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Abstract - The use of fossil fuels has increased 
exponentially to meet the increasing global energy 
demand caused by rapid industrialization and 
urbanization. The continuous use of fossil fuels leads to its 
depletion and environmental degradation, which leads to 
a global focus on renewable energies. Microbial Fuel Cell 
(MFC) is a relatively recent concept in the quest for 
renewable energy sources. It is steadily gaining traction as 
a viable "green and renewable" energy source. An MFC is 
an electro-biochemical system that exploits the oxidative 
ability of microorganisms especially bacteria to produce 
bioelectricity from organic waste matter. Organic-rich 
waste streams are being regarded as potential substrates 
for bio-energy production using MFC technology. MFC 
technology is an interesting and rapidly evolving inter-
disciplinary field that needs contributions from a wide 
range of disciplines, including microbiology, 
electrochemistry, electronics, and environmental 
engineering. The technology is gaining attention and is 
becoming increasingly important in the field of renewable 
energy. In recent decades a lot of the work has been done 
primarily to minimize electrode material costs and to 
configure MFCs so that current densities are maximized. In 
this paper, we present a comprehensive review of the 
performance of MFC. A critical analysis of different 
electrode materials has been done for dual-chamber MFC 
and single chamber MFC. We have presented a 
comparative analysis for different electrode materials. 
Various advancements from pure electrode material to the 
composite material for anode and cathode and their 
impact on output power density have been discussed.  The 
analysis has been focused on bio-electricity production. We 
tried to analyze the factors affecting the change in the 
output power density of MFC. We also focus to obtain 
optimized parameters for high electricity production.  The 
review also highlights the use of MFC technology in 
wastewater treatment along with bio-electricity 
production. 

Keywords: Microbial Fuel Cell, Single-Chamber MFC, 
Double-Chamber MFC, Bioelectricity Production, 
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1. INTRODUCTION 

 
Fossil fuels are limited and have an adverse impact on 
the environment. Thus, a sustainable technology with 
high energy efficiency and lower impact on the 
environment is needed. A promising candidate for low-
cost, high-efficiency electricity generation is the 
microbial fuel cell. In the past 10-15 years the scientific 
community has recognized the advantage of microbial 
fuel cell technology. This technology has a considerable 
potential to convert organic waste into electricity. [1] 
Organic matter present, particularly in industrial and 
agricultural waste-waters has high energy value[2]. MFC 
is a promising biological technology for directly 
converting the organic material present in wastewater to 
electricity[3]. By his experiments in 1991, M.C.Potter 
discovered that certain bacteria can release electrons 
(exoelectrogen) into organic matter extracellularly. It 
was subsequently found that microorganisms' 
breakdown of organic matter involves electric energy 
production [4]. This is achieved by the anaerobic 
oxidation of organic matter through the microbial 
component of the fuel cell.  Geobacter, Shewanella, 
Pseudomonas, and others have been identified as 
potential candidates for electricity production in MFC 
[5]. Various factors affect the performance and power 
output of Microbial fuel cells. A proper selection of these 
physicochemical parameters can boost the overall 
efficiency of MFC. Electrode type, substrates material, 
and type of electrode assembly are affecting the 
performance of an MFC. The most commonly used design 
for the construction of MFC is either dual-chamber MFC 
or single-chamber MFC. The basic construction of MFC 
involves a cathode and an anode separated by a proton 
exchange membrane. The anode and cathode are 
connected to each other with the help of an external 
conductor through the load [6]. It can be explained how a 
microbial fuel cell functions: Microbes in this fuel cell 
oxidize the substrate i.e., the organic matter to carbon 
dioxide under anaerobic conditions. Organic matter 
oxidation leads to the production of free electrons and 
protons. The electrons get attracted by Anode due to 
opposite polarities. Electron being a negative charge 
particle passes from the anode (a positive electrode) to 
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the cathode (a negative electrode) through the external 
load connection. At the same time, protons go freely 
through the proton exchange membrane (PEM) from the 
anode chamber into the cathode chamber. Finally, when 
oxygen molecules recombine with hydrogen and cathode 
electrons to produce water, the reaction is completed.. 
Micro-organisms can transfer electrons from the 
substrate to the anode based on the metabolic 
breakdown of organic matter. Microorganisms produce 
different metabolic products depending on whether they 
respire aerobically or anaerobically. Under aerobic 
conditions, when environmental oxygen is available, they 
consume sugar present in the substrate to produce CO2 
and H2O. However, under anaerobic conditions, they 
produce CO2, H+ and e-. The anodic and cathodic reaction 
is as follows [7]. 

