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ABSTRACT 
Microbial fuel cell (MFC) is a device generally converts the biochemical energy present in the substrate to 
electrical energy through degradation of substrate in the absence of oxygen. Various experiments have been 
conducted to generate electricity using double chambered MFC (DC-MFC) reactor due to its simple 
construction, mechanism and maintenance compared to single chambered MFC (SC-MFC) reactor. In the 
present study an attempt has been made to develop a low-cost DC-MFC to generate power from distillery as 
well as sugar industrial wastewaters using different electrode configurations. Effect of mixed microbial culture, 
mediators, electrode configuration and varied dilution on power generation has been carried out.The maximum 
voltage was found to be 1000 mV in the presence of PS and RFS as inoculum using sugar wastewaters, 
however, a maximum voltage and current of 860 mV and 9.1 mA, respectively, were noticed when distillery 
wastewaters were used as substrate with phosphate buffer. Experimental results using multi carbon rod electrode 
assembly with raw distillery wastewaters showed a maximum voltage and current of 870 mV and 10.1 mA, 
respectively, however, with 20 % dilution of sugar wastewater yielded a maximum voltage and current of 1180 
mV and 1.4 mA, respectively. Constructions of MFC reactor was found to be low cost with agar salt bridge 
when compared with Nafion membranes. 
 
Keywords: Microbial fuel cell, mixed culture, mediator, electrode configuration, dilution, voltage, current. 

 
[I] INTRODUCTION 
The non-renewable resources of energy is 
depleting at a faster rate in the current scenario 
[1]. Hence, there is the search for high efficient 
energy transformations and ways to utilize the 
alternate renewable energy sources. Microbial 
fuel cells (MFCs) employ microbes to generate 
electricity from biochemical energy produced 

during metabolism of organic substrates. MFC 
consists of anode and cathode connected by an 
external circuit and separated by proton 
exchange membrane (PEM) [2]. In anode 
chamber, organic matter present in the substrate 
will be degraded bymicrobes and generates 
electrons (e-) and protons (H+) in the absence of 



Effect of Mixed Microbial Culture, Mediator, Different Electrode Configuration and Wastewater Dilution 

Shobhan Majumder, et al.                                                                                                                        43 

oxygen, which are transferred to cathode 
through an external circuit and membrane, 
respectively. Organic substrates are utilized by 
microbes as their energy sources, outcome of 
this process is the release of electrons that are 
transferred to electron acceptors (molecular 
oxygen). However, in anaerobic condition due 
to the absence of electron acceptor in the 
anodic chamber of MFC, microorganisms 
shuttle electron onto the anode surface. As a 
result, the electrons will transfer through the 
external circuit, which results on the generation 
of electricity [2]. Bacteria are being used in 
MFC to generate electricity while 
accomplishing biodegradation of organic 
matters present in the wastewaters. 
Biodegradable organic rich wastewaters 
(organic based municipal solid waste, leachate, 
industrial and agriculture wastewaters) are ideal 
as a sustainable energy sources for the 
generation of electricity [3]. 
Many researchers have conducted studies to 
know the potentiality of generating power at 
micro-level from industrial wastewaters using 
different electrodes. Park and Zeikus (2000) 
have developed an MFC which produced a 
current of 14 mA and power density of 787 
mW/m2 with sewage sludge using Mn++ 
graphite anode and Fe3+ graphite cathode 
separated by porcelain septum [4-5]. Schroder 
(2003) has reported a current density of 15 
A/m2 with a dual chambered MFC using anode 
coated with metallic electrocatalyst like Pt or 
platinized carbon cloth covered by conductive 
polymer [5-6].  
The beneficial effect of increase in the cathode 
surface area was demonstrated. The 
experimental results showed that, the power 
production got increased when cathode surface 
area was increased from 22.5 cm2 to 67.5 
cm2[5,7]. In an investigation it was observed 
that, the usage of stacked MFCs were advanced 
for generating current along with a considerable 
voltage output via series-parallel combination 
[5,8]. Application of successive 
polytetrafluoroethylene (PTFE) layers, on a 
carbon/PTFE base layer, to the air-side of 
cathode in a single chamber MFC significantly 

