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ABSTRACT

Microbial fuel cells (MFCs) represent renewable energy technology with potential applications in electricity
generation. This study aimed to construct and evaluate the performance of a single-chamber MFC using soil
samples. Two MFCs were built for this purpose: one to assess performance by monitoring the variation of
voltage and current over time, and the other to examine the effect of cathode surface area on MFC performance.
Microbial fuel cells are important due to their potential to generate renewable energy, treat wastewater,
remediate contaminated environments, serve as biosensors, and be scalable and integrated with other
technologies, making them a promising solution for addressing various environmental and energy challenges.
Notable results included recording maximum currents and voltages of 2.2 mA and 0.6 V, respectively, which
elucidated the non-linear relationship between current and voltage. Additionally, it was found that the cathode
surface area has a direct impact on the current produced. The polarization curve, illustrating current density as
a function of voltage, was also analyzed. Another significant finding was a coulombic efficiency of 92.6%.
Furthermore, connecting the MFCs in series achieved a voltage of 1.363 V. These results indicate substantial
progress in the field. This study contributed to the advancement of MFC technology and its potential for
practical applications in renewable energy generation, wastewater treatment, and environmental sustainability.
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INTRODUCTION

Microbial fuel cells (MFCs) have recently gained attention as
an innovative yet challenging technology. In an MFC,
microorganisms interact with electrodes, either donating or
accepting electrons through an electrical circuit. This
technology is considered a promising sustainable solution to
meet growing energy demands, particularly when utilizing
wastewater as a substrate. MFCs can generate electricity
while simultaneously treating wastewater, potentially
offsetting the operational costs of wastewater treatment
plants. Given the nonrenewable nature of fossil fuels and their
environmental impact, MFCs are viewed as a potential
ecofriendly alternative for energy production (Wikipedia,
2021; Rittmann et al., 2013. MFCs can convert the chemical
energy stored in organic matter, such as waste biomass or
wastewater, into electrical energy through the metabolic
activities of microorganisms (Gude, 2016). This process
allows for the generation of renewable and sustainable energy
from organic waste, which would otherwise be left untreated
or disposed of in an environmentally harmful manner (Logan,
2018).

The application of MFCs can provide valuable real-time data
for environmental monitoring and decision-making (Donovan
etal., 2013). MFCs can be designed and scaled to suit various
applications, from small-scale portable devices to large-scale
systems for community-level energy generation and
wastewater treatment (Logan, 2018). The modular nature of
MFCs allows for their integration with other technologies,
such as solar panels or wind turbines, to create hybrid
renewable energy systems (Gude, 2016).

Microbial fuel cells are important due to their potential to
generate renewable energy, treat wastewater, remediate
contaminated environments, serve as biosensors, and be
scalable and integrated with other technologies, making them

a promising solution for addressing various environmental
and energy challenges.

Optimization of MFC design and operating parameters: The
performance of MFCs can be influenced by various factors,
such as electrode materials, reactor configuration, and
operating conditions. This study may investigate the
optimization of these parameters to enhance the power output
and efficiency of MFCs.

The performance of MFCs is heavily dependent on the
composition and activity of the microbial communities
involved. This study may explore the relationship between the
microbial community structure and the MFC's performance,
which can inform strategies for improving the efficiency of
the system. Scalability and commercialization challenges:
One of the major barriers to the widespread adoption of MFCs
is the challenge of scaling up the technology from lab-scale to
real-world applications. This study may address the
challenges and potential solutions for scaling up MFC
systems and making them more commercially viable.

This research aims to design and evaluate the performance of
a Microbial Fuel Cell (MFC) for electricity generation. This
study may contribute to the advancement of MFC technology
and its potential for practical applications in renewable energy
generation, wastewater treatment, and environmental
sustainability.

In 1910, M. C. Potter first observed the ability of E. coli to
produce electricity (Bullen et al., 2016). Ever since, scientists
have studied the ability of microbes to produce electric
potentials in depth, and have incorporated this phenomenon
into the design of microbial fuel cells (MFCs), which take
advantage of natural biological processes in the microbes to
catalyze the conversion of chemical energy in organic fuels
into electrical energy. Recently, the search for alternative
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forms of energy has brought renewed interest to MFCs
(Potter, 2011).