Anodic reaction: 

CH3COO- + 2 H2O   ===> 2 CO2 + 7 H+ + 8 e-. 

Cathodic reaction: 

O2 + 4e-   + 4H+    ===> 2 H2O. 

MFC technology is environmentally friendly since it can 
operate under environmental conditions and produce 
energy without any pollution. Even if CO2 is released as 
one of the end products of microbial oxidation, the 
substrate absorbs CO2 during its life cycle by 
photosynthesis is called a carbon-neutral process. MFC 
can generate 1.43kWh/m3 to 1.8kWh/m3 of power 
depending on the effluent strength. The effectiveness of 
an MFC depends largely on the materials used rather 
than biocatalysts alone. [8]. 

 
2. DESIGNS OF MFC 
 
Another key parameter for MFC's efficiency is the MFC 
design. MFC's efficiency is mainly influenced by the type 
of design and type of electrode material used for 
different applications, such as biosensors, wastewater 
treatment, bioelectricity generation, and bio-hydrogen 
production[9]. MFCs of different forms include an MFC 
with double chamber, MFC with a single chamber, MFC 
with upflow, and stacked MFC. Lots of research work has 
been done with various design types depending upon 
their application. 

 

2.1 Double-Chamber MFC 
It is a basic design type of MFC as shown in fig1. For its 
construction, various materials have been used, such as 
plastic and stainless steel with the coating[10]. Dual 

Chamber or double-chamber Fuel Cells consist of two 
chambers i.e. the cathode and the anode separated by the 
membrane or the salt bridge. The separator works as a 
medium for the transfer of protons. H design MFC is a 
commonly used design[11]. Since for the breakdown 
process to occur, the anode has to be kept oxygen-free, 
therefore a separator acts as a barrier to prevent the 
anode to come in direct contact with oxidizers [12], [13]. 
The power created in H-shaped designs is affected by the 
surface of the membrane and also by the surface range of 
the cathode with respect to that of the anode [14]. 
Different models of dual-chamber MFCs such as 
rectangular, cylindrical, flat- plate, and miniature MFCs 
have been developed [15][16]. 

 

Fig-1: Image shows the Schematic of Basic Dual Chamber 
MFC [17] 

 

2.2 SINGLE CHAMBER MFC 

 
A modified design type is a single-chambered fuel cell. It 
is simply an anode chamber with no definitive cathode 
chamber and may not contain a proton exchange 
membrane (PEM). Single-chambered fuel cells are quite 
simple in comparison to the double-chambered In a 
single-chambered MFC without PEM, a separate rigid 
carbon paper is used[18]. A single-chambered MFC was 
designed with an anode connected with a porous air 
cathode [19]. The back diffusion of oxygen from the 
cathode and microbial substrate contamination are the 
main disadvantages in single-chambered MFCs without 
PEMs. [20].  
 

Besides these two general designs, i.e. Dual chambered 
and single-chambered MFC, several modifications to 
design have been made to refine the MFC for certain 
applications. 
 

 
 
 
 

2.3 SINGLE CHAMBERED TUBULAR MICROBIAL 
FUEL CELL 
 

As a specific case, single-chambered tubular 
MFC using granular graphite anode in which ferricyanide 
was used as a catholyte for continuous flow operation. 
This design type finds application majorly for 
wastewater treatment. This arrangement generated a 
power density of 48W/m3 (net anodic compartment) 
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with domestic wastewater. Coulombic efficiency of 96% 
that was obtained with wastewater showed that the 
design can be used for the treatment of wastewater 
containing considerable significant concentrations of 
volatile acids [21][22]. In consideration of the electric 
power, however, installation costs around $900/1W, an 
order 1000 higher than that of other wind turbine 
systems [23]. 