improved coulombic efficiencies (CEs), 
maximum power densities, and reduced water 
loss (through the cathode) [9]. It is also 
observed that, in an operational mode of bio-
cathode of MFCs, electron transport was found 
to be best in continuous mode of operation 
[5,10]. Patil et al. (2011) have demonstrated 
that, the MFC formed with microbes collected 
from rice field soil was found to be more 
suitable for the optimum conversion of dairy 
waste into electrical energy compared to 
microbes obtained from brick factory soil and 
activated sludge [11].  
On the other hand, in a double-chamber 
microbial fuel cell the voltage and power 
production increased when mixed microbial 
culture was used rather than a pure culture 
under continuous mode of operation [12]. The 
results of COD removal indicates that, the rate 
of COD removal increases with decrease in 
HRT. Further, high power densities are 
achieved at shorter HRTs, however, longer 
HRTs are needed to reduce COD levels suitable 
for wastewater discharge in continuous mode of 
operation[13].  
The scope of the present study is to develop 
more efficient microbial fuel cells which can be 
applied to produce a fully functional prototype, 
which could be potentially used commercially. 
Hence, in the present study it is proposed to 
develop indigenous models of Double Chamber 
MFC (DC-MFC) reactor, built with simple 
materials, which can produce maximum power 
under varied operating conditions. 
 
[II] MATERIALS AND METHODS 
2.1 Fabrication of reactors 
The double chamber microbial fuel cell (DC-
MFC) reactors made of acrylic plexiglass was 
used. Laboratory experiments were conducted 
using DC-MFC reactor dimensioning 10 cm X 
10 cm X 20 cm with a working volume of 2 
liter capacity. 
 

2.2 Electrode material 
In the present study, different types of 
electrodes were used, these include: carbon rod 
electrodes and carbon brush electrodes. The 
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length and diameter of the carbon rod 
electrodes were 13.5 cm and 1.5 cm, 
respectively, and the dimensions of the carbon 
brush electrodes were 8 cm (height) X 4 cm 
(width) X 0.5 cm (thickness). Both the 
electrodes were kept in the DC-MFC reactor at 
a distance of 5 cm from each other. In order to 
have effectiveness of the electrodes, electrodes 
were dipped in distilled water over a period of 
24 hours before start-up of the experiment.  
 

2.3 Membrane 
Agar-salt bridge was taken as proton exchange 
membrane (PEM). The salt bridge was 
prepared by taking 9.6 gm of KCl and 1.3 gm 
of agar with 25 ml of distiller water and 
allowed to boil for about 2 minutes. The hot 
solution was then poured into the hollow tube 
having 5 cm length and 1.5 cm internal 
diameter. The setup was further allowed to cool 
for nearly 2 hours, and the salt bridge was thus 
ready for use. 
 

2.4 Catalyst / Catholyte  
In the present study, phosphate buffer and 
potassium permanganate were used as catalysts 
to maintain pH of wastewater between 7.0 and 
7.7. Phosphate buffer was prepared by taking 
80.2 ml of potassium phosphate di-basic and 
19.8 ml of potassium phosphate mono-basic, 
which was diluted with 900 ml of distilled 
water. On the other hand, 600 µM potassium 
permanganate solution was prepared by taking 
0.1 gm of potassium permanganate crystals in 1 
liter of distilled water. In order to increase the 
electron transfer efficiency phosphate buffer 
and potassium permanganate was used.3 
 

2.5 Wastewater samples 
The wastewaters were collected from M/s 
Nuziveedu Seeds Limited (NSL) industry, 
Koppa, India and M/s Bannari Amman Sugar 
and Distillery Industry, Nanjangud, India, was 
used.  
Glucose has been added to promote the growth 
of micro-organisms present in the distillery and 
sugar industrial wastewaters. The wastewaters 
collected from both the industries were 

analyzed for pH, nitrate, phosphate, BOD and 
COD concentrations. 
 

