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Abstract
The generation of renewable energy from waste water has been demonstrated using a simple
batch Microbial Fuel Cell (MFC) primarily from domestic waste water obtained from Khan
River water/sediment in Madhya Pradesh State, India and the results were expanded to
distillery/dairy industry generating wastewater with high organic content. Various electrodes
were used in MFC. In the preliminary experiment, cheap iron electrodes were used for
anode and cathode chamber with E-Coil bacteria where obtained efficiency was only 35%.
In order to achieve better efficiencies, construction of MFC was changed and iron electrodes
are replaced with the electrodes made up of Copper and graphite electrodes for better
conductivity of electrons at 23 0C.The efficiency increased but not sufficiently.The
commercialization of MFC requires high powerdensity per unit area ,this barrier could be
overcome by increasing surface area which is possible by using nano-particle based
electrodes and higher electro catalytic activity compared to the conventional carbon
materials.Simple hummer method is used to prepare Graphene oxide nano. The synthesized
nano particles were characterized by the SEM and, FTIR. Further these nano particles were
coated on carbon electrodes to improve the power density. A substantial improvement in the
maximum power density was achieved with graphite electrodes and nafion membrane.
Proper enhancement was done by coating Nano materials and thereby increasing electron
transfer and hence electricity generation. Bacteria’s such as Escherichia Coli and
Shewannellaputrificians were also employed to generate electricity. The efficiency increased
to 85%.Biological Oxygen Demand (BOD) and Chemical Oxygen Demand (COD) were
decreased considerably.MFC is the novel solution to treat wastewater.

Keywords; Microbial Fuel Cell (MFC) Electrodes, nano-particles, carbon based
Graphene Oxide (GO),biological oxygen demand (BOD), chemical oxygen demand (COD),
X-Ray Diffractometer (XRD, Fourier Transform- Infrared Spectroscopy (FT-IR), Scanning
Electron Microscopy (SEM)

I. INTRODUCTION
Economic growth and social development are
continually increasing gap between the availability
of fossil fuels and energy demands. Actual energy
needs are farmore larger than energy readily
available. In recent years the use of fossil fuels,
particularly petroleum, has driven up a global
energy crisis (Papaharalabos Get al., 2015).
Furthermore, the combustion of fossil fuels releases
CO2 to the atmosphere and causes global climate

change. Consumption of the natural energy sources
due to increasing human activities are leading to
depletion of fossil fuels .The existing-time scenario
of exhaustion energy sources in India and all over
the globe is precarious, that indicating to search
carbon-neutral, renewable and sustainable energy
sources as alternatives to fossil fuels is needed to
lighten the global energy crisis and climate change
.Presently used methods to produce energy are not
sustainable and leading to climate change, which
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require to develop sustainable methods those
produce energy using renewable and carbon-neutral
sources (Bullen et al., 2006). Biomass is one of the
future energy sources, since it is carbon neutral.
Treatment of biomass such as waste water is a
continuing issue, especially in undeveloped
countries, where the infrastructure is not present and
the energy demands cannot be met. Fossil fuel
reserves are low and their use to produce energy has
adverse environmental impact. It leads to a search
for novel renewable energy technologieslike
Microbial fuel cells (MFCs) where waste water is
used to generate electricity
EXPERIMENTS AND RESULTS
Two main aspects of the MFC, substrate and
parameters affecting anode biofilms were
investigated in order to enhance the anode
performance for the production of electricity and for
waste/wastewater clean-up. Firstly, system design
aspects such as, each MFC component, reactor
designs as well as anode and cathodes were looked
into. Through comparing nine commercially
available ion exchange membranes, a Nafion
membrane was chosen for the rest of the work.
Secondly, three different parameters affecting anode
biofilms, temperature, type of electrode material and
feedstock, were investigated to analyze and
understand the energy production and waste
reduction.
Microbial Fuel Cell is made up of low cost materials
with the design as shown in the figure 1 .MFC
consists of one anode and one cathode
compartments of equal volume (500 ml ) , length of
MFC is 19 cm, breadth 15 cm and height of 7.5
cm.and distance between the anode and cathode was
20 cm. The wastewater was supplied to the anode
and salt water was placed in the cathode
compartment. The anode and cathode chambers
were separated by Nafion membrane and electrodes
were connected via copper wire to multimeter.

