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Abstract 

 

Green energy is a vital concept if we need to ensure the survival of the current organization and stop the 

overexploitation of the earth’s fossil fuel supply. With the growing need to search for alternative sources of 

energy and the increased utilization of existing energy resources, it is imperative to extend our research in 

new fields and particularly on microbial fuel cells. It has been at the center for research for some years but 

clearly one need to find the true prospective for utilizing the true microbial potential. Microbial fuel cells 

(MFCs) are devices that can make use of bacterial metabolism to produce an electrical current from several 

organic substrates. Microbial fuel cell based technologies are gifted technologies for direct energy 

production from a variety of wastewaters and waste streams. Beside electrical power production, more 

emphasis is recently devoted to alternative applications such as hydrogen production, bioremediation, 

seawater desalination, and biosensors. Although the technologies are promising, a various hurdles need to 

be defeat before field applications are economically viable. A good knowledge of the MFC is required for 

sustainable improvement and development of the MFC application. This review presents the essentials of 

MFC technology and its application in the field of biological sciences. 
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INTRODUCTION  

The declining fate of the world’s major energy source in terms of reduction and its environmental effect 
has put stockholders on the quest for a greener, sustainable,  ecofriendly and cost effective energy source [1, 
2]. The world’s increasing population is rapidly reducing planet’s non renewable energy resources. With the 
growing need to search for renewable sources of energy and the increased utilization of available energy 
resources, it is imperative to extend our research in new fields. It is common knowledge today that the 
techniques developed to generate electricity and run our vehicles have also been leading to temperature 
elevation resulting in global warming. The role fossil fuel plays in global warming and the effect of crude 
oil handling facility has elevated the desire for a more reliable energy source. Renewable and sustainable 
bioenergy is viewed as one of the ways to alleviate the current global warming crisis. New technology for 
electricity production from renewable resources without a net carbon dioxide emission is much desired 
[3,4]. The finding of a process in which microorganisms are utilized in the process of fermentation of 
organic substrates to produce electricity can assist with the transition towards more sustainable ways of 
energy generation. This is the concept of a Microbial Fuel Cell (MFC). Later, it was found that a variation 
of the MFC design could produce hydrogen instead through electrolysis. This was termed a Microbial 

mailto:nikhil_teli@yahoo.com


 

                                                                                                                                            Volume 5 / Issue 6 2 

. 

 

Electrolysis Cell (MEC) [5]. Microbial Fuel Cell Technology (MFC), an energy recovery technique, which 
transforms biodegradable organic substrate into energy, has gain wide research interest. 

The magic behind MFC's can be distilled down to two words: cellular respiration. Nature has been taking 
organic substrates and converting them into energy for billions of years. Cellular respiration is a compilation 
of metabolic reactions that cells use to convert nutrients into adenosine triphosphate (ATP) which fuels 
cellular activity. The in general reaction can be considered an exothermic redox reaction, and it was with 
this in mind that an early twentieth century a botany professor at the University of Durham, M. C. Potter, 
first came up with the idea of using microbes to produce electricity in 1911. While Potter succeeded in 
producing electricity from E. coli, his work went unnoticed for another two decades before Barnet Cohen 
created the first microbial half fuel cells in 1931. By connecting his half cells in series, he was able to 
generate a meager current of 2 milliamps. By 1999, researchers in South Korea exposed a MFC milestone. 
B.H. Kim et al developed the mediatorless MFC which greatly improved the MFC's commercial viability, 
by eliminating costly mediator chemicals required for electron transport. Microbial fuel cells have come a 
long way since the early twentieth century. 

 

 

 

 

 

 

 

 

Fig. 1. Schematic diagram of a typical Microbial Fuel Cell (MFC) 

 

A microbial fuel cell (MFC) is a bio-electrochemical device that utilizes  the power of respiring microbes 
to convert organic substrates directly into an electrical energy. At its core, the MFC is a fuel cell, which 
transforms chemical energy into electricity using oxidation reduction reactions. The key difference of course 
is in the name, microbial fuel cells rely on living biocatalysts to facilitate the movement of electrons 
throughout their systems instead of the traditional chemically catalyzed oxidation of a fuel at the anode and 
the reduction at the cathode. 

