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Abstract: The conventional method of electricity generation,
primarily relying on fossil fuels, have significant environmental
and sustainability challenges. The widespread consumption of
fossil fuels has led to the release of excess greenhouse gases
(GHGs) and other toxic elements into the environment.
Bioelectricity production using microbial fuel cell (MCFs) is an
innovative and sustainable approach that harness the metabolic
activities of microorganisms to generate electricity. This research
encompasses the potential application of two species (plantain and
cavendish banana) from the plant family plantaginaceae and
musaceae, in microbial fuel cells (MFCs) for sustainable clean
and green energy. Renewable energy Technology such as MFCs,
have gained significant attention in recent years due to their
potential to convert organic waste into electricity. The goal of this
research is to explore the feasibility and efficiency of utilizing
plantaginaceae and musaceae as a fuel source in MFCs. Three
MFCs using Plantain sludge, Cavendish Banana sludge and
SYSTEM 1 sludge as organic substrate for the anodic chambers
were setup. The parameters considered were (A) substrate weight,
(B) Time and (C) Temperature. Regression models were developed
using Analysis of Variance (ANOVA) to predict the influence of
study process factors A, B, and C, on current and voltage which
are the Response (output). The actual values for current and
voltage for the three MFC’s were 68.4 uA and 81.9mV, 80.223 uA
and 90.6mV, and, 73.65 pA and 90.67mV for Plantain, Banana
and SYSTEM 1 Sludges respectively. The results show the values
of the optimization for the currents and voltage of the three MFC’s
to be 67.7605 pA and 92.6117mV, 107.893 pA and 109.447mV,
and, 73.4518 pA and 199.454mV using plantain sludge, banana
sludge and SYSTEM 1 sludge.

Keywords: Bioelectricity, Microbial Fuel Cell, Microorganisms,
Musaceae, Plantaginaceae, Renewables.

I. INTRODUCTION
Waste management is one of the major problems of the
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modern world, and this could be as a result of wastewater
from industries, agriculture, and domestic sources and it has
caused the world to delve into cost effective ways to
remediate and also benefit from the process [1]. Also, the
negative after-effect of fossil fuel in producing highly
efficient power has led to the research on ways to achieve
waste management and clean energy generation [2].
Electricity generation has greatly relied on the use of fossil
fuels and the aftermath of this production of power has had
negative consequences to environmental sustainability [3].
According to [4] Microbial electrochemical technologies
represent a technology concept that allows exploiting the
energy contained in Low- value biomasses (e.g. banana peels)
as well as specific production of value-added products for a
sustainable biotechnology. MFC is a bio-electrochemical
device that converts chemical energy contained in organic
substrates into electrical energy by the activities of microbes
[2]. According to [1]. It offers sustainable green energy
sources, and the research community is interested in this
method actively because it uses waste material for the MFCs
setup and biodegradable materials as fuel to run the system.
The basic design of an MFC consists of an anode and a
cathode compartment separated by a proton exchange
membrane [2]. Microbes, typically bacteria, reside in the
anode compartment and oxidize organic compounds,
releasing electrons and protons [5]. The electrons flow
through an external circuit towards the cathode compartment,
creating a potential difference and generating electricity [6].
Meanwhile, the protons migrate through the membrane to the
cathode compartment, where they combine with electrons
and electron acceptors, typically oxygen to form water [6].

Although electricity generation plays a principal role in
developing economies due to usage in different facilities and
industries, it is a crucial contributor to global emissions of
GHG resulting from fossil fuels [7]. Just as electricity is of
great importance for developing economies, fruit
consumption plays an important part in human dieting and
high demands have been placed on such vital food
commodities due to population growth [8]. The utilization of
agricultural waste like banana and plantain peels to produce
value-adding products serves as an effective method for
waste management (since most agricultural wastes are readily
available in the environment) and promotion of renewable
energy such as electricity generation [9]. This study is aimed
at addressing the negative effect of electricity generation
from fossil fuel (turbines) and to explore the feasibility and
efficiency of using peels from the Musa paradisiaca and Musa
acuminata species in microbial
fuel cells for clean and
sustainable energy, which is
more eco-friendly.
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Explore the Feasibility and Efficiency of Utilizing Plantaginaceae and Musaceae as Microbial Fuel Cell
(MFC) as Fuel Source

