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Abstract

The world’s energy consumption has increased
enormously due to increase in energy demand,
therefore research is focused on alternate eco-friendly
energy sources. Microbial fuel cell (MFC) is a bio-
electrochemical device that transposes the chemical
energy present in organic and inorganic compounds
into electricity by using microorganism as biocatalysts.
The major classification of MFC is based on
design/construction such as single chambered, double
chambered, up flow and stacked cell; parameters affect
the function of a cell such as substrate mediator,
inoculum, membrane and electrode design,
microorganisms in aqueous medium and as biofilm at
electrode.

The applications of MFCs are bioelectric and bio-
hydrogen generation, industrial effluent/wastewater
treatment, bioremediation of toxic compounds and
biosensors. The major advantage of MFC is generation
of electricity at low temperature which significantly
helps to reduce the pollution for creating clean
environment. The major obstacles are microorganism
culture, high cost of electro catalyst and membrane.
This review elaborately discusses on selection criteria
to choose right kind of MFC for specific application.
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Introduction

In this world, contribution of machines to work is major key
for the day to day progress of activities. The machines
require adequate amount of energy. In recent years, the
utilization of energy drastically increased; the increased
utilization of energy has led to a tremendous decrease in the
availability of non-renewable sources of energy, which are
now being used for energy generation.

Hence, in this energy dependent era, researchers are looking
for an alternate energy which is nonpolluting and eco-
friendly. According to researchers and scientists, we may
soon find ourselves using fuel cells to generate electrical
power. A fuel cell is a device which converts chemical
energy to electrical energy>. In a typical fuel cell, hydrogen
acts as fuel and oxygen/air acts as an oxidant to generate
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electricity through an electrochemical process. The fuel
cells are classified into different types based on the ion
transfer as follows: (i) Proton exchange membrane fuel cell
(ii) Anion exchange membrane fuel cell and (iii) Solid oxide
fuel cell. A special type of fuel cell that uses the microbes to
generate electricity by treating the different industrial
waste/effluent is called a bioelectrochemical or microbial
fuel cell.

The microbe takes in the organic compounds present in
industrial waste/effluent and releases electron. Microbial
fuel cell (MFC) is capable of operating at low temperature.
Typical microbial fuel cells are mainly compressed of
anode/negative terminal and cathode/positive terminal,
proton exchange membrane and external circuit. The
electrons are released through the oxidation process at anode
and travel to cathode via external circuit®”’.

The proton exchange membrane has been used to permeate
the protons and reaches the cathode electrode where the
reduction reaction occurs with the electrons from the outer
circuit®!L, The aspiration of this review is to study the types
of microbial fuel cells, their applications and limitations.

Additionally, various microbes used in fuel cell and their
culture techniques are also studied. The advantages of MFC
are generation of energy out of bio waste /organic matter,
direct conversion of substrate energy to electricity, emission
of gas treatment, aeration, bioremediation of toxic
compounds and the disadvantages of MFC are high initial
cost, activation losses, ohmic losses and bacterial metabolic
losses. The overall review gives us an idea to choose the type
of fuel cells for specific application with right kind of
microbes.

Principle of microbial fuel cells: Microbial Fuel Cells
(MFCs) are electrochemical devices that could be utilized
for bacteria as a biocatalyst to oxidize fuels and generate
electricity by direct or indirect methods, through a mediator.
The mediator is used for transferring electrons to the
electrode®.

The electrons produced are transferred from the anode /
negative terminal to the cathode / positive terminal
connected to conductive material containing a resistor load.
The anode holds bacteria and the organic compounds in an
anaerobic environment. The cathode holds the conductive
salt water solution in a double chambered type MFC or air
in the case of single chambered MFC.
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Not all bacteria are capable of producing electrons directly.
So in order to alter the bacteria nature to produce electrons,
the artificial chemical mediators are used such as neutral red
or anthraquinone-2, 6-disulfonate added to the system to
produce electricity®3. The bacteria grow in the anode by
oxidizing matter and release electrons as they break down
substrate molecules. Bacteria that require some special type
of bio-films are called as exoelectrogens'“.

