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Abstract 
Microbial fuel cell (MFC) is one of the promising fuel cell technologies. 

MFCs offer a breakthrough for the treatment of wastewater coupled 

with energy generation. However, their applications are mostly limited 

to laboratories. Present research is focused on conducting the biological 

treatment of wastewater originated from fermentation industry using 

microbial fuel cell (MFC) through the microbes to achieve the 

wastewater treatment as well as renewable energy generation. The 

efficiency of MFC was studied at different operating and nutritional 

conditions, including pH, temperature, aeration rate and substrate 

concentration with biocatalyst Saccharomyces servisa. The open-circuit 

maximum voltage generated 2100 mv and using 50 Ω resister given 1800 

mv. Numerous parametric effect was measured by altering the value of 

aeration rate from 20-35 mL/min with 5 mL/min step size; pH from 6-9 

with step size pH 1, and substrate from 25-100% with step size 25%. 

From above discussed parameter power and current density were 

maximum at pH 8 about 725 mv/l and 350 mA. Results suggested that 

utilization of fermented sludge in MFC could give direction to handle the 

problem of fermentation industries and also to overcome a small 

fraction of energy crisis. 
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1. INTRODUCTION 

In the past 10-15 years, the microbial fuel cell (MFC) technology has captured the attention of the 

scientific community for the possibility of transforming organic waste directly into electricity through 

microbially catalyzed anodic, and microbial/enzymatic/abiotic cathodic electrochemical reactions
1
. It 

also treats waste water streams that cause environmental problem
2
. In Microbial Fuel Cells (MFCs) 

electroactive bacteria were utilized to convert organic matter into electron and proton. Traveling of 

electron from the anode chamber to the cathode chamber via external circuit, whereas protons are 

concerned, which diffuse into the cathode compartment through membrane. MFCs are bio-

electrochemical devices that lead to bacteria for harvesting electron and proton from organic matter 

oxidation. The mechanism of water production in the cathode chamber due to the transfer of electron 

via external circuit and proton transfer through cation exchange membrane, oxidation occurs in the 

cathode chamber due to addition of oxygen from atmosphere 
3
.  

MFCs has been stated in the literature as a new and fast method for the generation of electricity 
4
 

and can be helpful for supply of power to small devices 
5
. MFCs having the ability for converting organic 

matter into electricity. In distinction to conventional fuel cells, MFCs put a positive response with 

respect to high energy-conversion production and minor reaction conditions (e.g., neutral pH, ambient 

temperature, and normal pressure). Additionally, MFCs can produce energy from organic matter after 

conversion of substrate. Among those feedstocks for MFC contain simple carbohydrates, like glucose
6
, 

butyrate and acetate 
7
, domestic wastewater, swine wastewater containing complex organic compounds 

8
, and manure sludge waste

9,
 

10
 created a maximum electrical current of approximately 60 l A and 

hundreds of millivolts when electrodes of graphite foil were connected in the zone of aerated aerobic as 

compare to anaerobic sludge zone 
11

. Electrical energy production done by different biomass related 

with their nature in organic
12

. Preliminary testing using a dual-chamber MFC with a water-based cathode 

showed that electricity can be produced from pig waste water containing 8320±190 mg/L of soluble 

chemical oxygen demand (SCOD) (45 mW/m
2
 maximum power density (MPD)). A wider range of tests 

using a single-chamber air cathode MFC resulted in 261 mW/m 
2
 MPD (resistor 200 Ω) equated to the 

same system consuming domestic wastewater (146 ± 1) 8 mW/m
2
) having higher concentrations of 

organic substances. Saturation kinetics with MPD in the substrate concentrations were used to develop 

a model for power generation by fixing MPD (fixed 1000 Ω resistor) and half saturation concentration 

(total COD). Ammonia decreased from 198 ± 1 to 34 ± 1 mg/L (83% removal). Wastewater was 

autoclaved and sonicated after dilution and setting ratios (1:10) in order to improve the treatment 

efficiency and power output. This pretreatment (110 ± 4 mW/m
2
) increased the power generated by 

16% compared to wastewater without pretreatment (96 ± 4 mW/m
2
). The SCOD removal rate was 

increased from 88% to 92% by agitating the diluted wastewater, although the power output was slightly 

lower.
9
. Bio-electrochemical employed in fuel cell for conversion of chemical energy into electrical 

energy by digesting the organic matter present in the anode chamber. Bio-electrochemical system plays 

an important role for electroactive bacteria for transferring electron from degradation of organic matter 

into the cathode chamber for energy and water generation. Bio-electrochemical exhibit advantages over 

use of organic substrate without use of expensive metals in the form of catalyst 13. 

