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Finding sustainable alternative energy resources and treating wastewater are the two most important issues that need to be solved.
Microbial fuel cell (MFC) technology has demonstrated a tremendous potential in bioelectricity generation with wastewater
treatment. Since wastewater can be used as a source of electrolyte for the MFC, the salient point of this study was to investigate the
effect of pH on bioelectricity production using various biomass feed (wastewater and river water) as the anolyte in a dual-
chambered MFC. Maximum extents of power density (1459.02mW·m−2), current density (1288.9mA·m−2), and voltage
(1132mV) were obtained at pH 8 by using Bhairab river water as a feedstock in the MFC. A substantial extent of chemical oxygen
demand (COD) removal (94%) as well as coulombic efficiency (41.7%) was also achieved in the same chamber at pH 8.,e overall
performance of the MFC, in terms of bioelectricity generation, COD removal, and coulombic efficiency, indicates a plausible
utilization of the MFC for wastewater treatment as well as bioelectricity production.

1. Introduction

In recent years, utilization of energy in the whole world in-
creased enormously due to the rising of the global population,
industrialization, and urbanization. Energy comes from various
sources, which include renewable and nonrenewable sources.
All nonrenewable energy resources (e.g., fossil fuel) have a
negative impact on the environment, and thus, the fossil fuels
are nomore considered as an ideal energy source [1].Moreover,
the excessive use of fossil fuel leads to its depletion at a rapid
pace. ,erefore, to meet the demand of energy, it is of utmost
necessity to find clean, reliable, and sustainable energy re-
sources. Energy crisis and environmental pollution are two
major issues that need to be addressed. In this regard, pro-
duction and utilization of alternative energy sources are of great
interest due to their benign impact on the environment. To solve
this problem, microbial fuel cell (MFC) is supposed to be a
promising technology because it not only generates renewable
energy but also helps bioremediation of water pollutants. Mi-
crobial fuel cell, an eco-friendly and low-cost device, produces

energy (electricity) by decomposing carbon-based substances
existing in the anolyte. ,us, MFC’s technique helps in treating
wastewater of different genres. Various wastewater and in-
dustrial effluents can be used as electrolytes in the MFC. Since
effluents and wastewater are causing environmental pollution
very much, their treatment is required indeed to improve the
environmental condition from pollution. Apart from the
classical wastewater treatment and management techniques,
MFC generates bioelectricity as well [2]. However, collective
knowledge of engineering, biology, and chemistry is required
for the assembly and operation of microbial fuel cells [3].

Microbial fuel cells basically consist of two chambers,
which are called the anode chamber and cathode chamber.
Both chambers hold the electrode and are separated by a
permeable membrane [4]. ,e three most important key
materials of MFCs are the electrode, membrane, and elec-
trolyte, which determine the performance of the MFCs.
Various organic wastewater can be used as electrolytes inMFCs
because organic wastewater can supply energy for bacteria to
enhance the electrochemical reaction. In this study, municipal
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wastewater, Bhairab river water, and hospital wastewater were
used as electrolytes for the MFC. In the anode chamber, the
respiratory bacteria oxidize the organic substrate in wastewater
to produce electrons and protons. ,e electrons are then
transferred to the cathode chamber through an electric circuit,
while the protons pass through the permeable membrane
towards the cathode chamber and react with oxygen to form
water. However, better yield optimization and improvement of
the electrode of the MFC are still thought-provoking research
topics worldwide [5]. Ion exchange membrane, particularly
cation exchange membrane (CEM), is very effective on a large
scale with greater depth of the electrolyte.,ough theMFC can
treat numerous cations (e.g., Na+, Ca2+, K+, and NH+

