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Abstract— In an era of climate change, alternate energy 

source are desired to replace oil and carbon resources. 

Subsequently, climate change effect in some areas and the 

increasing production of bio fuels are also putting pressure on 

available water resources. Microbial fuel cell have the 

potential to simultaneously treat waste water for re use and to 

generate electricity, thereby producing to increasingly scarce 

resources. While the microbial fuel cell has generated interest 

in the waste water treatment field, knowledge is still limited 

and many fundamental and technical problem remain to be 

solved microbial fuel cell technology represent in new form 

of renewable energy by generating electricity from what 

would otherwise we considered waste, such as industrial 

waste or waste water etc.  
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I. INTRODUCTION 

A microbial fuel cell (MFC) or biological fuel cell is a bio-

electrochemical system that drives a current by using bacteria 

and mimicking bacterial interactions found in nature. 

Microbial fuel cells can be grouped into two general 

categories, those that use a mediator and those that are 

mediatorless. The first microbial fuel cells, demonstrated in 

the early 20th century, used a mediator: a chemical that 

transfers electrons from the bacteria in the cell to the anode. 

Mediatorless microbial fuel cell s are a more recent 

development dating to the 1970s in this type of microbial fuel 

cell the bacteria typically have electrochemically active redox 

proteins such as cytochromes on their outer membrane that 

can transfer electrons directly to the anode. Since the turn of 

the 21st century microbial fuel cell s have started to find a 

commercial use in the treatment of wastewater. 

Microorganisms catabolize compounds such as 

glucose, acetate or wastewater. It is a device that converts 

chemical energy to electrical energy by the catalytic reaction 

of microorganisms. A typical microbial fuel cell consists of 

anode and cathode compartments. 

C12H22O11+13H2O →  12CO2+48H++48e- 

By[3] 

KIM prepared cobalt naphthalocyanine by heat treatment for 

cathode catalyst to be used in MFC. Four different catalyst 

(carbon black, NPc/C, CoNPc/C, Pt/C ) were compared and 

characterized using XPS, EDAX and TEM. the maximum 

power of CoNPc/C 64.7 mW/m2 at 0.25 mA as compared 

with 81.3 mW/m2 of Pt/C. 

By [3] 

Xie implemented a couple MFC system comprising of an 

oxic-bio cathode MFC (O-MFC) (and an anoxic bio cathode 

(A-MFC) for simultaneously removal of carbon and nitrogen 

from synthetic waste water. Ammonia was oxidized to nitrate 

in (O-MFC) at cathode and nitrate was electrochemically 

denitrified in the A-MFC. 

II. DESIGNING, FABRICATION& TESTING OF MFC 

A. Two chamber Microbial Fuel Cell 

This is the most widely used design consisting of two 

chambers with the anode and cathode compartments 

separated by an ion exchange membrane. This design is 

generally used in basic research and literature suggests that 

the power output from these systems are generally low due to 

their complex design, high internal resistance and electrode 

based losses. 

B. Single chamber Microbial Fuel Cell 

This design has only one compartment that contains both the 

anode and the cathode. The anode is either placed away or 

close to the cathode separated by proton exchange membrane. 

[5] Reported that if the anode is closer to the cathode, it 

reduces internal ohmic resistance by avoiding the use of 

catholyte as a result of combining two chambers and thus 

increases the power density. Compared to the two 

chamberMFC, it offers simple, cost effective design and 

produces power in a more efficient way. However, in the 

membrane-less configuration, microbial contamination and 

back diffusion of oxygen from cathode to anode without 

proton exchange membrane are the major drawbacks. 