Current work is focused on bio-electrochemical conversion of fermentation waste into bioelectricity 

using MFC. The efficiency of MFC was studied at different operating and nutritional conditions, including 

pH, temperature, aeration rate and substrate concentration with biocatalyst Saccharomyces servisa. 
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2. MATERIALS AND METHODS 

2.1 Materials 

2.1.1 Biocatalyst 

 Saccharomyces cerevisiae was purchased from local market of analytical grade, which was used as a 

biocatalyst. Saccharomyces cerevisiae was grown on the medium with composition (g/L); glucose, 10; 

(NH4)2 HPO4, 0.64 , and yeast extract 2.5; at  pH 6. About 100 ml of inoculum was utilized and 

incubated for 24 h on an orbital shaker at 100 rpm at 32°C 
14

. Saccharomyces cerevisiae culture was 

added to anode chamber after substrate (waste) addition for digesting organic matter. 

2.1.2 Primary fermented sludge 

Fermentation of ethanol is one of the developed methods for conversion of sugar into industrial 

alcohol, apart from this sludge also draw off this sludge also contain the handsome amount of organic 

matter. Different samples of primary fermented sludge were collected from Al-Abbas distillery Plant. 

Waste water sample of 100 ml was taken into an anode chamber. Using salt bridge anode and cathode 

chamber was connected. Potassium Ferricyanide was used in the cathode chamber. Graphite electrode 

was inserted in both chambers, and the voltage was measured using multimeter (DT830D), and the 

output power was recorded on the daily basis. 

2.2 Methodology  

2.2.1 Configuration of Microbial Fuel Cell  

MFC (Fig. 1) used in this study was consisted of two chambers connected with proton exchange 

membrane. In the anode chamber, about 1 L sample of fermented sludge was added, and 

Saccharomyces servisae were utilized as bio-catalysts in the anode chamber. Cathode chamber (Table 1) 

was aerated by air fish pump, which provided different aeration rates controlled by flow meter attached 

at the end of the pump. Different parameters were studied via altering their ranges.  Such parameters 

are aeration rate, concentration substrate (fermented sludge) and pH. From 20-35 ml/min were utilized 

for aeration in cathode chamber with the difference of 5 ml/min, from 6-9 pH were maintained for 

microbial growth in the anode chamber though buffer solution with the difference of 1 pH, and for 

substrate concentration (fermented sludge) various ranges were utilized for optimization of power 

output, which including 25-75% with step size 25%. 

 

Table 1. Typical dimension of Microbial Fuel Cell configuration 

Items Height (in) Dia (in) Length (in) 

Cathodic chamber 13 8 - 

Anodic chamber 13 8 - 

Salt bridge - 1 4 

 

2.2.2 Preparation of anode and cathode chamber 

 A working MFC was constructed and run in continuous-flow mode with an acetate-based substrate 

feed. Power outputs were recorded and compared between different anode designs to determine that 

surface shear rate and not surface area is the determining factor in dictating power output in a MFC.
15

. 
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Apart from above study, new design was made which is shown in Fig.1. Fig.1. highlight’s the 

development of anode and cathode compartment with the approach of maximum electron transfer by 

considering the optimized condition for proton exchange membrane made up 10% agarose 

concentration.  

 

 

 

Fig.1. MFC for utilizing the substrate primary fermented sludge 

 

2.2.3 Electrode preparation  

The new electrodes were activated by soaking in HCl (1M) and 100% ethanol for 50 and 25 minutes 

respectively. Electrodes were washed after each interval of 50 minutes with 1 M solution of NaOH and 

HCl just for removal of inorganic contaminations and metals. Electrodes were kept in distilled water for 

further experiments.  