In 1910, M. C. Potter was the first to notice that E. coli
bacteria could generate electricity (Bullen et al., 2016). Since
then, extensive research has been conducted on the ability of
microbes to produce electrical potentials, leading to the
development of microbial fuel cells (MFCs). These cells
leverage the natural biological processes of microbes to
convert the chemical energy in organic materials into
electrical energy. The recent quest for alternative energy
sources has sparked a revived interest in MFCs (Potter, 2011).
To comprehend the fundamental function of a Microbial Fuel
Cell (MFC), it is essential to understand some basic bacterial
functions. Essentially, bacteria decompose organic matter and
release energy in the process. Special focus is given to certain
bacteria that can generate electricity and effectively transfer
electrons to the anode (Atanassoc, 2020).

These bacteria, known as exoelectrogenic, derive their name
from "exo-" meaning outside and "electrogens" referring to
their ability to directly transfer electrons to a chemical or
material that is not the immediate electron acceptor. Many
anaerobic bacteria can only transfer electrons to soluble
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compounds like nitrate or sulfate, which can diffuse across the
cell membrane. In contrast, exoelectrogenic bacteria can
transport electrons outside the cell, making them ideal for
functioning within an MFC. These bacteria are particularly
useful in mediator-less MFCs, systems that do not require a
mediator to facilitate electron transfer. Common mediators
include thionin, sulfate/sulfide, methylene blue, and
pyocyanin, among others (Du et al., 2021).

According to Du et al., exoelectrogenic can be sourced from
various environments rich in these microorganisms, such as
soil, marine sediment, wastewater, freshwater sediment, and
activated sludge (Song, 2017).

MATERIALS AND METHODS

Single chamber microbial fuel cells

These are basic anode compartments without a distinct
cathode compartment or proton exchange membranes. Porous
cathodes, which are positioned on one side of the cathode
chamber wall, use atmospheric oxygen and allow protons to
diffuse through them. Their simpler design makes them easier
to scale up compared to double-chambered fuel cells, leading
to increased research and application (Park and Zeikus, 2020).
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Figure 1: Single chamber MFC (Simeon and Raji, 2016)

Materials’ selection

Anode and Cathode Chamber

A single-chamber microbial fuel cell (MFC) was selected for
its high voltage output and cost-effectiveness. A plastic food
container with a capacity of 3.5 liters was used for
construction (see Figure 1). Plastic is more affordable
compared to materials like ceramics, which are prone to
cracking and leakage.

Anode Electrode
When choosing an anode material, several key factors must
be considered:

i. High electrical conductivity

ii. Resistance to corrosion

iii. Cost-effectiveness for large-scale use

iv. High porosity
Various materials can meet these criteria. For this MFC,
carbon rod is an attractive anode material choice for single-
chamber MFCs due to its high conductivity, biocompatibility,
large surface area, mechanical stability, cost-effectiveness,
and easy availability, making it a suitable option for various
MFC applications. Three carbon rods, each with an
approximate area of 6.92 cmz?, were secured to the anode.
(Figure 2).
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Figure 2: Carbon Rod as Electrode

The total surface area of the anode was then 20.76cm?. The
surface area was calculated from equation (1) below:

Aan= md (h+d/2) (1)

Where d is the diameter of a single carbon rod = 0.75cm, h is
its height = 5.5cm and A is the area in cm?2,

Usually, in most experiments, carbon paper or rod is used at
the anode, it is highly conductive, non-corrosive and porous
(Logan, 2008).

|
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Figure 3: Multimeter

Substrate

The substrate used was garden soil gathered from a biological
garden, with a total sample mass of 2000 grams as shown in
Figure 4.

Soil preparation is an important aspect of setting up a single-
chamber microbial fuel cell (MFC). Here's a step-by-step
guide on soil preparation for a single-chamber MFC:

1. Collect soil samples from a suitable location, such as a
garden, field, or wetland. The soil should be rich in organic
matter and have a diverse microbial community.
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Cathode Electrode

Like the anode, the cathode must be both conductive and
resistant to corrosion. Hence, we utilized the same materials
as those used for the anode.

Copper Wire
Copper serves as the material for the external circuit that links
the cathode and anode in this experiment.