Anodic 1)
reaction: ~ CHiCOOH+2H,0 ———2C0, +8H" + 8¢

Ca'[hOdIC SH' + 8¢ + 202 N 4H20 (2)
reaction:

Overall CH,;COOH + 20, ——» 2H,0 +2CO, 3)
reaction:

Materials of construction: The basic and main
components of MFC are anode, cathode, proton exchange
membrane, substrate and electrode.

e Proton Exchange Membrane — widely used Nafion has
the least resistance.

e Substrate — any organic matter is used as source of
energy for microorganisms e.g. wastewater.

Bacteria — exoelectrogens, mostly suited for MFC
application.

Anode: In general, fuels used at anode are industrial
effluents/wastes which contain acetate, cellulose, glucose,
starch, anibiotics and chitin. Microorganisms used are
Esherichia coli K12, Candida melibiosica, cellulose
degrading bacteria helping in reakdown/disintegrate/
degrade the fuel to remove the pollutant/ harmful/heavy
metal present’®. A good anodic material must have high
conductivity, surface area, porosity, thermal and
electrochemical stability and should be biocompatible in the
reactor solution. The metal anodes are made of noncorrosive
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material but copper is not appropriate in view of toxicity.
Generally, carbon is used as electrode material which is
available in different form such as graphite plates, rods or as
granules and as glassy carbon?6-18,

To maintain high surface area, compact materials like
reticulated vitreous carbon are used which are available with
many pore sizes or by layers of carbon granules or beds. The
high porosity will prevent the clogging. To increase
performance of the cathode, neutral red is used as a mediator
at anode, electro catalytic materials like Pt are used to direct
the oxidation of microbial metabolism?%2L,

Decrease in electrode spacing increases the power density??
which has been achieved using reticulated vitreous carbon in
an up-flow type MFC or in a granular anode reactor with
ferricyanide cathodes. Flow through an anode has also been
used in reactors using exogenous mediators. The produced
proton at the anode chamber travels towards cathode through
proton exchange membrane. The generated electron at the
anode is passed to the cathode via external circuit.

Cathode: The cathode chamber of electrode is subjected to
catholyte of an oxidizing agent in solution. The oxidizing
agent is reduced as it receives electron and proton from
anode through external circuit and membrane

H ———

+ -
2H™ + 2e (4)

O, +4H" + 4¢ 2H,0 ()

The concentration, proton availability, electrode structure all
may have an effect on the performance of cathode. The
suitable catalyst can lower the activation energy and enhance
the rate of the reaction?*?%. The oxygen acts as an electron
acceptor at the cathode owing to the accessibility, intense
oxidation potential and producing non-poisonous product®.
Some of the commonly used cathode materials are discussed
in table 2.

" “\" “/”‘v"
Glucose
\ " 0 |

Membrane

H,

| L

Cathode

Figure 1: Schematic representation of MFC



Research Journal of Biotechnology

Vol. 16 (5) May (2021)
Res. J. Biotech

Table 1
Reaction mechanism at anode and cathode electrode
Reaction Ey(v) Conditions Ewmrc (V)
Anode | 2HCO, +9H'+8¢ —— CH,COO +4H,0 | 0.187 HCO;" =5 mM -0.296
CH;COO™ =5mM pH:7
Cathode 0, +4H" +4¢ —» 2H,0 1.229 pO,=0.2 pH=7 0.805
Oy + 4H" + 4 ——» 2H)0 1.229 PO=02 14 0.627
0, + 2H" + 2¢" H,0, 0.695 pO, = 0.2 H,0, = 5mM pH=7 0.328
MnO,(s) + 4H* +4e" ——— Mn>" + 2H,0 1.23 Mn?* = 5mM pH=7 0.470
Table 2
Material of construction of components for MFC1-%
Components Materials
Anode Graphite, graphite felt, carbon paper, carbon-cloth, pt, pt black,Reticulated Vitreous Carbon
(RVC)
Cathode Graphite, Graphite-felt, carbon paper, carbon-cloth,pt, pt black, RVC