1.2.4 Preparation of Salt bridge for proton transfer 

Salt bridge was prepared from agar salt with concentration couple with different salt. The main 

purpose of salt bridge is to conduct proton from anode chamber to cathode chamber via electron 

transfer to external circuit producing water after oxidation of proton. In salt bridge, different agarose 

concentrations (7-10%) were employed. The maximum voltage generation was observed at 10% agarose 

with NaCl, and Kcl. The salt bridge is prepared by heating 10% agarose with different salts couple with 

100 ml of solution. After heating at 50
o
C the mixture of agarose with common salt stayed for 10 min for 

solidification of gel. The gel containing PVC pipe was fitted between two compartments.  

 

2. RESULTS AND DISCUSSIONS  

MFC performance can be judged through several factors that alter the current production from 

substrate digesting. MFC application is growing now days regarding energy generation couple with 

treatment of waste (liquid or solid). This study investigated the different factors influenced on MFC such 

as aeration rate, pH, and concentration of substrate processed (Table 2). Fermented sludge is also a 

waste from fermentation industry, with this regard; study was focused to investigate the potential effect 



Jatoi et al. 2018, AJLS, 1 (2): 42-53                                                                                              

 

46 

© 2018 Abasyn Journal of Life Sciences.  

 

Original Research Article

of primary fermented sludge as a substrate in MFC. Bioconversion of primary fermented sludge was 

under study to investigate the effects of oxygen flow rate, pH and concentration of sludge on electricity 

generation using double chamber MFC. 

 

Table 2. Analysis of Microbial Fuel Cell through different Parameters  

 

3.1 Effect of agarose concentration on performance of MFC. 

Performance of MFC was checked in between proton exchange membrane of MFC
16

 and salt 

bridge
17

. Salt bridge is the best replacement for cost reduction of expensive proton exchange membrane 

in MFC dual chamber. Fig.2 drawn regarding effect of agarose salt concentrations on performance of 

microbial fuel cell. Different agarose concentrations were analyzed for investigating the optimum 

condition for MFC.  Fig. 2 shows the ultimate effect of agarose concentrations on voltage when changing 

the value of agarose from 1-10%. The MPD was observed by 
18

sevda & sreekrishnan 2014. at a 5% salt 

concentration couple with 10% agar, using methylene blue as the electron acceptor, with voltage and 

current of 0.551V and 0.47 mA, respectively.  Apart from this previous work related with different 

agarose concentrations regarding distillery waste water is about 10% couple with current and voltage 

generation 0.67 mv and  0.0642 mA
19

 respectively. A maximum voltage generation was observed using 

0.08 mM methylene blue as a mediator to obtain a power density coupling of 17.59 mW/m
2
 and 89.22 

mW . Another mediator neutral red were also used for identifying their applicability for transferring 

proton and electron from anode to cathode chamber. Mediators present positive impact on bio-film 

formation. These results suggests that with the use of methylene blue as mediator indorse  proton 

transport  through salt bridge, that cause increase performance of microbial fuel cell for energy 

generation 
20

. On behalf that salt bridge were tested with different concentrations of agar salt for 

Parameter  Aeration rate (ml/min) pH for anode compartment concentration of primary 

fermented sludge 

20 25 30 35 6 7 8 9 25 50 75 

Current 

generation  

(mA) 

0.78 0.83 0.86 0.91 0.73 0.75 0.78 0.71 0.82 0.86 0.98 

Voltage 

generation  

(volts) 

0.72 0.83 0.91 1.1 0.69 0.72 0.74 0.70 0.80 0.84 0.87 

Power 

production 

(mW) 

0.56 0.69 0.78 1.0 0.5 0.54 0.58 0.49 0.60 0.72 0.85 

Power density 

(mW/m2) 

45.3 55.5 63.1 80.7 40.6 43. 46.5 40.0 52.9 58.2 68.7 

Current 

density 

(mA/m2) 

62.9 66.9 69.3 73.3 58.8 60.4 62.9 57.2 66.1 69.3 79.0 
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maximizing the power output from Primary Fermented Sludge. From 8-11% of agar concentrations 

tested in salt bridge on performance of microbial fuel cell for electricity generation. When microbial Fuel 

Cell was operated for 24 hrs, voltage generation was recorded after every 2 hrs via multimeter. In Fig. 2 

it is clearly seen that at 16 hour after growth period, at 10% agar concentration in salt bridge got 

maximum value about 290 mv/l and then slowly decreased after 18 hrs due to variation in agar salt 

concentration. 