1l. BACKGROUND REVIEW OF THE STUDY

The interest of evaluating and implementing renewable and
sustainable alternative sources of energy to eliminate fossil
fuel has been on the rampage due to it disadvantages to the
society [10]. The increase in atmospheric carbon and global
warming has called for concerns worldwide, as the use of
fossil fuel have increased the level of carbon dioxide
drastically [11]. This increase is harmful and could be from
anthropogenic carbon emission resulting from burning fossil
fuel [12]. The increased carbon dioxide is implicated as a
cause of global warming from the effect of GHG, and it is
further aggravated by other fossil fuel products like the
nitrous oxides and incomplete combustion hydrocarbon [13].
The increase in sea level resulting from the melting of ice
caps is caused by global warming [14]. This problem has the
capability to cause flooding in coastal locations, but can be
solved or prevented by reducing the size of the ice caps which
reflects low energy into space. The increases in solar energy,
increases global temperature, resulting in melting of more ice
caps, which will amount to further increase in sea level [15].
One method of reducing the global warming is to reduce the
emission of carbon to the atmosphere by applying carbon
neutral and possibly carbon negative sources of fuel [16]. In
MFC, microorganism oxidize substrate and transfer those
electrons to an anode electrode. When the electrons flow
through an external circuit, it creates a useable current and
then reduce an oxidant at the cathode [17]. In this current
research, Musaceae, known as the banana family, includes the
genus Musa, which encompasses banana plants [18]. The
Musaceae family comprises an important group of plants that
includes bananas and plantain [25]. Plantain and banana as
seen in Fig.1 and Fig.2, respectively are major staple crops in
many regions, particularly in Africa, Asia and Latin America
[20]. According to [19], they provide essential nutrients,
including carbohydrates, dietary fibre, vitamins (such as
vitamin C and vitamin B6), and minerals (such as potassium
and magnesium) [26].

[Fig.2: Cavendish Banana peel (Image Courtesy Segura
B.O et al., 2022)]
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Electricity is an indispensable aspect of modern life,
powering our homes, industries and technologies, and it’s
difficult to imagine a world without the convenience and
comfort that electricity provides [3]. The conventional
method of electricity generation, primarily relying on fossil
fuels, which have significant environmental and
sustainability challenges [2]. As the world faces the urgent
need to combat climate change and reduce carbon emissions,
there is a growing emphasis on transitioning towards
sustainable and renewable energy sources for electricity
generation. Rice straw was used as substrate in MFC for
power generation [20]. The MFCs used was the H-type which
had two chambers (an anaerobic anode chamber and aerated
cathode chamber). Results showed that the power density got
to 145mW/m? with an initial rice straw concentration of 1 g/L
and the coulombic efficiencies ranged from 54.3 — 45.3%
(corresponding to the initial rice straw concentrations of 0.5
to 1g/L). Also, the stackable MFCs (in series and parallel)
produced open circuit voltage of 2.17V and 0.723V
respectively. The maximum power for the three stacked MFC
(connected in series) was 490mW/m? (1.5mA) while in
parallel the output was 3-fold (1.5mA) higher than those
produced in series [23]. The use of orange peel waste for
bioelectricity generation was considered by [21]. A dual
chamber laboratory scale MFC was used for the experiment,
there were no pretreatment or addition of extra mediators
[22]. The results of the maximum voltage generation [24],
maximum power density and current density were 0.59 +
0.02V (at a resistance of 500Q2), 358.8 + 15.6mW/m? and 847
+ 18.4mA/m?2.

I11. METHODS AND MATERIALS

Materials used for this Research include plantain peels and
cavendish banana peels (fresh), distilled water, a blender, a
kitchen oven, digital stopwatch, nose mask, drilling tools,
scissor, grinding machine, aluminum mesh, digital electronic
laboratory scale, copper wire, salt, unsweetened gelatin, PVC
pipe, vulcaseal, spoon, MFC reactor (including anode and
cathode compartments, proton exchange membrane,
electrodes and connecting wires), substrate containers, and
Multimeter. Organic waste substrates used for MFC were
banana peel and plantain peel. The peels were locally
sourced.

[Fig.3: Schematic Flowchart Process of Bioelectricity
Production]

Fig 3. shows the schematic
flow chart of bioelectricity
generation. It shows the
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process of the research work from sample selection and
preparation to the production of bioelectricity and
optimization.

A. Sample Selection and Preparation

Healthy Plantain peels (musa paradisiaca) and cavendish
banana peels were selected for the experiment. This was done
by considering factors such as maturity, size and freshness.
The selected samples were washed thoroughly with distilled
water to remove impurities. It was soaked in water for
14days, and then grinded with a grinding machine. It was
done to soften the material and make it easier to grind into a
more homogeneous and fine consistency. Also soaking the
peels helps initiate a process called Substrate conditioning.
The obtained sludges were left in a sealed container for a
further 14 days. During this process Microorganisms present
in the peels breaks down the complex compounds into
simpler forms such as sugars. The samples were used to
determine the amount of substrate added to the anode
compartment.

