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Abstract— Environmental protection and energy crisis are two major challenges human beings are facing today. As the energy 

sources decrease and the climate conditions change, demand for new and clean sources of energy has increased. Microbial fuel cell 

(MFC) represents a promising technology for sustainable energy production. Microbial fuel cell is one of the best alternative sources 

of green energy production which add wastewater to the list of renewable resources of energy. In this review, microbial fuel cell and 

its working have been briefly reviewed. Also different substrates that can be used in MFC and different factors affecting the 

performance of MFC have been briefly reviewed. 
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1. INTRODUCTION 

Increasing global energy demands and over consumption of non-renewable resources of energy have led to search and use of 

renewable and cost-effective sources of energy. At present, global energy requirements are mostly dependent on fossil fuels. 

Combustion of fossil fuels also has serious negative effects on environment due to CO2 emission like global climate change, 

environmental degradation and health problems. This has intensified the search for alternatives to replace fossil fuels [1,2,3]. One of 

the renewable and green energy sources for the production of electricity is fuel cells (FC) [4,6]. Microbial fuel cells (MFCs) are a 

special type of FCs that has dual advantage. The microbes added convert organic matter into electricity and at the same time purify 

wastewater, thus may offset the operating costs of wastewater treatment plant [5,6]. The microbial fuel cell (MFC) is a new form of 

renewable energy technology that can generate electricity from what would otherwise be considered waste [7]. 

 While the concept of bioelectricity generation was first demonstrated nearly a century ago, MFCs need to be considered as 

new technology. Biofuel cells conducted with yeast and bacteria that needed chemical mediators to be added to the reactor were very 

unlikely to have practical applications. Thus, modern MFCs can be considered to have only emerged in 1999 with the finding of 

electricity generation without the need for exogenous mediators. [8]  

  MFC converts organic matter present in wastewater into electricity through the catalytic activity of microbes. The energy 

present in C–C bonds of organic matter is directly converted into electricity. The electrons produced during the oxidation process are 

transferred to the anode from where they flow through the external circuit thus generating electricity. The electrons are transferred to 

the anode either through direct bacterial contact to the anode or through the use of mediators especially electrodes. [9]     

Oxidation half- reaction (Anode chamber):  

Biodegradable matter + bacteria———————› CO2 + H
+
 + e

-
 (anaerobic condition)  

The electrons travel across the external circuit connected with an external resistance and reaches the aerated cathode where the 

electrons and the protons along with the molecular oxygen produce water completing the reduction half-reaction.  

Reduction half-reaction (Cathode chamber): 

H
+
 + e

-
 + Oxygen———————› H2O (Aerobic condition) [10].  
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Scheme of a double-chamber MFC using glucose as substrate. [11] 

 

 

2.STUDIES ON DIFFERENT SUBSTRATES USED IN MFC: 

In MFCs, substrate is regarded as one of the most important biological factors affecting electricity generation. A variety of 

substrates can be used for bioelectricity generation in MFCs such as saccharides, organic acids, alcohols as well as inorganic 

substances e.g. sulphate. In addition, there is a significant research interest towards complex materials i.e. industrial and municipal 

waste streams, which are potential starting materials of power generation in MFCs because of their high organic matter content [12].  

Wastewaters from chemical, distillery, brewery industries, pharmaceutical industry, textile, petrochemical, vegetable oil, food 

industries, animal carcass waste water, swine waste water, municipal waste water and domestic wastewater could be treated using 

aerobic or anaerobic MFC. Sulphide, ammonia, nitrate, nitrite, perchlorate, chlorinated compounds, copper, mercury and iron could be 

effectively removed by MFC [9]. 

 

Table 1: List of wastewater used as substrate in MFC studies. 

 

Substrate  MFC Type 

 

Power generation Reference

s  

Swine  Single chamber 261mW/m
2 

 

[13,14] Two chamber 45mW/m
2 

Saline domestic sewage 

sludge 

 

Two chamber 

 

41W/m
3 

 

[15] 

Nitrogen-containing 

organic compounds 

(pyridine   and methyl 

orange) 

single-chamber 

air-cathode MFCs 

 

Single 

MFC 

502.5±17mW/m
2 

 

[16] 

Two MFC 

connected 

in series 

401.6±23 mW/m
2 

Paper recycling 

wastewater+ 100mM 

PBS 

Single chamber MFC 672±27 mW/m2  

[17] 

Urine  Two chambered 8mA/m
2
± 

0.5mA/m
2
 

 

[18] 

Lemon peel waste Dual chamber 371 ± 30 mW/m
2 

 

[19] 

Domestic  Air-cathode 422mW/m
2 

[13,20] 

Leachate  Air-cathode 344mW/m
2 

[13,21] 

Starch  Air-cathode 239,4mW/m
2 

[13,22] 

Beer Brewery Air-cathode 205mW/m
2 

 

[13,23] Single chamber 170mW/m
2 

 

   3.STUDY ON EFFECT OF PARAMETERS:  
 

3.1 Effect of temperature:   
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              Temperature is an important wastewater characteristic, but most studies have examined performance at a single temperature, 

with typical temperatures chosen of room temperature or higher (20–35
°
C). When temperatures have been varied during a study, 

different results have been obtained relative to impact of temperature on performance, although in almost all cases lowering the 

temperature reduced performance. In two different studies with single-chamber MFCs operated in fed-batch mode, the power density 

decreased by 10% when the temperature was reduced from 32
°
C to 20

°
C [24,25,26]. In another study with a single-chamber MFC 

operated with continuous mode, the power density decreased by 21% when the temperature decreased from 35
°
C to 24

