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ABSTRACT

Microbial fuel cells (MFCs) are technologies that directly transform chemical energy into
electrical energy by oxidizing organic matter using bacteria as biocatalysts. MFCs offer a
potential technology for converting wastewater into useful energy source and at the same
time serve as wastewater treatment facilities. This makes it superior to other wastewater
treatment methods. This study focused on the utilization of MFCs to generate bioelectricity
from sewage wastewater using cow urine as inoculum and identify the bacteria colonizing the
anode electrode. The experiment were conducted using two-chambered MFC constructed
using locally sourced materials. Wastewater was characterized using standard methods. The
characteristics of the sewage wastewater ate: 680 mg/L Chemical oxygen Demand (COD),
457 mg/L Biochemical oxygen Demand (BOD) and pH of 7.4. The maximum voltage, power
and cutrent density obtained were 196 mV, 18.26 mW/m? and 97 mA/m? respectively. The
MEFC shows a teduction in COD value by 82 % (680mg/L initial and 120 mg/L final).The
identification of the anodic biofilms showed the presence of Bacillus spp and klebsiella spp
based on their microscopic and biochemical characterization. The results of this study can
contribute to improve understanding and optimizing electricity generation in MFC, Further
study would be conducted in order to identify the microorganisms at molecular level.
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INTRODUCTION

Energy infrastructure, which was formally taken over by
coal, oil, and natural gas, is now observing a pattern to step
back and reduce net CO2 emissions from these energy
conversion processes and to focus on renewable and clean
energy sources. Over the coming 30 years, replacing 70%
of energy sources would bring between 170 § and 200
$ billion annually (Nor e/ 4/, 2015). Although complex,
these profitable numbers aren't veritably delicate, given
the length of time involved, new technologies may
potentially arise and prop in reshaping the profitable
assessment. Energy cost, or the quantum of electricity
demanded to run these installations along with the cost of
the pricy chemicals and the cost of system maintenance, is
a pivotal consideration when examining wastewater
treatment structure. For instance, sewage from homes is
reused physically, chemically, and biologically to exclude
poisons before it's released into the environment at a
position that is respectable to the ecosystem (Xu e/ 4/,
2018). It's pivotal to treat this wastewater for used and

offer suitable water given that the earth is 70 % water and
that only 2.5 % of it is fresh water (Bose ¢ a/., 2018).

Using MFCs could be one method to ground the energy
structure and the wastewater treatment facilities. Given
the global consensus to focus on renewable and emission-
free technologies, MIFC technology offers the potential to
treat wastewater and generate power at the same time
(Logan ez al., 20006).

Microbial fuel cells (MFCs) are technologies that directly
transform chemical energy into electrical energy by
oxidizing organic matter using bacteria as biocatalysts
(Yusuf ez al., 2019). Typical MFCs consist of two chambers
separated by a proton exchange membrane (PEM), an
active biocatalyst oxidizes organic substrates to produce
electrons and protons (Hindatu ez @/, 2017). The PEM
carries the protons to the cathode chamber, whereas the
external circuit carries the electrons. In the cathode
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chamber, protons and electrons react and oxygen is
simultaneously reduced to water (Hindatu ef a/, 2017).
MFCs technology is powered by bacteria because of their
innate capacity to break down organic matter and produce
electricity. It is crucial to comprehend the impact of the
inoculum nature on the anodic bacterial diversity and
establish its relationship with the power performance of
the system because the development of an effective anodic
biofilm has a significant impact on the power performance
of this technology (Choudhury e 4/, 2017). One of the
most important advantages of MFC technology is that it
is environment friendly in nature as compared to other
energy production technologies which involve, fossil fuels
and methanogenic anaerobic digestion, which result in the
emission of greenhouse gases like carbon dioxide, thus
contributing to global warming (Du e @/, 2007). The
various applications of MFC technology include the
production of bioelectricity from various organic sources
such as solid waste biomass, food waste, domestic and
other wastewater, etc. Thus, the inclusion of these waste
products as substrates in MFC technology makes it a more
potent means of sustainable energy generation.