C. MFC Test 

MFC tests were conducted using a single chamber device 

constructed as previously described and operated with a 1000 

X external resistor except as noted. MFCs were inoculated 

with domestic wastewater (pH of 7.3–7.6), chemical oxygen 

demand (COD of 200–300 mg/L ) collected from the primary 

clarifier overflow at the Pennsylvania State University 

Wastewater Treatment Plant. The wastewater was replaced 

3–5 times (i.e., over 72–120 h) to allow a bio- film to form on 

the anode surface, before the solution was switched to a 

solution containing glucose (500 mg/L ) and a phosphate 

buffered nutrient medium (PBM) containing: NH4Cl (0.31 

g/L ); NaH2PO4& H2O (4.97 g/L ); Na2HPO4& H2O (2.75 

g/L ); KCl (0.13 g/L ), and a metal (12.5 mL) and vitamin 

(12.5 mL) solution. The chamber was refilled each time the 

voltage decreased to less than 20 mV forming one complete 

cycle of operation. Polarization curves were used to obtain 

the maximum power density by varying the external 

resistance using a resistor box (RS-500, Elenco Electronics). 

All tests were conducted in a 30°C temperature-controlled 

room. 

III. MATERIALS USED IN MICROBIAL FUEL CELLS 

A. Chambers 

Chambers are the plastic containers which is used for the 

materials storage like sludge and distilled water. In the two 

chambered microbial fuel cell, one acts as an anodic chamber 

and other as a cathodic chamber. In anodic chamber we use 

distilled water in which proper oxygen is supplied by air 

pump and in cathodic chamber we use the sludge in which all 
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the microbes are present. A microbial fuel cells chamber 

should be a cylinder. Current microbial fuel cells chambers 

are custom-made machined cylinders with end caps. The 

substitute was a 2˝ PVC pipe that purchased for $0.50. 

1) Anode: 

Anodic materials must be conductive, biocompatible, and 

chemically stable in the reactor solution. Metal anodes 

consisting of non-corrosive stainless steel mesh can be 

utilized, but copper is not useful due to the toxicity of even 

trace copper ions to bacteria. The most versatile electrode 

material is carbon, available as compact graphite plates, rods, 

or granules, as fibrous material (felt, cloth, paper, fibers, 

foam), and as glassy carbon. There are numerous carbon 

suppliers worldwide, for example ETEK and 

Electrosynthesis Co. Inc. (USA), GEE Graphite Limited, 

Dewsbury (UK), Morgan, Grimbergen (Belgium), and Alfa-

Aesar (Germany). The simplest materials for anode 

electrodes are graphite plates or rods as they are relatively 

inexpensive, easy to handle, and have a defined surface area. 

Much larger surface areas are achieved with graphite felt 

electrodes which can have high surface areas (0.47 2 −1, GF 

series, GEE Graphite limited, Dewsbury, UK). However, not 

all the indicated surface area will necessarily be available to 

bacteria. 

B. Cathode 

Due to its good performance, ferricyanide (K3[Fe(CN)6]) is 

very popular as an experimental electron acceptor in 

microbial fuel cells. The greatest advantage of ferricyanide is 

the low over potential using a plain carbon cathode, resulting 

in a cathode working potential close to its open circuit 

potential. The greatest disadvantage, however, is the 

insufficient reoxidation by oxygen, which requires the 

catholyte to be regularly replaced. In addition, the long term 

performance of the system can be affected by diffusion of 

ferricyanide across the CEM and into the anode chamber. 

Oxygen is the most suitable electron acceptor for an 

Microbial Fuel Cells due to its high oxidation potential, 

availability, low cost (it is free), sustainability, and the lack 

of a chemical waste product (water is formed as the only end 

product). The choice of the cathode material greatly affects 

performance, and is varied based on application. For 

sediment fuel cells, plain graphite disk electrodes immersed 

in the seawater above the sediment have been used. 

C. Effect of Microbes 

Based on literature and availability, two microbes were 

considered for the study of MFC performance. Three 

experiments were carried out, one with each of the microbes 

individually and the third one with both the microbes together 

as mixed culture. In all these experiments phenol was 

considered as substrate and concentration was fixed to 

400mg/l. From Figure it is evident that Phenol-Pseudomonas 

combination reaches a peak voltage of 151.1 mV within a day 

and the voltage decreases rapidly thereafter. A stable voltage 

was not obtained during the experiment that was conducted 

for 70 hours. In case of Shewanellathe peak voltage obtained 

was 146.1 mV and a stable voltage of 128.9 mV was seen 

around 50 hours and remained fairly constant until the end of 

the experiment. With mixed microbial culture of 

pseudomonas and shewanellapeak voltage of 150.8 mV was 

observed and the voltage was stabilized around 60 hours. 