°
C, but only by 

5% when the temperature was decreased from 30
°
C to 24

°
C [24,27]. In contrast, it was reported that when using a two-chamber MFC 

with a ferricyanide cathode, that the power density was reduced by 39% when for a temperature decrease from 30
°
C to 22

°
C, and that 

there was no appreciable power generation at 15°C [24,28]. In another two-chamber MFC study with a dissolved oxygen (DO) 

catholyte, however, current increased from 0.7mA to 1.4mA when the temperature decreased from the range of 20–35
°
C to 8–22

°
C 

[24,29]. In a study it shows that upper temperature limit for MFC operation is 40°C and lower temperature limit is -5ºC. [30] 

 

3.2 Effect of pH: 

           In a batch study, MFC have shown the best performance at anodic pH 7 and its performance decreases with increase in 

alkalinity and acidity of the substrate solution and show minimum voltage generation of 6.2 and 10.9 mV and minimum power 

generation of ~53 and ~3 mW/m
2
 at anodic pH 5 and 9, respectively.[31] 

 

3.3 Effect of initial COD: 

               In a batch study, it is shown that that both voltage and power density increase with increase in time and become almost stable 

after around 5–6 days of operation for all the initial COD values. This is because of the adaptation of microbes in new environment. 

Voltage and power density in MFC increase with increase in initial COD value, reaches maximum at the initial COD value of around 

1500 mg/L and then decreases. Maximum voltage and power density achieved after ~7 days of operation with 1500 mg/L initial COD 

are 14.8 mV and ~272 mW/m
2
, respectively.[31] 

 

3.4 Effect of metal ions: 

3.4.1. Effect of Chromium (Cr
6+

): 

           In a study, it is shown that both voltage and power density generation in MFC initially increases with increase in Cr
6+

 

concentration upto 7 mg/L and decreases thereafter. The maximum voltage and power density generation after around 5 days of 

operation under the optimum concentration of  Cr
6+

 (7 mg/L) are ~490 mV and ~508 mW/m
2
, respectively. These values are ~33 times 

and ~1800 times higher than the corresponding values of voltage and power density generation in absence of Cr
6+

.[31] 

 

3.4.2. Effect of Iron (Fe
3+

) Concentration: 

In a study, it is shown that both voltage and power density generation in MFC initially increases with increase in Fe
3+

 

concentration up to 10mg/L and decreases thereafter. The maximum voltage and power density generation after around 5 days of 

operation under the optimum concentration of Fe
3+

 (10 mg/L) are ~321 mV and ~193 mW/m
2
, respectively. These values are ~22 

times and ~709 times higher than the corresponding values of voltage and power density generation in absence of Fe
3+

.[31] 

 

3.4.3. Effect of Zinc (Zn
2+

) Concentration: 

 In a study, it is shown that both voltage and power density generation in MFC initially increases with increase in Zn
2+

 

concentration up to 8 mg/L and decreases thereafter. The maximum voltage and power density generation after around 6 days of 

operation under the optimum concentration of Zn
2+

 (8 mg/L) are ~135 mV and ~7 mW/m
2
, respectively. These values are ~9 times 

and ~26 times higher than the corresponding values of voltage and power density generation in absence of Zn
2+

.[31] 

 

3.5. Effect of agarose concentration in salt bridge of dual chambered MFC: 

 In a study on performance of MFC with agarose concentrations 7,8,9,10,11 and 12 %. MFC with 10% agarose have produced 

maximum voltage and current and one with 12% produced minimum. The voltage developed showed a comparative hike from 7% 

agarose concentration to 10% concentration, and this could be due to the reason that as the concentration of agarose increases, the gel 

is highly polymerized, inhibiting the inter mixing probability of the two separated chamber fluids. Highly polymerized gel also 

prevents the entry of native and molecular oxygen from the aerobic chamber to the anaerobic chamber through the salt-bridge passage, 

maintaining the anaerobic conditions of the anode chamber. But a decrease in voltage production was observed for 11% and 12% 

agarose concentration, as the salt-bridge is highly polymerized reducing the pore size, hindering the movement of proton across the 

bridge.[10] 

 It was observed that there is an increase in current production as the concentration of agarose increases from 7% to 10%. This 

was due to effective proton transfer and as the gels is highly polymerized; it prevents the diffusion of oxygen from the cathode 

chamber to anode chamber through the salt-bridge, thus maintaining a better anaerobic environment in the anode chamber 

encouraging the growth of anaerobic bacteria for increased electrons release [32,10]. But there was a decrease in current production 

for 11% and 12% agarose concentration as the extremely polymerized gel prevents the effective movement of protons, increasing the 

concentration of protons in the anode chamber, reducing the pH, making the anodic environment highly acidic for the microbes to 

survive [10]. 
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3.5 Effect of spacing between anode and cathode on power production: 

             In a study under variable external resistance, the power density has increased with decrease in distance between the electrodes. 

Maximum power density of 10.9, 8.6, and 7.4mW/m
2
 was observed at electrode spacing 20, 24 and 28 cm, respectively. The 

maximum power density was observed at external resistance between 900 ohm and 1200 ohm. Decrease in power density was 

observed with increase in resistance beyond 1200 ohm, indicating importance of external load for controlling power production. These 

results suggest that, at higher external resistance the electron transfer through the external circuit to the cathode might be the limiting 

factor. In addition, this suggests that, ML–MFC should be constructed by placing electrodes as close as possible to increase power 

output. 

 

4. CONCLUSION: 
With the above review following conclusion may be drawn: 

 Microbial fuel cell (MFC) is a promising technology may be proved in future to fulfill the needs of energy. 

  It is also a promising technology for treatment of wastewater as well as alternative sources of green energy production. 

  Its power production is still low for the practical applications therefore further extensive studies will be required for 

practical applications. 
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