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ABSTRACT

The power output of a microbial fuel cell was examined by varying the catholyte conditions. During
acclimation, tap water served as catholyte, yielding a stable voltage of 0.55 £ 0.07 V after § days.
Subsequently, Na.SOa4 concentrations (0.3 and 0.5 M) were tested. Cell performance was evaluated
using polarization and power curves. The lowest potential losses and highest power output occurred
at 0.3 M Na>SOa. Peak power was 37.41 mW/m? with a current density of 101.94 mA/m?. This
result shows that conductivity affects the optimization of these systems for electricity production.
Keywords: Conductivity; internal resistance, power density; wastewater.

INTRODUCTION

Global energy demand is rising, and fossil fuels are used to meet these needs, driving emissions
that contribute to climate change [1]. Renewable energies have gained significant momentum as
clean energy resources [2]. Microbial fuel cells (MFCs) are an attractive alternative for electricity,
converting organic waste into power [3,4]. Wastewater is an ideal fuel in these systems, offering
both biological treatment and electricity production [5,6].

An MFC typically consists of an anodic and a cathodic chamber, separated by a proton exchange
membrane [7,8]. At the anode, microorganisms degrade organic matter, generating electrons and
protons. The protons pass through a membrane to the cathode, while the electrons flow to the
cathode through an external electrical connection that usually includes a resistor. At the cathode,
electrons, protons, and oxygen combine to form water [9,10]. However, despite its advantages,
power output in MFCs remains low. A wide range of factors affect the performance and energy
generation efficiency of this technology. These include electrode materials, microbial populations,
pH, substrate concentrations, and conductivity [11,12].

EXPERIMENTAL METHODOLOGY
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MFC Configuration. In the experiment, a type H MFC was used, consisting of two cylindrical
glass compartments with a volume of 226.20 cm? each (Figure 1). A Nafion® 117 proton exchange
membrane was used to separate the two compartments, with gaskets placed between the junctions
to prevent leaks. Carbon fiber electrodes (Fibre Glast Developments Corporation) were used. An
uncatalyzed electrode was used at the anode, and a Pt/C (0.4 mg/cm?) catalyst was used at the
cathode. Both electrodes had an area of 0.0018 m? The system was maintained at room
temperature.

Resistance

Air supply

Feeding

Anode Cathode

Figure 1. Experimental schematic of the microbial fuel cell.

Anolyte. A microbial consortium derived from domestic wastewater was used in the anolyte,
employing acetate as a substrate (0.003 mol L") and a buffer solution (NH4C1 0.31 gL.**, KCI1 0.31
gL', NaH2PO4-2H20 3.32 g L', Na2HPO4-2H-0 10.32 gL*!). This compartment was maintained
under anaerobic conditions.

Catolyte. Tap water was used in the catholyte during the cell acclimation stage. Subsequently,
once the system was stable, the conductivity was varied by changing Na.SO. concentration (0.3
and 0.5 M). This compartment was maintained under aerobic conditions, supplied with air using
an aquarium pump.

Data Acquisition and System Characterization. During the MFC acclimation phase, the open-
circuit voltage (OCV) was monitored with a multimeter (Steren Professional Deluxe Multimeter
with PC interface, Model: MUL-600). Once the cell reached a stable voltage, power output was
evaluated by varying the system's conductivity. The MFC was characterized by using polarization
and power curves, employing an external variable resistor (Rex) ranging from 5 to 10 kQ. The
resulting voltage was recorded for each resistance setting, and the current was determined using
Ohm's Law:
I = Eypc/Rext
Where: [ is the current, Eyrc is the cell voltage, and Ry is the external resistance.
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The polarization curve was obtained by plotting voltage versus current, normalized to the anode
area (m?). The power density curve was obtained by plotting power density versus current density,
determining the power output (Puyrc) as follows:

EZ
PMFC - MFC/RExt

Internal resistance. The internal resistance of the system was determined from the obtained bias
curves, using the following expression:

Eyvpe = Ep — IRy

Where: Ej is the extrapolation of the linear (intermediate) portion of a bias curve, / is the current,
and R;. is the internal resistance

RESULTS
The cell acclimation results, as well as the polarization and power graphs, are shown below.

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

Voltage (V)

0 10 20 30
Time (days)

Figure 2. Acclimation stage of the MFC. Catholyte: Water.

Acclimation. Figure 2 shows the acclimation curve of the MFC. The system was in operation for
28 days. During the first 7 days of operation, the voltage gradually increased to ~0.57 V.
Subsequently, the system stabilized at 0.55 = 0.07 V, suggesting that the cell anode had been
colonized by microorganisms.

