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ABSTRACT 

 

 

 

 

Microbial fuel cell (MFC) is a kind of biological fuel cells that produce 

electricity through utilization of microorganisms. The efficiency of MFC performance 

is based on how well the electron is transferred and finally flows through an external 

circuit to complete electrical circuit. However, the power density produced by MFC 

generally is still very low and one of the major reasons is due to high internal resistance 

imposed by macro environment of an MFC. In the present research, the objective was 

to develop bio-based anode or bioanode and its usage in the MFC for power 

production. The bioanode was developed by mixing cells solution and activated carbon 

overnight before adding alginate and subjected to homogenisation. The mixture was 

then immobilised using entrapment method to obtained uniform beads. Initial study 

was conducted using glucose as fuel and both open circuit voltage (OCV) and closed 

circuit voltage (CCV) production were evaluated using a single chambered MFC. 

Results show that OCV increased gradually and still increased after 6 h of operation 

compared to free cells. The highest OCV was achieved after 9 h of operation (0.3 V) 

compared to free cells based MFC (0.2 V) and maintained for 15 h of operation. In 

CCV profile for free cells show a decrease in voltage generated but then rapidly 

increased which indicates a ‘power-overshoot’ phenomenon which was not observe in 

immobilised based bioanode MFC. The maximum OCV was 2-fold higher for 

immobilised based bioanode compared to free cells. In addition, the sustainability and 

reproducibility of power production was achieved by operating MFC in Fed-batch 

mode and results show that the system was stable and able to achieve in average 3.0 x 

10-3 % of Coulombic Efficiency (CE). 
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ABSTRAK 

 

 

 

 

Sel bahan bakar mikrob (MFC) adalah sejenis sel bahan bakar biologi yang 

menghasilkan tenaga elektrik menggunakan mikroorganisma. Keberkesanan MFC 

adalah berdasarkan kuantiti elektron dipindahkan melalui litar luaran untuk 

melengkapkan satu litar elektrik. Walau bagaimanapun, ketumpatan kuasa yang 

dihasilkan oleh MFC masih sangat rendah dan salah satu sebab utama adalah kerana 

rintangan dalaman yang tinggi yang dikenakan oleh persekitaran makro MFC. Objektif 

kajian ini adalah menghasilkan anod berasaskan bio atau bioanod dan penggunaannya 

dalam MFC untuk menjana kuasa. Bioanod telah dihasilkan dengan mencampurkan 

larutan sel dan karbon aktif semalaman dan alginat untuk tujuan homogenisasi. 

Campuran kemudiannya diimobilisasikan menggunakan kaedah pemerangkapan 

untuk mendapatkan manik seragam. Kajian awal dijalankan menggunakan glukosa 

sebagai bahan bakar dan penghasilan voltan litar terbuka (OCV) dan voltan litar 

tertutup (CCV) dinilai menggunakan satu ruang MFC. Keputusan menunjukkan 

peningkatan OCV secara beransur-ansur dan masih meningkat selepas 6 jam operasi 

berbanding dengan sel-sel bebas. OCV tertinggi dicapai selepas 9 jam operasi (0.3 V) 

berbanding dengan MFC sel-sel bebas (0.2 V) dan produksi dikekalkan selama 15 jam. 

Dalam profil CCV untuk sel-sel bebas menunjukkan pengurangan voltan yang dijana 

tetapi kemudian meningkat pesat yang menunjukkan fenomena kuasa-laras yang tidak 

diamati pada MFC bioanode yang tidak bergerak. OCV maksimum adalah 2 kali ganda 

lebih tinggi untuk bioanod yang telah diimmobilisasikan berbanding dengan sel-sel 

bebas. Di samping itu, kemampanan dan kebolehulangan semula kuasa juga dicapai 

dengan operasi MFC dalam mod ‘Fed-batch’ dan hasilnya menunjukkan bahawa 

sistem itu stabil dan boleh mencapai purata 3.0 x 10-3 % Coulombic Kecekapan (CE). 
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CHAPTER 1 

 

 

 

 

1 INTRODUCTION 

 

 

 

 

1.1 Background of the study 

 

 

Microbial fuel cells (MFCs) is classified as a special biofuel cells types that 

work to produce electric power by utilizing microorganisms to assist redox reaction 

instead of using isolated enzyme. MFC technology had proved that it can be used to 

treat waste and at the same time generating electricity in which could be so called as a 

new form of renewable energy nowadays. For example, by utilizing the wastewater’s 

bacteria the electricity generation is conducted along with treating the wastewater. (Lui 

et al., 2004; Min and Logan, 2004). 

 

 

Microorganism was first explored to be a catalyst in fuel cells in 1970 and the 

MFC technology had been used as a tool of domestic wastewater treatment in 1991. 

This shows that the MFC technology is already known for more than 40 years back. 