B. Inoculation and Set-Up Procedures

[Fig.4: A Setup of the Dual Chamber MFC Showing the
Anode and Cathode Chambers and Proton Exchange
Membrane (Salt Bridge)]

In Fig 4, The anode compartment was sterilized by rinsing
it with a suitable disinfectant solution and then rinsing
thoroughly with sterile water. The anode compartment was
then inoculated with a mixed culture of electrochemically
active microorganisms. The prepared samples were added to
the anode compartment as the organic substrate. The cathode
compartment were filled with distilled water. The sludges
were heated up with an oven within the range of 35-65
degrees Celsius. The external circuit was connected to
complete the electrical circuit of the MFC.

C. Monitoring and Data Collection

[Fig.5: Instruments (Digital Scale, Digital Multimeter,
Digital Stopwatch) Used for Data Collection]

The multimeter was used to monitor the voltage and current
output of the MFC’s at regular intervals. The substrate
weights were measured using the digital electronic weighing
balance. The temperature and heat up time were adjusted
using kitchen oven. Digital stopwatch was used to monitor
the time.
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D. Optimization of Operational Parameters

[Fig.6: Design Expert 13 Home Page]

An experimental study design was done to analyze the
optimal capabilities of the MFC. RSM was used to identify
the optimum operating status for electricity generation. This
includes the application of a set of software aided factor
combinations of the experimental runs of a full factorial
design called the fractional factorial design. To study the
optimal capabilities for current and voltage output using
banana sludge, plantain sludge and SYSTEM 1, the central
composite design was applied. The central composite design
is described as a fractional factorial design which consist of
star points (group of axial points) and center point. It is useful
in response surface methodology for creating a second order
model for specific response variable. Following this
definition, fractional factorial design was justified for
application in this study to obtain optimal adsorption
conditions and interaction of process factors. Experimentally,
the process factors also called independent variables;
substrate weight (A), time (B), and temperature (c) interacted
to produce the response also called the dependent variable
(current and voltage output) for the studied MFC’s.

Regression models were developed using Analysis of
Variance (ANOVA) to predict the current and voltage from
three (3) dependent variables which are the study process
factors A, B, and C. The significance of the coefficients was
assessed through the adjusted sum of squares, adjusted mean
of squares, standard Fisher’s F-test, and student T-test, all
computed from design expert (version 13.0). Also, the
significance of the regression coefficients was identified
using P-values from the student T-test. For the T-test, the
factors that most significantly had an effect on the current and
voltage output were identified. The response surface 3D plots
for current and voltage outputs were plotted and analyzed.

RSM was further employed to identify the optimum
operating conditions (the levels at which the variant process
factors would yield optimum performance) for the current
and voltage output. This was achieved with the aid of the
design expert optimizer tool. A two-level three factor
fractional factorial design method of optimization was
adopted in this study. Model predictions for the best sorption
performance were verified with experimental measurements.

IV. RESULTS AND DISCUSSION

Considering Time factor, raw values of the parameters
measured for 0.65kg and at Room
temperature of 35°C  of
plantain  sludge, banana
sludge and SYSTEM 1 sludge
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Table 1: Results for MFC Using SYSTEM 1 (Mixed Sludge)

SLUDGE PLANTAIN BANANA SYSTEM 1

Time (mins) Response 1: | Response 2: | Response 1: | Response 2: | Response 1: | Response 2:
current (LA) | Voltage (mA) current (LA) Voltage (mA) | current (WA) | Voltage (mA)

1 62.4 77.2 72.34 84.2 69.37 90.67

2 63.7 78.4 74.10 86.32 70.21 98.76

3 64.2 79.3 76.36 88.40 71.46 99.14

4 64.9 80.6 79.81 89.36 72.00 106.43

5 65.4 81.9 80.22 90.6 73.14 122.6

Predicted vs. Actual

Predicted

[Fig.7: Predicted vs. Actual Plot of MCF (Current)
Using SYSTEM 1 Sludge]

Fig. 7 depicts the Predicted vs. Actual plot of current of the
MCF using SYSTEM 1 sludge can be said to be an ideal plot.
Few points as observed are within the regression line.

Predicted vs. Actual

Predicted
3
1

Figs. 9 depicts the interaction effect between substrate
weight and time. It indicated that the current increases with
increase in substrate weight value and decrease in time from
0.6 to 1.05kg and from 1 to 5 mins respectively. It was
observed that the current output improved when the rapid
reaction occurred at high substrate weight and low time.