2.6 MFC operation 
Experiments have been conducted in 3 phases; 
phase 1 include: single carbon rod electrode 
used in both anodic and cathodic chamber; in 
phase 2, number of carbon electrodes have been 
increased in anodic chamber and electrodes 
were connected in series and in phase 3, 
different electrode materials such as carbon 
brush has been used. Three double-chamber 
MFC units have been fabricated using acrylic 
plexiglass and used for conducting laboratory 
experiments, with a working volume of 2 L 
capacity (Figure 1). Agar salt-bridge was used 
as proton exchange membrane (PEM), which 
was prepared by using KCl and agar medium. 
Both carbon brush and carbon rod electrodes 
were used and kept at a distance of 5 cm apart. 
Carbon electrodes were connected together 
externally with a single copper conductor. 
Distillery and sugar industrial wastewaters 
having varied COD concentration have been 
used as substrate. Pond sediment (PS) and rice 
field soil (RFS) of 20 gm and 200 ml of yogurt 
have been added to the wastewaters present in 
the anodic chamber as an additional source of 
anaerobic micro-organisms.  
In fact, industrial wastewaters also contain 
certain anaerobes which helps on the 
degradation of organics present in the 
wastewaters. 20 gm of glucose has been added 
to the anodic chamber to have a rapid 
acclimatization of micro-organisms with the 
wastewaters. Mediators such as, phosphate 
buffer and potassium permanganate have been 
added to the reactor content and the pH 
maintained in the reactor was in the range 
between 7.0 and 7.7.  
The addition of mediators into the reactor 
content will enhance the microbial activity, 
which leads to have a better electron transfer to 
the anode. The holes were then sealed with glue 
gun to prevent air from entering, once the lid 
had been attached to the chamber, and electric 
tape was used to close the side of the reactor 
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lid, which keep the chamber in an anaerobic 
conditions. 
 

 
Figure 1. Experimental setup of double-chambered 
microbial fuel cell 
 

[III] RESULTS AND DISCUSSION 
3.1 Characteristics of sugar and distillery 

wastewaters 
Wastewaters collected from M/s Nuziveedu 
Seeds Limited (NSL) and M/s Bannari Amman 
Sugar and Distillery industries were analyzed 
for pH, nitrate, phosphate, BOD and COD 
concentrations and the values are presented in 
Table 1. From the Table 1 it is observed that, 
BOD values of NSL industrial sugar and 
distillery wastewaters were found to be 34,360 
mg/L and 67,480 mg/L, respectively, and COD 
values observed were 81,600 mg/L and 
1,47,000 mg/L, respectively. Further, BOD 
values of Bannari Amman industrial sugar and 
distillery wastewaters were found to be 14,385 
mg/L and 87,560 mg/L, respectively, and COD 
values were observed to be 32,640 mg/L and 
2,24,000 mg/L, respectively. 

Table 1 Characteristics of raw sugar and distillery 
industrial wastewaters 

 

3.2 Effect of Mixed Microbial Culture on 
Power Generation 

Experiments were conducted to know the 
effectiveness of mixed culture on power 
production.Two different sets of microbial 
cultures are used. First set of microbial culture 
utilizes rice field soil (RFS), pond sediment 
(PS) and curd as seeding materials. However, 
in the second set of culture RFS and PS were 
used as seeding material in MFC reactor. 
3.2.1 Power generation from sugar 