 

Fig–2: Image shows the Anode, cathode, membrane (A), 
and overall configuration (B) of the tubular MFC[23] 

 

2.4 STACKED MICROBIAL FUEL CELLS 

 

In stacked MFCs, fuel cells are arranged either in 
series or in parallel to form a battery of fuel cells, 
resulting in high power efficiency. In stacked MFC, the 
performance is affected by electron connection type, 
flow mode, and operating parameters. The parallel 
connecting method (series flow mode) has the advantage 
of chemical oxygen demand (COD) removal and 
coulombic efficiency and maximum power density due to 
the increased stability of the oxidation reduction 
potential (ORP) in the overall cells. The maximum power 
density of 420 mW/m2 with an organic charge rate of 
25.6 g COD/L-d has been achieved in series flow and 
parallel connection mode. [24]. A low-cost and high 
scalability tubular air cathode MFC stack was 
constructed and investigated in continuous flow modes 
for wastewater treatment and bio-electricity production. 
High power output was observed for the parallel stack.  

Further, it was observed that 83.8% of COD removal was 
achieved by parallel stack connection whereas the series 
stack connection COD removal rate was 77.1% [25].  

 

2.5 UP-FLOW MICROBIAL FUEL CELLS 
 

This type of configuration is commonly used for 
wastewater treatment. Up-flow or cylindrical MFC has an 
anode at the bottom and a cathode at the top. Anode and 
Cathode are separated by glass beads layers and glass 
wool. The influent is fed at the anode, it then moves 
upward and leaves at the cathode. In this configuration, 
proton transfer-related difficulties are minimal[26]. For 
the Up-flow microbial fuel cell, initially, it was observed a 
power density of 44.1 mW/m2 and a COD removal 
efficiency of about 75% [27]. However, it has been 
reported 94% for COD removal efficiency and 2.4 W/m3 
of power density[28]. 
 
The various design has been constructed to obtain 
higher power densities and also for wastewater 
treatments. Substrates play an important role in the 
effectiveness of MFC, along with its design. Substrates 
can be classified as mediator MFC or Mediator-less MFC. 

Mediator MFC- The electron mediator helps in 
increasing efficiency in a Microbial fuel cell. This results 
in more electricity generation. They are essentially just 
compounds in their oxidized state which can easily 
capture electrons generated by microorganisms and get 
reduced. These mediators then allow the smooth 
transfer of the electrons across the membrane. The 
mediator is oxidized again in the anodic chamber after 
releasing the electrons from the electrode to the anode 
[29].  These mediators can thus be reutilized. Methylene 
blue, neutral red, thionine, HNQ, etc. are toxic and 
expensive synthetic mediators. 
 

Mediator-less MFC- Some microorganisms can transfer 
electrons from anode to cathode through the membrane 
by themselves without any mediator. These are called 
mediator-less MFCs. Such MFCs are used to remove 
pollutants from waste-waste streams or sludge and for 
the safe discharge of clean water to the environment[30]. 
In mediator-less MFC, due to the low oxygen reduction 
behavior in the graphite electrode, the fact that the 
oxygen limitation has been observed at high dissolved 
oxygen (DO) concentration. These MFCs are more 
suitable for Biochemical Oxygen Demand (BOD) 
Sensors[31].  

 

3. ELECTRODES  
 

Electrodes are the major component of MFC. The current 
conduction for electricity generation is carried out by 
Electrodes.  The quality of the electrode is described by 
its morphology, its electrical conductivity, and its specific 
surface area. The efficiency of the microbial fuel cell is 
affected by these parameters. For good performance of 
MFC, an anode is taken aerobic and cathode is anaerobic. 
This results in a great potential difference in the system 
and these results in a maximum current density of 99.80 
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µA/cm2. The current density is 91.6 percent higher than 
in a traditional constant anaerobic process. MFC's 
electricity production will be boosted by an integrated 
aerobic-anaerobic approach. [32]. Materials used for the 
construction of anode and cathode are discussed here. 
MFC performance is greatly affected by the composition 
and material type. 