Generally MFC design comprises of an anode, a cathode,  proton exchange membrane (PEM) and an 
electrical circuit, as shown in Fig.1. In an MFC, bacterial community present in the anode compartment uses 
organic substrates as fuels to produce electrons and protons through biological processes [6]. These 
electrons are accepted by nicotinamide adenine dinucleotide (NADH) in the electron transport chain and 
subsequently transferred to terminal electron acceptors such as nitrate, sulphate and oxygen and then 
reaches the outer membrane proteins [7,8]. Bacteria then transfer these electrons to anode from where 
electrons reach the cathode via an external electrical circuit, thus producing electric current, which is 
measured by a voltmeter or ammeter connected to the device [8]. The protons generated are diffused 
through the PEM to the cathode and subsequently combine with the electrons and oxygen to form water. 
The anode compartment is typically maintained under anaerobic conditions as oxygen inhibits electricity 
generation whereas the cathode is exposed to oxygen [5,9]. Du et al., 2007 reported that the electrode 
reaction is the breakdown of the biodegradable substrate to carbon dioxide and water along with production 
of electricity using acetate as a substrate. 

Anode reaction: CH3COO− + 2H2O 2CO2 + 7H+ + 8e− 
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Cathode reaction: O2 + 4e− + 4H → 2H2O 

TABLE I.  BASIC COMPONENTS OF MICROBIAL FUEL CELLS 

Items Materials Remarks 

Anode 
Graphite, graphite felt, carbon paper,carbon-cloth, Pt, Pt black, 

RVC 
Necessary 

Cathode 
Graphite, graphite felt, carbon paper,carbon-cloth, Pt, Pt black, 

RVC 
Necessary 

Anodic 

Chamber 
Glass, polycarbonate, Plexiglas Necessary 

Cathodic 

Chamber 
Glass, polycarbonate, Plexiglas Optional 

Proton 

Exchange 

System 

Proton exchange membrane: Nafion, Ultrex, 

polyethylene.poly,(styrene-codivinylbenzene);salt bridge, 

porcelain septum, or solely electrolyte 

Necessary 

Anode 
Pt, Pt black, MnO2, Fe3+, polyaniline, electron mediator 

immobilized on anode 
Optional 

 
Different feedstock can be used for electricity generation using the microbial fuel cell including organic 

acids, alcohols, amino acids, proteins and even inorganic sulphides. Acetate can also be used effectively 
since it is resistant to an alternative microbial conversion such as fermentation and methanogenesis at room 
temperature and anaerobic environment [9]. Also, industrial effluents (waste water) such as paper recycling 
sludge, brewery effluents and food processing liquid effluents are suitable for use [8]. 

In general, there can be two types of microbial fuel cells: cells with mediator and cells without mediator. 
Prior to 1999, most MFCs required a mediator chemical to transfer electrons from the bacterial cells to the 
electrode. Chemical mediators, such as neutral red or anthraquinone-2,6-disulfonate (AQDS), can be added 
to the system to allow electricity production by bacteria unable to otherwise use the electrode [10-12]. 
Mediators like humic acid, thionine, methyl blue, and methyl viologen were costly and often toxic, making 
the technology difficult to commercialize [13,14]. Research performed by B. H. Kim et al in 1999 led to the 
development of a new type of MFC's mediatorless MFCs [14]. The Fe (III) reducer Shewanella 
putrefaciens, unlike most MFC bacteria at the time, were electrochemically active. This bacteria had the 
ability to respire directly into the electrode under certain conditions by using the anode as an electron 
acceptor as part of its normal metabolic process. Bacteria that can transfer electrons extracellularly, are 
called exoelectrogens. 
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Fig. 2. Comparison between mediated and mediatorless fuell cells 

The plant microbial fuel cell works on the principle that microbes are able to anaerobically break down 
and release electrons from the small molecular mass carbohydrates that are exuded from the roots of plants 
as a result of photosynthesis [2]. During photosynthesis, the carbon dioxide fixed in the leaves is converted 
to small molecular weight carbohydrates and are sent to the plant roots where they are lost as root exudates 
[2]. On microbial decomposition, protons, electrons and carbon dioxide are released. The carbon dioxide is 
released to the atmosphere, while the protons and electrons are used for the production of electricity as in 
the microbial fuel cell. 