Mixed microbial culture seems to generate a higher value of 

stable voltage when compared to effect of the microbes 

individually. The reason for enhanced stability would be the 

use of mediators of one microbe by the other to transfer 

electrons to the electrode. 

D. Electrodes 

The choice of electrode material affects the performance of 

microbial fuel cells. Various materials have been investigated 

as electrodes to increase the performance and power output 

of the microbial fuel cells. For anode, carbon cloth, carbon 

felt, graphite felt, carbon mesh and graphite fiber brush are 

frequently used due to their stability, high electric 

conductivity and large surface area. For cathodes, platinum 

(Pt), platinum black, activated carbon (AC), graphite based 

cathodes and biocathodes are used. Though platinum coated 

electrodes are more efficient and superior in power 

production due to higher catalytic activity with oxygen than 

other electrodes, they are not cost effective Alternate catalysts 

for platinum include ferric iron, manganese oxides, iron and 

cobalt based compounds. Ferricyanide (K3(Fe(CN)6) is 

frequently used as an electron acceptor in the microbial fuel 

cells due to its good performance and low over potential 

Biocathodes increases the power by decreasing the over 

potential. 

E. Air Pump 

An air pump is a device which is used for pumping air. Here 

it is used for the supply of oxygen in the cathodic chamber 

i.e. in the distilled water chamber for the better acceptance of 

hydrogen ion generated in the anodic chamber. 

F. Salt Bridge 

A salt bridge, in electrochemistry, is a laboratory device used 

to connect the oxidation and reduction half cells of a galvanic 

cell (voltaic cell), a type of electrochemical cells. It maintains 

electrical neutrality within the internal circuit, preventing the 

cell from rapidly running its reaction to equilibrium. If no salt 

bridge were present, the solution in one half cell would 

accumulate negative charge and the solution in the other half 

cell would accumulate positive charge as the reaction 

proceeded, quickly preventing further reaction, and hence 

production of electricity. 

IV. ANALYSIS OF MICROBIAL FUEL CELLS 

A. Fundamentals of Voltage Generation in MFCs 

Thermodynamics and the Electromotive Force. Electricity is 

generated in an MFC only if the overall reaction is 

thermodynamically favorable. The reaction can be evaluated 

in terms of Gibbs free energy expressed in units of Joules (J), 

which is a measure of the maximal work that can be derived 

from the reaction, calculated as 

∆Gr =∆Gr
ₒ +RT ln(π) …………………(1) 

where Gr (J) is the Gibbs free energy for the specific 

conditions, Gr° (J) is the Gibbs free energy under standard 

conditions usually defined as 298.15 K, 1 bar pressure, and 1 

M concentration for all species, R (8.31447 J mol─1 K─1) is 

the universal gas constant, T (K) is the absolute temperature, 

and Π (unit less) is the reaction quotient calculated as the 
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activities of the products divided by those of the reactants. 

The standard reaction Gibbs free energy is calculated from 

tabulated energies of formation for organic compounds in 

water, available from many sources. 

For MFC calculations, it is more convenient to 

evaluate the reaction in terms of the overall cell electromotive 

force (emf), Eemf (V), defined as the potential difference 

between the cathode and anode. This is related to the work, 

W (J), produced by the cell, or 

W =Eemf Q=  -∆Gr -------------(2) 

Where ( Q ) nF is the charge transferred in 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 × 104 C/mol). Combining these two 

equations, we have 

Eemf = -
∆Gr

nF
  ……………….……( 3) 

If all reactions are evaluated at standard conditions, 

Π = 1, then 

E◦emf = -
∆Gr

nF
  ………….……..…(4) 

Where (V) is the standard cell electromotive force. 