 

3.1 ANODE 
 

For a cost-effective and high-performance MFC, 
anode material plays a major role. Various anode 
materials have been investigated over a decade for MFC. 
In the operation of an MFC, anodic resistance leads to 
effective cell resistance. [33]. The material selected for 
anode should be chemically stable, biocompatible, and 
conductive. The cost-effectiveness and scalability are 
also key factors taken into consideration when selecting 
the material for the electrode [34]. Since most biological 
reaction occurs at anode surface,  anode surface becomes 
the major factor for developing a high-performance 
anode [35]. Further to upgrade the transfer of an 
electron from bacteria to the electrode surface, anode 
modification can be done. It has been observed that the 
power density can be increased considerably by using 
nanocomposite anodic materials[36]. Many studies have 
therefore focused on developments to the anode surface 
characteristics by various modification strategies. 

 

3.2 CATHODE 
 

The performance of the fuel cell is also affected 
by the cathode structure. The cathode reduction reaction 
is equally important as an anodic oxidation reaction. The 
cathode reaction yield depends on the structure and 
concentration of the electrode and electron acceptor 
species [37]. Cathode materials are classified into two 
categories to improve the efficiency of MFC: abiotic and 
biotic. In an abiotic cathode reduction of oxygen is done 

by using metal-based catalysts such as platinum (Pt)-
carbon electrodes for the production of water. However, 
the use of such costly material increases the construction 
cost considerably. To overcome this problem less 
expensive materials such as Mn2O3 and Fe2O3 are used 
[38], [39]. 

 

Recent developments and insight on anode and cathode 
material modification have been discussed below for 
high-performance and cost-effective microbial fuel cells. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Table-1: Table illustrates the power density obtained for various electrode materials in a Dual Chamber MFC 

S.No. 
Electrode Material 

Substrate Power Density  Ref. 
Anode Cathode 

1 Carbon Graphite  Carbon Graphite  Anaerobic Palm oil 
mill effluent 
(POME) Sludge 

85.12 mW/m2 [40] 
 

2 Graphite Sheets  Graphite Sheets  Food Processing 
Wastewater 

230.3  mW/m2 [41]. 
 

3 Graphite Felt coated with 
platinum 
 

Carbon Cloth (CC) 
coated with 
platinum 
 

Brewery waste 
water 

305  mW/m2 [42] 

4 Carbon Felt  Carbon Felt  Food waste 
Leachate with 
anaerobic sludge 

445.6 ± 15.2 
mW/m3 

[43] 
 

5 Strip/ Mesh  of platinised 
titanium  

Strip/ Mesh of 
platinised 
titanium  

Potato Starch 
Wastewater 

502 mW/m3 [44] 

6 Stainless Steel (SS) Mesh  Graphite Plate  Rice Mill 
Wastewater 

530  mW/m2 [45] 
 

7 Carbon Fiber Brush Wet- proofed Pig Farm Waste 880  mW/m2 [46] 
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carbon cloth 
coated with Pt 

water  

8 Graphite Rods  Graphite Rods  chocolate industry 
wastewater 

1500 mW/m2 [47] 
 

9 Graphene (Gr) modified 
Carbon Paper 

Carbon Paper Phosphate Buffer 
Solution (PBS) + 
Glucose 

873  mW/m2 [48] 

10 Reduced Graphene Oxide 
(r-GO) modified Carbon 
Cloth 

Carbon Felt PBS + Acetate 1390  mW/m2 [49] 

11 VSG-Vacuum Stripped 
Graphene 

Carbon Cloth Glucose medium N 1530  mW/m2 [50] 

12 Graphene modified 
Stainless Steel Mesh 

 
Carbon Paper 

 
PBS+ Glucose 

 
2668  mW/m2 

 
[51] 

13 Single Walled Carbon 
Nano Tube (SW-CNT) on 
a mesoporous polysulfone 
matrix (MPPS) 

Carbon Cloth Lactate 1410  mW/m2 [52] 

14 Carbon Cloth Bio-r-GO modified  
Carbon Cloth 

Acetate 323  mW/m2 [53] 

15 Carbon Cloth NG (Nitrogen 
doped graphene) 
modified  Carbon 
Cloth 

Acetate 776  mW/m2 [54] 

 

Table-2: Table illustrates the power density obtained for various electrode materials in a Single Chamber MFC 

