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“Abstract” 
 
The rapidly dwindling concentration of fossil fuels and the escalating worldwide energy demand has 

made it inevitable to look for other alternate fuels as a substitute to the conventional fossil fuels so as 

to counter the mounting accumulation of greenhouse gasses in the atmosphere, which has resulted in 

monumental climatic changes. Such changes could result in menacing consequences in the near 

future like upsurge in temperature and elevated sea levels. As a matter of fact the exploitation of fossil 

fuels for electricity generation and heat production as well as for transportation holds nearly 25% 

and 14% of the total greenhouse gas emissions, respectively. Therefore in an attempt to address the 

problem, the production of economically reasonable and eco-friendly renewable energy fuels has 

received a great deal of attention that has the tremendous potential to concurrently substitute the 

conventional fuels to meet the global high energy demand and to lessen the environmental concerns 

as well as to ensure  economic sustainability. 
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1. INTRODUCTION 
 
The beginning of using microorganisms for generation of electricity dates back to 1900 [1]. The 

utilization of various microorganisms so as to produce renewable energy fuels from the biomass and 

biological wastes can minimize this perilous concern to a significant level. Over the years, the interest 

in producing various biofuels by utilizing microorganisms has been consistently raising credited to the 

metabolic heterogeneity of various microorganisms that empowers the production of biofuels from 

varied substrates [2].  Microbial fuel cell (MFC) technology has captured remarkable interest in both 

fundamental and applied research owing to its sustainable and renewable nature in the current/modern 

energy scenario. It holds tremendous potential to be a bellwether in addressing the menacing 

environmental pollution concerns and the energy crisis through its centralized strategy. MFC is a 

bioreactor that transforms chemical energy existent in the organic or inorganic substrates to electrical 
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energy through catalytic reactions of microorganisms. MFC technology utilizes various substrates like 

carbohydrates, proteins, volatile acids and wastewaters as a feed for generating electricity.  Microbial 

Fuel Cell Technologies purvey twofold solutions for electricity generation and wastewater treatment. 

MFC stands tall upon comparison to other biofuels owing to their peculiar ability to generate energy 

(either electricity or hydrogen production) from renewable resources such as wastewater. MFC 

technology has received a great deal of attention by Indian scientific community for bioenergy 

production from 36,400 million liters of wastewater generated every day by different sectors [3].  

 

Components of MFC: 

The most common MFC consists of a dual chamber having an anode chamber, cathode chamber, a 

membrane that separates the anode and cathode chamber (like potassium nitrate base membrane or 

salt type membrane), electrodes (Cu or Al), a Copper wire that joins electrodes and waste water that 

contains organic materials. The other MFC architecture are air cathode MFC [4]., tubular/up flow 

architecture [5] and stacked MFC [6] which consists of a stack of MFCs interconnected to each other 

either in parallel or  in the form of series.  

 

Microbes used in MFC technology:  

 
MFC technology utilizes various microorganisms to biologically oxidize the organic waste and 

transferring the electrons to electrode. A number of bacterial species such as Pseudomonas sp., 

Shewanella sp., Geobacter sp., Clostridium sp., Desulfuromonas sp., Paenibacillus sp. are inoculated 

in MFCs for electricity generation. 

 

Substrates used in MFC technology:  

Various microbes used in MFC technology can oxidize a vast range of substrates including 

carbohydrates, volatile acids, wastewaters and urine [7]. Most common substrates used in MFC 

include acetate, ethanol, lactate, butyrate, propionate, organic waste [8].  

 

Principle of MFC Technology  

Microbial Fuel Cells (MFCs) utilize bacteria to transform chemical energy inherent in organic waste 

material to electrical energy. Microbes present in the anodic chamber degrade the organic matter with 

through their catalytic activity generally in anaerobic conditions.  Protons and electrons generated 

after degradation of substrate in the anodic chamber serve as the source for production of electricity 

(Fig. 1) 
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Fig. 1 Principle of MFC Technology 

 

 

Applications & Challenges 

 
MFC has a broad range of applications ranging from acting as homey electrical generators to 

powering items such as small portable electronic devices, boats and automobiles etc. MFC technology 

offers sever advantages in terms of energy benefit, operational stability, environmental impact and 

process economics. The manufacturing and assessment of MFCs demands the in depth knowledge of 

both scientific and engineering fields ranging from microbiology and electrochemistry to materials 

and environmental engineering. Even though MFCs offer a propitious technology for renewable 

energy production, still several challenges need to be addressed like lesser power density levels, large 

internal resistance, higher cost of components and scale-up feasibility. 

 

CONCLUSIONS   

 
Intense research on MFCs has substantially minimized the complexity of rate-limiting steps that has 

resulted in enhanced current output. Companies like MFC tech (Opencel) have come into picture to 

utilize MFCs for fuel production and other prospective applications including remote power supply, 

bioremediations and biosensors thus giving a clear indication that that MFC technology will have 

remarkable influence in the development of clean energy in upcoming years. In near future, MFC 

technology may become a promising inception as an alternate energy source and for waste treatment. 

In countries like India, MFC technology may benefit the rural areas by substituting methanogenesis 

with MFCs. MFC technology may help industrial waste treatment plants in urban areas by minimizing 

their operational costs with simultaneous treatment of waste produced. 
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FUTURE PROSPECTS  
 
MFC technology is reckoned to change the map of the energy scenario and wastewater treatment 

processes in the near future. However for further expansion of MFC technology a centralized 

approach & extensive research is required in areas concerning in depth knowledge of fuel cell 

components, appropriate design of fuel cell in MFC systems, cheaper components of fuel cell, 

reduction in electron loss, effective reactor configuration, microbial processes and limiting factors so 

as to simplify the entire systems and to develop economically feasible large scale system and to 

enhance the generation of electricity.  
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