Due to its availability, buffering ability and high chemical
oxygen demand, clean urine has recently attracted a lot of
attention as a feed stock for many types of
bioelectrochemical systems (Addi ez a/, 2018). The
bacterial community's enrichment in the anodic biofilm is
a powerful indicator of process functionality.
Nevertheless, despite the abundance of bacteria found in
MFCs, only those with an electroactive metabolism will
directly contribute to the production of energy (Heidrich
¢t al., 2018).

This work was aim in utilizing sewage wastewater and cow
urine to generate bioelectricity and identified the bacteria
present in the anodic electrode within dutse metropolis.
Similarly Jigawa state has no any documented literature
similar to this article.

MATERIALS AND METHOD
Materials

Fresh cow urine was collected from the Federal University
Dutse research and teaching fam, sewage wastewater
(WW) was collected from gida dubu area Dutse Jigawa
state. Stainless steel sieve, Stainless steel mesh with a
diameter of 4.4 cm and surface area of 38 cm? and rubber
gasket were obtained from Dutse ultra modern market,
Jigawa state, Distilled water, 3% sodium hypochlorite
solution, 70% ethanol solution, Phosphate buffer solution
(PBS), glass wares, Media and biochemical test reagents
were obtained from Sabon gari market Kano, Nigeria.
Poly Vinyl Chloride (PVC) plastic bottles with 250 ml
capacity used as MFC container, PVC pipe with 1.99 ¢cm
diameter, Deionized water, 0.1 M H2SO4 Solution, 0.1 M,
H>O: solution, copper wires, external resistors with the
resistance of 510 - 15000 €, Digital multimeter (DT-
9205A) and other reagents used for WW characterization

were all obtained from main market Azare, Bauchi state,
Nigeria. The infrared thermometer (BTGO06) was obtained
from Guangdong Bioall Medical Technology Co., Ltd,
China. Nafion 117 membrane was obtained from Dupont,
Delaware, USA.

Sample Collection
Sewage Wastewater

A sewage sample was collected around Gida Dubu Area
in Dutse, Jigawa State. Prior to sample collection, the
collection bottle was thoroughly washed and sterilised in
the laboratory before going for sample collection. About
500 mL of the Sewage wastewater was collected in a dark
sample bottle of 1 L capacity and placed in an ice cooler
packed before transporting it to the laboratory. The
physicochemical  characteristics ~ were  determined
immediately. The remaining sample was stored in the
refrigerator at 4°C until it is needed for subsequent
experiments.

Source of Inoculum and Preparation

Cow urine was used as inoculum for electricity generation,
and it was collected from the university research and
teaching farm.

The inoculum was prepared by serial dilution method, and
2 ml from the dilution tube was transferred into 20 ml of
sterile nutrient broth and then incubated for 24 h. This
was utilised as the biocatalyst in the MFC anode.

Chemical Analysis

The pH, Temperature, Total suspended Solid (TSS),
Biochemical Oxygen Demand (BODs) and Chemical
Oxygen Demand (COD) were determined before and
after the operation of MFCs according to the standard

methods for the examination of water and wastewater by
the American Public Health Association (APHA, 2012).

MFC Construction

The construction of the MFC was based on a previously
reported MFC set-up used by Hindatu ez a/, (2017).
However, the materials utilised for constructing the MFC
used for this research were locally sourced. The MFC was
constructed using PVC plastic bottles of 250 ml capacity
as cathode and anode chamber, respectively. A PVC P/T
socket (PPS) was used as the membrane holder. A hole
equal in diameter to the PPS (1.99 cm) was made on the
sides of the PVC plastic bottles, and the PPS was inserted
into the hole and glued with the help of a four (4) minutes
gum (Epoxy Steel Gum). A rubber gasket was fitted to
the open end of the PPS, and the proton exchange
membrane (PEM) was sandwiched between the PPS and
held together with the help of a clamp with nut and bolt.
Openings were made on top of the lid of the PCV bottles
for inserting the copper wire that holds the electrodes, and
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extra opening was made on the cathode lid to allow
aeration in order to maintain aerobic condition. Stainless
steel Mesh (SSM) were cut using scissors to make a total
surface area of 38 cm? with a point allowing attachments
for the copper wire. Copper wire was soldered to the SSM
and passed through the holes on the lid of both chambers.
The 2 lids holding hanged electrode (SSM) were placed in
both chambers and closed. The same gum was placed
around the wire on anode lid to make it anaerobic during
operation. The two suspended wires on both chambers
served as attachment point to resistors and multimeter.