S.No. 
Electrode Material 

Substrate Power Density  Ref. 
Anode Cathode 

1 Carbon Felt  Carbon Cloth  Anaerobic 
Sludge with 
Glucose 

31.3  mW/m2 [55] 
 

2 Anode Brush (a core 
of two titanium 
wires with graphite 
fibers) 

Wet- Proofed Carbon 
Cloth 

White Wine Lees 
Wastewater 

262  mW/m2 [56] 
 

3 Toray Carbon Paper Carbon Paper Acetate 506  mW/m2 [20] 
 

4 Titanium wires with 
4,00,000 tips of 
Carbon Fibers 

Wet proofed Carbon 
Cloth coated with Pt 

Dye processing 
wastewater 

515  mW/m2 [57] 

5 Graphite Fiber 
Brush  

Carbon Cloth  Coking 
Wastewater 

538  mW/m2 [58] 
 

6 Plain graphite plates  Plain graphite plates  Dairy Waste 
Water 

1.10  W/m3 [59] 

7 Bio-r-GO modified 
Carbon Cloth 

Carbon Cloth coated 
with Pt 

Acetate 1905  mW/m2 [60] 

8 Gr-modified Carbon 
Cloth 

MnO2 Glucose medium 2850  mW/m2 [61] 

9 Carbon Cloth N–CNT/ Carbon 
Cloth 

Acetate 135  mW/m2 [62] 

10 Carbon Felt MnO2/Graphene 
modified Carbon 
Plates 

Acetate 2084 mW/m2 [63] 

11 Carbon Cloth MnO2/ GO modified  
Carbon Cloth 

Glucose 2100 mW/m2 [64] 
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4. DISCUSSION 
 
Table 1 and Table 2 above, show that advancements for 
dual-chamber MFC and single-chamber MFC 
respectively. It can be seen that for dual-chamber as well 
as for single chamber MFC, high power density is 
obtained using the graphite rods for anode and cathode 
material. It is observed in Chart 3, that electrode material 
for good performance MFC is carbon-based or graphite. 
Carbon materials used as an anode can significantly 
promote microbial colonization and accelerate the 
development of extracellular biofilms which eventually 
enhances electric power density by providing 
extracellular electron transfer through a conductive 
microenvironment. As a cathode, carbon-based materials 
can serve as catalysts for the reaction to oxygen 
reduction and nowadays also achieve the results of the 
Pt catalysts with satisfying activity and performance[65]. 
The carbon electrode material is preferred over metallic 
electrodes even though they are more conductive than 
the latter. This is due to a non-corrosive condition for 
anode[66]. The power density for dual-chamber MFC, 
maximum power density obtained is 1550 mW/m2 and 
is further increased with the use of modified electrodes. 
It can be seen that maximum power density in single-
chamber MFC, is obtained for graphite plates as an 
electrode material is 1W/m2. Further, Chart 3 shows that 
for a typical substrate, for plane graphite plates as anode 
material, a power density of 1100W/m3 can be obtained. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Chart-3: Graph shows the Output Power Density 
observed for a Single Chamber MFC for various anode 

materials 
 
The power density for a given substrate for a single-
chamber and two-chamber MFC is shown in Table 3 
below. It can be seen that for the same substrate, the 
power density obtained for single chamber MFC is quite 
higher than dual-chamber MFC. This is due to the fact 
that, unlike Single Chamber MFC, periodic aeration is 
required in Dual Chamber MFC [67]. The lower internal 
resistance of the device also results in a high power 
generation in single-chamber MFCs [68]. Chart 4 also 
shows that the power density of a single chamber MFC is 
higher than that of a dual-chamber MFC. It can also be 
seen from the graph that the maximum power density is 
obtained for acetate as a substrate. The reason behind a 
higher electricity generation for MFCs having acetate as 
the substrate lies in the fact that the substrate possesses 
a shorter initiation time, higher average cell voltage, and 
higher coulombic efficiency[69]. 

Table 3: Table shows the comparison of Single Chamber and Double Chamber MFC for a given substrate 

S.No. 
Electrode Material 

Design Substrate 
Power Density  

(mW/m2) 
Ref. 