Figure 1: Typical Microbial Fuel Cell
Initially experiments were started at 230C in the
laboratory, at this temperature three electrodes were
used namely Copper rod, Graphite rod and Iron rod
with Khan River wastewater as substrate and E-Coil
for bacteria. After 15 days experiments it is found
that power density is very low i.e maximum 0.45924
(mW/m2), COD reduction is only about 35 % and
efficiency is 30%
Experiments are continued further by changing
temperature, substrate and electrode design and
results are compared for the nine MFCs in terms of
power density, COD and BOD as shown in table 1.
Three MFC setups are prepared , experiments are
started at 23 0C, wastewater as feed, E-Coil
microbes and electrodes materials are Copper (MFC
1), Graphite rod (MFC 2), Iron rod (MFC 3).In this
set of experiments maximum efficiency was only
23% , because of the low temperature biofilm
formation at the anode was very low.To increase
efficiency temperature changed to 35 0C and
graphite rod design is changed to plate, two microbe
groups are used namely ShewannellaPutrificians
(MFC 4) and E-Coil (MFC 5).Out of these two
experiments MFC 4 has given maximum power
density of 11.28 mW/m2 and efficiency of 45% as
shown in the figure 2. COD reduced to 52 %.
Efficiencies are very low, in order to improve
efficiency anode surface area is increased by nano
particle coating. Graphene oxide nanoparticles are
prepared using hummer method. Electrode surface
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area plays a very important role to increase the
production of electricity , hence electrodes are
coated with graphene oxide (GO) nanoparticles for
better surface area , nanoparticles are synthesised by
hummer method and particles are characterised by
FTIR and SEM technologies. The results are shown
in figure 2 and 3 respectively.

Figure 3. The SEM image of surface GO
nanoparticles obtained by a chemical
exfoliation technique

Figure 2. FT-IR spectrum of Graphene oxide
nanoparticles
The characteristic FTIR spectrum of GO
nanoparticles is depicted in Figure. 6. It is seen
with oxygen-containing groups in which the
main absorption band at 3421 cmí1 is assigned
to the O-H group stretching vibrations. The two
absorption peaks at about 1020 cmí1 and 1049 cmí1
are assigned to the C–O stretching vibrations.
This C=O group found in GO would facilitate
the attachment of biomolecule.

It was found that GO nanoparticles consists of
randomly aggregated and crumpled thin sheets
which also observed with wrinkles and folds on the
surface of GO nanoparticles. This result confirmed
that two-dimensional nanosheets of GO can be
produced from exfoliation of suspended graphite
oxide.
Graphite plates are coated with GO nanoparticles
and two experiments are conducted with E-Coil
(MFC 5) and shewannellaPutrificians (MFC 6) as
microbes to analyze .Temperature maintained at 35
0C. Experiments are conducted for 15 days ,
maximum power density achieved was 29.04
mW/m2 and efficiency increased to 67% for MFC.
COD and BOD also reduced considerably. It shows
shewannellaPutrificians forms biofilm better than ECoil at the electrode.
Organic content in the feed is one of the important
factors to improve the power density, Khan river
wastewater is changed to Dairy waste water to test
the reults.Three experiments are conducted with
Dairy wastewater as substrate , Graphite with GO
particles coating ,E-Coil as microbe (MFC 7), with
same electrode and
shewannellaPutrificians
microbes (MFC 8) and the last one copper plate
electrode (MFC 9) with same operating conditions.
It was very evident that MFC 8 was giving good
results from the day one . The maximum power
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density achieved was on day 7 itself i.e 35.69
mW/m2 and efficiency of 81%, it is maintained till 3
days and started reducing.COD is reduced up to 8085%.
In all operating experiment, the MFCs were able to
achieve high biological oxygen demand (BOD) and
chemical oxygen demand (COD) reduction up to
85% and 80% with dairy wastewater and domestic
wastewater respectively. In both the cases
Shewanellaputrfaciens are used as electron carriers
for the transfer of electrons from bio film to
electrodes. Comparison of power density and
efficiency results for MFC 4, MFC 6 and, MFC 8
are shown in the figure 4 and 5 respectively.
MFC
with
dairy
wastewater
substrate,
shewannellaputrificiansmicrobes ,grahite plate with
graphene oxide nanoparticles at 350C has showed
that voltage production is good but power density
can be increased by increasing the current
production, so it can be achieved by stacking the
more no of MFCs in series.
CONCLUSION
MFC is a novel and promising technology to
overcome the problems of wastewater treatment and
bioelectricity production. Power density can be
improved by surface area and with carbon based
electrodes. Commercialization needs more research
on cost effective materials with stacked MFC
designs.Some companies (mfc tech, Opencel) have
emerged to use MFC technology for fuel and other
potential applications including remote power,
bioremediation and biosensors proving that this
technology could have greater impact in
development of clean energy within a few years.
MFCs can be considered seriously in developing
countries where wastewater treatment is only on
paper not in use because of the high cost involved
where industries and municipal corporations can
earn money by generating electricity while treating
wastewater.