3D Surface

Current (microAmp)

0.78
C: Temperature (Celcius) 40 0.69: Substrate Weight (kg)

[Fig.10: 3D Plot Interaction for Substrate Weight and
Temperature for Current Production Using SYSTEM 1
Sludge]

Figs. 10 depicts the interaction effect between substrate
weight and temperature. It indicated that the current increases
with increase in substrate weight value and decrease in
temperature from 0.6 to 1.05kg and 55 to 35 degree Celsius
respectively. It also shows that there was a decrease in both
substrate weight and temperature at about 0.82kg and 46
degrees Celsius

[Fig.8: Predicted vs. Actual Plot of MCF (voltage) using
SYSTEM 1 Sludge]

Fig. 8 depicts the predicted plot vs. actual plot of current of
the MCF using SYSTEM 1 sludge can be said to be an ideal
plot. All point as observed are within the regression line.

Factor Coding: Actual

3D Surface

Current (microAmp)

3D Surface

Current (microAmp)

[Fig.9: 3D Plot Interaction for Substrate Weight and
Time for Current Production using SYSTEM 1 Sludge]
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[Fig.11: 3D Plot Interaction for Time and Temperature
for Current Production using SYSTEM 1 Sludge]

Figs. 11 depicts the interaction effect between time and
temperature. It indicated that the current increases with
increase in time value and decrease in temperature from 1 to
5mins and 55 to 35 degrees Celsius
respectively. It was observed
that the current output
improved when the rapid

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://doi.org/10.35940/ijese.D4580.13011224
http://doi.org/10.35940/ijese.D4580.13011224
http://www.ijese.org/

OPEN aﬂCCESS

reaction occurred at high time and low temperature.
However, the current output will decrease if there is a
decrease in time and increase in temperature.

3D Surface

Voltage (miliVolt)

[Fig.12: 3D Plot Interaction for Substrate Weight and
time for Voltage Production using SYSTEM 1 Sludge]

Figs. 12 depicts the interaction effect between substrate
weight and time. It indicated that the voltage increases with
an increase in substrate weight value and increase in time
from 0.6 to 1.05kg and 1 to 5 mins respectively. It was
observed that the voltage output improved when the rapid
reaction occurred at high substrate weight and time.
However, the voltage output will decrease if there is a
decrease in substrate weight and time.

3D surface

Actual Factor
B=3

Voltage (milliVolt)

[Fig.13: 3D Plot Interaction for Substrate Weight and
Temperature for Voltage Production using SYSTEM 1 Sludge]

Figs. 13 depicts the interaction effect between substrate
weight and temperature. It indicated that the voltage increases
with an increase in substrate weight value and decrease in
temperature from 0.6 to 1.05kg and 35 to 55 degree Celsius
respectively. It was observed that the voltage output
improved when the rapid reaction occurred at high substrate
weight and low temperature.

Factor Coding: Actual

3D Surface

Voltage (millivott)
%067 226

x1=8
xz2=c¢

Actual Factor
A=o0s2s

Voltage (millivolt)

[Fig.14: 3D Plot Interaction for Time and Temperature
for Voltage Production Using SYSTEM 1 Sludge]
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Figs. 14 depicts the interaction effect between time and
temperature. It indicated that the voltage increases with
increase in time value and decrease temperature from 1 to 5
mins and 35 to 55 degrees Celsius respectively. It also shows
that the temperature increased at about 3mins. It was
observed that the voltage output improved when the rapid
reaction occurred at low time and low temperature. However,
the voltage output will decrease if there is an increase in both
the time and in temperature.

V. OPTIMIZATION

Numerical method was used for the optimization of the
current and voltage output for plantain sludge, banana sludge
and SYSTEM 1 sludge. This was done to get the best optimal
parameter that will give the best current and voltage outputs.

VI. CONCLUSION

The optimized current and voltage output were investigated
using Design expert and RSM statistical tools. Process
variables such as substrate weight, time, and temperature,
were optimized using RSM tools. The predicted values for
current and voltage for the three MFC’s were 62.4 pA and
71mV, 72.34 pA and 84.2mV, and, 69.37 pA and 90.67mV
for Plantain, Banana and SYSTEM 1 Sludges respectively.
While the actual values for current and voltage for the three
MFC’s were 68.4 pA and 81.9mV, 80.223 pA and 90.6mV,
and, 73.65 A and 90.67mV for Plantain, Banana and
SYSTEM 1 Sludges respectively. The results show the values
of the optimization for the currents and voltage of the three
MFC’s to be 67.7605 pA and 92.6117mV, 107.893 pA and
109.447mV, and, 73.4518 pA and 199.454mV using plantain
sludge, banana sludge and SYSTEM 1 sludge. Comparing the
current and voltage output from the results, the MFC with the
banana sludge produced the highest amount of current while
SYSTEM 1 produced the highest amount of voltage.
However, the three MFC’s studied has demonstrated its
optimal effectiveness and potential application for the
electricity generation.