Anode Cathode 
1 Graphite 

Fiber Brushes 
(titanium 
core)  

Carbon cloth Single Chamber Food 
Wastes 

556  
[70] 

 Carbon Rods Carbon Rods Dual Chamber 272 [71] 
2 Toray Carbon 

Paper 
Carbon Cloth Single Chamber Glucose 494±21  

[72] 
 Carbon Cloth Carbon Cloth Dual Chamber 136±87 [73] 

3 Graphite Felt Metallic 
Graphite 

Single Chamber Sewage 
Sludge 

788  
[19] 

 Carbon Toray 
Paper 

Carbon Toray 
Paper 

Dual Chamber 36.8-40.1 [74] 

4 Carbon Toray 
Paper 

Carbon Paper 
coated with 
Pt 

Single Chamber Acetate 661  
[20] 

 Graphite Felt Graphite Felt Dual Chamber 593.4 [75] 
5 Carbon Cloth Carbon Cloth Single Chamber Brewery 483  
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coated with 
Pt 

Wastewater [76] 

 Graphite Felt Graphite 
Cloth coated 
with Pt 

Dual Chamber 305 [42] 

6 Carbon Paper Carbon Paper 
coated with 
Pt 

Single Chamber Swine 
Wastewater 

261 [77] 
 

 Carbon Paper Carbon Paper 
coated with 
Pt 

Dual Chamber 45 [77] 

 

Chart-4: Graph shows the comparison between Single 
Chamber MFC and Dual Chamber MFC for a given 

substrate on the basis of Output Power Density 
 
The continuous advancements in the design, substrate 
material, and electrode material used to result in high-
performance MFC. Microbial Fuel Cells generate 
(bio)energy from waste streams that decrease 
environmental pollution and also reduce processing 
costs. For a pollution-free environment, MFCs are a 
bracing technology that finds their applications in 
bioelectricity generation and wastewater treatment. 
They are such bioelectrochemical devices that are 
expected to tackle the crisis of renewable energy 
recovery and water shortage by cultivating the idea of 
recycling wastewater[78].  Much advancement has been 
done in the technology so that efficient and complete 
bioremediation of wastes and toxic chemicals can be 
done leading to wastewater treatment along with 
electricity generation. The type of design and the 
electrode material selection majorly depends upon the 
application of MFC. Two major applications are 
discussed here. 
 

4.1 BIOELECTRICITY PRODUCTION 

 
Bioelectricity generation is one of the main 

applications of MFC. The various factors that affect the 
bioelectricity production in an MFC are: configuration or 
design of the cell, electrode materials and the spacing 
between them, substrates, proton exchange membrane, 
internal/external resistance of the cell, inoculum 
sources, and ions strength of solution [12][79][80]–[83]. 