REFERENCES
[1] Choi S. 2015. “Microscale microbial fuel cells:
advances
and
challenges”.
Biosens.
Bioelectron., 69:8–25.
[2] Papaharalabos G, Greenman J, Melhuish C,
Ieropoulos I. 2015. “A novel small scale
microbial fuel cell design for increased
electricity generation and waste water
treatment”. Int. J. Hydrogen Energy, 40:42634268.
[3] Singh R, Krishna BB, Kumar J, Bhaskar T.
2016. “Opportunities for utilization of
nonconventional energy sources for biomass
pretreatment”. Bioresour. Technol., 199 :398–
407.
[4] Wu S, Li H, Zhou X, Liang P, Zhang X, Jiang
Y, Huang X. 2016. “A novel pilot-scale stacked
microbial fuel cell for efficient electricity
generation and wastewater treatment”. Water
Res., 98:396-403.
[5] Hidalgo H, Tommasi T, Velayutham K, Ruggeri
B. 2016. “Long term testing of microbial fuel
cells Comparison of different anode materials”.
Bioresour. Technol., 219: 37–44.
[6] Bullen RA, Arnot TC, Lakemanc JB, Walsh FC.
2006. “Biofuel cells and their development”.
Biosens. Bioelectron., 21:2015–2045.
[7] Potter
MC.
1912.
“Electrical
effects
accompanying the decomposition of organic
compounds”. Proc. R. Soc. London Ser. B., 84:
260-276.
[8] Canfield JH, Goldner BH, Lutwack R. 1963.
“NASA technical report”. Magna Corporation
Anaheim CA, 63-69.
[9] Lewis
K.
1966,
“Symposium
on
bioelectrochemistry of microorganisms”. IV
biochemical fuel cells. Bacteriol. Rev., 30:101113.
[10] Habermann W, Pommer EH. 1991. “Biological
fuel cells with sulphide storage capacity”.
Applied Microbiol. Biot., 35:128–133
[11] Allen RM, Bennetto HP. 1993. “Microbial fuelcells:
electricity
production
from
80

Published by: The Mattingley Publishing Co., Inc.