Nowadays, researchers are more focus on enhancing the power output of MFC in 

which will be a promising technology to practically applied in industry. Generally, 

MFC will convert the energy that is contain in a bio-convertible substrate and directly  
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generating electricity. The generation of electricity is actually occur when the 

microorganism switch from the natural electron acceptor for example Oxygen, to the 

insoluble acceptor such as the MFC anode to transfer the electron to the cathode. A 

complete electron circuit transfer will generate an electricity. MFCs is classified into 

two different mode: one that generates electricity with the help of artificial electron 

shuttles (mediators) which known as Dual Chamber MFC and the other one that do 

not require any mediator (mediatorless) which known as Single Chamber MFC. 

 

 

Furthermore, if being compared to other technologies that used organic 

material for generation of energy, MFC technology is having more advantages. Firstly, 

the direct conversion of substrate into electricity provides at some extend high 

conversion efficiencies. Secondly, most of the MFC operates efficiently at ambient 

temperature and not requires extra energy for heating purpose. Thirdly, MFC does not 

require the treatment of any presentable biogas generated in the cell and there is no 

need of additional energy to aerate the cathode, provided that it is aerated passively. 

Finally, MFC has the potential for application in remote areas that do not have 

electrical infrastructure and in turn makes MFC as an additional renewable energy 

option to meet global energy requirements. 

 

 

Although the MFC is not use to generate power commercially due to low power 

production, several studies have showed that it is also possible to produce electricity 

from other sources such as domestic wastewater. In addition, through usage of MFC, 

biological wastewater treatment removal of chemical oxygen demand (COD) can be 

accomplished together with reducing biological oxygen demand (BOD). Furthermore, 

wastewater treatment using MFC system has been introduced to some extend by bigger 

companies such as Arbsource in US and Emefcy in Israel. Arbsouce was founded in 

2011 to develop wastewater treatment system specifically for food and beverage 

industry. 
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1.2 Problem statement 

 

 

As microbial fuel cell (MFC) gained much attention of its ability to generate 

power from organic or inorganic compounds via microoganism, researchers has 

focused on MFCs improvement such as the microbial processes, component of MFC, 

design of the construction and factors of limitations (Parkash, 2016). The electricity 

generated by MFC is relatively low and often the power output is fluctuated due to 

unstable internal resistance presence in the MFC environment. One of the problems 

concerned is electron transfer process from the electricigens or microbes that can 

directly transfer electron in the medium might be hindered by the properties of the 

electrolyte (medium) including the resultant internal resistance oppose by it. It is 

realized by several researchers that the closer the microbes or electricigens to anode 

electrode, more electron can be transferred efficiently. One of the alternative method 

to achieve high electron transfer is to immobilize microbes to the electrode. In 

addition, the used of immobilized microbes on the surface of electrode might reduce 

the internal resistance thus reduce the total resistance and will result in more power 

production. 

  

 

Immobilization of microbes to the anodic electrodes has been established 

previously by Wagner et al. (2012). Microbial attachment was first prepared by 

allowing electrodes to immerse in microbial culture and incubate for several days to 

ensure microbes attached to the electrode base.  

 

 

However, such steps are time-consuming as well as risk of non-attachment of 

microbes on the surface of electron is rather high. Thus, improvement of cell 

immobilization method with the aim to produce controlled form of circular shaped 

immobilized cell was proposed. This immobilized cell consists of microbes or 

electricigens, activated carbon and alginate. Activated carbon will act as a carrier, 

providing carbon support for microbial cell. Meanwhile, many type of alginate can be 

used for cell entrapment. The rationale for adopting cells immobilization strategy by 
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activated carbon and alginate was due to high cell retention which leads to more power 

generation. Mesran et al. (2014) has carried out preliminary study on usage of 

immobilized cells - based electrode using single chamber microbial fuel cell. The 

immobilized MFC system able to generate 403 mV after 200 hours operation 

compared to free cell system with 217 mV, proved the effectiveness of immobilization 

strategy. However, coulombic efficiency (CE) and stability of electricity output are 

not analyse. Since these evaluations are crucial for practical applications of MFCs, 

therefore this present research focused on developing an immobilized based MFC and 

evaluate the power production performance of the MFC.  Meanwhile, focus also on 

operating the MFC in Fed-Batch mode to enhance power production and observe its 

sustainability. 

 

 

 

 

1.3 Objective of the study 

 

 

The objective of this research is to investigate the performance of MFC using 

immobilized cell anode electrode based on power generation and observe the 

sustainability of power generation by operating MFC in fed-batch mode.  

 

 

 

 

 

1.4 Scope of the Study 

 

 

i) Immobilized cell based electrode will be used in MFC trials in batch as anode 

electrode, and the resultant voltage will be measured using a auto logged 

digital multi-meter, and subsequently power and current will be calculated to 

analyse the power production performance. 
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ii) The immobilized based MFC will also be assessed in fed-batch to further 

prove the performance of MFC. 
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