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Abstract: Microbial fuel cell (MFC) is a new source of renewable energy where wastewater is used as fuel. Various
microorganisms and organic and inorganic compounds are present in wastewater. Microorganisms with various reactions
produce electricity using these organic compounds. Advanced study on MFCs can bring it to practical use and reduce the
over dependence on fossil fuel. But expensive proton exchange membranes (PEM), electrode material and low power
generation is a big barrier towards its development. Besides the share of solid food waste in municipal waste is increasing
day by day. Food waste has high number of bio-degradable compounds which can be used as the fuel of MFC. In current
study, three MFCs are made with food waste solution and three different combinations of easily available electrode
materials such as Copper, Zinc and Graphite. The measured voltage had its peak values between 8 to 10 hours since the
experiment started. With the help of various equations, a one-dimensional single particle half-cell model was generated
which was used to simulate voltage graph with respect to time. The experimental value was compared with the simulation
result for each cell. The validation of experimental result was used to predict the best possible combination of electrodes
in microbial fuel cell with food waste solution. Detail of this research will provide useful information on the usage of
various electrode materials and food waste to be used in MFC.
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1. INTRODUCTION it is simpler to find the best suited electrodes to be used

The increasing energy demand of the modern era requires for microbial fuel cell.

to open up new scopes for exploring new sources of MFCs can produce clean energy through catalytic
renewable energy. Microbial Fuel Cell is one of the activity of microbes as it is a bio-electrochemical system
outcomes of this. It is a process where energy is produced [3]. Microorganisms can help replacing the expensive
by anaerobic digestion. More research on MFC is catalysts used in traditional fuel cells [4]. Many factors
opening up new pathways to generate energy from this can influence the performance of MFCs. Such as Supply
sustainable source. Energy generation from wastewater and Consumption of Oxygen in cathode chamber,
through MFC can help contributing to energy demands. Oxidation of organic and inorganic compounds in anode
Food Waste is generated from house, restaurants, canteen chamber, transferability of electrons from anode chamber
etc. on a daily basis. Most of the food wastes (FW) is to anode etc. [5]. The higher the Biochemical Oxygen
dumped with municipal waste in the landfills. But Demand (BOD) of the wastewater, the higher voltage it
fermentation of this food waste can be very useful as can generate. Because of high cost of Proton exchange
MFC solution. In a MFC bacteria uses organic membrane (PEM) the focus from single chamber MFCs
compounds to generate electricity. Food Waste contain a has been shifted to dual chamber microbial fuel cell [6,7].
lot of glucose, lactose, starch, cellulose and other organic Higher voltage reading is obtained from dual chamber
polymers. After fermentation some of these compounds microbial fuel cell. The cathodic reaction can be a
possesses to ethanol or other organic compounds. significant factor to impede the performance of microbial
Bacteria easily can use all of these for respiration, fuel cell [8].

through which electricity can be generated. It is known

that FW has high energy potential and biodegradability In this work, a MFC was made with common materials

such as graphite, copper and zinc. Three different cells

[1] are made with different combinations of electrodes. Its
MFC is an efficient electrochemical process which with voltage and current reading are observed for 10 hours.
the help of food waste can produce clean energy for the The maximum voltage reading was more than 800 mV
mankind. If the FW is kept into water for hydrolysis, with which was obtained after 8-10 hours since the experiment
the help of bacteria it decomposes the organic compound was started. Then a mathematical model was developed
in it. Microorganisms can oxidize these substrates to with the help of mass balance equation, Butler-VVolmer
produce electron and protons. But oxygen is also required equation to validate the experimental results with
for this process. As this solution is kept in airtight simulation results. Finally, a conclusion was provided on
container, microorganisms release electrons to anode. the best electrode combination of microbial fuel cell.