Anodic chamber

Glass polycarbonate, Plexiglass

Cathodic chamber

Glass polycarbonate, Plexiglass

Proton Exchange

Membrane or solely electrolyte

Naflon, Ultrex, Polyethylenepoly (styrene-co-divinylbenzene); salt bridge, porcelain septum

Electrocatalyst

Pt, Pt black, MnO,, Fe*, polyaniline, electron mediator immobilized on anode

For an anaerobic condition the anodes are affected by K5 [Fe
(CN)g], which get through with the anode chamber proton
exchange membrane. The advantage of Ferricyanide is
through potential on carbon electrode?®2°. Most frequently
used catalyst platinum is engaging the cathodic reaction but
due to its poisoning sensitivity the platinum is not suitable
as a catalyst in MFCs®,

To amplify the performance of the Microbial Fuel Cell,
alternative oxidants are used i.e. an artificial electron as
redox mediators, in a cathode chamber such a potassium
permanganate®?33, Moreover potassium permanganate
shows a lower concentration as an oxidizing agent and has a
vast potential to increase the power and voltage in MFC34,
The possible cathodic reactions are conferred in table 1 with
different pH. Since anode is enhancing the surface area
material for example by using graphite material, the
efficiency of the cathode is increased in power generation
meanwhile decreases the expenses.

Electrolyte/ion transfer membrane: The produced proton
is transferred from anode to cathode chamber through a
permeable membrane called proton exchange membrane.
Membrane acts as a separator between anode and cathode
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which prevents short circuit*®. These separators are generally
made of ultrafiltration by typical ion exchange membrane.
The membrane matrix is made of two types the cation
exchange membrane and anion exchange membrane [49-511,
In few cases the MFCs are naturally separated as in sediment
MFC and are completed by burying anode in anaerobic mud.
Generally used cation exchange membrane is nafion and
readily available, an alternate to conventional nafion is
Ultrex.

Besides the advantages of a separator, they may also be
unfavorable to the reaction®2. In addition to increasing and
reducing pH in the cathode and anode chamber respectively
and they decrease the stability of the system®-8, To
overcome these types of problems, different separators are
established such as salt bridges, bipolar membrane, glass
fibers, microfiltration membrane, porous fabrics and other
pour filters®®-65,

Voltage generation in MFC: The overall reaction is
thermodynamically favorable. The reaction can be
investigated in terms of Gibbs free energy and used to
calculate the maximum amount of work that can be derived
from a reaction®® as follows:
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AG, = AG? + RTIn() (6)
where AG; (J) is the Gibbs free energy, AG,° (J) is the Gibbs
free energy at standard temperature (298.15 K), pressure (1
bar), for 1 M concentration of all species, R (8.31447 J mol-
K1) is universal gas constant, T (K) is the absolute
temperature and IT is the reaction quotient calculated by the
ratio of the activities of the products and activities of the
reactants.

The standard reaction Gibbs free energy is calculated from
energy of formation of products in water®-%". it would be
most convenient to estimate the reaction in terms of the
overall cell electromotive force (emf) Eems is defined as the
potential difference between the cathode and anode in Volt.
This is related to work W is measured in Joules, produced by
the cell, or

W= Eeme = —AG, )
where Q = nF is the charge transferred during the reaction
expressed in Coulomb (C), which is determined by the
number of electrons exchanged in the reaction, n is the
number of electrons per reaction mol and F is Faraday’s
constant (9.64853 x 10* C/mol).

Combining two equations (6) and (7)

Eems = —AG, /nF ®)

If all reactions are evaluated at standard conditions, II, then

Edns = —AGP /nF 9
Therefore, use the above equations to express the overall
reaction in terms of the potentials as:
Eemg = Egpy — RT /nFIn(N) (10)
For the reaction to occur spontaneously, the Eems value
should be positive and directly produce emf for the reaction.
This calculated emf provides an upper limit for the cell
voltage. The actual potential derived from the MFC will be

lower due to various polarization losses occurring during the
operation.

