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ABSTRACT 
 

In the present investigation attempt is made to study the electrochemical performance of microbial fuel cell based on 
dairy waste. The polarization losses associated with electrochemical reactions in the MFCs are studied by 
impedance spectroscopy. The electrochemical performance of the microbial fuel cell is found to depend on the 
polarization losses associated with electrochemical reactions at cathode and anode. The performance of the MFCs is 
limited by anodic polarization losses.  
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1. INTRODUCTION 
 
Microbial fuel cells ( MFCs) are electrochemical 
device that uses bacteria as catalysts to oxidize 
organic or inorganic matter and generate current 
[1-5] . One promising application of MFCs is waste 
water treatment, where energy is recovered from 
organic matter while at the same time the waste 
water is treated. Microbial fuel cells ( MFCs) 
have been demonstrated to generate electricity 
from a variety of carbon sources used as electron 
donors .Major efforts in MFC development are 
aimed at improving power density [6,7] . 
An effective tool for guiding optimization of 
MFCs is electrochemical impedance 
spectroscopy (EIS) Gomadam and Winder [8] 
have provided a summery of EIS techniques 
including modeling approaches. He, Mansfield [9] 

et.  have described EIS measurements allow the 
study of phenomenon happen at the electrode and 
with the membrane solution region. Specific 
parameters related to mass transfer charge 
transfer and reaction kinetics can be evaluated 
using the technique EIS has been demonstrated to 
provide in site regarding the total internal 
resistance of an MFC [9-11]. 

Bode plots and Nyquists plots are both popular 
form of displacing EIS data. Especially to make 
estimates of the internal resistance. EIS studies of 
MFC have been focused on the effects of the 
materials [10,12], operating condictions[13,14]. For 
geometry [15,16,17] on impedance parameters and 
on power density. EIS has also been demostrated 
by Ramasamy et al [18] as a useful tool, for the 
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detection of the extra cellular mediator for a 
bacteria that perform mediated assisted electron 
transfer to the anode.  
EIS has also been used in microbiologically 
influenced corrosion inhibition (MICI) 
studies.Nagiub and Mansfeld [19,20] used EIS and 
electrochemical noise analysis (ENA) to show 
that Shewanella ana and Shewanella algae 
prevented pitting of Al, tarnishing of brass and 
rusting of steel in artificial seawater containing a 
growth medium. 
Several authors have used cyclic voltammetry [21-

27] (CV) and chronoamperometry [28] to 
characterize MFC systems; however,there are 
very few papers in which electrochemical 
impedance spectroscopy (EIS) and anodic and 
cathodic polarization curves have been used to 
determine system parameters and limitations. 
Logan and co-workers [29] and He et al. [30] used 
EIS to determine the internal resistance of a 
MFC, however they did not 
employ further analysis to their EIS spectra to 
determine redox reaction rates or surface area 
characteristics of their electrodes. 
 

2.MATERIALS  AND METHODS 
 

2.1.MFC Design and Operation 
 

The innoculum for the MFC used in this work 
originated from the MFC fed with dairy waste 
collected from Warana dairy and E.Coli as pure 
culture the MFC used in this study was 
comprised of graphite anode (15cm2 ), salt bridge 
and graphite cathode[31]. The total volume of the 
anode compartment was ~350ml. Potassium 
ferricyanide was used as an electrolyte in cathode 
compartment. The EIS data were recorded with a 
SMART interface software. 
2.2.Microbial culture and inoculums 
The sterilized anode chamber was inoculated 
with Escherichia coli, isolated from the clinical 
specimens of the Dr. D. Y. Patil Hospital and 
maintained on Luria agar (LA) at 4°C. The 
organism was grown in the Luria broth (LB) with 

1 % pancreatic digest of casein, 0.5 % NaCl, 
0.1% glucose and 0.5 % yeast extract for 24 h at 
30°C in 100 ml at 130 rpm and used as the 
inoculum for the MFC. 
The dairy waste water was collected from a local 
dairy, Warana Dairy, Amrut nagar situated in 
Kolhapur district, Maharashtra, India. The 
characteristics of dairy waste water were: pH, 6-
6.5; COD, 4000-4500 mg/L; fat, 1350-1400 
mg/L; and sulphate, 40-42 mg/L and total solids, 
2700-2750 mg/L. The collected wastewater was 
stored in the deep freeze before feeding to the 
MFCs. These MFCs were operated under fed 
batch mode. 
2.3.Electrochemical Impedance spectroscopy 
A solartron 1260A  was used to perform 
electrochemical impedance spectroscopy (EIS) 
experiments. The EIS data analysis and internal 
resistance calculations were performed using Z-
view analysis software. All measurement 
performed in this work whole cell measurements 
the EIS analysis was performed between the 
anode and cathode of the MFC. The applied ac 
signal for EIS was 0.01 V rms and had frequency 
range from1Hz to 1 MHz. 
 