We can therefore use the above equations to express the 

overall reaction in terms of the potentials as 

Eemf = E◦emf – 
RTln(π)

nF
……………….(5) 

The advantage of eq (5) is that it is positive for a 

favorable reaction, and directly produces value of the 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 potential losses. 

V. RESULTS AND DISCUSSION 

The single and double chambered MFC were run parallel. 

The whole study was conducted under ambient 

environmental conditions. Different feed concentrations were 

given for single and double chambered MFC. The increase in 

feed concentration showed a positive effect on the current and 

voltage. Five feed concentrations from 2.1 g COD/L to 6.1 g 

COD/L with an increment of 1g COD/L were given. The 

study is under progress for higher feed concentrations. 

A. COD removal efficiency 

At every increment in feed concentration, the improvement 

in COD removal efficiency was observed. Distillery 

wastewater showed its potential for COD removal indicating 

the function of microbes, present in wastewaters in 

metabolizing the carbon source as electron donors. It is 

evident from experimental data that current generation and 

COD removal showed relative compatibility. Continuous 

COD removal was observed in both the MFCs. 

The absence of combustion and moving parts means 

that microbial fuel cell technologies are expected to provide 

much improved reliability over traditional combustion 

engines. 

Use a variety of fuels, renewable energy and clean fossil 

fuels. 

 The technology is not yet fully developed and products 

are available. 

VI. APPLICATIONS 

A. Electricity generation 

MFCs are capable of converting the chemical energy stored 

in the chemical compounds in a biomass to electrical energy 

with the aid of microorganisms. Because chemical energy 

from the oxidization of fuel molecules is converted directly 

into electricity instead of heat, the Carnot cycle with a limited 

thermal efficiency is avoided and theoretically a much higher 

conversion efficiency can be achieved (N70%) just like 

conventional chemical fuel cells.[4]Reported that R. 

ferrireducens could generate electricity with an electron yield 

as high as 80%. Higher electron recovery as electricity of up 

to 89% was also reported [1]. An extremely high Coulombic 

efficiency of 97% was reported during the oxidation of 

formate with the catalysis of Pt black [1]. 

B. Biohydrogen 

MFCs can be readily modified to produce hydrogen instead 

of electricity. Under normal operating conditions, protons 

released by the anodic reaction migrate to the cathode to 

combine with oxygen to form water. Hydrogen generation 

from the protons and the electrons produced by the 

metabolism of microbes in an MFC is thermodynamically 

unfavorable. 

C. Wastewater treatment 

The MFCs were considered to be used for treating waste 

water early in 1991 [14]. Municipal wastewater contains a 

multitude of organic compounds that can fuel MFCs. The 

amount of power generated by MFCs in the wastewater 

treatment process can potentially halve the electricity needed 

in a conventional treatment process that consumes a lot of 

electric power aerating activated sludge. 

VII. CONCLUSION 

This research work showed good association in terms of 

electricity generation and wastewater treatment. However, 

practical implementation of this technology remains limited 

because of low power and energy conversion efficiency due 

to over-potential losses, and high material costs. There may 

be several possible factors which affect the MFC 

performance including substrate nature, biomass type and 

concentration, ionic strength, pH, temperature and reactor 

configuration. Least is known about the ecology of 

microbial communities that metabolise the waste or 

catalysethe reactions on bio cathodes. A good understanding 

of the acclimatization of the communities in MFC and their 

response to environmental perturbations would reduce the 

perceived risks and accelerate the adoption of MFC. The new 

sequencing technologies combined with proteomics and meta 

genomics could give a clearer picture of the changes in 

microbial community, composition and metabolic path ways 

that occur in response to different operating conditions. 

Further improvements can be made to MFC 

configurations to improve the energy recovery or to increase. 

Voltages by linking MFC in series. Towards MFC 

commercialization different scale-up studies were performed 

and these studies indicate that scaling-up MFCs is feasible, 

but it is important to improve power output with cost effective 
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materials and new designs that can be used in large scale 

application. 
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