Through an external circuit, connected between anode
and cathode, electrons flow to cathode. The cathode
compartments have plenty of oxygen as it is exposed to
air. Thus, electrons are released to electron acceptor, i.e.,
oxygen [2,3]. Dual chamber MFC can reduce the overall
cost as no proton exchange membrane (PEM) is required
here. With the help of easily available electrode materials,
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2. EXPERIMENT
2.1 SOLUTION MAKING

Household food waste was used to make the solution.
Banana Split, peels of mango and other fruits, residue of
vegetables, stale food and left-over foods of house was
put into a container. Then water was poured into it. The
ratio of food waste to water was 1:4. The solution was
kept into the closed container for 7 days for the growth
of bacteria. Also, the solution was mixed nicely with a
stick and extra waste was added after every two days
since the day it was first made. Finally, the product was
filtered to separate the solids and it was ready to use. As
there is a lot of organic compounds in the food wastes,
they mix into the water which is perfect for the solution
of microbial fuel cell.

EXPERIMENTAL SETUP

To conduct the experiment, two plastic containers
were used as anode and cathode compartments. The
capacity of both containers were 5 liters. In one of the
containers the previously made solution of food waste
was kept. Then an electrode, connected with external
wire was kept in it. After that one side of a U-tube was
immersed in the anode compartment as salt bridge. Agar
agar powder and KCI (Potassium Chloride) solution was

(a)

“Electrode

<+ External Wire
U-tube
] - Air tightner
Food waste solution

Containers

2.3 WORKING PROCEDURE

There are a lot of bacteria in the food waste solution.
Also, food wastes contain a lot of organic compounds
such as glucose, fructose, ethanol, starch, cellulose etc.
Bacteria use these compounds for respiration with the
help of electron acceptor i.e.,, Oxygen. In the anode
compartment, the solution was kept air tight. So, bacteria
cannot leave the electrons to oxygen as there was a lack
of oxygen. For this reason, they release the electrons to
the electrode that was dipped into the compartment. The
electrons travel through external wire to the cathode. The
cathode compartment was open to the air and there is a
plenty of oxygen in air [9,10]. The electron was then
released to oxygen. Thus, the circuit was completed. As
there was a flow of electron, a current was produced.
Also, there must me a voltage difference between the
anode and cathode to flow the electrons [11]. For
different organic compounds different types of reactions
are occurred. The organic compounds are decomposed
into carbon-di-oxide and water with the help of bacteria.
The following reactions are happened:

Oxidation (Anode):

Glucose:

Fig-1: (a) 2D diagram of the experimental setup, (b) 3D diagram of Microbial Fuel Cell with Graphite and Copper
electrode.

used in the U-tube. Finally, then compartment was sealed
perfectly to resist microorganisms to respire with the help
of oxygen in the air. The second plastic container was
used as cathode compartment. Clean water was kept in it.
The other side of U-tube and another -electrode,
connected with external wire was kept in it. This
compartment was kept open for the air flow. As the
experiment was done to read open circuit voltage (OCV),
a multimeter was used to read the voltage and current
reading. Figure 1 shows the experimental setup of MFC.

Three different MFC model was made with different
electrodes. The anode-cathode combinations are Copper-
Copper, Zinc-Copper and Graphite-Copper. As graphite
electrode is usually found in cylindrical form and zinc &
copper is found in plate from, electrodes were of different
shape and size.
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CsH1206 + 12H,0 ---> 6HCOy + 30H* + 24e- [1]
Ethanol:

CH3;COO" + 4H,0 ----> 2HCO3 + 9H* + 8¢ [2]
Reduction (Cathode):

Glucose:

O, + 4H* + 4e" —-=---> 2H,0 [3]
Ethanol:

20, + 8H* + 8¢ -----> 4H,0 (4]
Overall Reactions

Glucose:

CsH1206 + 60; ----->6CO, + 6H,0 [5]
Ethanol:

CHsCOO" + 207 ---->2HCO3 + H* [6]
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2.4 SPECIFICATIONS AND OUTPUTS