4 ) present
in the electrolyte (wastewater), this is contested by protons that
attribute to the negatively charged functional groups in the
CEM [6]. ,is can reduce the extent of bioenergy generation.
Bacteria can help increase the output of theMFC and reject the
mediator from the anode chamber. ,e literature reveals that
electrolytes such as dairy wastewater, tannery wastewater,
landfill leachate, and poultry dropping wastewater have been
used in MFCs in the view to treat wastewater and to generate
electricity simultaneously [7–10]. Although MFCs have been
investigated for bioelectricity generation from the aforemen-
tioned wastewater, no study has been reported on microbial
fuel cell operation using Bhairab river water, hospital waste-
water, and municipal wastewater of Jashore, Bangladesh. Be-
side wastewater, MFC can use cleanmixtures such as acetate or
butyrate, alcohol, fatty acid, monosaccharide sugar, sucrose,
and glucose as the electrolyte [11, 12]. To improve the per-
formance of the microbial fuel cell, recently, researchers per-
formed several studies on it by using the membrane, mediators
in salt bridge, and biocathodes [13–15]. Various operating
parameters such as pH, anode, and cathode ingredients, the
space among the electrodes, external resistance, temperature,
and conductivity are reported to affect the generated outputs
from the microbial fuel cell [16].

Even though the MFC has already become an emerging
research field, there are still scopes for its development that
include cost minimization, design modification, pH opti-
mization, power output, and wastewater treatment. ,ere-
fore, more research work should be conducted to focus on
mitigating these issues. In this regard, the current study
focused on preparing a low-cost and easy-to-construct dual-
chambered microbial fuel cell by using locally available
materials and to examine different types of biomass feed
(wastewater and river water) for their utility as anolytes in
the MFC. Municipal wastewater, hospital wastewater, and
Bhairab river water were collected locally and used as
electrolytes in the anodic chamber. ,is study also inves-
tigated pH optimization because pH is considered to be a
very important parameter, which affects the efficiency of the
MFC. In addition, power output, COD removal, and cou-
lombic efficiencies were examined as well.

2. Materials and Methods

2.1. Materials’ Collection and Cell Construction. In the
current study, a double-chamber MFC was constructed. ,e
materials used to construct the MFC were purchased from

the local markets of Jashore, Bangladesh. A double-chamber
MFC consists of two chambers such as the (i) anode
chamber where an anode is placed and (ii) cathode chamber
where a cathode is placed. Both chambers are connected by a
salt bridge, which allows protons to transfer from the anode
chamber to the cathode chamber. Anode chamber is filled
with targeted wastewater, while the cathode chamber is filled
with tap water. ,e anode and cathode were connected with
an epoxy-coated copper wire, and the circuit was completed
by using a resistor [10]. Zinc and copper plate was used as the
anode and cathode, respectively. ,e surface area of each
plate was 0.0027m2. ,e chambers were fabricated by using
locally available glass sheet. ,e length, width, and height of
each chamber were 0.25m, 0.10m, and 0.20m, respectively.
An agar salt bridge was used to connect the chambers. For
making the salt bridge, pieces of surgical cloth were soaked
in 0.1M agar solution for about 2-3 h. After soaking, the
pieces of surgical cloth were inserted in a PVC pipe with a
diameter and length of 0.5 cm and 4.0 cm, respectively. All
joints of the MFC were sealed using M-seal (K1 Mart, India)
to prevent any leakage [17]. A schematic presentation and
experimental setup of a double-chamber MFC are shown in
Figure 1.

2.2. Microbe Inoculation and Anolyte Collection. Several
microorganisms such as Escherichia coli, Anabaena, Rho-
dospirillum, and some cyanobacteria were used in all ex-
periments. At first, organic rich bottom feeders were
collected from the local pond, which were then cultured for
proper growth of microorganisms. It was done by mixing
1.5% (w/w) cow dung and 0.2% (w/w) sugar with bottom
feeders. ,e mixture was kept in an anaerobic condition for
48 h. After inoculation, these microbes were added in the
anode chamber for the experiment. ,e untreated raw
wastewater (collected from the municipal drain of Jashore
town, Bangladesh, from the Bhairab River flowing over
Jashore district, Bangladesh, and from Jashore General
Hospital, Bangladesh) was used in the anode chamber.
Municipal wastewater was collected from a municipal drain
where the flow rate was 225mL·s−1, while water from the
Bhairab River was collected at 150 cm beneath the surface.
Figure 2 shows the location of two sources of wastewater.
However, wastewater from the hospital was collected from a
pipeline where the flow rate was measured to be 195mL·s−1.
,e average chemical compositions of these samples are
tabulated in Table 1. ,e average COD of raw municipal
wastewater, Bhairab river water, and hospital wastewater
was determined to be 784mg·L−1, 832mg·L−1, and
842mg·L−1, respectively.