VIl. RECOMMENDATION

Based on the study, plantain Sludge, banana sludge and
SYSTEM 1 sludge exhibited a good optimized current and
voltage output. Hence it is recommended that these optimized
MFC’s be inculcated in power generation due to its eco-
friendliness, biodegradability, cost effectiveness, and
availability. Other agricultural waste can be considered as
substrate for further study, as this study was limited to only
two substrates. Determining the optimized conditions for the
current and voltage output using the variance and other
statistical tools can be considered for further study, as this
study was limited to only 3 factorial variants, and RSM
design method of optimization.

ACKNOWLEDGEMENT

The authors wish to most sincerely appreciate Tertiary
Education Trust Fund (TETFUND) for her benevolence in
sponsoring this research, and
making it a success. Gratitude
also goes to the department of
mechanical engineering and

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijese.D4580.13011224
http://doi.org/10.35940/ijese.D4580.13011224
http://www.ijese.org/

Explore the Feasibility and Efficiency of Utilizing Plantaginaceae and Musaceae as Microbial Fuel Cell
(MFC) as Fuel Source

the directorate of research, university of cross river state
(UNICROSS), for awarding this research. We are indeed very
grateful.

DECLARATION STATEMENT

After aggregating input from all authors, | must verify the
accuracy of the following information as the article's author.
Conflicts of Interest/ Competing Interests: Based on my
understanding, this article has no conflicts of interest.
Funding Support: Yes, | have received financial
assistance for this article. The authors wish to most
sincerely appreciate Tertiary Education Trust Fund
(TETFUND) for her benevolence in sponsoring this
research, and making it a success.

Ethical Approval and Consent to Participate: The data
provided in this article is exempt from the requirement for
ethical approval or participant consent.

Data Access Statement and Material Availability: The
adequate resources of this article are publicly accessible.
Authors Contributions: The authorship of this article is
contributed equally to all participating individuals.

REFERENCES

1. Yaqoob, A.A., Khatoon, A., Setapar, S.H.M., Umar, K., Parveen, T.,
Ibrahim, M.N.M., Ahmad, A., and Rafatullah, M. (2020) Outlook on
the role of microbial fuel cell in remediation of environmental
pollutants ~ with  electricity  generation.  Catalysts.  DOI:
http://doi:10.3390/catal10080819

Obileke, K., Onyeaka, H., Meyer, E., and Nwokolo, N. (2021)
Microbial fuel cell, a renewable energy technology for bio-electricity
generation: A mini-review. Electrochemistry communications DOI:
http://doi.org/10.1016/j.elecom.2021.107003

Elviliana., Toding, O.S.L., Virginia, C., and Suhartini, S. (2018)
Conversion banana and orange peel waste into electricity using
microbial fuel cell. Earth and environmental science 209 (2018)
012049. DOI: http://doi:10.1088/1755-1315/209/1/012049

Fadzli, F.S., Rashid, M., Yaqoob, A.A., and Ibrahim, M.N.M. (2021)
Electricity generation and heavy metal remediation by utilizing yam
(dioscorea alata) waste in benthic microbial fuel cells (BMFCs).
Biochemical engineering journal. DOI:
https://doi.org/10.1016/j.bej.2021.108067

Sedighi, M., Aljlil, S.A., Alsubei, M.D., Ghasemi, M. and
Mohammadi, M. (2018) Performance optimisation of microbial fuel
cell for wastewater treatment and sustainable clean energy generation
using response surface methodology. Alexandra engineering journal.
DOI: https://doi:10.1088/1755-1315/209/1/012049

El Khaloufi, Y. (2019) Microbial Fuel Cells for electricity generation.
Capstone Design-Spring 2019.
https://www.semanticscholar.org/paper/MICROBIAL-FUEL-
CELLS-FOR-ELECTRICITY-GENERATION-
Khaloufi/524ae9al76af9d9cd8a4316f34abd3b96105e187

Arun, K.B., Persia, F., Aswathy, P.S., Chandrum, J., Sajeev M.S,,
Jayamurthy, P. and Nisha, P. (2015) Plantain peel — a potential source
of antioxidant dietary fibre for developing functional cookies. J Food
Sci Technol. DOI: https://doi:10.1007/s13197-015-1727-1