The amount of food waste solution used for anode
chambers in all three MFC was 4000 [mI]. Same amount
of clean water was used in cathode camber too. A glass

Table 1: Electrode Properties for various material

obtained from Copper-Copper combination.
3. MODEL DEVELOPMENT

Here, a mathematical model was developed to validate
experimental results. The model was made as simple as

Name Shape type Surface Area (cm?) Weight (grams)
Copper Plate 123.18 30
Zinc Plate 120.77 20
Graphite Cylindrical bar 55.03 26
Table 2: Voltage and Current outputs of the Experiment
Combination Peak voltage (mV) Current (mA)
Copper-Copper 900 0.1
Zinc-Copper 822 0.15
Graphite-Copper 585 0.1
Table 3: List of model parameters used in this study
Parameters Values Units References
Columbic Capacity, Capa Calculated from experiment  [mAh/g] Measured
Density of Graphite, p 2000 [kg/m3] [12]
Exchange Current Density, io 0.0037 [A/m?] [12,13]
Faraday Constant, F 96487 [C/mol] [12,13,14]
Initial Concentration, Co1 Xo X Crax [mol/m?3] Measured
Initial Particle Radius, ro 500 X 10° [m] [12]
Initial Solid Diffusivity, Ds 2 X101 [m?/s] [12]
Initial State of Charge (SOC) of Graphite, Xo 0.0001 [13,14]
Maximum Concentration, Cmax pX Capa [mol/m?3] Measured
Surface to Volume Ratio, aV 3.91 X 106 [1/m] [12,16]
Temperature, T 298 K] [12,17]
Time, t 10 [h] «“
Thickness of Electrode, L 116 X 10°® [m] «
Universal Gas Constant, R 8.314 [I/mol/K] [12,17]

made U-tube was used. The multimeter model was
DT9205A Digital Multimeter. The weight of the
electrodes was measured on MEGA KING, Model: AS-
CA. The properties of electrode materials were stated in
table 1.

The peak voltage was found between 8-10 hours after
the experiment had started. The current readings were
almost the same throughout the experiment. The outputs
were given in table 2. The maximum voltage reading was
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possible. Therefore, the model development was started
with a one-dimensional half-cell single particle model
without any electrolytes. In this model, the graphite to be
single phase, rather than a two-phase system [12,13,14].
The governing equations and boundary conditions
(Table-3) for this model is discussed in the literature.
These equations include mass balance equation, Butler-
Volmer equation to describe electrochemical reaction at
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the interface. To estimate diffusion coefficients in
particle, Fick’s law was solved using spherical co-
ordinates.

dc 9%c _Dac ;
dt  ~ or? ror 7]
The boundary and initial conditions are,
dc _ lapp _
dr ayLF fOT' r=To [8]
Jn
BC-1
Schematic Diagram
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Here, ro is denoted as particle radius, c is defined as
lithium concentration, co is described as initial lithium
concentration, iapp is applied current density, av is
regarded as the surface-to-volume ratio, L is known as
cell thickness, F is Faraday’s constant. All the stress
effects are ignored here.

Next Butler-Volmer (BV) equation was applied to
calculate generated voltage, net flux which includes
exchange current density. BV equation can be expressed
as,

tae = e[~ 0] exp [

[11]

io is defined as exchange current density. R is denoted as
universal gas constant, T as temperature. « is exchange
current density and its value was selected as 0.5. Now,
equation [11] can be written as,

1
Experimental Zn-Cu
0.8
S 06
: N
%1! |
= |
- 04
N %
0.2 (b) »
| I i L1 T 1 1
0y 2 4 6 8 10
Time (hours)
2RT i
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U is defined as initial voltage.

0.8
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=
rs
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02

Experimental Gr-Cu ‘

It can be derived from
following  open  circuit
voltage equations,

4 6
()  Time (hours)

Fig.3: Experimental Voltage [V] curve with respect to Time [h] for (a) Copper-Copper (b) Zinc-Copper (c) Graphite-Copper
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c
U=U, ( ) [13]
Cmax
In the above-mentioned equations, all the parameters are
considered as constants apart from variables.