2.3. Collection of Data and ,eir Analysis. To assess the
electrochemical characterization of the MFC, data in terms
of voltage and current were recorded on a daily basis (from
10:00 AM to 4:40 PM) by using a digital multimeter (DT-
9205A, China) at a fixed interval of 20min. ,e mean value
was determined each day and was plotted to obtain necessary
figures. After obtaining the extent of voltage and current,
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power density (Panode, W·m−2) and current density (Ianode,
A·m−2) were determined by using the following equations:

Panode �
P

A
,

Ianode �
I

A
,

(1)

where I is the current (A), P is the power (W), and A is the
external area (m2) of the anode.

2.4. Calculation of CODRemoval. Chemical oxygen demand
(COD) specifies the quantity of oxygen (O2) that can be
consumed by reactions in a measured solution. ,e carbon-
based substance existing in the water sample is dissolved by
potassium dichromate (K2Cr2O7) in the presence of sulfuric
acid (H2SO4), silver sulfate (Ag2SO4), and mercury sulfate
(HgSO4) to harvest carbon dioxide (CO2) and water (H2O).
COD can be calculated by using the following equation:

COD �
8 × 1000 × DF × M × VB − VS( 

Vsample
, (2)

where DF stands for the dilution factor, M stands for the
molarity of standardized ferrous ammonium sulfate
((NH4)2Fe(SO4)2 · 6H2O) solution, VB stands for the vol-
ume used up in titration through blank preparation, VS
stands for the volume used up in titration through sample
preparation, and Vsample denotes the volume of the sample.

,e removal percentage of COD was calculated by using
the following equation:

COD removal(%) �
CODin − CODout

CODin
× 100, (3)

where CODin (g·L−1) is the influent concentration and
CODout (g·L−1) is the concentration after treatment.

2.5. Calculation of Coulombic Efficiency (CE). While the
basic function of a MFC is to generate power, it is necessary
to extract electrons from the electrolyte and thus to recover
energy as much as possible from the system. ,e extraction
or recovery of electrons from the electrolyte is referred to as
coulombic efficiency, which can be defined as the percentage
of total charge transferred to the anode surface over the
maximum charge extractable upon complete oxidation of
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Figure 1: (a) Schematic presentation and (b) experimental setup of the double-chamber MFC.
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Figure 2: Sources of wastewater used as electrolytes: (a) municipal drain; (b) Bhairab River.
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the substrate in the electrolyte. ,e CE is an important
measure of the efficiency of a microbial fuel cell as it
measures the number of coulombs recovered as electrical
current. Two major factors affect the CE of any microbial
fuel cell: firstly, the microorganism carrying out the elec-
trochemical reaction and secondly, the substrate used by the
bacteria to generate current. CE can be calculated by using
the following equation [18]:

CE(%) �
8 I · dt

F · VAn · ΔCOD
× 100, (4)

where I (A) is the current, F is Faraday’s constant (96485C/
mole), VAn (L) is the volume of treated wastewater, and
ΔCOD (g·L−1) is the difference between CODin and CODout.

3. Results and Discussion

Parameters such as pH, electrode constituents, the space
between the electrodes, external resistance, temperature,
conductivity, and biological matter of the residue are re-
ported to affect the electricity generation of the microbial
fuel cell [19–21]. ,e performance of the MFC increased for
long-term operation when the electrogenic biofilm formed
on the electrode surface. pH of electrolytes is supposed to be
a crucial parameter in assessing the performance of a mi-
crobial fuel cell, particularly from the viewpoint of the power
output [22]. In this study, pH of feedstock (anolyte) was
varied from 6 to 10, and the MFC output (voltage, current
density, power density, etc.) was meticulously analyzed.

3.1.EffectofpHUsingMunicipalWastewateras theElectrolyte.
Since pH is a key parameter that affects the generation of
bioelectricity in the MFC, it is necessary to figure out the
effect of pH using municipal wastewater as an electrolyte. A
series of experiments were conducted by varying pH (from
pH 6 to pH 10) of the electrolyte, while the other parameters
such as operating temperature, volume of the electrolyte,
materials of electrodes, and surface area of electrodes were
kept constant. ,e data (current and voltage) were recorded
and analyzed to calculate power density and current density.
,e results are depicted in Figures 3(a)–3(c).,e effect of pH
on voltage for an experimental period of 1–15 days is shown
in Figure 3(a). It was obvious that pH 8 gave the highest
output (in the form of voltage) all through the experimental
period compared to other experimented pH values. ,e
voltage gradually increased up to day 4, and then it started to

decrease. ,e highest value of voltage (1125mV) was ob-
tained at day 4 for the process operated at pH 8.