Multimeter
Data collection was carried out using a digital Multimeter
model M832 shown in Figure 3.

O Shot on 510 lite

2. Pass the soil through a fine mesh sieve (2-4 mm) to remove
any large particles, roots, or debris. This will help create a
more homogeneous soil mixture.

3. Adjust the soil moisture content to around 50-60% of the
soil's water holding capacity. This can be done by adding
water or drying the soil as needed.

4. Incorporate a source of organic matter, such as compost,
manure, or cellulose-rich materials (e.g., shredded newspaper,
sawdust), into the soil. This will provide the necessary carbon
and nutrients for the microbial community to thrive.

5. If necessary, adjust the soil pH to be slightly acidic (pH 6-
7) using a pH-modifying agent like sulfuric acid or
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hydrochloric acid. This can help create a more favorable
environment for the electrochemically active
microorganisms.

6. To create an anaerobic environment, you can purge the soil
with an inert gas like nitrogen or argon. This can be done by
flushing the soil with the gas for several minutes.

© Shot on S10 lite

Figure 4: Substrate

Method

Two microbial fuel cells (MFCs) were assembled following
these steps:

1. Preparation of the Container: Two holes were carefully
made in the cover of a plastic container. To ensure no leaks,
all tiny openings were sealed with cellotape.

2. Soil Preparation: Garden soil was moistened with a
sufficient amount of water.

3. Electrode Setup: Copper wires were connected to the
electrodes, with one wire attached to the anode and the other
to the cathode.

4. Electrode Placement: The anode was positioned at a
specific depth within the soil, while the cathode was placed
above the soil and exposed to air.

5. Measurement and Analysis: The circuit was closed using
a multimeter, and voltage and current were measured under
various conditions. The current density and power density
were then calculated using equations (3) and (4), respectively.
For the second part of the construction, the surface area of the
cathode were altered appropriately, starting with 20.77¢cm?,
41.54 cm?, 62.31 cm?, 83.08 cm? and 103.85 cm? respectively.

Analytic calculations
The value of electric power, P, was calculated from

V2
P=1VorP = - )
Where | is the current, R is the external resistance and V is the
voltage across the two electrodes.

e
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7. Mix the soil thoroughly to ensure a uniform distribution of
organic matter, nutrients, and microorganisms.

8. Incubate the prepared soil for a few days to allow the
microbial community to stabilize and acclimate to the new
conditions.

The power density Pq is the given by equation (3) (Rabaey and
Verstraete, 2017):

P =7 ©)

Aan
Where Aan is the total surface area of the anode (20.77cm?)
Current density was ld was also obtained from equation (4)
(Wang et al., 2018):
1
Iy = A_an 4
The coulombic efficiency can be obtained from equations (5)
to (7) (Liu et al., 2015):
Ec = £ X 100% (5)
Where Cp = total coulomb calculated by integrating current
over time, Cn = theoretical amount of coulombs that can be

produced from the cell.
__ Fbs

Cn = 7 (6)
And,
tn
Cp = fto Idt )]
Where F = Faraday’s constant (96485 Coulombs/mole-
electron), b = moles of electrons/moles of substrate,

Molecular weight of the substrate and S = substrate
concentration.

Coulombic efficiency Ec can also be obtained by equation (8)
(Logan, 2018):
Ec= F XSV);r{ )I(dCtOD ®)

Where Van = volume of the substrate at the anode, [ Idt is the

total current integrated over tim
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(a) voltage readings
Figure 5 (a) and (b): voltage and current measurement

RESULTS AND DISCUSSION

In this chapter, we will discuss the performance of the
constructed MFCs. Key parameters examined include the
changes in voltage and current over time and the impact of
cathode surface area on the MFCs' performance.
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(b) current readings

Variation of voltage and current with time
The voltage changes over time were analyzed, with

measurements taken at five-hour intervals.