Here, all the equations are applied to generated simulated
voltage curves using finite-element package COMSOL
Multiphysics 5.6. Standard condition such as 25° C and 1
atm pressure was applied in our mathematical model. The
parameters were chosen considering standard condition
in mind. The list of parameters is given in Table-3.
Extremely fine coarse mesh setup was used in generating
simulated results. The computation was performed on
Intel core i7 CPU using 7 cores.

4. RESULTS AND DISCUSSION

In the experiment three different anodic-cathodic
combinations of cell setups were selected. Those are (i)
Copper (anode) & Copper (cathode), (ii) Zinc (anode) &
Copper (cathode), (iii) Graphite (anode) & Copper
(cathode). After preparing the cells, the voltage and
current in the setups were observed for 10 hours. Then,
change of Voltage with respect to Time is shown in Fig.
3. It is found that Copper-Copper setup generates
maximum of 0.9362 [V] after 10 hours as shown in Fig.
3(a). Whereas, the other two combinations Zinc-Copper
and Graphite-Copper produce maximum of 0.8548 [V]
and 0.5027 [V] respectively during same time-period as

These voltages were self-generated as no external voltage
or power was supplied. It is to be noticed that the
combination of Copper-Copper produces the maximum
amount of voltage during the specified time.

The variation of voltage with time was simulated using
single particle one-dimensional mathematical model.
After 10 hours, amount of voltage production was
checked. Then, the model curve was used to check the
experimental results as shown in Fig. 3. For simulation
result, mass balance equation, Butler-Volmer equation
and some parameters were used (table).

It can be witnessed form the figure that after 10 hours,
time-interval, among the experimental data, the copper-
copper setup’s voltage curve matches the most with the
model generated voltage curve as shown in Fig. 4. Even
though Voltage vs Time curves of Zinc-Copper and
Graphite-Copper are also close to model generated curve,
they generated less amount of voltage in comparison to
copper-copper combination. So, it is clear from the
experiment and simulation that Copper-Copper setup is
the best suited for food waste solution and can be used as
a potential energy storage device.

5. CONCLUSION

In this investigation, a dual chamber MFC with various
electrodes and food waste solution was studied. Three
small scale MFCs setup were made with different

Experimental Validation with Mathematical Model

1
B Cu-Cu
Zn-Cu
0.8 |- Gr-Cu
B ~————=——— Simulation

Voltage (V)
=
=)

<
=

0.2

Fig

seen in Fig. 3(b) & 3(c).

Time (hours)

100

10

lrves.

electrode combinations of Copper-Copper, Zinc-Copper
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and Graphite-Copper but same solution. After observing
the cells, a variation of voltage with respect to time was
plotted for each cell. It is seen that the voltage does not
change much from 2 to 8 hours. It increases faster after 8
hours and the peak value was found after 10 hours which
was nearly 900mV. The generated power was
approximately 90uW which is 19% more than of power
generated from a double chamber MFC with dumped
rubbish solution [18]. The value of peak voltage was only
15% less than the MFC, made with wastewater solution
[12]. A one-dimensional single particle half-cell
mathematical model was developed using these
experimental results. Mass balance equation, Butler-
Volmer equation and Fick’s law for spherical particle
was used to develop the model. Using the model in
simulation, the experimental result was validated. From
the validation it is found that out of three different
combinations, Copper-Copper combination matches the
best with simulation result. So, it has the best energy
storage capacity.

From the study it can also be stated that food waste can
be a good solution for microbial fuel cell as it has high
number of organic compounds and also good
biodegradability. Usage of food waste in MFCs can
reduce the amount of its share in municipal waste and can
be utilized to generate sustainable, clean and renewable
energy. Further research on MFC with food waste can
help improving quality and getting better results to be
used practically.
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