Once the system reached stability, the MFC's power output performance was evaluated by varying
the catholyte conductivity.

Characterization of the microbial fuel cell. Figure 3 shows the polarization curves obtained for
the different concentrations of Na;SO4 used. As can be seen in the graph, the open-circuit voltage
(OCV) using water as the catholyte was 0.62 V, while for 0.3 and 0.5 M it remained constant at
~0.8 V. When using water and 0.5 M Na.SOs as the catholyte, voltage losses were almost linear at
current densities below 40 mA/m?, while at higher current densities, potential losses were slower.
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For a concentration of 0.3 M Na.SOs, lower potential losses were observed with a decreasing linear
trend. Ohmic losses occur in the intermediate region of a polarization curve, and this is the region
of interest in the design of an MFC. Reducing these potential losses is crucial for better system
performance in electricity generation.

Voltage (V)

0 50 100 150 200

Current density (mA/m?)

Figure 3. Polarization curves. Catholyte: Water, Na.SOa (0.3 and 0.5 M).

Figure 4 shows the power output obtained in the MFC. Using water and 0.5 M Na:SOs4 as the
catholyte, peak power outputs of 10.05 and 12.16 mW/m? were generated, respectively. Power and
current output increased when using 0.3 M Na:SOs, yielding a peak power output of 37.41 mW/m?
with a current density of 101.94 mA/m2
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Figure 4. MFC Power Output, Catholyte: Water, Na-SOa4 (0.3 and 0.5 M).

The concentration of Na.SOa in the catholyte affects the system's conductivity and, therefore, the
MFC's power output. This is an important factor to consider in the performance of these systems.

Internal Resistance. Table 1 shows the results obtained for the internal resistance of the MFC, as
well as the maximum power densities obtained under each experimental condition.

Table 1. Internal resistance of the MFC and maximum power output obtained.
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Catolito Rint (£2) Maximum power
density
(mW/m?)

Water 3315 10.05

0.3 M NaxSOq4 2111 37.41

0.5 M NaxSOq4 1158 12.16

Adding Na>SO4 decreases the internal resistance. However, this behavior is not reflected in power
output, as the maximum value was recorded at 0.3 M. Increasing the concentration to 0.5 M was
detrimental to power output.

DISCUSSION

MFCs constitute an alternative to anaerobic digestion for obtaining energy from organic waste [13].
In these systems, microorganisms form a biofilm on the anode, transferring the electrons generated
during their metabolism as they degrade organic matter. The time to microbial colonization
depends on various factors, including the type of microbial culture, the system architecture, the
substrate, and external resistance [14]. In this study, the colonization time was approximately 8
days, similar to that obtained in other studies. In one investigation using domestic wastewater from
a brewery in MFC devices [15], a stable voltage of 0.362 + 0.008 V was obtained after
approximately 10 days of operation using a 1 kQ resistor. Furthermore, in another study [16],
different types of wastewater from the sugar, brewing, dairy, and leather industries were used. All
MFCs reached their maximum voltage, between 1.0 and 1.2 V, after 8 days of operation.
Wastewater contains a wide variety of microorganisms and can be efficiently used in an MFC for
treatment while simultaneously producing electricity.

Conductivity is an operational factor that influences the efficiency of an MFC. Low proton
conductivity restricts proton transport from the anode to the cathode, resulting in high internal
resistance [17]. Internal resistance includes the electrode material's resistance, the electrolyte's
conductivity, and the resistance of microbial biofilms. Reducing internal resistance can increase
energy production [20].

In a previous study [18], the effect of different NaCl concentrations on the anode of an MFC was
evaluated. The results showed that the highest power output was obtained at a NaCl concentration
of 20 g L' (35 £2 Wm™), while increasing the concentration to 40 g L' reduced power output by
approximately 50%. Furthermore, another study [19] analyzed the effect of conductivity on a
sediment microbial fuel cell using different concentrations of NaCl and KCI. The authors observed
that increasing the electrolyte conductivity improved the MFC's performance and reduced internal
resistance, achieving maximum power densities of 32.76 mWm? for NaCl and 28.79 mWm? for
KCI. These values are close to those obtained in this study using Na.SOs as the catholyte in an
MEC.

CONCLUSION
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Microbial fuel cells (MFCs) represent a viable alternative for producing electricity from organic
waste. Electrolyte conductivity is a factor that influences MFC performance and is related to the
system's internal resistance. Hence, the importance of optimizing operating conditions to maximize
MEFC performance for practical applications.
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