July – August 2020
ISSN: 0193-4120 Page No. 77 - 83

carbohydrates”. Appl. Biochem. Biotechnol.,
39/40 : 27–40.
[12] Mathuriya A, Sharma VN. 2009. “Bioelectricity
production from various wastewaters through
microbial fuel cell technology”. J. Biochem.
Tech., 2 :133-137.
[13] A, Gratzel M. 1995. “Light-induced redox
reaction in nanocrystalline system”. Chem.
Rev., 95 :49-65.
[14] Murray CB, Kagan CR, Bawendi MG. 2000.
“Synthesis
and
characterization
of
monodisperse nanocrystals and close-packed
nanocrystal assemblies”. Annu. Rev. Mater.
Sci., 30: 545-610
[15] Mackerle
J.
2005.
“Nanomaterials,
nanomechanics and finite element: a
bibiliography
(19942004)
modelling
simulation”. Mater. Sci. Eng., 13:123-158.
[16] Li L, Scott K, Yu EH. 2013. “A direct glucose
alkaline fuel cell using MnO2-carbon
nanocomposite supported gold catalyst for
anode glucose oxidation”. J. Power Sources,
221:1-5.
[17] Pumera M, Sanchez S, Ichinose I, Tang J. 2007.
“Electrochemical nano biosensor”. Sens.
Actuators B Chem., 123 :1195-1205.
[18] Kalathil S, Nguyen VH, Shim J-J, Khan MM,
Lee J, Cho MH. 2013. “Enhanced performance
of a microbial fuel cell using CNT/MnO2
nanocomposite as a bioanode material”. J.
Nanosci. Nanotechnol., 13:7712-7716.
[19] Park IH, Christy M, Kim P, Nahm KS. 2014.
“Enhanced electrical contact of microbes using
Fe3O4/CNT nanocomposite anode in mediatorless microbial fuel cell”. Biosens. Bioelectron.,
58 :75-80.
[20] Mehdinia A, Ziaei E, Jabbari A. 2014. “Multiwalled carbon nanotube/SnO2 nanocomposite: a

novel anodematerial for microbial fuel cells”.
Electrochim. Acta, 130 : 512-518.
[21] Zhang C, Liang P, Jiang Y, Huang X. 2015.
“Enhanced power generation of microbial fuel
cell using manganese dioxide-coated anode in
flow-through mode”. J. Power Sources, 273 :
580-583.
[22] Logan, B. E., Hamelers, B., Rozendal, R.,
Schröder, U., Keller, J., Freguia, S., Aelterman,
P., Verstraete, W. and Rabaey, K. 2006.
“Microbial fuel cells: Methodology and
technology./ Environmental Science and
Technology”, 40(17), 5181-5192.
[23] FengyingMa ,Yankai Yin, and Min Li,
Hindawi. 2019. “Start-Up Process Modelling of
Sediment Microbial Fuel Cells Based on Data
Driven Mathematical Problems in Engineering”.
Volume 2019, doi.org/10.1155/2019/7403732
[24] Wenfang Cai, Keaton Larson Lesnik, Mathew J.
Wade Elizabeth S, Heidrich YunhaiWanga,
Hong Liub. 2019, “Incorporating microbial
community data with machine learning
techniques to predict feed substrates in
microbial fuel cells” , Bio sensors and Bio
electronics, 144: 64-71
[25] Paulchamy, ArthiandLignesh. 2015.
“ A
Simple Approach to Stepwise Synthesis of
Graphene Oxide Nanomaterial”, Journal of
Nanomedice& Nanotechnology 6(1).

81
Published by: The Mattingley Publishing Co., Inc.

July – August 2020
ISSN: 0193-4120 Page No. 77 - 83

Table 1. MFCs with different configurations including electrode material, design, temperature and in
feed substrate

MFC No

Feed

Electrode
Material

Bacteria
Used

Temperature
(0C)

Electrode Design

MFC 1

Domestic
wastewater

Copper

E-Coil

23

Rod

MFC 2

Domestic
wastewater

Graphite

E-Coil

23

Rod

MFC 3

Domestic
wastewater

Iron

E-Coil

23

Rod

MFC 4

Domestic
wastewater

Graphite

Shewanellap
utrefaciens

35

Plate

MFC 5

Domestic
wastewater

Graphite
with
graphene
Oxide coat

E-Coil

35

Plate

MFC 6

Domestic
wastewater

Graphite
with
graphene
Oxide coat

Shewanellap
utrefaciens

35

Plate

MFC 7

Dairy
wastewater

Graphite
with
graphene
Oxide coat

E-Coil

35

Plate

MFC 8

Dairy
wastewater

Graphite
with
graphene
Oxide coat

Shewanellap
utrefaciens

35

Plate

MFC 9

Dairy
wastewater

Copper

Shewanellap
utrefaciens

35

Plate

82
Published by: The Mattingley Publishing Co., Inc.

July – August 2020
ISSN: 0193-4120 Page No. 77 - 83

Figure 4. Maximum Power density of 35.69 mW/m2 for MFC 8 on day 8 when comparing to MFC 6
and MFC 4

Figure 5. Maximum efficiency of 80% for MFC 8 on day 8 when comparing to MFC 6 and MFC 4
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