wastewater 
Laboratory experiments were conducted using 
raw sugar wastewater obtained from M/s 
Nuziveedu Seeds Limited (NSL), Koppa, India. 
Phosphate buffer of concentration 0.1 M was 
used as mediator. Single carbon rod electrodes 
were used to conduct the batch experiments 
over a period of 48 hours. Seeding materials 
such as, RFS, PS and curd were used. Effect of 
addition of different seeding material to the 
wastewater on power generation plays a vital 
role. The voltage, current, current density and 
power have been measured by using digital 
multimeter and plots were made against time 
with sugar industrial wastewater (with and 
without curd) in DC-MFC reactor were shown 
in Figures 2,3,4 and 5. mThe maximum open 
circuit voltage (Voc), current, current density 
and power were found to be 825 mV, 2.1 mA, 
0.148 A/m2 and 1.335 mW, respectively, during 
the start-up of the experimental run, when rice 
field soil (RFS), pond sediment (PS) and curd 

were used as seeding materials. However, in 
the case of RFS and PS, the maximum voltage, 

Parameters 

Raw wastewater 
M/s Nuziveedu Seeds Limited 
(NSL) 

M/s Bannary Amman Sugar and 
Distillery Industry 

Sugar Distillery Sugar Distillery 
BOD5 (mg/L) 34360 67480 14385 87560 

COD (mg/L) 81600 147000 32640 224000 

Nitrate (mg/L) 53.714 18.19 0.6649 1.8268 

Phosphate (mg/L) 15.37 1037.5 2.093 4.682 

pH 4.19 4.8 5.61 6.01 
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current, current density and power were found 
to be 1000 mV, 4.5 mA, 0.319 A/m2 and 4.5 
mW, respectively, during the start-up of the 
experiment. 
3.2.2 Power generation from distillery 

wastewater 
Laboratory experiments were conducted to 
generate power using raw distillery wastewater 
obtained from M/s Bannari Amman Sugar and 
Distillery Industry, Nanjangud, India. Mediator 
such as, phosphate buffer of concentration 0.1 
M was used and single carbon rod electrodes 
were used to conduct the batch experiments 
over a period of 48 hours. Plots of variations of 
voltage, current, current density and power 
produced versus time in DC-MFC using 
distillery wastewater with and without curd 
were made shown in Figures 6, 7, 8 and 9. 
The maximum open circuit voltage (Voc), 
current, current density and power were found 
to be 415 mV, 3.4 mA, 0.24 A/m2 and 1.36 
mW, respectively, at 3rd hour from the start-up 
of the experiment, when RFS, PS and curd 
were used as seeding materials. However, when 
RFS and PS were used, maximum voltage, 
current, current density and power were found 
to be 762 mV, 6.9 mA, 0.48 A/m2 and 5.25 
mW, respectively. The voltage and current 
values obtained in DC-MFC with mixed culture 
as RFS and PS were found to be higher than 
that the values obtained in MFC with mixed 
culture of RFS, PS and curd for sugar as well as 
distillery industrial wastewaters. This may be 
due to inhibition to the microbes present in the 
curd, leads to decreased power output. 

Figure 2. Variation of voltage in DC-MFC for NSL 
sugar wastewater with and without curd 

Figure 3. Variation of current in DC-MFC for NSL 
sugar wastewater with and without curd 

Figure 4.  Variation of current density in DC-MFC 
for NSL sugar wastewater with and without curd 

Figure 5. Variation of power in DC-MFC for NSL 
sugar wastewater with and without curd 
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Figure 6. Variation of voltage in DC-MFC for 
Bannari Amman distillery wastewater with and 
without curd 

F
igure 7. Variation of current in DC-MFC for 
Bannari Amman distillery wastewater with and 
without curd 

Figure 8. Variation of current density in DC-MFC 
for Bannari Amman distillery wastewater with and 
without curd 

Figure 9. Variation of power in DC-MFC for 
Bannari Amman distillery wastewater with and 
without curd 

 
3.3Effect of different mediators on power 

generation 
Mediators are generally used in MFC to 
enhance the microbial activity in anodic 
chamber which in-turn increase the rate of 
electron transfer to anode for efficient power 
generation [14]. Hence, in order to know the 
effect of different mediators on power 
generation potassium permanganate and 
phosphate buffer have been used as mediator. 
 