Soil-Microbial Fuel Cells use the soil as the source of nutrient rich anaerobic media, the inoculum, and 
the proton exchange membrane. The anode is placed in the soil, while the cathode is exposed to atmospheric 
oxygen. Since the soil is rich in complex sugars and nutrients due to plant and animal decay and harbours a 
large diversity of microbes including both aerobic and anaerobic microbes, the aerobic microbes serve as 
oxygen scavengers and filters, permitting the anaerobic microbes to transfer electrons to the anode [7]. 

MFCs operated using mixed cultures currently achieve substantially greater power densities than those 
with pure cultures [15,16]. In one recent test, however, an MFC showed high power, generation using a pure 
culture, but the same device was not tested using acclimated mixed cultures and the cells were grown 
externally to the device [17]. MFCs are being designed using a variety of materials, and in an ever 
increasing diversity of configurations. These systems are operated under a range of conditions that include 
differences in temperature, pH, electron acceptor, electrode surface areas, reactor size, and operation time. 

     MFC-based technologies are promising for renewable energy production. However, these technologies 

are still in their infancy and have not been moved from bench scale operation. These technologies are 

developed based on MFC, thus they share the common limitations, such as high internal resistance, high 

energy losses, high costs for construction and operation and difficulty of scaling up. To overcome some of 

the present limitations and upgrade MFC-based technologies to field application, efforts are being made to 

improve the performance and reduce the construction and operation costs. These systems are very adaptable 

and hold much promise to provide energy in a sustainable fashion but major improvements are required if 

widespread applications will be feasible. 

I. MICROBES USED IN MICROBIAL FUEL CELLS 

Several microorganisms grasp the prospective to transfer the electrons generated from the metabolism of 

organic matters to the anode. A list of them is shown in Table II along with their substrates [18]. A number 

of publications discussed the screening and identification of microbes and the construction of a chromosome 

library for microorganisms that are able to generate electricity from degrading organic matters [19,20].  

TABLE II.  MICROBES USED IN MICROBIAL FUEL CELLS 

Microbes Substrate Applications 

Actinobacillus 

succinogenes 
Glucose Neutral red or thionin as electron mediator 

Actinobacillus Acetate Mediator-less MFC 
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succinogenes 

Alcaligenes faecalis Glucose 
Self-mediate consortia isolated from MFC with a 

maximal level of 4.31 W m−2. 