MFC Operation

Throughout the study, two-chambered plastic MFC
bottles with a capacity of 250 mL each and a working
volume of 230 mL were used. The PEM (Nafion 117) was
positioned between the two chambers. The PEM was
fitted with a rubber gasket to the PPS assembly in order to
prevent leaking. A 1.99 cm diameter plastic pipes was used
to connect the chambers. Stainless steel mesh with a
diameter of 4.4 cm and surface area of 38 cm? was used as
the anode and cathode electrode material respectively. The
two electrodes were connected by clamp with copper wire,
and a resistor (1000 Q) was connected across the circuit.
The anode chamber was filled with sewage wastewater of
(210ml sterile substrate) and 20 ml broth culture of cow
urine as inoculum, and the cathode chamber was filled
with 230 ml phosphate buffer and kept open to air to
maintain an aerobic condition (Mogsud ¢/ a/., 2011). The
MFC was operated via fed-batch mode at room
temperature and pH within the range of 6-7 throughout
the experiment. Daily readings were recorded over 36 days
of operation (Hindatu ez a/., 2018).

Measurement of the Bioelectricity generated

With the use of a digital multimeter (DT-9205A), the
voltage was measured across a 100082 external resistor
every 12 h. When the voltage dropped below 30 mV, the
anode medium was replaced. The polarization data was
gathered by monitoring the voltage throughout a broad
range of resistance (510 - 15000 €2) when the voltage
reached plateau as reported by Logan (2008). The current
(D) was calculated using the voltage by Resistor (Eq 1) and
current density was calculated using the current and then
normalized by the anode surface area (Equation 2). The
polarization curve was obtained by plotting the graph of
the obtained voltage against the current density (mA/m?).
The power density (PD) in (mW/m?) was calculated using
Equation 3

v

I=— Eq (1)
R

where

I is the current (amperes), V is voltage (volts) and R
(ohms) is the resistance.

I
CD = —
A
where

Eq (2)

CD is current density (mA/m?), I is the current
(amperes),is the anode surface area (cm?)

v
PD= -—
ASA

where

Eq (3

PD is the power density and ASA is the anode surface area
(em?)

Figure 1: Two Chamber MFC utilized for this work
Isolation of Bacteria Colonizing the Anode Electrode

In order to determine the different electrogenic bacterial
population present in the anodic MFCs, the electrode
surface was scraped aseptically using sterile scalpel in 50
ml sterile distilled water, and then shaken for 5 minutes at
maximal speed to obtain biofilm suspension followed by
serial dilution. Bacteria was isolated by the spread plate
method, about 0.1 ml from the dilution factor was
inoculated on the sutrface of sterile Nutrient agar, Blood
Agar, MacConkey agar, Eosin Methylen Blue (EMB) agar,
and  Mannitol salt agar, the inoculated plates were
incubated at 37 °C for 24 h. The isolates were sub culture
to obtained a pure culture (Cheesbrough, 2004).

Microscopic and Biochemical Identification of the
Anodic Bacteria

The bacterial isolates were characterized on the basis of
cellular/microscopic morphology through Gram staining
and biochemical characteristics such as catalase, Indole
production, Motility, oxidase, Methyl red, citrate
utilization, urease and voges proskauer test according to

Cheesbrough (2004).
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RESULT AND DISCUSSION
Wastewater Characterization

Wastewater was characterized in this experiment using
standard methods for the examination of water and
wastewater by the American Public Health Association
(APHA, 2012). During the operation petiod, the pH was
stable at 7.4 to support organism existence, the BOD
value was 457 mg/L, the total suspended solids were
found to be 40 mg/L and the Temperature of 33.6°C.