Figure 6: Variation of voltage and current with time

Figure 6 illustrates the voltage and current behavior of MFC1
over equal time intervals. Initially, the voltage drops sharply
from 0.36V to 0.30V within the first 5 hours, while the current
increases from 0 to 0.3mA. This decrease in voltage could be
attributed to low proton conductivity caused by high water
absorption in the substrate. Over the next 5 hours, the current
increases further, reaching 0.48V, and the voltage continues
to rise until it peaks at 0.58V. However, at the 25th hour, there
is a significant voltage drop to 0.16V, though the current
continues to increase until it reaches 0.1mA at the 30th hour.
After this point, the current stabilizes, and the decrease in
voltage coupled with the increase in current is likely due to
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the low internal resistance of the cell. This low resistance is
attributed to the use of oxygen as an electron acceptor
(Rabaey et al., 2017), with potassium permanganate having a
similar effect (Momoh and Neayor, 2010). Eventually, the
voltage increases again, which may be due to the growth of
microbes. The maximum voltage and current were recorded
at the 65th and 25th hours, respectively, with values of 0.6V
and 2.2mA. The non-linear relationship between voltage and
current is likely due to the fluctuating microbial activity,
which is why MFCs do not follow Ohm’s law, where voltage
typically increases with current. Livinus et al. (2012) obtained
similar results using a double-chamber MFC in their research.
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Effect of cathode surface area to the current on MFC2

From Figure 7, it is evident that increasing the surface area of
the cathode leads to a significant rise in current, with a peak
current of 0.7 mA achieved at a surface area of 103.85 cm2.
This suggests that a larger cathode surface area enhances the
energy available, resulting in a notable reduction in resistance.
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However, it is crucial to note that attempts to increase the
anode surface area have shown a non-linear decline in power
density (Aelterman et al., 2018). In large microbial fuel cells
(MFCs), while larger electrodes are necessary, increasing the
anode surface area can lead to lower efficiency and higher
internal resistance.

Effect of cathode surface area on the
current produced by MFC
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0.5 -
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Figure 7: Effect of cathode surface area on the current produced by MFC

Additionally, important metrics for evaluating MFC Polarization curve

performance include the polarization curve and the We use a polarization curve to show how current density

Coulombic efficiency of the cell. varies with voltage (the electric potential of the electrodes)
(Logan, 2018).

voltage vs current density
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Figure 8: current density as a function of voltage
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The plot in Figure (8) illustrates how microbial fuel cells
maintain their electric potential in relation to current density.
It shows a significant drop in voltage to 0.3V at a current
density of 0.014mA/cm2. There are three distinct regions
where the voltage decreases (0.3V, 0.16V, and 0.44V).

To better understand these irregularities in the polarization
curve, it's crucial to consider the factors influencing cell
voltage. Some voltage losses are attributed to the over-
potentials of the electrodes, which vary with current. These
losses can be categorized into three types: activation losses,
bacterial metabolism, and mass transport (Logan, 2018).

Activation Losses

To facilitate oxidation-reduction reactions, a certain energy
threshold must be surpassed, often resulting in energy loss as
heat. Additionally, energy is lost due to the movement of
electrons from the bacteria to the anode surface, whether
directly or indirectly.

Bacterial Metabolism

Energy losses arise from the bacteria's energy requirements to
sustain metabolic processes, especially in generating the
proton gradient within their electron transport chain.

Mass Transfer Losses

Two main factors contribute to energy losses here. First, the
movement (or flux) of substrate reactants to the anode is often
inadequate. Second, the migration of protons from the anode
to the cathode may be restricted, leading to a buildup of H+
ions at the anode and a rise in pH at the cathode.

Columbic efficiency

The coulombic efficiency was approximately 92.6%, as
calculated from equation (8), demonstrating the strong
performance of the constructed MFC. This achievement is
significant.

Another key finding was observed when the MFCs were
connected in series, resulting in a combined voltage of 1.12V.
This indicates the potential effectiveness of MFCs for both
domestic and commercial applications when linked in series.

CONCLUSION

The results indicate how voltage and current change over
time. An analysis of the impact of cathode surface area on the
current produced by the Microbial Fuel Cell (MFC) revealed
that the current increases as the cathode surface area enlarges.
Additionally, the data showed a notable coulombic efficiency
of approximately 92.6%. When connected in series, the
voltage increased to 1.363V.