Ogunlade, 1., Akinmae, A.O., Ogunlade, A.O., and Popoola, O.K.
(2021) Comparative study of chemical compostion and evaluation of
the in-vitro antioxidant capacity of unripe and ripe banana species
(Musa Sapientum) biowaste. Agricultural science and food
technology. DOI: https://dx.doi.org/10.17352/2455-815X.000089

Li, X.M., Cheng, K.Y. and Wong, J.W.C. (2012) Bioelectricity
production from acidic food waste leachate using microbial fuel cells:
Effect of Microbial Inocula. Process Biochemistry. DOI:
http://doi:10.1016/j.prochio.2012.10.001

Logan BE (2008) Microbial Fuel Cells. John Wiley & Sons, New
York, USA. DOI: https://doi.org/10.1002/9780470258590

Booth D (1993) Understanding Fuel Cells. Home Power, June-July.
Lewis NS, Nocera DG (2006) Powering the planet: chemical
challenges in solar energy utilization. Proc Natl Acad Sci USA 103:
15729-15735. DOI: https://doi.org/10.1073/pnas.0603395103

10.

11.
12.

Retrieval Number:100.1/ijese.D458014040425
DOI:_10.35940/ijese.D4580.13011224
Journal Website: www.ijese.org

28

13.  Bullen RA, Aot TC, Lakeman JB, Walsh FC (2006) Biofuel cells
and their development. Biosens Bioelectron 21: 2015-2045. DOI:
https://doi.org/10.1016/j.bios.2006.01.030

Renewable Energy World (2001) Renewable fuel cell power from
biogas. James & James Ltd., Nov-Dec.
https://www.sciencedirect.com/science/article/pii/S09601481183134
78

Liu H, Ramnarayanan R, Logan BE (2004) Production of electricity
during wastewater treatment using a single chamber microbial fuel
cell. Environ Sci Technol 38: 2281-2285.
https://sswm.info/sites/default/files/reference_attachments/LIU et al
2004 Production of Electricity during Wastewater Treatment Using
Single Chamber Microbial Fuel Cell pdf

Bunnetto HP (1990) ‘Bugpower’-electricity from microbes. In A.
Scott (ed.), Frontiers of Science. Blackwell Publishing, Cambridge,
MA, USA, p: 66-82. https://www.ncbe.reading.ac.uk/wp-
content/uploads/sites/16/2021/09/bennetto.pdf

leropoulos 1A, Greenman J, Melhuish C, Hart J (2005) Comparative
study of three types of microbial fuel cell. Enzyme Microb Tech 37:
238-245. DOI: https://doi.org/10.1016/j.enzmictec.2005.03.006
Soorianathasundaram, K., Narayana, C.K and Paliyath, G. (2016)
Bananas and Plantains. Encyclopedia of food and health. DOI:
http://dx.doi.org/10.1016/B978-0-12-384947-2.00054-4

Okorondu, S.I., Akuboji, C.O. and Nwachukwu, LN. (2012)
Antifungal properties of Musa paradisiaca (plantain) peel and stalk
extracts. Int. J. Biol. Chem. Sci. 6(4): 1527-1534. DOI:
https://dx.doi.org/10.4314/ijbcs.v6i4.12

Hassan, S.H.A., Gad El-Rab, S.M.F., Rahimnejad, M., Ghasemi, M.,
Joo, J., Sik-ok, Y., Kim, I.N. and Oh, S. (2014) Electricity generation
from rice straw using a microbial fuel cell. ScienceDirect. DOI:
http://dx.doi.org/10.1016/j.ijhydene.2014.03.259

Logan BE, Ragan JM (2012) Electricity -producing bacterial
communities in microbial fuel cells. Trends Microbial 14(12):512-
518. DOI: https://doi.org/10.1016/j.tim.2006.10.003

Deore, M. P. (2019). Development of Microbial Fuel Cell as a
Contribution to Renewable Energy Sources. In International Journal
of Engineering and Advanced Technology (Vol. 8, Issue 6, pp. 5391—
5393). DOI:_https://doi.org/10.35940/ijeat.f8541.088619

Deore, M. P., & Mulla, Dr. A. M. (2020). Performance Analysis of
Integrated Bio-Catalyst Microbial Fuel Cell with Different Asian
Weather Conditions. In International Journal of Innovative
Technology and Exploring Engineering (Vol. 9, Issue 11, pp. 99-103).
DOI:_https://doi.org/10.35940/ijitee.k7687.0991120 1.

