The intense need and use for fuel, has triggered the speed of research on 

alternative fuel. There have been some significant changes in the fuel usage by 

mankind. The trend of fuel usage has somehow evolved over the years. Meher and 

Das (2008) have illustrated the change in one simple diagram of how fuel usage had 

evolved over the years. The diagram can be seen in Figure 2.1. 

 

 

 
 

Figure 2.1: Chronology of Fuel Usage by Mankind (Meher and Das, 2008) 
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2.1.2  Pathways in Producing Hydrogen 

 

 

There are extensive methods of producing hydrogen whether it is through 

electrochemical processes, thermochemical processes, photochemical processes, 

photocatalytic processes or via photoelectrochemical processes. These processes 

however, do not accomplish the dual goals which are to reduce waste and produce 

hydrogen at the same time (Han and Shin, 2004). It is logical to categorize the 

pathways of producing hydrogen into two main categories which is via physical 

method and biological method. Meher and Das (2008) have summarized the various 

pathways of hydrogen production from biomass into simple chart as indicated in 

Figure 2.2 below. 

 

 

 
 

Figure 2.2: Hydrogen Production Routes from Biomass (Meher and Das, 2008) 

 

 

From the various pathways highlighted above, only two major biological 

processes that has been focused on over years of research. There are by using 

photosynthetic organism and one that utilizes fermentative microorganism (Yang et 

al., 2007). Producing hydrogen utilizing the later microorganism is preferable since it 

is property for most microorganisms and it is not economically feasible to grow 

photosynthetic bacteria in such a large volume of photo-bioreactor. Apart from that, 

fermentative hydrogen production is more advantageous over producing it 

photosynthetically because it does not rely on the availability of light resources and 

the transparency of mixed liquor. In synthesizing hydrogen via fermentation, 
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carbohydrates are favoured substrate over the expensive and hard to get glucose. 

Glucose substrate yields different amount of hydrogen which then depends on the 

pathway and its end product (Manish and Banerjee, 2008). The process involves 

hydrogenase, produces carbon dioxide as well as hydrogen. It is via this method a 

maximum yield of hydrogen can be obtained with acetate as fermentation product 

(Hawkes et al., 2002). 

 

 

 

 

2.1.3  Comparison of Physical and Biological Pathway 

 

 

Recent used methods of producing hydrogen are through chemical and 

physical methods such as steam reforming and partial oxidation of fossil fuel. These 

methods are proved to be more expensive and contribute to environmental pollution 

(Sivaramakrishna et al., 2008).  

 

 

Via dark fermentation however, hydrogen is produced by anaerobic bacteria 

that are grown in the dark on carbohydrate rich substrate. In theory, a maximum of 4 

moles of hydrogen per mole of glucose will be produced if the fermentation is done 

in a strict anaerobic condition. The process is as explained by Manish and Banerjee 

(2008): 

C6H12O6+2H2O2CH3COOH+2CO2+4H2 

 

 

Apart from hydrogen, there are other main by-products associated with the 

metabolism of hydrogen fermentation which are acetate, propionate, butyrate and 

ethanol. These by-products are in fact proven to be valuable and in fact a much 

priced commodity to the industry. 
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With all of the pathways mentioned above, many researches up to date have 

been focusing more on the biological pathway instead of the physical. Among of the 

biological processes that have caught attention of researches in recent years are 

photo-fermentation process, two stage fermentation process and bio-catalyzed 

electrolysis.  

 

 

In the photo-fermentation process, the substrate which in this case is 

sugarcane is crushed to produce sugarcane juice. The juice is then fermented in 

photo-fermentation stage to produce hydrogen. This fermentation produced bagasse 

as a by-product. The wastewater from the fermentation stage is sent to an anaerobic 

digester to produce hydrogen (Manish and Banerjee, 2008). The process overview is 

as shown in Figure 2.3. 

 

 

 
 

Figure 2.3: Photo-Fermentation Process (Manish and Banerjee, 2008) 

 

 

 Figure 2.4 illustrates the overview process of two-stage fermentation as 

described by Manish and Banerjee (2008). In this process, the effluent of dark-

fermentation is sent to photo-fermentation stage. The hydrogen and carbon dioxide 

gases produced in both stages are then sent to pressure swing adsorber for separation 

process. 
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Figure 2.4: Two-Stage Fermentation Process (Manish and Banerjee, 2008) 

 

 

The schematic diagram in Figure 2.5 shows the process overview in 

biocatalyzed electrolysis. The effluent from dark-fermentation stage is sent to 

electrolyzer to produce hydrogen and carbon dioxide. The usage of pressure swing 

adsorber is avoided since hydrogen and carbon dioxide are produced in different 

chamber (Manish and Banerjee, 2008). 

 

 

  
 

Figure 2.5: Biocatalyzed Electrolysis (Manish and Banerjee, 2008) 

 

 

Dark fermentation is another process that is well received by some 

researches. Although it is more economically feasible, the amount of hydrogen yield 

is not as high in those obtained via photo-fermentation and two stage fermentation 

(Manish and Banerjee, 2008). 
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2.2     Oleochemical  

 

 

2.2.1  Applications of Oleochemical 

 

 

In this study, oleochemical industry waste is used as substrate for the 

anaerobic fermentation process. Oleochemical seems to be very promising in 

producing hydrogen because it is rich in carbohydrates. Glycerol produced form the 

hydrolysis of oleochemicals are capable to become substrate for hydrogen 

production. Oleochemicals has been such a great help in production of polymers for 

quite a sufficient amount of time. There are some researches conducted on 

oleochemicals‟ usage to build matrices for natural fiber reinforced plastics (Hill, 

2000). Apart than that, oleochemical is proved to be useful and has a high value in 

industry because of its widespread usage. The applications of oleochemical based 

product have been summarized in Table 2.1. 

 

 

Table 2.1: Application of Oleochemical Based Product (Hill, 2000) 

 

Type Examples 

Animal feed Nutritional supplements, emulsifiers for calf milk replacers 

Electronics Wire insulation, insulating varnishes, special purpose plastic 

components 

Food Emulsifiers and specialties for bread, cakes and pastries, 

margarine, ice cream and confectionary 

Healthcare Tabletting aid,drugs 

Industrial lubricants General and specialty lubricants, base oils for non-toxic 

biodegradable lubricants 

Leather Softening, dressing, polishing and treating agents 

Metalworking and 

foundries 

Cutting oils and coolants 

Wiring Froth floatation of ores, surface-active 

Personal care Shampoos, soaps, creams and lotions, make up 

Paints and coating Alkyd and other resins 

Paper recycling Removal of printing ink 

Plastics Stabilizers and plasticizers, mould release agents, antistatic 

and antifogging aid, polymerization emulsifiers 

Printing Printing ink, paper coating, photographic printing 

Rubber production Vulcanizing agents, softeners 

Soaps and detergents Industrial and domestics 

Waxes and candles Ingredients in waxes and polishes 