3.3.1 Power generation from distillery 
wastewater 

Experiments were also conducted using raw 
distillery wastewater obtained from M/s 
Nuziveedu seeds limited (NSL), Koppa, India.  
Pond sediment (PS) and Rice field soil (RFS) 
were used as inoculum with single carbon rod 
electrodes to conduct the batch experiments. In 
order to enhance the microbial activity, 
phosphate buffer and KMnO4were used as 
mediators.Experiments were conducted by 
taking 600 µM of KMnO4as mediator in the 
cathodic chamber of MFC reactor. In the 
second step,experiments were conducted using 
0.1 M of phosphate buffer in the cathodic 
chamber of MFC reactor. Graphs were plotted 
for voltage, current, current density and power 
produced versus time in DC-MFC rector using 
raw distillery wastewater with KMnO4as 
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mediator and phosphate buffer were made 
shown in Figures 10, 11, 12 and 13. 
From these plots it has been observed that, the 
maximum open circuit voltage (Voc), current, 
current density and power were found to be 780 
mV, 6.8 mA, 0.49 A/m2 and 5.46 mW, 
respectively, at 3rd hour from the start-up of 
the experiment, when KMnO4 was used as 
mediator. However, when phosphate buffer was 
used, maximum voltage (Voc), current, current 
density and power found to be 860 mV, 9.1 
mA, 0.64 A/m2 and 7.826 mW, respectively. 
 

3.3.2 Power generation from sugar 
wastewater 

In order to generate power, experiments were 
also conducted using raw sugar wastewater in 
cathodic chamber of MFC reactor as well as in 
DC-MFC reactor. PS and RFS were used as 
inoculums for better electron transfer to anode 
surface. Single carbon rod electrodes were used 
to conduct batch experiments over a period of 
48 hours. Experiments were conducted by 
taking 600 µM of potassium permanganate 
(KMnO4) and phosphate buffer as mediators in 
cathodic chamber of MFC reactor. Plots of 
variations of voltage, current, current density 
and power produced versus time in DC-MFC 
using sugar wastewater with KMnO4 as 
mediator and phosphate buffer were made 
shown in Figures 14, 15, 16 and 17. 
From these plots it can be observed that, the 
maximum open circuit voltage (Voc), current, 
current density and power were found to be 399 
mV, 2.5 mA, 0.177 A/m2 and 0.94 mW, 
respectively, during the initial stage of the 
experiment, when KMnO4 was used as 
mediator. Further, in case of phosphate buffer, 
maximum voltage, current, current density and 
power were found to be 589 mV, 3.7 mA, 0.26 
A/m2 and 2.07 mW, respectively, with 
phosphate buffer. It was also observed that, 
voltage as well as the current values were found 
to be more with phosphate buffer when 
compared to potassium permanganate as 
mediator. The use of phosphate buffer in DC-
MFC rector gave the maximum values of 
voltage, current, current density and power. 

This may be due to the usage of phosphate 
buffer which may transfer maximum electrons 
towards electrode in the anodic chamber when 
compared with the usage of KMnO4 as 
mediator. 

Figure 10. Variation of voltage in DC-MFC for 
NSL distillery wastewater with phosphate buffer 
and KMnO4 mediator 

Figure 11. Variation of current in DC-MFC for 
NSL distillery wastewater with phosphate buffer 
and KMnO4 mediator 

Figure 12. Variation of current density in DC-MFC 
for NSL distillery wastewater with phosphate buffer 
and KMnO4 mediator 
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Figure 13. Variation of power in DC-MFC for NSL 
distillery wastewater with phosphate buffer and 
KMnO4 mediator 
 

Figure 14. Variation of voltage in DC-MFC for 
Bannari Amman sugar wastewater with phosphate 
buffer and KMnO4 mediator 

Figure 15. Variation of current in DC-MFC for 
Bannari Amman sugar wastewater with phosphate 
buffer and KMnO4 mediator 

