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Abstract. The substrate is an important factor in the efficient production of electricity in Microbial Fuel
Cells systems. The substrate is an organic compound that promotes the growth of active microbes. The
goal of this study was to investigate the effect of substrate type and concentration on the bioelectricity
produced by a single-chamber MFC. In this study, fructose and butyric acid were used as substrates.
Carbon felt is used as the electrode. Both types and variations in substrate concentration were applied to
the soil media used in the MFC. At 3 weeks of incubation, the optimum power density value produced by
MFC with 90 g/L fructose substrate was 20.5 mW/m?2. At 3 weeks of incubation, MFC treated with 800
mg/L butyric acid produced a maximum power density of 19.7 mW/m?2.
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Introduction

In the last few decades, energy consumption has increased around the world. Fossil fuels,
renewable sources, and nuclear sources are usually classified as energy sources [1], [2]. The
use of fossil fuels has a negative impact because they emit CO; into the atmosphere, which can
worsen global warming, in addition to depleting fossil fuel supplies. Therefore, it is necessary to
have alternative energy sources that are environmentally friendly [3].

Renewable sources of energy such as solar energy, wind energy, and water energy have been
gaining popularity around the world as a solution to the energy crisis. As one alternative energy
source, microbial fuel cells (MFCs) use biocatalysts in the anode compartment to produce
bioelectricity from biological processes in the body [4]. A biocatalyst in the anode oxidizes
organic substrates and generates electrons and protons. Protons and electrons react at the
cathode by reducing oxygen to water because oxygen in the anode can inhibit electricity
production [5]. In Potter [6], electric current generated by microorganisms will be a much more
useful device.

Microorganisms assist in the creation of electrical energy through the oxidation of organic
materials [7], [8]. Soil is full of microorganisms, especially organic soil that hasn't been
contaminated by chemicals. The term "electrogenic bacteria" refers to a variety of bacteria and
microorganisms found in soil, such as the Shewanella and Geobacter species [8]. What is
accessible in the soil, such as sugars and tiny nutrients, is consumed by soil bacteria [9].
Microorganisms use various biodegradable materials such as acetate, glucose, cysteine,
ethanol, and butyrate [10], [11], [12], [13].
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Microorganisms, according to Rahimnejad [4], can generate electricity through metabolic
processes in their bodies. Logan [14] demonstrated that the bacterium Saccharomyces
cerevisiae activity in a glucose substrate produced a current and voltage of 224 A and 196 mV.
While the power density produced by various substrates, such as glucose (156.0 mW/m?),
acetate (64.3 mW/m?), propionate (58.0 mW/m?), and butyrate (61.4 mW/m?) [15]. This
condition allows electrons generated during microorganism metabolism to be used as a source
of electrical energy. According to Borisov [16], under anaerobic conditions, electrons originating
from microorganism metabolism can flow toward the anode, where they can be converted into
electrical energy using an electrochemical cell in the form of a galvanic cell. Since 1991,
galvanic cells have been used in MFCs media.

MFC components such as electrodes (anode and cathode), proton exchange membrane (PEM),
MFC design, and the number of microorganism cultures on the MFC all affect the ability of the
MFC to capture electrons from bacterial metabolism. Several factors influence MFCs
performance, one of which is the presence of a substrate in the soil [17]. As a result, research
on electricity production in microbial fuel cells using different substrates, such as butyrate and
fructose, is required so that microbial fuel cells can later be used as alternative energy in
generating electricity by utilizing underutilized soil.

Materials and Methods
Preparation of the Substrate

In this study, fructose and butyric acid were used as substrates. As substrates, fructose, and
butyric acid are mixed with soil samples. The fructose (Ce¢H120¢) used is prepared by dissolving
0.5 grams of fructose in 6 mL of distilled water. Fructose solution 0.3 M made from 0.5 grams of
glucose in 10 mL of distilled water. Fructose solution 0.1 M is made by dissolving 0.5 grams of
fructose in 30 mL of distilled water. Butyric acid is an organic compound that was used in this
study as a variety of substrate types. The concentrations of butyric acid used in this study were
600 mg/L, 800 mg/L, and 1000 mg/L.

Preparation of a Single Chamber Microbial Fuel Cell in Experiment

The single Chamber Microbial Fuel Cell design employed consists of a single vessel (single
chamber) with a vessel volume of 500 mL and a lid [18]. The anode and cathode are made of
graphite fibers that are connected by a titanium wire, with the green wire connecting to the
anode and the orange wire connecting to the cathode. The anode is placed 1 cm above the
substrate in the vessel, while the cathode is placed 5 cm above the substrate from the anode.
The anode and cathode wires will be connected to the hacker board, which will calculate the
power density. The single Chamber Microbial Fuel Cell design is shown in Figure 1.
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Figure 1. Design of a Single Chamber Microbial Fuel Cell
Variation in Substrate Types and Concentrations

The substrate is an important factor in the efficient production of electricity in a microbial fuel cell
system. The substrate is an organic compound that promotes the growth of active microbes
[19]. This study used organic soil with a variety of substrate types, including fructose and butyric
acid. The fructose concentrations were 0.1 M, 0.3 M, and 0.5 M. Butyric acid concentrations of
600 mg/L, 800 mg/L, and 1,000 mg/L were used as substrate variations, with organic soils
treated without the addition of substrate serving as a control.