Suganya, S. T., Balaganesan, P., & Rajendran, L. (2019).
Mathematical Modeling of Microbial Fuel Cells in Wastewater
Treatment - Homotopy Perturbation Method. In International Journal
of Recent Technology and Engineering (IJRTE) (Vol. 8, Issue 4, pp.
5634-5640). DOI:_https://doi.org/10.35940/ijrte.d7191.118419 1

M. Shireesha, Shankar, A. J. B., P. Sarath, K. Vishwajeeth, Subodh,
D. S., & Imran, S. (2023). Fischer Tropsch Synthesis Wastewater
Treatment Study using DW SIM. In International Journal of Soft
Computing and Engineering (Vol. 13, Issue 5, pp. 1-12). DOI:
https://doi.org/10.35940/ijsce.i9701.13051123

G, M. M., & S, G. (2020). Power Minimization Architecture for
Multimodal Biometric System using Cadence. In International Journal
of Emerging Science and Engineering (Vol. 6, Issue 9, pp. 1-5).
https://doi.org/10.35940/ijese.h2478.046920

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

AUTHORS PROFILE

Diwa James Enyia, is a distinguished academic, researcher,
and professional in the field of Mechanical Engineering.
With a passion for innovation and excellence, he has
established himself as a leading expert in his field. He had
. his Ph.D. in Aerospace Engineering and MSc in Thermal
Power Engineering, both from Cranfield University, United Kingdom in
2016 and 2012 respectively, and a Bachelor of Engineering in Mechanical
Engineering from Cross River University of Technology, Nigeria in 2008.
He is a Lecturer at, the Department of Mechanical Engineering, University
of Cross River State (2010-present). His research interest spans Gas Turbine
Performance, Thermodynamics and Heat Transfer, Energy Systems, and
Renewable Energy. He has several publications in reputable journals and has
attended conferences, symposiums, and workshops relating to his academic
field. He is a registered engineer with the Council for the Regulation of
Engineering in Nigeria COREN. He has
also received the Best Lecturer

Award, and research grant from the

Tertiary Education Trust Fund

(TEDFUND). Diwa is a dedicated

Published By:
Blue Eyes Intelligence Engineering
and Sciences Publication (BEIESP)
© Copyright: All rights reserved.

Exploring Innovation


http://doi.org/10.35940/ijese.D4580.13011224
http://doi.org/10.35940/ijese.D4580.13011224
http://www.ijese.org/
http://doi:10.3390/catal10080819
http://doi.org/10.1016/j.elecom.2021.107003
http://doi:10.1088/1755-1315/209/1/012049
https://doi.org/10.1016/j.bej.2021.108067
https://doi:10.1088/1755-1315/209/1/012049
https://www.semanticscholar.org/paper/MICROBIAL-FUEL-CELLS-FOR-ELECTRICITY-GENERATION-Khaloufi/524ae9a176af9d9cd8a4316f34abd3b96105e187
https://www.semanticscholar.org/paper/MICROBIAL-FUEL-CELLS-FOR-ELECTRICITY-GENERATION-Khaloufi/524ae9a176af9d9cd8a4316f34abd3b96105e187
https://www.semanticscholar.org/paper/MICROBIAL-FUEL-CELLS-FOR-ELECTRICITY-GENERATION-Khaloufi/524ae9a176af9d9cd8a4316f34abd3b96105e187
https://doi:10.1007/s13197-015-1727-1
https://dx.doi.org/10.17352/2455-815X
http://doi:10.1016/j.procbio.2012.10.001
https://doi.org/10.1002/9780470258590
https://doi.org/10.1073/pnas.0603395103
https://doi.org/10.1016/j.bios.2006.01.030
https://www.sciencedirect.com/science/article/pii/S0960148118313478
https://www.sciencedirect.com/science/article/pii/S0960148118313478
https://sswm.info/sites/default/files/reference_attachments/LIU%20et%20al%202004%20Production%20of%20Electricity%20during%20Wastewater%20Treatment%20Using%20Single%20Chamber%20Microbial%20Fuel%20Cell%20pdf
https://sswm.info/sites/default/files/reference_attachments/LIU%20et%20al%202004%20Production%20of%20Electricity%20during%20Wastewater%20Treatment%20Using%20Single%20Chamber%20Microbial%20Fuel%20Cell%20pdf
https://sswm.info/sites/default/files/reference_attachments/LIU%20et%20al%202004%20Production%20of%20Electricity%20during%20Wastewater%20Treatment%20Using%20Single%20Chamber%20Microbial%20Fuel%20Cell%20pdf
https://www.ncbe.reading.ac.uk/wp-content/uploads/sites/16/2021/09/bennetto.pdf
https://www.ncbe.reading.ac.uk/wp-content/uploads/sites/16/2021/09/bennetto.pdf
https://doi.org/10.1016/j.enzmictec.2005.03.006
http://dx.doi.org/10.1016/B978-0-12-384947-2.00054-4
https://dx.doi.org/10.4314/ijbcs.v6i4.12
http://dx.doi.org/10.1016/j.ijhydene.2014.03.259
https://doi.org/10.1016/j.tim.2006.10.003
https://doi.org/10.35940/ijeat.f8541.088619
https://doi.org/10.35940/ijitee.k7687.0991120%201
https://doi.org/10.35940/ijsce.i9701.13051123
https://doi.org/10.35940/ijese.h2478.046920

