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ABSTRACT

In recent decades, the world’s energy demand continues to increase while causing
various types of environmental pollutions and global energy crisis. Microbial Fuel
Cell (MFC) is a bio-electrochemical system that produces electricity by making use of
chemical energy. Although Microbial fuel cells (MFCs) have the potential of
generating electricity from a number of compounds, it is still far from achieving
expected output due to irreversible reactions taking place in the anode and cathode
compartments. Hence, the aim of this study was to generate power via MFC using
graphite electrode. The MFC was fabricated by following a scientific procedure and
several experiments were conducted to determine the voltages and power density
produced with varied resistors. It was found that with the increase in oxygen supply,
the voltage increases accordingly due to the increase in bacteria activity. However, as
the catalyst decreases, the expected power output also decreases due to a decrease in
bacteria activity. Conclusively, the following parameters are directly proportional to
one another: voltage produced, bacteria activities and the existent/supply of catalyst.
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1. INTRODUCTION

Reserves of fossil fuels are depleting due to the growth in energy demand [1, 2]. Malaysia is
highly dependent on fuel oil, natural gas and coal to generate power [3, 4]. However,
greenhouse gases (GHGSs) are produced as a result of fossil fuels burning leading to climate
changes as well as environmental deterioration [5-7]. Total dependency in these forms of
energy is much as well a mere investment towards potential disaster. Hence, the country is
highly recommended to practice a paradigm shift in viewing potential sources of energies.
Therefore, it is more strategically and scientifically wiser to develop sustainable or alternative
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forms of energies. One example of a sustainable and renewable energy source is the Microbial
Fuel Cells. Microbial Fuel Cells (MFC) is a fuel cell where oxidation reactions are carried out
to produce electricity by making use of chemical energy [8, 9]. Although the idea of
generating electricity from microbial fuel cells dates back to 100 years, it is only now that the
Microbial Fuel Cell is being studied and understood. Currently, Microbial Fuel Cells are
being used for remote sensing, hydrogen production, desalination, wastewater treatment,
remote power source and as a remedy for pollution among others. MFC utilizes the power
released from respiring microbes to produce electricity by converting the organic substances.
In order to ease the electrons movement throughout the system, MFC makes relies on living
biocatalysts [10]. Microbial fuel cells produce electricity when organic molecules are reduced
due to bacterial oxidization. The redox reaction that causes electrons to move around is the
respiration of bacteria.

A MFC is conventionally comprises of a cathode, an anode and a membrane [11]. The
anode and cathode compartments are divided by membrane which is cation specific. At the
anode, organic fuel generating protons are oxidized by microbes which then move across the
membrane to reach the cathode. From the anode to the outer circuit, the electrons that go
through it are also oxidized by microbes to generate current [12]. As for a MFC, the two
chambers connected via a membrane are inked together by an outer wire. As soon as an
organic substance reaches the anode compartment, the organic substance is oxidized and
reduced by the bacteria in order to produce life sustaining ATP that stimulates bacteria
cellular machinery. The electron acceptor that is the anode in the bacteria's electron transport
chain produces protons, electrons, and carbon dioxide are produced as by-products [13]. The
newly generated electrons use the wire as a conductive bridge to move from the anode to the
cathode. Meanwhile, protons move without restriction via the PEM which links anode
compartment to the cathode chamber. Thus, in completing the circuit, the oxidizing agent or
oxygen present at the cathode recombines with hydrogen and the electrons from the cathode
to produce pure water [14].

Presently, researchers are trying to find ways to optimize electron transfer, electrode
materials and the various combinations and types of bacteria [15]. Research conducted in
understanding Microbial fuel cell (MFC) is globally minimal. Although Microbial fuel cells
(MFCs) have the potential of generating electricity from a number compounds, such as
renewable biomass, organic water or even natural organic matter, it is still far from achieving
levels of output due to irreversible reactions taking place in the anode and cathode
compartments that have a negative impact on the MFC output. The objective of this study was
therefore to generate power via MFC by using graphite electrode. The findings could be
utilized either directly in term of developing a sustainable power source for underwater
equipped; or indirectly, for instances, with respect to the newly found overall relationship
between the electrical voltages produced, bacteria activities and the existent/supply of
catalyst.