To 450 mL of a soil sample, 10 mL of 0.1 M fructose solution was added. The fructose substrate
was then mechanically stirred until completely mixed. As a variation of the fructose substrate
concentration, the fructose substrate will be inserted into the single-chamber microbial fuel cell
compartment. The experiment was repeated with fructose concentrations of 0.3 M and 0.5 M.

As a control, organic soil was used without the addition of substrate. This control is used to
compare the power density values before and after the addition of the substrate. Organic soil
was added to the compartment along with 450 mL of distilled water, but no organic compound
substrate was added.

Variation in Substrate Incubation Time

The substrate was incubated for 7 days, 14 days, and 21 days after being inserted into the
single-chamber microbial fuel cell compartment. The microbes require approximately 7 days to
form biofilms on the anode. From the first day to the twenty-first day, measurements of current,
potential difference, and power output were made. The value of current strength and voltage is
expected to increase after 7 days, while the measurement value is expected to remain stable
after 21 days [9].
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Measurements of voltage and current in an MFC system

Using a digital multimeter, the voltage from the MFC system is measured. Meanwhile, the
current strength of the MFC system is measured with an analog microampere. The voltage and
current strength data are then processed to determine the power density (mW/m?), or power per
unit surface area of the electrode. Equation (1) can be used to calculate power density.

Power Density = % (1)

Results and Discussion
Results of Voltage and Current Measurements on Substrate Variations

MFCs generate electricity through the activity of microorganisms that oxidize organic
compounds, such as fructose, and transfer the electrons produced to an electrode. The voltage
generated by an MFCs depends on several factors, including the concentration of the substrate,
the type of microorganisms used, the electrode materials, and the operating conditions.

In general, the voltage generated by an MFCs increases with the concentration of the substrate
up to a certain point, beyond which the voltage may plateau or even decrease due to substrate
inhibition or other factors [20]. The relationship between voltage and substrate concentration is
often described by a power-law or other empirical models.

Figure 2 in the next shows the voltage value generated in the control soil without substrate
(control) increased with increasing incubation time and reached a maximum value of 0.74 volts
at 3 weeks of incubation time. The addition of fructose substrate has the effect of increasing the
voltage value in this microbial fuel cell system. The microbial fuel cell system with the addition of
0.1 M produces a voltage value of 0.24 volts for 1 week of incubation, 0.39 volts for 2 weeks of
incubation, and 0.65 volts for 3 weeks of incubation. Meanwhile, the concentration variation of
0.3 M produces a voltage value of 0.35 volts for 1 week of incubation, 0.73 volts for 3 weeks of
incubation, and 0.80 volts for 3 weeks of incubation. Variation of 0.5 M fructose concentration
has an optimum voltage value of 0.47 volts for 1 week of incubation, 0.7 volts for 3 weeks of
incubation, and 0.8 volts for 3 weeks of incubation. The variation of 0.5 M fructose concentration
has a higher value when compared to the other concentration variations.
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Figure 2. Voltage value generated by MFCs upon addition of various concentrations of fructose
substrate

Figure 2 also shows that the voltage generated in the control soil without substrate (control)
increased with increasing incubation time, reaching a maximum of 0.74 volts after 3 weeks. The
addition of fructose substrate raises the voltage value in this microbial fuel cell system. With the
addition of 0.1 M, the microbial fuel cell system produces a voltage of 0.24 volts after one week
of incubation, 0.39 volts after two weeks, and 0.65 volts after three weeks. Meanwhile, the
concentration variation of 0.3 M produces a voltage value of 0.35 volts for 1 week of incubation,
0.73 volts for 3 weeks of incubation, and 0.80 volts for 3 weeks of incubation. Variation of 0.5 M
fructose concentration has an optimum voltage value of 0.47 volts for 1 week of incubation, 0.7
volts for 3 weeks of incubation, and 0.8 volts for 3 weeks of incubation. The variation of 0.5 M
fructose concentration has a higher value when compared to the other concentration variations.

Figure 3 on the next page is the MFC voltage value with the addition of substrate, butyric acid,
at a concentration of 600 mg/L, was 0.52 volts after a one-week incubation period, 0.71 volts
after a two-week incubation period, and 0.76 volts after a three-week incubation period. This
voltage value increased at the start of incubation and remained stable for 2 and 3 weeks,
respectively. Meanwhile, the butyric acid concentration at 800 mg/L had an optimum voltage
value of 0.82 volts for one week of incubation, 0.80 volts for two weeks, and 0.82 volts for three
weeks. The voltage value produced at 1,000 mg/L is lower than at 800 mg/L. The resulting
voltage value was 0.76 volts in week one, 0.76 volts in week two, and 0.65 volts in week three.
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Figure 3. The voltage produced by the MFCs following the addition of various concentrations of
butyric acid substrate

Microbes in the anode compartment do metabolism with fructose and butyric acid as a source of
carbon. Carbon dioxide, protons, and electrons will be produced as a result of the conversion of
fructose.