On the contrary, current density increases up to day 3 for
all tested pH values as shown in Figure 3(b). ,en, it starts
decreasing gradually. However, the maximum value of
current density was found to be 1155.6mA·m−2 for pH 8 at
day 3. Like voltage and current density, the highest power
density was obtained at pH 8 which was 1245.7mW·m−2,
while for pH 6, 7, 9, and 10, the maximum power density was
determined to be 1008.7, 1066.8, 990.9, and 837.8mW·m−2,
respectively (as shown in Figure 3(c)). It is obvious from
Figures 3(a)–3(c) that voltage, current density, and power
density increase for first several days and then start to de-
crease gradually. ,e increase in the extent of current
density, voltage, and power density in initial days occurs due
to inoculation of microorganisms in the electrolyte [23]. In
this experiment, it takes three to four days for complete
inoculation of bacteria. However, the decrease in the extent
of power density may occur owing to the fact that extra-
cellular polymeric substance (ESP) content may be accu-
mulated in the biofilm with time [24]. However, Omprakash
reported the maximum current and power density of
23.66mA and 5.1mW·m−2, respectively, by using carbon
paper and magnesium oxide as electrodes and sugar in-
dustrial wastewater as the electrolyte at pH 6.9 [25].
,erefore, the findings in this study (in terms of voltage,
current density, and power density) were much better.

,e COD removal and CE are the two important pa-
rameters for the microbial fuel cell because productivity of
the MFC largely depends on these two parameters [26]. ,e
initial COD of municipal wastewater in Jashore, Bangladesh,
was 538mg·L−1. In this experiment, the COD removal was
observed to be over 86%, 89%, 91%, 88%, and 86% at initial
pH of 6, 7, 8, 9, and 10, respectively. At the same time, the CE
was determined as 28.4%, 33.6%, 38.8%, 32.7%, and 25.9% at
initial pH 6, 7, 8, 9, and 10, respectively.

3.2. Effect of pH Using Bhairab River Water as the Electrolyte.
As mentioned earlier, water of the Bhairab River was used as
the electrolyte in MFC operation. In pursuit of optimum
operating pH, experiments were conducted by varying pH of
the electrolyte, keeping all other parameters constant. ,e
experiments were conducted for 15 days as depicted in
Figures 4(a)–4(c). ,e effect of pH on voltage generation is
shown in Figure 4(a) where it is obvious that, for all
experimented pH values, the voltage gradually increases up
to day 4 and then starts to decrease. ,e maximum output

Table 1: ,e chemical composition of various biomass feed.

Parameter Municipal wastewater (mg·L−1) Bhairab river water (mg·L−1) Hospital wastewater (mg·L−1) Used technique
HCO−

3 347.4 354.8 294.6 Ion chromatography
Cl− 395.8 565.6 835.3 Titrimetry
Ca2+ 32.4 38.6 56.6 Titrimetry
Mg2+ 26.7 32.3 18.7 Titrimetry
Na+ 17.3 21.9 19.9 Flame photometry
NO−

3 4.42 3.24 13.18 Spectrophotometry
SO2−

4 82.3 87.5 127.5 Ion chromatography
PO2−

4 6.25 5.8 3.9 Ion chromatography
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(in the form of voltage) was obtained from the MFC at pH 8.
,emaximum value was recorded as 1132mV.,e effects of
pH on current density and power density were also studied
in this research. ,e results are shown in Figures 4(b) and
4(c). As seen from these figures, the extents of current
density and power density increase in first several days of
MFC operation for all experimented pH values and then
gradually decrease. ,e maximum value of current density
(1288.9mA·m−2) and power density (1459.02mW·m−2) was
achieved at pH 8 on day 4. ,erefore, the results demon-
strated that the maximum output (in terms of voltage,
current density, and power density) was achieved at pH 8 at
the current experimental conditions. ,e findings of the
present study were much better than the reported results in
the literature. Dhiraj et al. reported to employ graphite rods
and PbO2 graphite as electrodes and river water as the

electrolyte in MFC operation and obtained the maximum
voltage, current density, and power density of 937mV,
382 μA·cm−2, and 86 μW·cm−2, respectively [27]. Besides,
Venkatamohan et al. used the hybrid electrode and Musi
river water as the electrolyte and obtained a maximum
current density of 62.23mA·m−2 and power density of
15.56mW·m−2 [28]. However, operating pH higher than 10
has been reported less suitable for bioelectricity harvesting,
while near-neutral pH is reported to be favorable for elec-
tricity generation as well as COD removal [22, 29].