 

 

 

 

 

 

 

 

 

 

 

 

                      

                   Fig.2. voltage generation at various agar salt concentrations in salt bridge  

 

3.2 Effect of oxygen flow rate on bioelectricity generation 

For effective treatment of sludge in anode chamber oxygen flow rate had the effect for oxidation of 

proton drawn in anode chamber. Different flow rate were tested by keeping time as independent 

variable and voltage generation as dependent variable The effect of the oxygen flow rate on power 

generation during MFC operation was studied using a different oxygen flow rate of 20 to 35 ml/min, 

generating electricity between 220 and 995 mV per liter of the original fermented sludge treatment (Fig. 

3). These results show that as the air flow rate increases, the power generation increases and reaches a 

maximum of about 1 V at an oxygen flow rate of 150 ml/min, after which the power genenration 

decreases. This indicates that at higher air flow rates, the MFC power generation capacity is significantly 

reduced due to the higher oxygen rate in the air diffusing near the anode, which may be due to 

disturbing of the anaerobic microorganisms living on the anode surface 
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                 Fig.3. Effect of aeration rate on power production from primery fermented suldge  

 

 

3.3 Effect of pH on power production 

Microbial activity of microorganisms can be influenced by pH, which is considered as a major factor 

affecting the activity of microorganisms.  pH of solution is one of the important factor for digestion of 

substrate couple with energy generation. In this regard, different ranges of pH were utilized to 

investigate the optimized condition regarding metabolic activity of microorganism. Fig. 4 highlight pH 

effect on power production using primary fermented sludge as a substrate. Maximum power production 

obtained at pH value of 8 and minimum at pH value of 6. It is due to the microbial activity that inhibit by 

acidic condition produced in anode chamber, the enzyme secreted by the microorganism may have an 

advantageous form of ionic groups at its active site to function properly. It is reported that changes in 

pH will result in changes in the ionic form of the active site which will further alter the enzymatic activity 

leading to a change in reaction rate 
21

. Higher pH range gives maximum value regarding power density as 

compare to the lower ranges pH, actually this alternating in current production due to pH is nothing but 

the activity of electrochemical behavior of microorganism in anode chamber. lowers. This finding is 

consistent with that reported by 
22

Z. He et al. They observed that neutral pH was suitable for cellulose 

degradation, because acidic conditions tend to inhibit the growth of most cellulose-degrading yeasts 
23

. 

The maximum activity of microbial aggregates was found in their original pH values. Different 

parameters may effect on microorganism activity which can enhance power generation like virulence, 

amino acid degradation, proton translocation and adaptation to alkaline or acidic conditions 
24

. 

Depending on the organism and growth conditions, changes in external pH can lead to several major 

physiological changes, including internal pH, ion concentration, membrane potential, and proton 
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motility
25

. This is consistent with our results, indicating that the optimum current is produced at the 

original  pH 8 of each sample. 

 

 

                                           

 

 

 

 

 

 

 

 

 

 

 

                  

                                                        Fig.4. Effect of pH on power production 

 

3.4 Effect of concentration of substrate on power production 

Microbial production of electricity may become an important form of future bio-energy, because 

MFC have ability to utilize various substrate including complex organic waste and renewable biomass for 

energy generation.. Substantial amounts of substrate have been explored as feeds. The main substrates 

that have been tried include various types of artificial and actual wastewater and lignocellulosic 

biomass. Despite the relatively low current and power production, it is expected that the amount of 

current (and electrical power) that can be extracted from these systems will be greatly enhanced with 

improvements in the technology and knowledge of these unique systems. Various substrates have been 

explored in MFC to date, their resulting properties, limitations, and potential future substrates.
26

. 

