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1. INTRODUCTION

Fossil fuels (coal, petrol, and natural gas) contribute more than 80% 
of the world total energy. Excessive consumption and overdependence 
on fossil fuels have made them to deplete completely in near coming 
future and also negatively influence the nature owing to the emission of 
greenhouse gases as well as severely imperilled human life through its 
drastic aftermaths such as global warming and atmospheric pollution. 
Currently, petroleum fuels are facing the challenges of unreliability 
due to global price fluctuations, and stringent environmental 
regulations have also been set to reduce the contribution of fossil 
fuels to emission of the greenhouse gases in the process of addressing 
climate change [1].

Hence, to find a piece of cogent solution for the challenges caused by 
fossil fuels, one of the clean, reliable, and efficient latterly proposed 
alternative energy sources is fuel cell (FC) [1]. An FC is a device that 
converts chemical energy from fuel into electricity by the action of 
catalyst. Microbial fuel cell (MFC) generates electricity from organic 
substrate using microorganism as a catalyst. Hence, the FCs are also 
referred as an alternative renewable energy source. In actual fact, 
FC is of plethora advantages over other kinds of energy sources, for 
example, no greenhouse gas emissions except CO2, higher energy 
conversion efficiency, no existence of mobile parts, as a result, lack 
of sonic pollution, and so forth. In contrast, high cost and high mass 
generation are the only disadvantages of these new energy sources.

2. MFC

An MFC is a device that converts chemical energy from the organic 
substrate into electrical energy by the action of microorganisms. 
Hence, MFC is also called as biological FC, and the electricity which 
is generated is called as bioelectricity. These cells are constructed 
using an anode and cathode. Most MFCs contain a membrane to 
separate the compartments of the anode (where oxidation takes place) 
and the cathode (where reduction takes place). Hence, the anode acts 
as an electron donor, whereas cathode acts as an electron acceptor. 
The electrons produced during oxidation are transferred directly to an 
electrode or to a redox mediator species. The electron flux is moved 
to the cathode. The charge balance of the system is compensated by 
ionic movement inside the cell, usually across an ionic membrane 
(Figure 1).
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ABSTRACT
With ever-increasing demand in the energy needs along with the growing population, there is a greater thrust for the sustainable 
energy production. Recently, there is a growing interest in microbial fuel cell (MFC) technology across the world for the 
production of bioenergy from biowastes. An MFC is a device that converts chemical energy from the substrate into electrical 
energy by the action of microorganisms. A typical MFC consists of anode and cathode chambers, physically separated by a 
proton-exchange membrane, and substrate. Anode chamber is made completely anaerobic, whereas cathode chamber is made 
aerobic. It uses an active microorganism as a biocatalyst in an anaerobic anode compartment for the production of bioelectricity. 
The energy conversion efficiency in MFC is far better than conventional fossil fuels, which is around 60%. MFCs operate 
well in mild conditions, 20–40°C and also at a pH of 7. Mainly the MFCs can be used to generate bioelectricity, to produce 
biohydrogen, used in wastewater treatment, and also used in biosensors. Recently, the feasibility of using composite metal-
carbon, metal-polymer, polymer-carbon, polymer-polymer, and carbon-carbon materials in MFCs has been investigated. Some 
of the materials such as carbon nanotube (CNT)/polyaniline composite, and polypyrrole-coated CNTs composite for anode play 
a major role in producing maximum power density, maximum current density, and max voltage. This paper mainly deals with 
the recent developments and their interrelated challenges including the use of polymers in MFCs for producing bioelectricity 
from various biowastes.
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3. CONSTRUCTION OF MFC

A typical MFC is made of the following core components such as: (a) 
Anode, (b) cathode, (c) proton-exchange membrane (PEM), and (d) 
substrate. Properties of core components are briefly described below.

3.1. Properties of Anode
Anodic material must be conductive, biocompatible, and chemically 
stable in the substrate. The most versatile material used for the 
construction of anode is carbon, available as compact graphite plates, 
rods, or granules. The carbon material is also available as fibrous 
material (felt, cloth, paper, fiber, and foam) and as glassy carbon. 
So among them, the simplest material for anode construction is 
graphite rods as they are relatively inexpensive and easy to handle and 
have a defined surface area [1]. Effect of different anodes on MFC 
performance is tabulated in Table 1.

3.2. Properties of Cathode
The choice of the cathode material greatly affects the performance of 
MFC. The most popular material used for the construction of cathode 
is ferricyanide. The greatest advantage of ferricyanide is the low 
overpotential and its greatest disadvantage is the insufficient reduction. 
The other alternative material used for cathode construction is carbon, 
available as compact graphite plates, rods, or granules [1]. Effect of 
different cathodes on MFC performances is presented in Table 2.

