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Abstract
Microbial fuel cells are one of the new methods of energy production that microorganisms generate

power from biomass by performing oxidation and reduction processes. In this research, a single-chamber
reactor with a volume of 157 ml was constructed and investigated. This reactor had three brush anodes
and an air cathode. The maximum voltage and power density were 500 mv and 33 mW/m?, respectively.
The COD removal efficiency was 53, 66, 85 and 89% at 8, 12, 24 and 48 hours, respectively, which is a
high efficiency for an anaerobic system. The Coulombic efficiency after 25 and 80 hours was 13.64 and
20.9, respectively. The higher the concentration of COD, the higher the efficiency of electricity
production. Also, the maximum power density for concentrations of 4500, 2000, 1000, 500, 300 and 150
were obtained as 393, 330, 285, 252, 230 and 140 mW/m?, respectively. An increase in temperature first
leads to an increase in efficiency (power production) and then a decrease. An increase in pH also leads to
an increase in efficiency (power production) and then to its decrease, and neutral pH is optimal. Also,
three different substrates, including acetate, glucose, and domestic wastewater, were evaluated. The type
of substrate affects more than the maximum power value; it affects the three increasing, static and
decreasing phases. Acetate and domestic wastewater also act very similarly.

Keywords: Microbial Fuel Cell, Wastewater Treatment, Electricity Production, COD
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1. Introduction

A microbial fuel cell is one of the new methods of
energy production in which microorganisms generate an
electric current from biomass. Microbial fuel cells can
simultaneously deal with pollution caused by wastewater
and fossil fuels (Malekmohammadi and Mirbagheri,
2022).

2. Materials and Methods

In this research, a single-chamber microbial fuel cell was
built and experiments were performed on it (Fig. 1). The
single-chamber microbial fuel cell is made of Plexiglas
with a volume of 157 ml (3x3x15cm). Three brush
anodes with a diameter of 2.5 cm and a length of 3 cm
were used, which were placed at a distance of 2.5 cm
from the cathode and each other. The used air cathode is
made of polyvinylidene fluoride and active carbon and
black carbon (Malekmohammadi and Mirbagheri, 2023).
It should be noted that the construction of anode and
cathode electrodes is detailed in the main text of the
paper. The COD concentration was determined using a
spectrophotometric device. pH was also measured by a
pH meter.

The substrate that was used for inoculating and
operating the reactor included domestic wastewater,
buffer solution and sodium acetate. The inoculation stage
was carried out in fed-batch and OCV mode. After
inoculation and start-up, the system was examined in
fed-batch mode at different resistances, the resulting
voltage was measured, and finally, the amount of current
and power was obtained through Ohm's formula. The
system was investigated under different conditions of
pH, temperature, time, resistance, concentration, type of
feed. The operating details are explained in the main
text.

Fig. 1. Photo of the constructed microbial fuel cell

3. Results

Common tests such as open circuit voltage, power
density and polarization were performed, which are
detailed in the main paper. In this summary, some
important results are reviewed.
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3.1. Effect of substrate type on microbial fuel cell
performance
In this research, three different types of feed were also
evaluated. These three types included glucose, acetate,
and raw wastewater. As it is clear in Fig. 2, all three
create the desired and almost the same efficiency, but
their difference is in the three increasing, static, and
decreasing phases. Glucose passes all three phases very
quickly because glucose is easily degradable and is
easily oxidized by microorganisms, (Fan et al., 2007).
Acetate has a longer increasing and stationary phase
than glucose, and can produce electricity from it for a
longer time. Depending on wastewater specifications,
these three phases may change. Since domestic
wastewater contains a variety of substrates, the power
increases well because it has active microorganisms. It
also has a longer stationary phase because compared to
glucose and acetate, it contains more degradable hard
materials. The slope of its decreasing phase is also slow
and the microorganisms finally oxidize the hard
degradable materials, and electricity is still produced.
Generally, the choice of wastewater type is very
effective in the performance of microbial fuel cell
(Hejazi et al., 2019).
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Fig. 2. The diagram of different substrates

3.2. Investigating the effect of temperature on the microbial
fuel cell performance

Temperature is important in the process of anaerobic
digestion and decomposition. Most anaerobic digestion
occurs in mesophilic temperature ranges (35 to 40 °C).
When the temperature drops below this value, the
activity of microorganisms gradually decreases. In order
to investigate the effect of temperature on the microbial
fuel cell, at a resistance of 100 ohms, temperatures of 25,
35, and 45 °C were tested. As can be seen in Fig. 3, the
increase in temperature leads to an increase in efficiency.
The highest efficiency was observed at a temperature of
35 °C. Temperature changes did not have much effect on

hg)\.bu 9 h,)T

Vol. 34, No. 4, 2023

\\
VEY Jlo f oles ¥ opps o



dx.doi.org/10.22093/ww;j.2023.367515.3296

S. A. Mirbagheri and S. Malekmohammadi

—— 45 =035 25

400
350
300
250 A ~TT—
200 -
150 -
100 -
50 A

0

Power (mW/m?)

0 5 10 15 20
Time (hour)
Fig. 3. Diagram of power density-time at different temperatures

——5 ——9 7
350 -|
300 ;
emfTo—e——
S
= 200 A
=
E 150 A
g 100 -
S
g 50 -
0 T T T )
0 5 10 15 20
Time (hour)

Fig. 4. Diagram of power density-time at different pH

electricity production. Therefore, the system has good
resistance to changes and shocks. This resistance shows
the superiority of microbial fuel cells compared to other
anaerobic systems.

3.3. Investigating the effect of pH on the microbial fuel cell
performance

pH was investigated because it has a great effect on the
activity of microorganisms and some microorganisms
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are active only in a certain pH range. Also, the
production mechanism of electron and proton (H+) is
affected by this factor. The desired pH was obtained by
adding 10% NaOH and 10% HCI solutions to the
wastewater and measuring it with a pH meter. The
experiment was carried out at different pHs of 5, 7 and 9.
The experiments were carried out under constant
conditions of concentration, temperature of 25 °C, and
optimal resistance. As seen in Fig. 4, the increase in pH
first leads to an increase and then a decrease in
efficiency. The optimum pH is neutral. It can also be
concluded from the figure that high pH (pH = 9) has a
higher efficiency than acidic conditions (pH = 5) because
electron transfer is easier.

4. Conclusion

Microbial fuel cell technology is a new technology that
has many unknown aspects. It seems that the maximum
production power and removal efficiency are highly
dependent on the start-up and operation parameters, and
considering them can help in making an optimal
microbial fuel cell. In this research, a single-chamber
reactor was built and investigated. The maximum
voltage and power density were 500 mv and 33 mW/m?,
respectively. Three different feeds including acetate,
glucose, and domestic sewage were also evaluated. The
type of input feed has a more significant effect on the
three phases of increasing, static, and decreasing than the
maximum power value. Glucose goes through the rising
phase in a short period of time, but it has a much shorter
stationary phase than acetate. Based on the results, the
increase in temperature leads to an increase in efficiency.
The highest efficiency was observed at 35 °C. An
increase in pH first leads to an increase in efficiency and
then to its decrease, and neutral pH is optimal.
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Fig. 1. A) Schematic of two-chamber microbial fuel cell and B) schematic of single-chamber microbial fuel cell
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