800
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400 4
300 -
200 -
100 A
Initial COD

Final COD (mg/L) COD Removal
(mg/L) (%)

Figure 2: Percentage of COD removal

Figure 2 shows the percentage of COD removal. Within
36 days of operation, COD removal efficiency dropped
from an inidal 680 mg/L to 120 mg/L, resulting in an
overall removal efficiency of 82%. Faster COD
consumption rates, less loss to background operations,
shorter time requirements, and higher COD removal rates
are all facilitated by the system's power generation. The
COD consumption of a batch process that continuously
generates current while fluctuating during operation is
referred to as current density (Bose ef a/, 2018). The
current density and rate of COD elimination drastically
decline after about a week of operation, insufficient
current is being produced by the system if the current
density drops off quickly. According to Liu e a/., (2004),
powet production should continue until all COD has been
utilized.

As can be seen from figure 2, the electricity generation
completely stops when the COD wvalue hits 120-110
mg/L. This is because the COD levels are insufficient to
produce bioelectricity. Therefore, an anaerobic digester
would be required for commercial purposes to finish the
process and dispose of the water at levels that are
acceptable to the environment (Logan, 2008).

MEFC Analysis

The MFC performance was assessed in terms of voltage
recorded over time (Fig. 3), as well as polarization and
Power Density (Fig 4a ad b) over 36 days of operation.
The power generation capacity of the MFC in fed-batch
mode was analyzed and was found to be capable of
generating  power from  concentrated  microbial
community wastewater. After an acclimation period of 3—
4 days, a steady increase in both voltage and current was
observed. The microbes acting as biocatalysts are
responsible for the rapid increase in voltage, which is
probably caused by the presence of some bacterial redox
chemicals that boost the activity of the microbes in the
substrate. With the addition of a new substrate, the cell
potential can be further restored once it drops (Kundu e/
al., 2015)

250
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Figure 3: Voltage generated over 36 days of operation

As shown in Figure 3, The maximum voltage was 178 mV
from 1 - 14 days (measured against external resistance of
1000 €2), a decline in the voltage was observed and a fresh
medium was replaced and reading was recorded from the
following days for a period of 12 days and has the highest
voltage of 196 mV. Fresh substrate was also replaced after
the second cycle and reading was recorded for another 10
days with a maximum voltage of 183 mV. This means that
the currents decreased once a peak value was reached;
however, greater sustained values were recovered with the
addition of fresh substrate. These results showed that the
microbes in the MFCs start to function effectively as soon
as their nutrient source is replenished (Sevda ez /., 2013).
The MFC has a feature that is very similar to that of
secondary storage batteries in that it can be operated for
at least 30 days under well-maintained conditions,
minimizing the acclimation period and making the MFCs
quickly chargeable (Chaudhuri ez 2/ 2003).

The control MFC was also operated without the broth
culture of cow urine, all operational parameters were the
same with the experimental MFC, however, voltage
reading was zero throughout the period of the experiment.
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Figure (4a and b) : Polarization and and power density curves formed over the total days of operation

Figure (4a and b) show the polarization and power density
curves obtained following the achievement of a stable
voltage. The polarization curve was produced by varying
the external resistance from 510 to 15000 Q. The current
measurement and power density at a given resistance were
calculated and normalized by the anode surface area. The
polarization curves indicated the features of the voltage
drop. The sudden voltage drop that was seen at increased
external resistance can be used to explain the energy loss
for initiating the oxidation-reduction reaction, that is, for
transporting electrons from the protein or enzyme of the
cell to the anode surface (Logan 2008).

It was found that the voltage drop was greater at lower
resistances than it was at higher resistances, which allowed
electrons to easily pass across the circuit and gradually
degrade the substrate (Liu ¢/ a/, 2005). It has been
established that the development of biofilm and the
oxidation of organic molecules raise the MFC's internal
resistance, which affects the function of the cell as a whole

(Bose ¢z al., 2018).