Different concentrations of primary fermented sludge were used to measure the maximum energy 

production.. It is clearly shown in the Fig. 5 that 75% sludge concentration produces the maximum 

power generation compared to other concentrations. 
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                         Fig.5. Effect of Substrate (fermented suldge) on power production 

 

3.5 effect of Power and Current Density at Different aeration Rate, and pH 

The  power and current density generated in double chambered air cathode chamber MFC was recorded 

for a period of 480 hrs. From Fig. 6, it is clear that highest values were produced at 25 ml/min at the end of 

480 hrs and after this the maximum value gradually decreased due to the decreasing levels of organic 

matter concentrations. There is an increase in values as concentration of agarose increased from 7% to 

10%, this is due to the effective transfer of protons and as the gels is highly polymerized, thus maintaining 

anaerobic conditions and increasing the growth of microorganisms. But there is reduction in values for 11% 

and 12% concentrations of agarose as the highly-polymerized gel prevents the effective transfer of protons. 

The overall efficiency of the MFC was examined by considering various parameters like voltage, current, 

power, power density and current density. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.6. Effect of aeration rate on Current and power density from primery fermented suldge  
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pH has an important factor for energy generation about metabolic activity of microorganism. 

Related with power and current density, study focused that variation in pH had considerable effect over 

current and power density. pH 9 give 38.6% more power density then pH 7, This lead to Microbial activity 

of microbes used for digesting the substrate present in anode chamber for electron and proton generation. 

Performance of microbial fuel cell can be increased couple with bicarbonate buffer as pH buffer for waste 

water treatment.
27

.  The air cathode MFC is used to treat municipal wastewater by adjusting the pH 

between 6 and 10. The short-term test showed the highest power yield (0.66 W m-3) at pH 9.5. The MFC 

operation in the continuous control mode at 30 days and at the optimum pH raised the performance of the 

cell relative to the power generation to 1.8 Wm
-3

. Organic removal (77% influent COD) and physical 

ammonium losses are directly affected by pH and it follow the same behavior as power generation. At pH 

above the optimum pH, the anaerobic bacteria are affected and the power generation is stopped
28

. When 

the SLR was 0.75 kg COD kg VSS-1 d-1, the best performance of organic removal and power production was 

obtained. The maximum power densities of 158 mW/m
2
 and 600 mW/m

2
 were obtained in MFC-1 (feed pH 

6.0) and MFC-2 (feed pH 8.0), respectively. The internal resistance of cells decreased with the increase of 

SLR. The maximum power density in MFC-1 was 109.5 mW/m
2
 for MFC-1 and 459 mW/m 

2
  for MFC-2 and 

30% smaller than MFC-I and 23.5 respectively when operated on biofilm on the anode. MFC-2 had an SLR of 

0.75 kg COD kg VSS-1 d
-1

. When the permanganate salt was added as the catholyte, the maximum bulk 

power of 15.51 W/m
3
 and 36.72 W/m

3
 was obtained in MFC-1 and MFC-2, respectively. Higher feed pH 

(8.0) favors higher power production
29

 But in current research related modified up to 1750 W/m
3
 at current 

density of 0.99.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                             Fig.7. Effect of pH on power production from primery fermented suldge  
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4. CONCLUSIONS 

Fermented sludge was utilized for power generation in microbial fuel cell with the effect of various 

parameters. Such parameters are aeration rate, concentration substrate (fermented sludge) and pH. 

Saccharomyces servisae were employed for getting optimal results with respect to utilization of fermented 

sludge. Numerous parametric effect were measured by altering the value of aeration rate from 20-35 

ml/min with 5ml/min step size, pH from 6-9 with step size 1pH, and substrate from 25-100% with step size 

25%. From above discussed parameters; power and current density were maximum at pH 8 about 725 mv/l 

and 350mA. It is exhibited that present study creates maximum power density up to 0.38±0.02 W/m
2 

compare with 0.32 ± 0.01 W/m
2
 
30

.   
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