Enterococcus gallinarum, 

Pseudomonas aeruginosa 
Starch, glucose Fermentative bacterium 

Clostridium beijerinckii 

Starch, 

glucose,lactate, 

molasses 

Fermentative bacterium 

Clostridium butyricum 

Starch, 

glucose,lactate, 

molasses 

Sulphate/sulphide as mediator 

Desulfovibrio desulfuricans Sucrose Ferric chelate complex as mediators 

Erwinia dissolven Glucose Ferric chelate complex as mediators 

Escherichia coli Glucose sucrose Mediators such as methylene blue needed 

Geobacter metallireducens Acetate Mediator-less MFC 

Geobacter sulfurreducens Acetate Mediator-less MFC 

Gluconobacter oxydans Glucose Mediator (HNQ, resazurin or thionine) needed 

Klebsiella pneumonia Glucose 
HNQ as mediator biomineralized manganese as 

electron acceptor 

Lactobacillus plantarum Glucose Ferric chelate complex as mediators 

Proteus mirabilis Glucose Thionin as mediator 

Pseudomonas aeruginosa Glucose Pyocyanin and phenazine-1-carboxamide as mediator 

Rhodoferax ferrireducens 
Glucose, xylose, 

sucrose, maltose 
Mediator-less MFC 

Shewanella oneidensis Lactate Anthraquinone-2,6-disulfonate (AQDS) as mediator 

Shewanella putrefaciens 
Lactate, pyruvate, 

acetate, glucose 

Mediator-less MFC but incorporating an electron 

mediator like Mn(IV) or NR into the anode enhanced 

the electricity production 

Streptococcus lactis Glucose Ferric chelate complex as mediators 
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II. MICROBIAL FUEL CELL DESIGNS 

Diverse types of reactors are available but all share the same working principles. Several configurations of 

MFCs are being developed using a variety of materials. They are operated under different conditions to 

enhance the performance, power output and reduce the overall cost. 

A. Double chamber MFC 

Most widely used MFC design consisting of two chambers with the anode and cathode compartments 
divided by an ion exchange membrane (Fig 3).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 [21-23]. 

 

Fig. 3. Double chamber microbial fuell cell 

B. Single chamber MFC 

 This type of MFCs has only single compartment that 
contains both anode and the cathode. The anode is either 
placed away or close to the cathode separated by PEM. 
Liang et al. (2007) 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 chamber MFC, it offers easy, cost effective design and produces power in a more 
efficient way [21]. However, in the membrane-less configuration, microbial contamination and back 
diffusion of oxygen from cathode to anode without PEM are the major drawbacks [24]. 

 

Fig. 4. Single chamber microbial fuell cell 

 

 

 

C. Up-flow MFC 

The Up-flow MFC consists of the anode (bottom) and the cathode (top) partitioned by glass wool and 
glass beads layers. The feed is supplied from the bottom of the anode passes upward of the cathode and exits 
at the top. The diffusion barrier among the electrodes provides a gradient for proper operation of the MFCs 
[21,24,25]. This design has no physicalseparation and so there are no proton transfer associated problems 
and is attractive for wastewater treatment [24]. 
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Fig. 5. Up-flow microbial fuell cell 

D. Stacked MFC 

This type of MFCs consist of several single cell MFCs are connected together in series or in parallel to 
achieve high current output [21]. Due to higher electrochemical reaction rate, a parallel connection can 
produce more energy than a series connection when operated at the same volumetric flow but is prone to 
higher short circuiting compared to a series connection [25,26 ]. 

 

 

 

 

 

 

Fig. 6. Stacked microbial fuell cell 

III. FACTORS AFFECTING THE MFCS EFFICIENCY 

Proton exchange membranes or salt bridge, eelectrode materials and operation conditions of anode and 
cathode have considerable effect on MFCs. The electrode material determines the diffusivity of oxygen in 
single chambered MFCs. If the electrodes are more porous in nature then it allows diffusion of oxygen to 
anode hence declining the potential of fuel cells. The electrode material also determines the power loss of 
fuel cell in terms of internal resistance [27]. The longevity of electrodes is also an important criterion. But 
the most significant criterion is cost. Electrodes can be replaced if they are corroded or saturated and it 
doesn’t affect the conditions much if the microbes are non-film making and are present in liquid anolyte. 
Proton Exchange membranes also plays an important part but they are very costly and needed proper 
installation procedures for limiting the dangers of clogging and drying. But they make the assembly very 
robust and thus usable in practical conditions [28]. The ratio of membrane surface area to system volume is 
critical to the system performance. Some researchers prepared their own polymer using Polyethylene by 
sulphonation with chlorosulphonic acid in 1,2 dichloroethane [29]. But none of them were as efficient as 
NAFION. Operating condition such as Dissolved Oxygen (DO) content is important parameter. Anode uses 
low DO but Cathode uses high DO. But higher DO facilitates diffusion of more oxygen into anode 
compartment through the porous membrane. Oxygen saturated catholytes are found to be the optimum. 
Increasing the DO more than that doesn’t give any considerable change in efficiency of the system. A 
substrate plays significant role in the amount of electrons being generated in a fuel cell. Some substrates are 
capable of producing a higher coulombic yield than some of the more common sugars used [30]. So a 
proper feed rate should be maintained in continuous systems and proper feed concentrations in batch mode 
of working. 
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IV. MICROBIAL FULE CELLS APPLICATIONS: 