According to the polarization curve (Fig 4a and b), the
greatest power density value was 18.26 mW/m?, which
cotresponds to current density of 97.11 mA/m?2 The
power output found in this work was significantly higher
as compared to the power obtained by (Jadhav ez a/., 2010)

using sludge and raw cow urine to generate electricity in
MFC. This may be attributed to the different in the
concentration of the inoculum. It was reported that higher
organic load as it is in raw urine results in organic
ovetloading which leads to system imbalance and
decreased the anolyte pH thereby ceasing the microbial
activities of electrochemically active bacteria. Sharma ¢z .
(2010) reported that when the substrate concentration is
high, more molecule of the substrate bind together to the
active sites of enzyme carrying electrons which results in
inhibitory effect for enzyme and thus, reduces the electron
transfer activity toward the anode which influenced
bacterial metabolic activity and in turn affected the
electron and proton generation process. The power
generated in MFC is still low and has limits the practical
applications of MFC.

The main practical challenges and limitations associated
with bioelectricity generation using MFCs are; low power
output, current Instability, high internal resistance,
expensive materials, nature of inoculum type, variation in
the concentration of the substrate, regular cleaning and
maintenance of MFC container. Also, operational
conditions such as pH and temperature affects the
microbial activities in the MFC especially at temperature
below 20°C (Shantaram e/ al., 2005).

Table 1; Microscopic and Biochemical Characteristics of the Anodic Bacteria

Isolates Microscopic Biochemical Characteristics Suspected

Id Characteristics  Oxidase Indole Urease Catalase Mortility VP MR CU Organisms

Plate 1 Gram positive - - - + + + - + Bacillus spp
Rod shape

Plate 2 Gram positive - - - + + + - + Bacillus spp
Rod shape

Plate 3 Gram negative - - + + - + - + Klebsiella spp
Rod shape

Plate 4 Gram negative - - + + - + - + Klebsiella spp
Rod shape

Plate 5 No growth

Key; VP = Voges proskauer test, MR = Methyl Red, CU = Citrate utilization, - = negative and + = positive.
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As shown in Table 1, The anodic bacterial isolates were
identified by microscopic and biochemical characteristics.
The microscopic and biochemical characteristics for plates
1 and 2 showed that the bacteria were Bacillus, gram
positive, rod shape and motile. Catalase, motility, voges
proskauer, and citrate utilization test were found to be
positive, and negative for indole, urease, oxidase and
methyl red test. Plates 3 and 4 were identified as gram
negative, Rod shape, catalase, citrate, VP and urease
positive and negative for indole, motility, methyl red and
oxidase test which revealed the typical characteristics of
Klebsiella spp. Plate 5 shows no growth on cetrimide Agar
plate. The biofilms formation of these organisms has been
reported in previous literature and are found to exhibit
electrogenic properties, which are responsible for the
direct electron transfer from the cell to electrode during
electricity generation (Islam ¢ a/., 2020)

CONCLUSION

This study focused on using MFCs to generate electricity
from sewage wastewater using cow urine as inoculum. The
bioelectricity experiment was run under facultative
anaerobic environment in a fed batch mode for 36 days
with the used of two chamber MFC. The study found that

REFERENCES

Addi, H., Mateo-Ramirez, F., Ortiz-Martinez, V. M..,
Salar-Garcia, M. J., Hernandez-Fernandez, F. .,
de los Rios, A. P., Godinez, C., Lotfi, E. M., El
Mahi, M., and Blanco, L. J. L. (2018). Treatment
of mineral oil refinery wastewater in microbial
fuel cells using ionic liquid based sepatators.
Applied Science, 8, 438.[Crossref]

APHA. (2012) Standard methods for the Examination of
Water and Wastewater. 21st Edition. Ametrican
Public Health Association, Washington, D.C.