International Journal of Emerging Science and Engineering (IJESE)
PEEN Qo)L ISSN: 2319-6378 (Online), Volume-13 Issue-1, December 2024

academic and researcher committed to advancing knowledge in Mechanical
Engineering. His teaching, research, and professional activities demonstrate
his passion for innovation and excellence.

- Archibong is an Associate Professor in Mechanical
= Engineering and Director of Mechanical Engineering
i,l Programmes at the Dubai Campus of the University of

Birmingham. He holds a PhD in Energy Engineering, an MSc

in Process Systems Engineering, a Postgraduate Certificate in
Higher Education, and a BEng in Mechanical Engineering. His research
spans multiphase transport phenomena, sustainable energy, and biomedical
systems. He has published 50+ journal/conference articles, and is a Chartered
Engineer (UK), IMechE Fellow, Registered Engineer (Nigeria) and Senior
Fellow of Advance HE. Archibong's experience spans academia, energy
consultancy, energy startup, and research projects for BP, Schlumberger,
TotalEnergies, and more, focusing on sustainable energy production,
technology and climate solutions development.

Engr. Dane Osim Asu, is a seasoned lecturer and academic
in the field of Mechanical Engineering, specializing in
g Thermofluids, with a passion for mentoring students and
| collaborating with colleagues to drive innovation and
excellence. He is currently a lecturer in the Department of
Mechanical Engineering (Thermofluid option) at the University of Cross
River State, Calabar. His research interests include but are not limited to
Thermodynamics and Heat Transfer, Fluid Mechanics and Computational
Fluid Dynamics (CFD), Energy Systems and Renewable Energy, Thermal
Engineering, and Design. He has published several articles in reputable
journals both national and international, and has attended several scientific
conferences and symposiums. He is also a registered member of the Nigeria
Society of Engineers (NSE) and the Council for the Regulation of
Engineering in Nigeria (COREN).

Maria Kaka Etete Enoh is a Senior Lecturer in the
Department of Mechanical Engineering at University of
Cross River State (UNICROSS), Calabar, Nigeria. She
holds a PhD in Mechanical Engineering with options in
Engineering Material selection and applications from
Umversny of Uyo, Nigeria. She also holds a Master degree in Material
Science and engineering from University of Sheffield, United Kingdom.
Before this time, she holds a Bachelor degree in Mechanical Engineering
from Cross River University of Technology (CRUTECH), Calabar, Nigeria.
Her research interest cut across developing sustainable cementitious,
composite and ceramic materials, focusing on using locally sourced, eco-
friendly and renewable resources. Additionally, she engaged in
multidisciplinary research collaboration related to energy systems,
particularly in relation to materials for renewable energy applications. She is
registered engineer with council for the regulation of engineering in Nigeria
(COREN), and also a member of the Nigeria Society of Engineers (NSE).
She has several publications in reputable journals and conferences.

Disclaimer/Publisher’s Note: The statements, opinions and
data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of the Blue
Eyes Intelligence Engineering and Sciences Publication
(BEIESP)/ journal and/or the editor(s). The Blue Eyes
Intelligence Engineering and Sciences Publication (BEIESP)
and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods,
instructions or products referred to in the content.

. . Published By:
Retrieval Number:100.1/ijese.D458014040425 Blue Eyes Intelligence Engineering
DOI:_10.35940/ijese.D4580.13011224 and Sciences Publication (BEIESP)

Journal Website: www.ijese.org 29 © Copyright: All rights reserved. Exploring InnGvation


https://www.openaccess.nl/en/open-publications
http://doi.org/10.35940/ijese.D4580.13011224
http://doi.org/10.35940/ijese.D4580.13011224
http://www.ijese.org/