2. EXPERIMENTAL SETUP AND TECHNIQUES

2.1. Experimental setup

For this study, a double chamber microbial fuel cell was used where one chamber was
aerobic, whilst, the other chamber was anaerobic. The design was selected based on the
literature review since its enables for numerous distinctive configurations to be workable. The
MFC included two graphite electrodes, anode and cathode, for transferring electrons.
Electrode materials must be conductive, biocompatible, and chemically stable in the reactor
solution. The MFC was fabricated using anode and cathode container, two plastic containers
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with sealable lids, acrylic, mud, air pump, sealing materials epoxy, digital multimeter, and
resistors of 16,000 Q, 5,000 €, 250002, 1000 © and 100 Q. Cylindrical shape was selected for
the anodic chamber as it is the most efficient shape that helps enhance the performance.
Moreover, it could be sealed tightly. Bar-shaped porous graphite was used for both electrodes
as a non-corrosive metals and has a non-detrimental effect upon the microbes. The electrode
with large surface area would affect the potential of the electrode. Hence, the Porous electrode
has a large surface area compared to the other electrodes such as aluminum. The electrode
which has more pore can be used for collection of electron and prevents clogging. The
conventional MFC’s ion exchange membrane is usually a two chamber MFC manufactured
over an “H” shape, comprising of two plastic compartments connected with a PVP pipe which
acts as a separator known as Cation Exchange Membrane (CEM). The PVP pipe was stuffed
with agar-agar mixed with salt. Figure 1 shows the schematic diagram of the experimental
setup.

Feoed tank

Anode chamber Cathode chamber

CEM

Wasto tank Cloar

Figure 1 Experimental setup

2.2. Experimental techniques

The continuous feeding system was selected for this study. The chamber was sealed tightly in
an oxygen free environment. The other chamber contains water exposed to the air. The feed
tank was then placed above the anode compartments causing the siphoning activity to take
place where it draws the food and nutrition from the feed tank into the same compartment. A
Flow valve with a 6.25mm of tubes to control the feed rate of the water and food was
integrated to the system. In addition, a check valve was connected to prevent the backflow of
the solution from the water tank to the anode compartments, and this was also done to the
anode compartment to the feed tank. As the anode camber was initially placed with the waste
which contains microbe organisms, the chamber was sealed tightly in for a range of time
where it allows a perfect biofilm to form. The perfect biofilm can be maintained in a feeding
system once the healthy biofilm was established on the electrodes in the anode chamber. To
make sure that there was a present of healthy bacteria, the feeding system had to deliver a
satisfactory amount of food at any given time. In the anode chamber, diffusion must occur for
feed to take place. In addition, there must be absents of oxygen and other contaminants at the
anode.
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The chemical reactions that occur in the cathode chamber are shown below:
C12H22011 + 13H20 — 12C02 + 4-8H+ + 48e” (at anOde)
48H" + 48e” + 240, — 24H,0  (at cathode)

2.3. Data collection and analysis
The power output of the MFC is determined as follows:

p— EZ;ell (1)
In a MFC, the electromotive force (EMF) is interpreted as the voltage, V to calculate the
current value, I, the EMF is divided by the external resistor. The “standard cell electromotive
force” is often defined as E’emf. The standard cell electromotive force is determined as
follows:

E%emf = o 2)

Where: AG® is the "Gibbs free energy". This process is carried out under standard
conditions of 298.15K and 1 bar pressure. n refers to the number of electrons per reaction
mole of the substrate. F is Faraday’s constant which is 9.64853 x 104 C/mol.

The power inputs were recorded at regular time intervals. The data was collected in daily
basis via a Multipurpose-meter. Power, current density, and power density were calculated as
follows.

The area of Anodic in the Anode chamber = Anodic area in mm?

Power, P = Voltage (V) x Current (I) €))

current(l) (4)

Current density = ——-—— o)

Power Density = powvel ®)

anodic area (mm?)

Surface area of each electrode was calculated as follows:

A = 2nr? + nDL (6)
Where r=6 mm and L=130 mm.

3. RESULTS AND DISCUSSION

These experimental readings were taken under open circuit voltage system to observe the
voltage change of each day without any resistors. The experiment was then repeated by using
0.1kQ, 1.0kQ, 2.5kQ, 5.0k and 16.0kQ for another 10 days to determine the effect of
resistor on the power output of MFC. Table 1 shows the average reading of the voltage from
three different readings.

Table 1 Data collection of an open circuit system for graphite electrode

Experiment days 1 2 3 4 5 6 7 8 9 10
V, (1" Reading) | 0.25 | 0.34 | 0.53 | 0.73 | 0.94 | 1.02 | 0.96 | 0.72 | 0.71 | 0.69
V, (2" Reading) | 0.26 | 0.35 | 0.56 | 0.76 | 0.93 | 1.00 | 0.95 | 0.71 | 0.71 | 0.68
V, (3" Reading) | 0.25 | 0.35 | 0.55 | 0.75 | 0.91 | 1.00 | 0.93 | 0.72 | 0.71 | 0.70
Average reading for] 0.25 | 0.35 | 055 | 0.75 | 093 | 1.00 | 095 | 0.72 [ 0.71 | 0.69
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Figure 2 shows the reading of voltage against the current for different resistors for a
period of 10 days. It can be seen that the trend of the graph is increasing steadily and reached
its peak at 6" day. This was due to the number of bacteria present in the system where the
bacteria required certain time of period to form the anodic biofilm. It then declined from 6™
day onwards till the 10" day due to the decrease in the catalyst in the system. It was assumed
that the decrease in substrate concentration which is the agar-agar causes the bacteria for not

attaining sufficient amount of necessary food to get through the inoculation for its growth to
produce potential energy.
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Figure 2 Voltage vs current with various resistor for 10 days period