3.3. Properties of PEM
The PEM must be impermeable to chemicals such as oxygen, 
substrate, and other ions except H2 ions. The most commonly used 
material for the construction of PEM is Nafion [1]. Nafion is a 

sulfonated tetrafluoroethylene copolymer discovered in the late 1960 
by Walther Grot of DuPont de Nemours. It is the first class of synthetic 
polymers with ionic properties which are called ionomers. MFCs are 
typically designed as a two-chamber system with the bacteria in the 
anode chamber separated from the cathode chamber by a polymeric 
PEM [21].

3.4. Properties of Substrate
The substrate is the most significant component is MFC because 
it serves as energy source for microorganisms present in it. It must 
essentially harbor optimum populations of microbial colonies that 
effectively bring about greater movement of electrons in the circuit. It 
must also be flexible and adaptable to changes made in any ancillary 
components added to the substrate to modify the medium, ecosystem 
to favor the growth of specific populations that are found to produce 
better result in the MFC. Wastewater harbors have varied range of 
microorganisms, which include aerobes and anaerobes. Essentially for 
aerobes present in wastewater should have a good chemical oxygen 
demand value because more the oxygen for microbes, then more the 
flow of electrons. Substrates can be broadly classified into three types, 
namely: (a) Non-fermentable substrates such as acetate and butyrate; 
(b) fermentable substrates such as glucose, sucrose, and xylose; and 
(c) complex substrates such as domestic, municipal, and industrial 
wastewater.

4. ROLE OF POLYMER MATERIALS IN MFC

The major drawback in MFCs are low power density and hence to 
overcome the issue, researchers have recently identified new class of 
nano-materials called carbon nano-tubes (CNTs) coated with polymers 
including polypyrrole (PPy) and polyaniline (PANI) which are used as 
anode material.

4.1. CNT
A CNT is a tube-shaped material, made of carbon, having a diameter 
measuring on the nanometer scale. CNTs are unique because the 
bonding between the atoms is very strong, and the tubes can have 
extreme aspect ratios. They have many structures, differing in length, 
thickness, and number of layers. The characteristics of CNT can be 
different depending on graphene sheet has rolled up to form the tube 
causing it to act either metallic or as a semiconductor [22].

4.2. Anode Modification using PPy-coated CNTs
Recently, conducting polymer composites such as PPy-coated CNTs 
have significantly higher electrical conductivity than that of CNTs. 
Its electrical conductivity ranges from 2 to 100 S/cm. Among all the Figure 1: Representative diagram of microbial fuel cell.

Table 1: Effect of different anodes on MFC performances [1].

Anode Bacteria MFC design Max. power density (mW/m2) References
Carbon paper Geobacter spp. (Firmicutes) Two-chamber 40.3±3.9 [2,3]
Graphite Geobacter spp. (Firmicutes) Two-chamber 16 [4]
Carbon paper G. sulfurreducens Two-chamber 48.4±0.3 [2,3]
Carbon paper Gammaproteo and Shewanella affinis Two-chamber 36 [5,6]
Graphite Deltaproteobacterium Two-chamber 14 [7,8]
Non-corroding graphite Desulfuromonas spp. Two-chamber 25.4–26.6 [9,10]
Graphite with Mn4+ Escherichia coli Single chamber 91 [11,12]
Platinum and Polyaniline comodified Escherichia coli Single chamber 6000 [13,14]
Composite electrode (CCN-PPy) Escherichia coli Single chamber 228 [15,16]
MFC: Microbial fuel cell
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conducting polymers studied up to date, PPy can be considered as 
one of the most attractive materials due to its excellent conductivity, 
stability, and biocompatibility even in neutral pH solution [23].

4.3. Anode Modification using PANI-coated CNTs
Recently, conductive polymers have attracted intensive research in 
different electrochemical devices. PANI is an important conducting 
polymer due to its relatively facile processability and environmental 
stability. Conductive PANI used in the MFC not only provides 
a protective function for bacteria but also directly contributes to 
electrocatalysis to give a high current density. On the other hand, 
the lower conductivity and poor electron transfer of PANI limit its 
application in MFCs [24].

5. CONCLUSIONS

The demands of energy in the world continue to accelerate and 
which triggers the global energy crisis and environmental pollution. 
Recently, great attentions have been paid to MFCs due to their mild 
operating conditions and using variety of biodegradable substrates as 
fuel. It has a very significant application in bioelectricity generation 
and also used to produce biohydrogen, used in wastewater treatment, 
and biosensors. Besides, the advantages of this technology, it still 
faces practical barriers such as low power and current density. To 
overcome this barrier, the researchers have identified new class of 
nanomaterials called CNTs coated with polymers such as PPy and 
PANI is used as anode material. Among these two polymers, PPy 
is considered as one of the most attractive materials due to its 
excellent conductivity, stability, and biocompatibility even in neutral 
pH solution compared to PANI. Whereas, PANI gives high current 
density compared to PPy. However, still, there is a scope for increase 
in the current density of MFCs by increasing the surface area of 
anode and also using the genetically modified microorganisms to 
form highly reducing recombinant strains producing more available 
electrons at anode.
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