Figure 16. Variation of current density in DC-MFC 
for Bannari Amman sugar wastewater with 
phosphate buffer and KMnO4 mediator 

Figure 17. Variation of power in DC-MFC for 
Bannari Amman sugar wastewater with phosphate 
buffer and KMnO4 mediator 
 

3.4 Effect of different electrode configura-
tion on power generation 

Surface area of electrode is one of the 
important factors which influences on power 
generation. From the earlier literature it is 
understood that, an increase in surface area of 
electrodes leads to increase in power generation 
in MFC reactor, which indicate greater transfer 
of electrons towards the anode. On the other 
hand, efficiency of power generation varies 
with the type of the electrode material used. 
The electricity production is known to increase 
with increase in porosity of the electrodes. 
Hence, in the present study experiments were 
conducted using single, multi carbon rod 
electrodes and different electrode material such 
as, carbon brush electrode for power 
generation. 
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3.4.1 Power generation from distillery 
wastewater 

Laboratory experiments were conducted using 
single, multi carbon rods and carbon brush 
electrodes in MFC reactor with distillery 
wastewaters were plotted. Graphs for voltage, 
current, current density and power produced 
versus time (single, multi carbon rod and 
carbon brush electrodes) was made in DC-MFC 
shown in Figures 18, 19, 20 and 21. 
The maximum open circuit voltage (Voc), 
current, current density and power were found 
to be 762 mV, 6.9 mA, 0.489 A/m2 and 5.25 
mW, respectively, for single carbon rod 
electrodes. However, in multi carbon rod 
electrode, maximum voltage, current, current 
density and power were found to be 870 mV, 
10.1 mA, 0.238 A/m2 and 7.898 mW, 
respectively.From the above discussion it is 
observed that, the voltage as well as current 
were found to be more in multi electrode 
assembly, however, the voltage and current 
values gradually decreased with time. Infact, in 
single electrode assembly, voltage and current 
values increased with time and it was stabilized 
from 5th hour to 25th hour. Therefore, multi 
electrode assembly produced the maximum 
current. Further, it has been noticed that there 
was lot of fluctuations of power generation 
with time. Single electrode assembly produced 
stable voltage and current. The voltage and 
current were found to be very less, 216 mV and 
0.4 mA, respectively, in carbon brush electrode 
compared to single as well as multi electrode 
assembly 762 mV, 6.9 mA and 870 mV, 10.1 
mA, respectively. 

Figure 18. Variation of voltage in DC-MFC for 

Bannari Amman distillery wastewater with different 
electrode configurations  

Figure 19. Variation of current in DC-MFC for 
Bannari Amman distillery wastewater with different 
electrode configurations  

Figure 20. Variation of current densities in DC-
MFC for Bannari Amman distillery wastewater with 
different electrode configurations  

Figure 21. Variation of power in DC-MFC for 
Bannari Amman distillery wastewater with different 
electrode configurations  
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3.4.2 Effect of 50 % diluted distillery 

wastewater on power generation 
In order to know the effect of power generation 
from distillery wastewater (with 50 % dilution), 
experiments were conducted using single, multi 
carbon rod electrodes and carbon brush 
electrodes. pH of the cathodic chamber 
maintained was 7.0. Voltage, current, current 
density and power produced against time were 
plotted with distillery wastewaters (single, 
multi carbon rod and carbon brush electrodes) 
are shown in Figures 22, 23, 24 and 25. 
From these plots, it can be observed that, the 
maximum voltage, current, current density and 
power measured were found to be 781 mV, 9.1 
mA, 0.645 A/m2 and 7.10 mW, in single 
electrode assembly configuration. However, the 
voltage as well as current were found to be 
more in single electrode assembly and the 
voltage and current gradually decreased with 
time. In multi-electrode assembly (MEA) 
voltage and current values were found to be 
less when compared to single electrode 
assembly (SEA), which may be due to the 
dissolution of saltbridge in the wastewater 
present in anodic chamber and mixed with 
mediator present in the cathodic chamber, 
which results in decreased voltage and current 
production. The voltage and current values 
were found to be very less with the carbon 
brush electrode (113 mV and 0.2 mA) when 
compared to single electrode assembly, 781 
mV and 9.1 mA, respectively. 