The reactions taking place in the MFC can be studied with
respect to the half-cell reaction at anode and cathode®. For
example, if acetate is oxidized by bacteria at the anode, then
reaction can be written as:

2HCO; + 9H* + 8¢« ——— CH;COO" + 4H,0

11)
The standard potentials are reported relative to the Normal
Hydrogen Electrode (NHE) and have a potential of zero at
standard conditions {(298 K, pH=2), 1 bar, [H*] 1M}. To
obtain the theoretical anode potential, under specific
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conditions, using (10) with the activities of different species
assumed to be equal to their concentrations, we therefore
have

[CH3C00]
([HCO3]2[H+]9) (12)
For the theoretical cathode potential, consider the case where
oxygen is used as the electron acceptor for the reaction, then:

0, +4H" +4¢ ——» 2H,0 (13)
RT 1
Ecqr = nr? = Egat F In (pOz[H+]4) (14)

The voltage variation occurs in the cell majorly due to the
change in the catholytes. Instead of oxygen catholyte, one
can use manganese oxide and ferricyanide as an alternative
which leads to change in pH of catholyte. The overall
cathode potential is affected due to pH of the cathode
solution. The overall cathode potential can be calculated
using (14) and standard tabulated potentials are available for
inorganic compounds for several different conditions®, the
theoretical cathode potential for these different catholytes
ranges from 0.361 to 0.805 V. The cell electromotive force
is calculated as:
Eemf = Ecat — Ean (15)
where the negative sign is a result of the anode potential as
reduction reaction, even though oxidation reaction is taking
place in a cell and pH at anode and cathode are equal.
Different levels of power output are received while using the
same anode in a system with different conditions. The power
produced by an MFC based on selection of cathode depends
on the choice of cathode and this should be taken into
account when comparing power densities achieved by
different MFCs.

Open Circuit Voltage (OCV) - The cell emf may be a
thermodynamic value that does not consider the internal
losses of cell during operation. The Open Circuit Voltage
(OCV) is the cell voltage that is measured by considering
internal losses during the cell operation. Theoretically, the
OCV approaches the cell emf but practically, OCV is
substantially less than the cell emf due to various potential
losses. This loss is usually mentioned as over potential or the
difference between equilibrium potential and actual
potential.

Types of MFCs

Single Compartment MFC: In single chambered MFC,
anode compartment is present and the cathode is exposed to
the atmosphere. Oxygen supply to the cathode chamber is
not necessary since it is directly exposed to air. Since the
design is simple, scale up process is viable. Additionally,
operating in batch as well as continuous mode is easy and
cost effective in terms of design®”8. The nonconductive
polycarbonate plate is used to construct the cell with the
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dimensions of 15cm x 15 cm x 3 ¢cm (L x B x H). The
serpentine path is created for wastewater retention with the
total surface area of about 55 cm? and volume of about 22
cm3. The plates are sealed using screw and bolt system.
Porous carbon paper and carbon cloth impregnated with
platinum catalyst of dimension 10 cm x 10 cm are used as
anode and cathode electrode respectively. Nafion membrane
is used to transfer the protons form anode to cathode and
copper wire is used to complete the electrical circuit by
connecting both the electrodes®.

Two compartment MFC: Anode and cathode compartment
are separated by the membrane which is used to transfer the
ion from one end of the electrode to the other side. The
schematic representation of the double chambered MFC is
shown in figure 1. In anode chamber microbes and media are
present along with electrode. At cathode fresh water and
oxygen supply are maintained with corresponding electrode.
Anaerobic condition is obtained by the supply of nitrogen at
the anode compartment. H type cell is the basic model of two
chambered cell’®. It can be constructed using two
borosilicate glass bottles. The glass bridge between two
chamber is made by clamp system and separated by proton
exchange membrane.