The design of an MFC directly affects the voltage and 
output power [66]. In a single-chamber MFC, the close 
placement of the two electrodes results in an increase in 
the power density due to a decrease in the internal 
resistance [17].  An annular single chamber has been 
designed to produce an open-circuit voltage of 810 mV 
with the maximum power density of 22 w/m3, by the cell 
using a Plexiglass cylindrical chamber with a spiral 
anode. This power density was obtained from 
wastewater having mixed organic compounds and the 
power density obtained was much higher than 
previously published data [84]. In further advancement, 
a rectangular dual-chamber MFC was designed using 
Nafion 117 proton exchange membrane and lemon peel 
waste. A voltage of 0.58 V ± 0.02 V and a maximum 
power density of 371 ± 30 mW/ m2 were obtained[85]. 
The performance of an MFC can also be improved upon 
by the variations in the electrode materials [66]. It has 
been reported various anode materials and their 
mechanisms and advanced anode modification strategies 
to boost bioelectricity generation. MFC consisting of 
carbon brush anodes give good bioelectricity production 
as compared to a stainless steel mesh anode[86]. The 
bioelectricity production can be further enhanced 
considerably by modifying the electrode material of the 
bioelectrochemical system compared to carbon-based 
electrodes[32]. The maximum current density derived 
using the anode made of pomelo peel was 40.2 A/m2, 
whereas it was equal to 32.5 A/m2  for the one using 
anode made of kenaf [25]. The diversity of the culture of 
microbes being used in an MFC affects the production of 
electricity[66]. Among the various microbial species used 
in the MFCs as a source for electricity generation, 
bacteria are the most promising species whereas the 
MFCs using yeast have limited applications in the area. 
An MFC using yeasts essentially requires a mediator for 
electron transport such as methyl orange, or methylene 
blue[66]. Recently, it has been observed that 
Polypyrrol/molybdenum oxides composite (Ppy/MoO2)  
in a single chamber microbial fuel cell as cathode catalyst 
(SCMFC) has enhanced the performance of SCMFC 
drastically. By using Ppy/MoO2 (2:1) Cathode 
Catalyst(OCP-0.688V), the SCMFC open-circuit potential 
had been 1.8 times higher than carbon cloth (OCP-0.380 
V). This catalyst has a high potential for charge transfer 
and oxygen reductions [87]. 
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Besides generating electricity, MFCs have 
another major application for wastewater treatment 
which further adds value to this novel technology. MFC is 
a technology involving microbes that accomplishes the 
breakdown of organic matter. It has been observed by 
using membrane-less microbial fuel cells helps in the 
removal of BOD and COD up to 87% and 88% 
respectively. [88]. Since sulfur compounds are- present 
in wastewater, the use of hexacyanoferrate cathodic 
electrolyte in MFC helps in the removal of sulfides 
thereby making it suitable for wastewater treatment 
[89]. In comparison to conventional anaerobic processes, 
biogas produced is used for the production of renewable 
energy. However, in MFC technology bioconversion 
process results in electricity production along with 
wastewater treatment. MFCs offer various advantages 
such as lower cost of operation and biomass generation, 
low temperatures operation  (<20°C), and 
concentrations of the substrates [90]. Different types of 
waste materials such as Municipal waste, wheat straw 
hydrolysate, dairy wastewater, potato wastewater, paper 
wastewater, and food waste act as fuel for MFCs.  The 
percentage of COD removal is obtained for the MFC 
system which in turn determines the efficiency of 
wastewater treatment[66]. Wastewater treatment 
results in COD removal efficiencies greater than 80%. 
This can be attributed to the lower organic loading rates 
Also COD removal efficiency increases with the addition 
of granular material to the electrode chamber. It is due to 
the fact that the granular material creates an increased 
surface area which increases biofilm attachment and 
adsorption of pollutants leading to an increase in COD 
removal [15]. In H-type MFC (dual chamber) using 
sugarcane molasses as the substrate, the percentage of 
COD removal was increased from 11.7% after 5 days to 
81.7% by the end of the operation (30 days) [91]. A 
comparative analysis in various wastewaters like 
chemical wastewater, wastewater from the rice mill, 
domestic wastewater inoculated by activated sludge has 
been done. Depending on the use of catalyst at the 
electrode, power density variation of the range from 
593mW/m2 to 4W/m2 can be obtained[92]. Electricity is 
generated using either biocatalysts or enzymes to 
transform organic matter. MFC is a highly efficient 
technology with low internal strength. It has large 
applications for the production of electricity and 
wastewater treatment. 

 

5. CONCLUSION AND FUTURE PERSPECTIVES 

 
Based on the above data and analysis it can be concluded 
that the use of biofuels as substitutes for fossil fuels 
provides a promising alternative source of energy 
production. Different factors influence the efficiency of 
MFC and thus affect the output power density. In this 
paper, we tried to present a comprehensive review 
based on the chamber design and electrode used 
respectively for the bioelectricity production in MFC. 
MFC has a great potential to become a major renewable 
energy resource in the future. For many applications 
such as biosensors, portable diagnostic devices, etc. 

small-scale Microbial Fuel Cells have also been 
developed. For future perspective, there is a special type 
of Microbial Fuel Cell: Sediment MFC. Sediment MFCs 
harvest energy from natural sediments and are also 
capable of generating greater electric power. More 
research work is in progress for Sediment MFC. SMFC 
can effectively treat wastewater while generating 
electricity. The efficiency of the cell can be increased 
many folds by optimizing various parameters such as 
types of electrodes, types of substrates, and construction 
of the assembly[93]. Further, this technology is a 
potential candidate for different wastewater treatment. 
MFCs' performance for efficient energy generation and 
simultaneously treating wastewater at low cost and with 
small space claims its candidature for future 
applications. 
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