Figure 22. Variation of voltage in DC-MFC for 
Bannari Amman distillery wastewater (50% 
dilution) with different electrode configurations  

Figure 23. Variation of current in DC-MFC for 
Bannari Amman distillery wastewater (50% 
dilution) with different electrode configurations  

Figure 24. Variation of current density in DC-MFC 
for Bannari Amman distillery wastewater (50% 
dilution) with different electrode configurations  

Figure 25. Variation of power in DC-MFC for 
Bannari Amman distillery wastewater (50% 
dilution) with different electrode configurations 
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3.5 Effect of dilution of wastewaters on 
power generation 

Microorganisms generally degrade the substrate 
and produce electrons and protons under 
anaerobic condition. The concentration of the 
substrate may be an important factor for the 
power generation in MFC reactor. If the 
substrate concentration is high, microorganisms 
may be unable to degrade the substrate 
(inhibition) or may require longer duration to 
degrade. Hence, in order to know the 
potentiality of power generation, it is proposed 
to conduct experiments with DC-MFC reactors 
with varied diluted distillery wastewater. 
3.5.1 Power generation from distillery 

wastewater  
In the current study experiments were 
conducted using distillery wastewatersfor 
different dilutions such as, 6.6 % (100 ml), 8.3 
% (125 ml) and 10 % (150 ml) of raw distillery 
wastewater as a substrate in anodic section. 
Total volume of wastewaters were taken as 1.5 
litre and the phosphate buffer of concentration 
0.1 M was used. pH of the cathodic chamber 
was maintained at 7.0. Plots of voltage, current, 
current density and power produced versus time 
(6.6 %, 8.3 % and 10 % dilution) in DC-MFC 
using distillery wastewater were made shown in 
Figures 26, 27, 28 and 29. 
From these plots it has been observed that, the 
maximum voltage, current, current density and 
power were of 897 mV, 0.85 mA, 0.06 A/m2 
and 0.748 mW, respectively, when the dilution 
was made with distillery wastewater 6.6 %. 
Further, when it has been diluted to 10 %, 
maximum voltage, current, current density and 
power noticed was705 mV, 1.09 mA, 0.07 
A/m2 and 0.74 mW, respectively. Distillery 
wastewater with 6.6 % and 10 % dilution 
showed more voltage and current compared to 
distillery wastewater diluted at 8.3 %.The 
current production has decreased due to 
dilution of wastewaters and the other reason for 
reduction in power generation was due to the 
usage of pond sediment collected over 2 
months back, leads to anaerobic condition.   
Distillery wastewater with 8.3 % dilution did 
not produce good result due to the dissolution 

of saltbridge into the wastewater. Although, 
distillery wastewater of 10 % dilution initially 
produced good current, however, after 36 
hours, saltbridge dissolution started, which 
maybe the possible reason for the lower current 
production at the final stage of the reactor run. 
3.5.2 Power generation from sugar 

wastewater 
Laboratory experiments were conducted using 
sugar wastewaters for different dilutions such 
as, 6.6 % (100 ml), 13.3 % (200 ml) and 20 % 
(300 ml) as a substrate in anodic section. Total 
volume of wastewaters were taken as 1.5 liter 
and potassium permanganate of concentration 
used was 600 µM. Variations of voltage, 
current, current density and power produced 
versus time (6.6 %, 13.3 % and 20 % dilution) 
in DC-MFC reactor with sugar wastewaters 
shown in Figures 30, 31, 32 and 33. 
From these plots it is observed that, the 
maximum voltage and current obtained was 
found to be 20 % dilution. The maximum 
voltage, current, current density and power 
were found to be 1180 mV, 1.4 mA, 0.099 
A/m2 and 0.1.65 mW, respectively. Sugar 
wastewater with 20 % dilution produced more 
voltage and current compared to dilution at 6.6 
% and 13.3 %. Sugar industrial wastewaters 
consists of simple and easily degradable 
organics, which may be the reason for increase 
in voltage as well as power production. 
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Figure 26. Variation of voltage in DC-MFC for 
Bannari Amman distillery wastewater with different 
dilution condition  
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Figure 27. Variation of current in DC-MFC for 
Bannari Amman distillery wastewater with different 
dilution condition  