Usually Nafion membrane is used. The carbon paper of
dimension 2.5 X 4.5 cm is used as anode and cathode. But
the cathode was impregnated with platinum catalyst (0.35
mg/cm?). The lake sediment is used as the inoculum. The
microorganisms are grown in mineral salts medium (MSM)
and stored in 4 °C for further use. The maximum power
density obtained is 19mW/m? which increased to 39mwWm?
by increasing the concentration of cysteine (0.77g/L)"*.

Up- flow MFC: Up-flow MFCs are used for the waste water
treatment where the wastewater is pumped into the system
from the bottom and the effluent flows out from the top of
the system in a continuous mode’2. A typical up-flow MFC
works without a proton exchange membrane. The MFCs are
tubular in shape with a total height of 100 cm and diameter
10 cm and made with polyacrylic plastic. Graphite felt (196
g) anode material (53.3 g) was used as the cathode. In
between anode and cathode series of layers of glass beads
and glass wool are used and the sample ports are situated
throughout the length of the reactor. The total area of the
anode is 465 cm? and cathode is 89 cm?.

The fuel (artificial wastewater containing glucose and
glutamate) is supplied at the rate of 0.28 mL.min"* from the
bottom of the reactor and the effluent is taken out from the
top. The aerators are used to aerate the cathode layer and
platinum wire (resistance 10 Q) is connected with the
electrodes to an external circuit. The main advantages of this
design are the absence of proton exchange membrane and
the continuous mode of operation which reduces the cost.

The main disadvantage of this method is the substantial
energy utilized to pump the wastewater in comparison to the
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energy generated. Hence, it is possible to use treat
wastewater where electricity generation is not a first
priority”2.

Stacked MFC: The stacked MFCs are combined either in
series or parallel connection to obtain high power density.
Stacked MFCs are designed as six individual continuous
MFC connected together. Graphite granules are used as
anode and cathode which provide maximum surface area for
microbes to transfer electrons. The volume of one MFC is
60 mL and the overall volume is 360 mL. The proton
exchange membrane is Ultrex CMI7000 utilized to sepérate
the anode and cathode. It is observed that the performance
of parallel MFC is better than series connection due to higher
efficiency and chemical oxygen demand removal’.

Parchment paper is used for fabricating the MFC and acts as
an H* ion transfer membrane which is cheap, chemical free
and disposable. The graphite particles are deposited on the
paper using four different strokes of pencils which act as an
electrode. The crayon is added to the corners to make it
hydrophobic. The microbes are added to the anode chamber
along with few microliters of media. The air cathode is used
where electrons are accepted byO,. The microorganism used
is Shewanellaoneidensis. The maximum voltage and current
generated were found to be 300 mV and 11 pA
respectively’.

Biocathodes: Biocathodes are advantageous over abiotic
cathodes for several reasons. Preliminary the construction
and operation cost of MFCs may be lowered. Metal catalysts
or artificial electron mediators could be made superfluous in
MFCs with biocathodes due to catalytic function of
microorganism.

Furthermore, the microorganisms such as algae produce
oxygen through photosynthetic reactions with specified
conditions and excluding the cost for an external oxygen
supply. Secondary, biocathodes should be able to improve
MFC sustainability, since sulphur poisoning with the
platinum or consumption and restore of electron mediator
will be removed. Tertiary biocathodes can be used to
produce valuable products or eliminate unwanted
compounds in the microbial metabolism.

Effect of mediator in MFC: In MFC, anolyte/catholyte
microorganism forms a biofilm which contains both
exoelectrogenic bacteria and non-exoelectrogenic bacteria.
Exoelectrogenic bacteria have a potential of transferring
electrons from cell surface to the electrode surface. Non
exoelectrogenic bacteria can be used mediator for transfer of
the electrons.