CsH1206 + 6H2.0 — 6CO2 + 24H" + 24e- AG° = -1438 kJ/mol (1)

The reaction to the equation results in a negative change in the free energy of Gibbs (G). AG
represents the ease of a chemical reaction thermodynamically. AG with a negative value will
become more popular and can occur spontaneously in the production of electricity. The
increase in the voltage value produced by the increase in the number of organic compounds
that can be consumed by microbes causes a sharp increase in microbial metabolism. Microbes
on the anode's surface multiply so quickly that the number of microbial cells multiplies as the
incubation time of the microbial fuel cell system increases.

A decrease in voltage value can also be caused by the formation of biofilms on the anode's
surface as a result of microbial activity. This biofilm impedes the transfer of protons from the
anode to the cathode [10]. This restrained proton causes pH changes in the anode and can
interfere with microbial life, resulting in potential differences.

The results of measuring the electric current on the MFCs with different substrate
concentrations

The electric current produced by the fructose substrate at 0.1 M concentration variations during
incubation times ranging from 1 week to 3 weeks in a row of 0.157 mA, 0.79 mA, and 0.26 mA.
Among other concentration variations, this value represents the optimum current. In the
substrate, a 0.3 M concentration variation resulted in currents of 0.0935 mA, 0.196 mA, and
0.192 mA. With a one-week incubation time, the current variation concentration of 0.5 m is
0.112 mA, 0.212 mA with a two-week incubation time, and 0.199 mA with a three-week
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incubation time. Figure 4 displays the profile of the electric current produced by MFC after it is
applied to a fructose substrate.

H1-7days M 8 - 14 days m 15 - 21 days

0,3 1

0,25 o

0,2 A

0,15 A

Electric Current {(mA)

0,1 A

0,05 o

Control (No 0.1 M 0.3M 0.5M
Fructose)

Concentration of Fructose

Figure 4. Electric current produced by MFCs with fructose substrate at various concentrations

Figure 5 is the MFCs power density value with a grain acid substrate reaching an optimum
value of 19.7 mW/m? after 3 weeks of incubation at a concentration of 800 mg/L. The power
density value produced by MFCs at a concentration of 600 mg/L is 17.5 mW/m? after 2 weeks of
incubation and 13.3 mW/m? after 1 week of incubation at a concentration of 1000 mg/I.
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Figure 5. Power Density Value in MFCs with the addition of a grain acid substrate at various
concentrations

Power density decreases occur as a result of bacterial activity on the anode's surface, which
can eventually form a biofilm [21]. The formation of this biofilm can lead to an increase in
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resistance on the anode's surface and a decrease in the power density value. The efficiency of
electron transfer from microbes to anodes is proportional to the number of bacteria that come
into contact with electrodes [22] if biofilm adheres to the electrode's surface, the number of
electrons transferred to the electrode is reduced, resulting in a decrease in power density.

The Influence of Incubation Time Variations on Power Density Measurement

Differences in variations in concentration in the fructose substrate and butyric acid are very
influential on the power density produced by the microbial fuel cell system. Figures 6 and 7
demonstrate this. Another factor that affects the value of power density is the variation in the
time of incubation. Based on the data obtained it is clear that the incubation time for 3 weeks in
MFCs with the fructose substrate gives a higher power density value than 1 week or 2 weeks.
Whereas the butyric acid substrate produces the optimum power density value for 2 weeks of
incubation time.
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Figure 6. Power density produced by MFCs with fructose substrate at various concentrations

Microbes require time to reproduce and adapt to their surroundings, so forming a stable biofilm
takes time. Stable biofilms will aid in the complete degradation of organic compounds so that
the amount of electricity produced by microbial metabolism formed at the start of the study is
small but tends to increase over time due to the stability of microbes that degrade organic
compounds in the substrate. When the incubation time is too long, the organic compounds in
the substrate continue to degrade, and if there are no organic compounds left, electricity
production decreases. This is due to the fact that there are no more organic compounds to be
oxidized. Furthermore, the biofilm that develops over time can cover the electrode and increase
internal anode obstacles, resulting in a decrease in power density value [21].
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Figure 7. The influence of incubation time on MFCs power density

Conclusions

At a concentration of 0.5 M, the addition of variations in the fructose concession to the Microbial
Fuel Cell Single Chamber System results in a maximum power density value of 20.25 mW/m?2,
When the concentration of the Microbial Fuel Cell Single Chamber System is varied, it produces
a maximum power density value of 19.70 mW/m? at a concentration of 800 mg/L. The MFCs
power density value with fructose reaches an optimum after 3 weeks of incubation, while MFCs
with a grain acid substrate reaches an optimum after 2 weeks of incubation.
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