Bose, D., Gopinath, M., and Vijay, P. (2018). Sustainable
power generation from wastewater sources using
microbial fuel cell. Biofuels, Bioproduction
Biorefining, 12(4): 559-576.

Cheesbrough, M. (2004). District Laboratory Practice in
Tropical Countties, part 11. K: Cambridge University
Press.

Chaudhuri, S. K, Lovely, D. R. (2003). Electricity
generation by direct oxidation of glucose in
mediatotless microbial fuel cells. National
Biotechnology, 21(12): 29-32. [Crossref]

Choudhury, P., Uday, U. S. P., Mahata, N., Nath, Tiwari,
O., Narayan Ray, R., Kanti Bandyopadhyay, T.,
and  Bhunia, B. (2017). Performance
improvement of microbial fuel cells for waste
water treatment along with value addition: A
review on past achievements and recent
petspectives. Renewable Sustainable Energy Reviews,
7(9): 372-389. [Crossref]

Du, Z., Li, H., and Gu, T. (2007). A state of the art review
on microbial fuel cells: a promising technology
for wastewater treatment and bioenergy.

the maximum voltage of 196 mV, current density of 97.11
mA/m?2, and power density of 18.26 mW/m? were
achieved. The study also assessed parameters such as pH,
Temperature, Chemical oxygen demand (COD), and
biochemical oxygen demand (BOD) and Total suspended
solid (TSS) to optimize bioclectricity generation. The
results of this study can contribute to improve
understanding and optimizing electricity generation in
microbial fuel cells. Although the identification of the
anodic biofilms showed the presence of Bacillus spp and
klebsiella  spp based on their morphological and
biochemical characterization, future research will focus on
the molecular profiling of the electrogenic bacteria present
in the anodic biofilm.

ACKNOWLEDGEMENT

The authors thank Microbiology and Biotechnology
Laboratory, Federal University Dutse, Jigawa State.
Nigeria, for providing facilities and technical support for
this study.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

Biotechnology Adpances, 2(5): 464—482.
Heidrich, E.S., Dolfifing, J., Wade, M. J., Sloan, W. T,

Quince, C., and Curts, T. P. (2018).
Temperature, inocula and substrate: Contrasting
electroactive consortia, diversity and

performance  in  microbial  fuel  cells.
Bioelectrochemistry, 11(9): 43-50. [Crossref]

Hindatu, Y., Annuar, M.S.M., Subramaniam, R., Gumel,
A. M. (2017). Medium-chain-length poly-3
hydroxyalkanoates-carbon nanotubes composite
anode enhances the performance of microbial
tuel cell. Bioprocess and Biosystems Engineering, 40,
919-928.  https//doi.org/10.1007/s00449-017-
1754-4

Hindatu, Y., Annuar, M. S. N., and Gumel, A. M.
(2017).Mini-review: Anode modification for
improved performance of microbial fuel cell.
Renewable and Sustainable Energy Reviews,7(3): 236-
248. [Crossref]

Islam, E., Hossain, Md., ¢ al, (2020). Isolation and
characterization of electrogenic bacteria from
tannery  wastewater.  Bangladesh  journal  of
microbiology, 37(1): 23 - 27. [Crossref]

Jadhav A. Dipak., Sumat C. Jain., and Makarand M.
Ghangrekar. (2016). Cow's urine as a yellow gold
for bioelectricity generation in low cost clayware
microbial fuel cell Ewergy 11(3): 76 - 84.
[Crossref]

Kundu, P., Arpita, Nandy., Vikash, Kumar., Sudipta,
Mondal., Kingshuk, Dutta,, Maryam, Salah., and
Patit.  (2015). Performance evaluation of
microbial fuel cells: effect of varying electrode
configuration and presence of a membrane