A mediator is a substance used to transfer the electrons form
cell to the electrode surface. The substance ediators are listed
in the table 4 which can be added externally or produced by
the microbe itself. The list of microbes and the
corresponding microbe are given in the table 4.76-78
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Factors affecting MFC performance: There are several
factors that affect the performance of MFCs as shown in
figure 283 The metabolism of the microbes is the main
parameter in determining cell potential.  Either
microorganisms or enzymes might be utilized in MFCs.
Enhancing the efficiency and commonly used microbes in
industries are Saccharomyces species and Escherichia coli.
These microorganisms allow multiple enzymes and
substrate. The MFCs can be inoculated by mixed cultures of
bacteria which are very advantageous for waste water
treatment. The substrate concentration is another factor
which  must be considered. Increase in substrate
concentration increases the power output from 0.2-
1.2Wm™3. The effect of microbes for sodium acetate as a
substrate has been listed in table 3.

Vol. 16 (5) May (2021)
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The high pH in the cathode chamber can substantially reduce
the current generation because potential of the oxygen
reduction increases with a decrease in pH. Therefore, the low
operational pH is advantageous for the oxygen reduction and
subsequently to achieve higher current. Bacteria need neutral
pH for their optimum growth and count for the variation in
internal and external pH by regulating their activities.

The bacterial activity decreases with the lower pH in the
analyte and also affects the biofilm formation and current
generation. However, the pH ranging from 6 to 9 is
appropriate  for microbial growth and achieving
comparatively higher power. The air-cathode can be
operated with an anolyte of pH range between 8 and 10.

Table 3
Effect of microbes used for sodium acetate as substratel517-19
Cathode Anode Substrate Microbes at anode OCV | Power density
(mV) (mMWm?)
RGO-AcOH Carbon Sodium acetate Esherichia coli K12 727 1683
brush/ammonia
N/RGO Carbon felt Sodium acetate Candida melibiosica 160 1150
GO/MgO Carbon felt Sodium acetate Cellulose derading 568 755
bacteria
rGO/Sn0O; Carbon felt Sodium acetate Escherichia coli ~500 80
NG-MFCs Carbon fiber Sodium acetate | Preacclimated bacteria 555 1350+15
brush from an active MFC -
Table 4
Mediator needed for microbes to generate electricity through MFCs!518:33.72
Microbe Mediator
Proteus mirabilis Thionine

Erwiniadissolven

Ferric chelate complex

Lactobacillus plantarum

Ferric chelate complex

Streptococcus lactis

Ferric chelate complex

Desulfovibriodesulfuricans

Sulphate/sulphide

Actinobacillussuccinogenes

Neutral red or thionine

Gluconobacteroxydans

HNQ, resazurin or thionine

Escherichia coli

Methylene blue

Pseudomonas aeruginosa

Pyocyanin and phenazine-1-
carboxamideas

Klebsiella pneumonia

HNQ

Shewanellaoneidensis

Anthraquinone-2,6-disulfonate(AQDS)
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Figure 2: Factors affecting the performance of MFC

Temperature is important factor that affects the kinetics of
the whole system, large deviation in the temperature during
the operation may affect its performance. It mainly affects
the  microbial metabolism, mass transfer and
thermodynamics. A study found that the temperature ranges
between 30 to 45°C are more beneficial for the operation of
MFC:s to obtain higher power because the bacterial biofilms
showed maximum catalytic activity between the mentioned
temperature range above which the microorganism starts to
decay.

Applications of MFC

Hydrogen production: MFC can be used for hydrogen
production apart from current generation. In conventional
method, the anode and cathode (two chambers) are
bifurcated by proton exchange membrane and proton passes
through this membrane whereas electrons pass through the
external circuit. The proton combines with oxygen and
electron in cathode chamber to form water. If the cathode
chamber is maintained in an anaerobic condition and a small
amount of external potential (to break thermodynamic
barrier) is provided, a thermodynamically reaction takes
place in the cathode chamber.

The protons (H*) combine with electrons (e~) to form
hydrogen molecules (H,). Theoretically, only 110 mV is
required to break the thermodynamic barrier whereas
practically about 1210 mV is required to split the water
molecules (electrolysis). Approximately about 8 to 9 mol of
H, are generated from 1 mol of glucose which is 2 times
greater than conventional fermentation methods where about
4 mol of H, are generated for each mol of glucose™.