A. Electricity generation 

The most significant application of MFCs are the source of electricity. They can be utilized in rural 
sector and urban sectors. Though till now the electricity generation via fuel cells is not that efficient in small 
scale but large scale use can be efficient. Higher electricity recovery of 80% to 97% has been reported [31, 
32].The best way to utilize is to store the electricity in rechargeable battery. Low power wireless systems 
can also be powered with MFCs. There has been reported study of using the MFC to utilize the body 
glucose to power implanted medical devices [33]. Robotics has also high usage of MFCs for sustaining self 
sustainable autonomous robots. 

B. Brewery Wastewater Treatment 

      Brewery and food manufacturing wastewater can be treated by microbial fuel cells because their 

wastewater is rich in organic compounds that can serve as food for the microorganisms. Currently, Fosters, 

an Australian beer company, has begun testing out an MFC to clean its wastewater while generating 

electricity and clean water [34]. The power generated from cleaning the brewery wastewater is expected to 

pay for the initial cost of the Microbial Fuel Cell in ten years. 

C. Sewage Treatment 

     Sewage wastewater can also be converted via microbial fuel cells to decompose the waste organic 

material contained within it. Research has shown that MFCs can reduce the amount of organic material 

present in sewage wastewater up to 80% [35]. The process is very similar to brewery wastewater treatment, 

with the difference being that the water must first be pretreated to remove toxins and other non-

biodegradable materials. This is a challenging step because sewage wastewater often varies in composition 

and may require extensive treatment before it can be cleaned by the MFC. However, this extensive 

treatment is justified by the electricity produced while cleaning the wastewater. The electricity production 

from MFCs will help to offset the high costs of processing wastewater [36].  

D. Remote Sensors 

     MFCs can run low-power sensors that collect data from remote areas. For example, scientists have 

replaced a traditional wireless thermometer in the Palouse River in Washington with one powered by a 

MFC. This microbial fuel cell is integrated into the riverbed. A simple microbial fuel cell consisting of a 

cathode attached to an anode by a metal wire. By placing the anode in the anaerobic sediment of a river or 

ocean and placing the cathode in the aerobic water right above the sediment, a current is generated. 

Anaerobic bacteria that naturally grow in the sediment produce the small current that can be used to charge 

a capacitor to store energy for whenever the sensor needs it. One major advantage of using a microbial fuel 

cell in remote sensing rather than a traditional battery is that the bacteria reproduce, giving the MFC a 

significantly longer lifetime than traditional batteries [34]. The sensor can thus be left alone in a remote area 

for many years without maintenance. 

E. Biosensors 

Using MFC technology as sensor for pollutant analysis and process monitoring is another application of 

microbial fuel cells. Batteries have restricted lifetime and must be changed or recharged; thus, MFCs are 

suitable for powering electrochemical sensors and are small telemetry systems to transmit obtained signals 

to remote receivers. It is possible to use MFCs as biological oxygen demand (BOD) sensor [35], and it is 

exhibited that this type of BOD sensor has excellent operational sustainability and reproducibility and can 

be kept operating for 5 years [36]. Different types of enzymatic glucose sensors have been developed.  
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F. Hydrogen Production 

       Microbial fuel cells can be used to generate hydrogen for use as an alternative fuel. When used for 

hydrogen production, the MFC needs to be supplemented by an external power source to get over the energy 

barrier of turning all of the organic material into carbon dioxide and hydrogen gas [34]. The standard MFC 

is converted to hydrogen production by keeping both chambers anaerobic and supplementing the MFC with 

0.25 volts of electricity [37]. Hydrogen bubbles form at the cathode and are collected for use as fuel source 

[38]. Although electricity is used instead of generated as in normal MFCs, this method of producing 

hydrogen is very efficient because more than 90% of the protons and electrons generated by the bacteria at 

the anode are turned into hydrogen gas [39]. Conventional production of hydrogen requires 10 times the 

amount of energy as an adapted MFC, making the MFC the most efficient and environmental friendly way 

to generate hydrogen for use as a fuel. 