Salisu et al., /USci, 2(3): 039 — 045, September 2023 44


https://scientifica.umyu.edu.ng/
https://doi.org/10.3390/app8030438
https://doi.org/10.1038/nbt867
https://doi.org/10.1016/j.rser.2017.05.098
https://doi.org/10.1016/j.bioelechem.2017.07.006
https://doi.org/10.1016/j.rser.2017.01.138
https://www.researchgate.net/publication/348097997
https://doi.org/10.1016/j.energy.2016.07.025

https://scientifica.umyu.edu.ng/

UMYU Scientifica, Vol. 2 NO. 3, September 2023, Pp 039 — 045

electrode assembly. New Biotechnology, 32(2): 272 -
280. [Crossref]

Liu, H., Ramnarayanan, R., and Logan, B. E. (2004).
Production of electricity during wastewater
treatment using a single chamber microbial fuel
cell.  Emvironmental Science and Technology, 38(7):
2281-2285. [Crossref]

Liu, H., Cheng, S., and Logan, B. E. (2005). Power
generation in fed-batch microbial fuel cells as a
function of ionic strength, temperature, and
reactor configuration. Environmental Science and
Technology, 38(54): 88-93.

Logan, B. E. (2008). Microbial fuel cells. Wiley, New York.
[Crossref]

Logan, B. E., Hamelers, B., and Rozendal., R. (2000).
Microbial ~ fuel cells: methodology and
technology.  Environmental — Science  Technology,
40(17): 5181-5192[Crosstef].

Mogsud, M. A, Bushra, Q. S., and Rahman, M. H. (2011).
Composting batrel for sustainable organic waste
management in Bangladesh. Waste Management
and Research, 2(9):1286—1293. [Crossref]

Nor, M .H. M., Mubarak, M. F. M., Elmi, H. S. A,
Ibrahim, N., Wahab, M.F. A., and Ibrahim, Z.
(2015). Bioelectricity generation in microbial fuel
cell using natural microflora and isolated pure
culture bacteria from anaerobic palm oil mill
effluent sludge. Bioresourse Technolology, 1(90): 458-
465. [Crossref]

Oliveira, V. B., Simdes, M., Melo, L. F., and Pinto, A.
(2013). Overview on the developments of
microbial fuel cells. Biochemical Engineering Jonrnal,
7(3): 53-64. [Crossref]

Shantaram, A., Beyenal, H., Veluchamy, R. R. A., and
Lewandowski, 7. (2005). Wireless sensors
powered by microbial fuel cells. Environtal Science
Technology, 39(13): 5037-5042.

Sharma Y., and Li B. (2010). The variation of power
generation with organic substrates in single-
chamber microbial fuel cells (SCMFCs).
Bioresource Technology, 101(18): 44 - 50. [Crossref]

Xu, L., Wang, B. D., Liu, X. H., Yu, W. Z., and Zhao, Y.
Q. (2018). Maximizing the energy harvest from a
microbial fuel cell embedded in a constructed
wetland. Applied Energy, 2(14): 83-91.

Yusuf, H., Annuar, M. S. M., Subramaniam, R., and
Gumel, A. M. (2019). Amphiphilic Biopolyester-
Carbon Nanotube Anode Enhances
Electrochemical Activities of Microbial Fuel Cell.
Chemical  Engineering  Technology,42(3):  566-574.
[Crosstref]

Zhang, E., Wang, F., Zhai, W., Scott, K., Wang, X., and
Diao, G. (2017). Efficient removal of
nitrobenzene and  concomitant electricity
production by single-chamber microbial fuel cells
with activated carbon air-cathode. Bioresourse

Technology, 22(9): 111-118.8. [Crossref]

Salisu et al., /USci, 2(3): 039 — 045, September 2023 45


https://scientifica.umyu.edu.ng/
https://doi.org/10.1016/j.nbt.2014.11.003
https://doi.org/10.1021/es034923g
https://doi.org/10.1002/9780470258590
https://doi.org/10.1021/es0605016
https://doi.org/10.5772/8460
https://doi.org/10.1016/j.biortech.2015.02.103
https://doi.org/10.1016/j.bej.2013.01.012
https://doi.org/10.1016/j.biortech.2009.10.040
https://doi.org/10.1002/ceat.201800023
https://doi.org/10.1016/j.biortech.2017.01.009