Figure 28. Variation of current density in DC-MFC 
for Bannari Amman distillery wastewater with 
different dilution condition  

Figure 29. Variation of power in DC-MFC for 
Bannari Amman distillery wastewater with different 
dilution condition  

Figure 30. Variation of voltage in DC-MFC for 
NSL sugar wastewater with different dilution 
condition  

Figure 31. Variation of current in DC-MFC for 
NSL sugar wastewater with different dilution 
condition  

Figure 32. Variation of current density in DC-MFC 
for NSL sugar wastewater with different dilution 
condition  
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Figure 33. Variation of power in DC-MFC for NSL 
sugar wastewater with different dilution condition  

 

[IV] CONCLUSIONS 
The results of characterization of distillery and 
sugar industrial wastewater showed for BOD 
and COD concentration that the wastewater 
falls under medium and high strength 
wastewaters, which are found to be ideal to 
generate power from DC-MFC reactor. The 
voltage and current values obtained in DC-
MFC using RFS and PS were found to be 1000 
mV and 4.5 mA, respectively, which is higher 
than the voltage and current values of 840 mV 
and 2.5 mA, respectively obtained in MFC 
reactor using RFS, PS and curd as mixed 
microbial culture.  
The maximum voltage and current obtained 
using phosphate buffer as mediator was found 
to be 860 mV and 9.1 mA, respectively with 
the distillery wastewaters,which found to be 
higher than voltage and current values 760 mV 
and 6.8 mA, respectively, obtained using 
potassium permanganate as mediator. It 
indicated that phosphate buffer is more suitable 
for better electron transfer in DC-MFC reactor. 
The voltage and current values obtained in DC-
MFC with carbon rod electrodes were found to 
be 762 mv and 6.9 mA, respectively, which is 
higher than the values obtained in MFC with 
carbon brush electrodes with voltage of 216 
mV and current of 0.4 mA, respectively. In 
DC-MFC reactor having multi carbon rod 
electrode assembly running with distillery 

wastewater, maximum current observed was 
found to be 10.1 mA, which is comparatively 
higher than the values obtained from single 
carbon rod assembly with current of 6.9 mA. 
The results of the effect of dilution of 
wastewater on power generation in DC-MFC 
reactor showed decrease in current, due to 
decrease in substrate concentration, which 
enables easier microbial degradation. The 
maximum current obtained by using raw sugar 
wastewater was found to be 4.5 mA, however, 
it was found to be 1.4 mA when the raw sugar 
wastewater diluted to 20 %. Maximum voltage 
of 1.18 V was obtained in DC-MFC using 20 % 
dilution of raw sugar industrial wastewater, 
which is comparatively higher than the 
maximum voltage of 875 mV obtained at 13.3 
% dilution. The results of power generation 
from distillery and sugar industrial wastewater 
showed that, usage of distillery industrial 
wastewater produced higher current compared 
to the sugar industrial wastewaters, which may 
be due to the high BOD and COD 
concentration of distillery wastewater. Agar salt 
bridge and carbon rod electrode, which costs 
approximately, Rs 5500/Kg and Rs 3545/m2, 
respectively, was used as proton exchange 
membrane, which proves to be a good 
alternative to the expensive Nafion membrane 
and platinum coated carbon cloth, which costs 
approximately Rs 1,52,500/m2 and Rs 
1,22,000/m2, respectively. 
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