3.RESULTS AND DISCUSSION: 
 

3.1. Impedance Study of MFC 
The performance of the MFC with and without 
culture was studied by varying time period using 
impedance spectroscopy (Analyzer Model -
1260A, Solartron) with frequency range of 1 Hz 
to 1 MHz.  
3.1.1. Cole- Cole plot for dairy waste with and 
without culture 
Cole-Cole plots were used for initial observations 
of the MFC performance. Cole-Cole plots allow 
estimation of solution as the minimum and 
maximum point at which the data intersect the x-
axis; corresponds to an estimate of the total MFC 
resistance. These plots do not, however, provide 
any indication of the distribution of resistance 
between the anode and cathode. Equivalent 
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circuit modelling (ECM) was utilized to further 
explore the EIS results, specifically to determine 
the distribution of resistive and capacitive 
features in the operating MFC. Gomadam et al [9] 
and and Mansfeld  et al [32] provide a description 
of the ECM technique for fuel cell Electro-
chemical impedance spectroscopy (EIS)  studies. 
The Simplest method was employed for fitting to 
allow delineation of the internal resistances and 
capacitances. The results of the impedance 
measurement can be presented in two common 
ways: the complex plane plot, called as Nyquist 
plot or Cole–Cole plot and the Bode plot. 
From Cole-Cole plots, the impedance at the high 
frequency limit is the ohmic resistance Rs and the 
diameter of the semicircle is polarization 
resistance (Rp). The polarization resistance (or 
charge transfer resistance), is affected by the 
kinetics of the electrode reactions. The low and 
high-frequency data can be easily determined 
from the plot, representing Rp  and Rs, 
respectively[9].The difference between the low- 
and high- frequency data is Rp. 
 EIS was performed with dairy waste with and 
without culture by using cole-cole plot. The 
impedance spectra obtained for the dairy waste at 
the open circuit potential ( OCP) for the cathode  
and the anode during the exposure times between 
2hrs to  7 days are shown in Fig. 1(a-b). 

 
Figure 1 a Cole-Cole plot for the Dairy waste without 
culture for different time period, 

 

Figure 1   b. Cole-Cole plot for the Dairy waste with 
culture  ( EC- E.Coli) for different time period. 
  

From Fig. 1a, the resistance calculated from the 
observed semicircles was different for different 
exposure time in case of dairy waste without 
culture. From these results, it found that the 
minimum resistance (~15.47KΩ) was observed 
for MFC during the exposure time 3 days. 
Therefore, it confirm that the MFC with exposure 
time for 3 days gives better conductivity as 
compare to other exposure times. Thus, 
performance of MFC with dairy waste without 
culture for 3 days is good as compared with other 
exposure times i.e. for 7 days and 2 hrs; it is 
~29.24KΩ and ~46.78KΩ respectively.  The high 
resistance might be occurred due to less organic 
matter present in the dairy waste for long 
exposure time.  
Similarly, from Fig.1b, resistance calculated from 
the observed semicircles was also different for 
different exposure time in case of dairy waste 
with culture. The performance of the MFC with 
dairy waste with pure culture ( E.Coli.) for 
exposure time of 4-days operation was found to 
be  maximum at low resistance ( 31.14KΩ) with 
high conductivity as compared with other 
exposure time i.e. for 7-days and 2hrs, it found  to 
be 46.77KΩ and  51.35KΩ respectively.  



STUDIES ON ELECTROCHEMICAL PERFORMANCE OF MICROBIAL FUEL CELL 

 

 

 

V. D. Patil, et al.                                                                                                                                        114 

 

3.1.2.Bode plots for dairy waste with and 
without culture 
The Bode plot, shows the information of 
impedance, frequency and phase angle of MFC’s 
with and without culture for different exposure 
time. 
Fig. 2 a-b shows Bode plots for the dairy waste 
with and without cultures. From both figures it 
shows that, all MFC’s for different exposure time 
were found nearly same relaxation frequency. 
However, the sample of MFC with culture E-coli 
for exposure time 4 days shows the phase angle 
related to the capacitive part shows minimum 
value for the 4-days as compare to MFC without 
culture for exposure time 3 days. So it confirms 
that, the better performance should be observed 
for MFC with culture E-coli for exposure time 4 
days.   

 

Figure 2 a Bode Plots of MFC for the Phase change as 
a function of frequency for dairy waste with (EC- 
E.Coli)  

 
Figure 2 b. Bode Plots of MFC for the Phase change 
as a function of frequency for dairy waste without 
culture. 
 

4. CONCLUSIONS 
The electrical property of the cell was studied 
using EIS.  The performance of the MFC with 
dairy waste with pure culture ( E.Coli.) for 
exposure time of 4-days operation was found to 
be  maximum at low resistance ( 31.14KΩ) with 
high conductivity as compared with other 
exposure time i.e. for 7-days and 2hrs, it found  to 
be 46.77KΩ and 51.35K Ω respectively. Thus, 
MFC is a moderately efficient, recyclable, waste 
water treatment system and is the first step to an 
alternative energy resource that can be coupled 
with reduction of environmental load. 
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