The power against the period of 10 days in using Graphite electrode is depicted in Figure
3. The power produced for 160kQ was the lowest among the other resistors. When a large
number of resistant was attached as a load to the system, a large amount of voltage was
produced from the system. However, the production of the current was relatively small. If a
small number of resistant was attached as a load to the system, the voltage that produced
across the compartment will be low compared to the current where it will be maximum of the

fuel cell that can be produced. Therefore, the power obtained from the system would be high
for certain period of time.
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Figure 3 Power produced for 10 days period for graphite electrode
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The power readings over 10 days period with its polynomial equation are depicted in
Figure 4. The purpose of using polynomial equations was to discover the period for the
electron movements completely stop transferring across both chamber in the system. If there
was no flow of electrons from anode compartment towards the cathode compartment, there
would be no electricity produced. Therefore, to find the period for the electron movement to
completely disappear or stop transferring in the system, it was mathematically estimated for
different resistors.
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Figure 4 Power over 10 days period together with polynomial equations for Graphite electrode

Table 2 shows the polynomial equations for different resistors. It predicts the time at
which the electrons stop in the system. It can be seen that electrons transferring time for
different resistors were different as there might not enough catalyst for the bacteria to live in
the system. For 16 kQ, 5 kQ, 2.5kQ and 1kQ resistors, the periods for electron to stop
transferring were 11.43 days, 11.33 days, 11.35 days and 11.26 days, respectively. However,
there were some amount of voltage present on the 20" day and 24™ day which was 0.354 V
and 0.223 V. Therefore, hypothesis can be made where the period for electron to stop
transferring is independent on the resistors across both chambers. In short, the electron was
not fully cleared from the system as there are certain potential for it to be gone from the
system. If the bacteria still exists in the system with the catalyst, there is still a potential for
the electron to transfer across the system for a long period of time.

Table 2 The period for electron to stop transferring for graphite electrode

Resistors used Polynomial equations Period for eI_ectron to stop
(kQ) transferring, (Days)
16 y =-1.9481x2 + 24.649x - 27.225 11.43
5 y =-5.5996x2 + 70.853x - 84.145 11.33
2.5 y =-11.536x2 + 146.02x - 170.96 11.35
1 y = -26.045x2 + 325.96x - 396.94 11.26
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4. CONCLUSION

A study on Microbial Fuel Cell with graphite electrode to power underwater monitoring
devices was conducted. The MFC was fabricated following a proper methodology and several
experiments were then conducted to test the effects of different kinds of resistors. The amount
of bio-waste required to generate electricity was quantified and validated. It was observed that
the period for electron to stop transferring is independent on the resistors across both
chambers. When the bacteria still exists in the system with catalyst, there is a potential for the
electron to transfer across the system for a long period of time. It was found that the following
parameters are directly proportional to one another: voltage produced, bacteria activities and
the existent/supply of catalyst. For future studies, it is recommended to explore the use of
agricultural and industrial wastes as sustainable energy sources. Malaysia has access to
various renewable resources therefore has the potential to achieve sustainable energy.

ACKNOWLEDGEMENT
The authors would like to thank INTI International University for the support provided.

REFERENCES

[1] Kim, Myung Suk. Impacts of supply and demand factors on declining oil prices. Energy
155 (2018): 1059-1065.

[2] Ecotricity.co.uk. (2017). When Will Fossil Fuels Run Out? - Energy Independence -
Ecotricity. [online] Available at: https://www.ecotricity.co.uk/our-green-energy/energy-
independence/the-end-of-fossil-fuels [Accessed 12 Nov. 2017].

[3] Rafindadi, Abdulkadir Abdulrashid, and Ilhan Ozturk. Natural gas consumption and
economic growth nexus: Is the 10th Malaysian plan attainable within the limits of its
resource? Renewable and Sustainable Energy Reviews 49 (2015): 1221-1232.

[4] Bello, Mufutau Opeyemi, Sakiru Adebola Solarin, and Yuen Yee Yen. Hydropower and
potential for interfuel substitution: The case of electricity sector in Malaysia. Energy 151
(2018): 966-983.