RECOMMENDATIONS

Microbial Fuel Cell (MFC) technology is still being
extensively researched, with ongoing work addressing
various aspects such as design, power optimization, and
reduction of internal resistance, as well as scaling up the
technology. One key area is reducing the cost of electrodes by
avoiding the use of precious metals at the cathode. Another
important focus is experimenting with different types of
proton exchange membranes that are both affordable and
efficient, ensuring they effectively separate the chambers and
allow protons to pass while blocking other substrates.
Research could also explore how varying temperature and
pressure conditions impact power density. Although this
study used single-chamber MFCs, future work could
investigate alternative designs and architectures of fuel cells.
Additionally, greater effort should be directed towards
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analyzing the microorganisms in various substrates by
cultivating microbial cultures in different environments.

REFERENCES

Aelterman, P, Rabaey, K, Pham, H.T, Boon, N, Verstraete,
W., (2017). Continuous electricity generation athigh voltages
and currents using stacked microbial fuel cells. Environ. Sci.
Technol. 40: 3388-3394

Aelterman, P., Versichele, M., Marzorati, M., Boon, N., and
Verstraete, W,(2018) “Loading RateAndexternal resistance
control the electricity generation of microbial fuel cells with
different three-dimensional anodes,” Bioresour. Technol.,
vol. 99, no. 18, pp. 8895-8902.

Alzate-Gaviria, L., (2016). “Microbial Fuel Cells for
Wastewater Treatment,” Diss Yucatan Cent.Sci.Res.
NdNpMicrob. Fuel Cells Waste Water Treat. Web.
Atanassoc, P,(2020). "Enzymatic Biofuel The
Electrochemical Society Interface, p. 2.

Cells,"”

Boyle, W., (2016). "The Science of CHEMICAL OXYGEN
DEMAND," Technical Information Series, Booklet No. 9 ,p.
4,

Bullen, R.A., Amot, T.C., Lakeman, J.B., and Walsch, F.C,
(2016). “Biofuel cells and their development,” Biosens.
Bioelectron., vol. 21, pp. 2015-2045.

Donovan, C., Dewan, A., Heo, D., & Beyenal, H. (2013).
Batteryless, wireless sensor powered by a sediment microbial
fuel cell. Environmental Science & Technology, 47(2), 668-
673.

Du, Z., Li, H.,and Gu T, (2021). “A state of the art review on
microbial fuel cells: A promising Exchange Membrane in a
Dual Chambered Microbial Fuel Cell.International Journal of
Engineering Science and Technology (IJEST), Nigeria. 4(1):
227-238.

Fernandez de Dios, M.A., Del Campo, A.G., Fernandez, F.J.,
Rodrigo, M., Pazos, M., and Sanroman, M.A., (2013).
“Bacterial-fungal interactions enhance power generation in
microbial fuel cells and drive dye decolourisation by an ex
situ and in situ electro-Fenton process,” Bioresour. Technol.,
vol. 148, pp. 39-46.

Gude, V. G. (2016). Microbial fuel cells: Recent
advancements and future prospects. Bioresource Technology,
213, 299-308.

Hicks, C., (2016). "Morocco lights the way for Africa on
renewable energy,” the guardian.
https://en.wikipedia.org/wiki/Fossilfuel retrieved on
5/7/2021.

Kim, H.J, Hyun, M.S., Chang, 1.S., and Kim, B.H., (1999) “A
microbial fuel cell type lactate Biosensorusing a metal-
reducing bacterium, Shewanellaputrefaciens,” J
MicrobiolBiotechnol, vol. 9, no. 3, pp. 365-367.

Liu, H, Cheng, S and Logan, B.E, (2015), “production of
electricity from Acetate or Butyrate Usinga single chamber
microbial fuel cell; environ. Sci. Technol. 39, PP 658-662.

FUDMA Journal of Sciences (FJS) Vol. 8 No. 4, August, 2024, pp 247— 254

253


https://en.wikipedia.org/wiki/Fossilfuel

PERFORMANCE ASSESSMENT OF A...

Liu, L., Tsyganova, O., Lee, D.J, Chang, J.S, Wang, A., and
Ren, N., (2013). “Double-chamber Microbialfuel cells started
up under room and low temperatures,” Int. J. Hydrog. Energy,
vol. 38, no. 35, pp.15574-15579.