Methane production: MFC technology using methanogen
bacteria could be possible to generate methane other than
hydrogen and electricity generation. The design contains two
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compartments (anode and cathode) split by Proton Exchange
Membrane which is quite similar to those used for hydrogen
and electricity generation but the mode of operation varies.
A small power is supplied for splitting of water in anode
compartment under anaerobic condition without microbes.
The cathode compartment is supplied with Co, and the
protons produced near the anode pass through Proton
Exchange Membrane, react with carbon dioxide to form CH4
and H,0. The methane produced is pure and can be utilized
directly®08L,

Biosensors - MFCs are commonly used as biosensors to
detect the level of pollutants in the environment. The
correlation between wastewater strength and coulombic
yield is utilized to sense biological oxygen demand®, the
current increases linearly with increase in Biological
Oxygen Demand. Biological Oxygen Demand sensors are
more reliable when compared to other Biological Oxygen
Demand sensors because of their stability and accuracy.
MFCs Biological Oxygen Demand biosensors have more
lifespan without maintenance when compared to other
Sensors.

Wastewater treatment: Treating wastewater is a major
problem today which has to be solved in a cost-effective
manner®, Wastewater could be from any source such as
municipal, domestic, industrial, medical and agricultural
wastewater. Out of these, it is found that the municipal
wastewater is very difficult to treat because of its most
diversified composition.

Apart from being treated, wastewater can also be used as an
energy source for generating electricity. It is also found that
this leads to the generation of less solid waste (50 — 90%
less) by converting acetate, butyrate and propionate etc. into
Co, and H2O before disposal and this has been widely
discussed in table 5.
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Table 5
Effect of MFC’s for various treatments!94160,6367.68.708082
Power
. . density at
Substrate Source Anode Cathode Microorganism 600 MV
mWm ™2
Acetate Food industry Graphite Copper, Zn Bascilliussphaericus -
Glucose Biogas Carbon Aluminum foil Methanobacterium 2160 +/- 1
(Monosaccharide) production cloth/graphite
cloth
Lignocellulosic Paper Zn, KOH Li, Al, Ca, Fe, Mg Pseudoanabaena and 4.9 +/-0.01
(polysaccharide) recycling chroococcus
Starch Air cathode Graphite rods & Carbon or graphite Yeast- 0.528
and beer bushes, carbon Saccharomcescerevisia
industry cloth & paper e
Glucose Swine waste Nitrogen gas KMnO, Aspergillusniger 261
water
treatment
Protein Meat industry | Zinc or Lithium Aluminum foil Lactobacillus 80 +/-1
Anaerobic granule Municipal Carbon cloth Ni-Co Bascillus 116
(sludge) wastewater
Cellulose Paper industry Zinc Lithium Pseudoanabaena and 20
chroococcus
Dye Effluent of CITiO, Carbon Penicilliumoxalicum- -
textile industry (red)
Glucose Ethanol Co/Fe/N/CN Carbon paper Saccharomyces 751
production cervisiae
Glucose Sugar rGO/Pt/Co Carbon Escherichia coli 1378
cloth/acid/heat
Conclusion power source but one of the main draw backs of the MFCs

This review elaborately discussed about different types of
MFCs, their applications and limitations. The importance of
thermodynamics on MFC was explained since the microbial
reactions are significantly affected by various conditions
such as pH and mediator due to which the reactions taking
place at anode and cathode differ for the same process. The
effects of microbe and mediator on different substrate were
studied. Many Microbial Fuel Cells are designed
alternatively to maintain the consistency of energy
generation and to reduce the cost of proton exchange
membrane.

The MFCs provide a potential to sensor remote to trace
which is unable to be achieved by batteries. It is a great task
to enhance the efficiency of the MFC in terms of power
density which is low when compared to conventional power
sources. In future it is expected to increase the power
density, efficiency and output power, so it can be used as a
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is insufficient input power. It is evident that bio cathodes are
a best choice for the replacement of metals and composites.
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