G. Cleansing Polluted Lakes and Rivers 

        Microbial fuel cells can also be used in the bioremediation of water containing organic pollutants such 

as toluene and benzene, compounds found in gasoline. The MFC design is altered so that the fuel cell floats 

on top of polluted water. The anode is submerged in the water where organic pollutants feed the bacteria 

while the cathode floats on top of the water. The organic pollutants are decomposed to carbon dioxide and 

water, cleansing the polluted lake or stream. The MFC can be left alone in remote natural bodies of water, 

just like the remote sensor [40]. 

H. Biorecovery 

In 2010, A. ter Heijne et al [41] constructed a device capable of producing electricity and reduce the ion Cu 

(II) to copper metal. Microbial electrolysis cells have been demonstrated to produce hydrogen [42]. 

I. Desalination 

      Desalination of sea water and brackish water for use as drinking water has always presented significant 

problems because of the amount of energy required to remove the dissolved salts from the water. By using 

an adapted microbial fuel cell, this process could proceed with no external electrical energy input [43]. By 

adding a third chamber in between the two electrodes of a standard MFC and filling it with sea water, the 

cell’s positive and negative electrodes attract the positive and negative salt ions in the water and, using 

semi-permeable membranes, filters out the salt from the sea water. Salt removal efficiencies of up to 90% 

have been recorded in laboratory work, but much higher removal efficiencies are required to produce 

drinking-quality water [43]. 

LIMITATIONS 

Electricity produced by the cell may not be sufficient to run a sensor or a transmitter constantly. This is 

the principal difficulty with using microbial cells. It can be overcome by increasing the surface area of the 

electrodes. Also the other solution is to use a appropriate power management program: the data are 

transferred only when adequate energy is stored and this occurs by using ultra capacitor [44] and [45]. 

Finally, the other limitation of MFCs is that they cannot operate at very low temperatures due to the fact that 

microbial reactions are slow at low temperatures [44]. 

CONCLUSION 

Industrialization and growing population, creates an intense pressure on the available oil and coal reserves 

and causing a bottleneck called as "global energy crisis". Current dependence on fossil fuels is unsustainable 

due to pollution and finite supplies. Microorganisms generate electricity in their metabolism; act as catalysts 

for converting the chemical energy into electricity.  Microbial fuel cell technology has become a 

considerable and gifted area of research. During the last decade, fuel cells have established enormous 

awareness from research institutions and companies as novel and unique electrical energy conversion 
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systems. Most of the applications of MFCs will help to lessen the overexploitation of fossil fuels and allow 

for energy gain from wastes. Because of the promise of sustainable energy generation from different 

substrates such as organic wastes, research has been intensified in this field in the last few years. The 

present literature survey revealed that the essentials of Microbial Fuel Cell (MFC) technology as a 

renewable and alternate energy source under development. Of interest are some current applications of 

MFCs where electricity generation is not the major advantage, but wastewater treatment or bioremediation 

using a cathode or anode maybe much more promising then the electrical production of the MFC itself. 

MFCs can also be applied to power up medical implants and hand-held appliances in addition to supply 

power to remote surveillance and communication gears that are used in unmanned stations. The 

implementation and operational cost of MFCs can also be lowered with better designs in case of single 

chamber fuel cells. The generated power in MFC is still too low and researchers are working to get better 

for commercial application. Furthermore, there are many microorganisms potential yet to be discovered that 

might be beneficial for electricity production.  
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