[5] Feng, T., Zhou, W., Wu, S., Niu, Z., Cheng, P., Xiong, X., & Li, G. Simulations of
summertime fossil fuel CO 2 in the Guanzhong basin, China. Science of the Total
Environment 624 (2018): 1163-1170.

[6] Eichner, Thomas, and Ridiger Pethig. Trade in fossil fuel deposits for preservation and
strategic action. Journal of Public Economics 147 (2017): 50-61.

[7] Esteban, Miguel, Esteban, Miguel, Joana Portugal-Pereira, Benjamin C. Mclellan, Jeremy
Bricker, Hooman Farzaneh, Nigora Djalilova, Keiichi N. Ishihara, Hiroshi Takagi, and
Volker Roeber. 100% renewable energy system in Japan: Smoothening and ancillary
services. Applied Energy 224 (2018): 698-707.

[8] Altenergymag.com. Microbial Fuel Cells - Principles and Applications | AltEnergyMag.
[online] Available at: https://www.altenergymag.com/content.php?post_type=1424
[Accessed 14 Nov. 2017].

[9] Pant, D., Van Bogaert, G., Diels, L., & Vanbroekhoven, K. "A review of the substrates
used in microbial fuel cells (MFCs) for sustainable energy production." Bioresource
technology 101.6 (2010): 1533-1543.

[10]  Parkash, Anand. Microbial fuel cells: a source of bioenergy. J Microb Biochem Technol 8
(2016): 247-255.

[11] Rabaey K, A microbial fuel cell capable of converting glucose to electricity at high rate
and efficiency. BiotechnolLett25:1531-1535 (2003).

http://www.iaeme.com/IJMET/index.asp editor@iaeme.com



A Study on Microbial Fuel Cell (Mfc) with Graphite Electrode to Power Underwater Monitoring

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Devices

Gil, G. C,; Chang, I. S.; Kim, B. H.; Kim, M.; Jang, J. K.; Park, H. S.; Kim, H. J.
Operational parameters affecting the performance of a mediator-less microbial fuel cell.
Biosens. Bioelectron. 18 (2003), 327-334.

B.H. Kim, I. S. Chang, and G. M. Gadd. “Challenges in microbial fuel cell development
and “operation.” Applied Biochemistry and Biotechnology. 76 (2007), 485-494.

Moon, H., Chang, I. S., Jang, J. K., and Kim, B. H., Residence time distribution in
microbial fuel cell and its influence on COD removal with electricity generation,
Biochem. Eng. J., 27(2005), 59-65.

Fernandez-Marchante, C. M., Asensio, Y., Leon, L. F., Villasefior, J., Cafizares, P.,
Lobato, J., & Rodrigo, M. A. Thermally-treated algal suspensions as fuel for microbial
fuel cells. Journal of Electroanalytical Chemistry 814 (2018): 77-82.

R. Y. Tamakloe, H. Agamasu and K. Singh, Power Generation By Double Chamber
Membrane-Less Microbial Fuel Cells (MlImfcs), International Journal of Advanced
Research in Engineering and Technology (IJARET), Volume 5, Issue 7, July (2014), pp.
12-20.

R. Y. Tamakloe, K. Singh and T. Opoku-Donkor, H202 As Electron Acceptor In Double
Chamber Microbial Fuel Cells, International Journal of Advanced Research in
Engineering and Technology (IJARET), Volume 5, Issue 1, January (2014), pp. 01-06.

R. Y. Tamakloe, M. Commey, Agoe Obed Nai, Turkson Samuel Kwamena and K. Singh,
Effect of Porosity on Ocv And Westwater Treatment Efficiency of A Clay Partitioned lon-
Exchange DoubleChamber Microbial Fuel Cel, International Journal of Advanced
Research in Engineering and Technology (IJARET), Volume 6, Issue 6, June (2015), Pp.
06-11.

T. Opoku-Donkor, R. Y. Tamakloe, R. K. Nkum and K. Singh, Effect Of Cod On Ocyv,
Power Production And Coulombic Efficiency Of Single-Chambered Microbial Fuel Cells,
International Journal of Advanced Research in Engineering and Technology (IJARET),
Volume 4, Issue 7, November - December 2013, pp. 198-206.

Chonde Sonal G, Mishra A. S and Raut P. D, Bioelectricity Production From Wastewater
Using Microbial Fuel Cell (Mfc), International Journal of Advanced Research in
Engineering and Technology (IJARET), Volume 4, Issue 6, September — October 2013,
pp. 62-69.

http://www.iaeme.com/IJMET/index.asp @ editor@iaeme.com