Apart from the bioelectricity generation, the COD
removal and coulombic efficiency were also found to be
higher at pH 8. In fifteen days of operation, the COD
removal was 88%, 90%, 94%, 91%, and 89% for initial
electrolyte pH of 6, 7, 8, 9, and 10, respectively. In the same
manner, the coulombic efficiencies were found to be
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Figure 3: Effect of pH on the (a) generated voltage, (b) current density, and (c) power density by using municipal wastewater.
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32.85%, 36.6%, 41.7%, 37.4%, and 35.7% for electrolyte pH
of 6, 7, 8, 9, and 10, respectively. ,e overall findings signify
that the present setup of the MFC can be well used for
bioelectricity generation as well as for microtreatment of
wastewater.

3.3. Effect of pH Using Hospital Wastewater as the Electrolyte.
,e final feedstock (wastewater) was collected from a drain
of Jashore General Hospital. To examine the effect of pH on
the performance of the microbial fuel cell, a series of ex-
periments were performed by varying initial pH of the
collected wastewater. ,e generated voltage and current
were recorded for 15 days at a stretch, and current densities
as well as power densities were analyzed. ,e results are
depicted in Figures 5(a)–5(c). From these figures, it is clear
that the voltage, current density, and power density increase
at the initial stage (from day 1 to day 4) of the experiments
and reach to the peak on day 4. After four days of operation

of the MFC, the extents of these efficiency factors (e.g.,
voltage, current density, and power density) start to decrease
gradually. ,is trend is observed for all experimented pH
values. In these experiments, the maximum values of voltage
and current density were found to be 1016mV and
1007.41mA·m−2, respectively. Unlike municipal wastewater
and Bhairab river water, the highest values of both voltage
and current density were achieved at pH 9. As shown in
Figure 5(c), the maximum power density (1023.53mWm−2)
was found to be achieved on day 4 at pH 9. ,e extent of
power density was much higher than the value reported in
the literature where hospital wastewater and graphite were
used as the electrolyte and electrode, respectively [30].

During the experiment, COD removal and CE were also
determined. In fifteen days of operation, the COD removal was
calculated to be 78%, 83%, 86%, 88%, and 84% at wastewater
initial pH 6, 7, 8, 9, and 10, respectively. In addition to this, the
coulombic efficiencies were determined to be 22.3%, 23.9%,
28.7%, 31.9%, and 26.1% at initial pH 6, 7, 8, 9, and 10,
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Figure 4: Effect of pH on the (a) generated voltage, (b) current density, and (c) power density by using biomass feed from Bhairab river
water.
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respectively.,erefore, themaximumCOD removal (88%) and
CE (31.9%) were achieved at pH 9 for hospital wastewater.

4. Conclusion

,e present study successfully investigated the influence of
pH of wastewater of two different sources and water of a local
river and compared outputs of a fabricated microbial fuel cell
in terms of voltage, current density, and power density. Initial
pH of the feedstock was found to greatly affect the output of
the MFC. ,e output increased in first several days of the
operation and then decreased with the course of time. ,e
maximum output (power density: 1459.02mW·m−2, current
density: 1288.9mA·m−2, and voltage: 1132mV) was found to
occur for Bhairab river water as the feedstock at pH 8. ,e
highest COD removal (94%) and coulombic efficiency
(41.7%) were observed for the same electrolyte at pH 8 too.
,e novelty of this research is twofold: utilization of the local
biomass feedstock as the potential anolyte and considerably
high extent of power density, COD removal, and CE of the

constructed MFC. Although the harvested bioelectricity
cannot be used in the automobile sector, modification inMFC
design and process optimization can be investigated in future
studies in pursuit of running electronic devices and other low-
power-intensive medical instruments.
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