Livinus, A. O, Charles;, C.O. and AkumaO.,,
(2012).Performance of Cassava Starch as a Proton.Vol 2: pp
120-127.

Logan, B.E., (2006). "Microbial Fuel Cells: Methodology
and Technology,” American Chemical Society, pp. 1-10.

Logan, B. E. (2008). Microbial fuel cells. John Wiley & Sons.

Logan, B.E., (2018). Microbial Fuel Cells.John Wiley &
Sons. P. 130-134.

Mansoorian, H.J., Mahvi, A.H., Jafari, A.J, Amin, M.M,
Rajabizadeh, A., and Khanjani, N. (2013). “Bioelectricity
generation using two chamber microbial fuel cell treating
wastewater from food processing,” Enzyme Microb.
Technol., vol. 52, no. 6-7, pp. 352-357.

Ngo, T.T., Yu, T.L., and Lin, H.L., (2013). “Nafion-based
membrane electrode assemblies prepared from catalyst inks
containing alcohol/water solvent mixtures,” J. Power Sources,
vol. 238, pp. 1-10.

Park DH, Zeikus JG, (2020). Improved fuel cell and electrode
designs for producing electricity from microbial degradation.
Biotechnol.Bioeng.; 81:348-355.

Potter, M., (1911)."Electrical Effects Accompanying The
Decomposition of Organic
Compounds,"royalsocietypublishing, pp. 111-260.

Rabaey, K, and Verstaete, W, (2003). “A microbial fuel cell
capable of converting glucose to electricity at high rate and
efficiency.” Biotechnol.Let.25(18) 1531-1535.

Rabaey K. and Verstracte W., (2005). “Microbial fuel cells:
novel biotechnology for energy generation,”Trends
Biotechnol., vol. 23, no. 6, pp. 291-298.

QOB

Suleiman et al.,

FJS

Rittmann, B. E., and McCarty, P. L., (2013). Environmental
Biotechnology: Principles and Applications.McGraw-Hill
Series in Water Resources and Environmental Engineering,
Boston, MA, USA.

Sami, E.O., and Flimban, A.G., (2018). "Overview of
Microbial Fuel Cell (MFC) Recent Advancement from
Fundamentals to Applications: MFC Designs, Major
Elements, and Scalability," preprints, p. 48.

Simeon, MI, Raji, A.O.,(2016).Experimental utilization of
urine to recharge soil microbial fuel cell forconstant power
generation. Res J Eng Environ Sci;1(1): 129- 135.

Song Z., (2017)."Characterization of Kkinetics and
performance in a microbial fuel cell supplied Withsynthetic
landfill leachate,” Michigan Technological Univeristy
Michigan Tech Divgital Commons Dissertation master's
thesis , p. 30.

Wang, X, Feng, Y.J and Lee, H., (2008), “physicochemical
properties of sago starch modified by acid treatment in
alcohol”, American Journal of Applied Science 5(4): 307-
311

Wang, H., Park, J. D., & Ren, Z. J. (2015). Practical energy
harvesting for microbial fuel cells: a review. Environmental
Science & Technology, 49(6), 3267-3277.

Wei, J., Liang, P., and Huang, X., (2019). “Recent progress in
electrodes for microbial fuel cells,”Bioresour.Technol., vol.
102, no. 20, pp. 9335-9344.

Won, J.H, Lee, H.J., Lim, J.M, Kim, J.H, Hong, Y.T, and Lee,
S.Y, (2014). “Anomalous behavior of protontransport and
dimensional stability of sulfonated poly(arylene ether
sulfone)nonwoven/silicate composite 17 proton exchange
membrane with dual phase co-continuous morphology,” J.
Membr. Sci., vol. 450, pp. 235-241.

Zhuang, L., Zhou, S., Wang, Y., Liu, Y.C., and Geng, S.,
(2009). “Membrane-less cloth cathode Assembly(CCA) for
scalable microbial fuel cells,” Biosens.Bioelectron., vol. 24,
no. 12, pp. 3652—3656.

distribution, and reproduction in any medium, provided the original work is cited appropriately.

FUDMA Journal of Sciences (FJS) Vol. 8 No. 4, August, 2024, pp 247— 254

©2024 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,

254


https://creativecommons.org/licenses/by/4.0/

