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ABSTRACT 
An investigation is carried out for the evaluation of the performance of Microbial 

          Fuel Cell, which is designed and operated under specific parameters. The 
         experimental study has been extended about 45  days cycle and  brought  out four 

            essential findings. Firstly, cow dung slurry ratio 1:10 is found to be  suitable for 
harnessing sustained power generation; Second, MFC produced a maximum voltage 
of 1.4V within 18 days in a 45days cycle and maintained 1.0V and above for 14 days. 

      Electricity generation  continued until  the end of  the period.  Current density  and 
power density showed similar trend. Thirdly, pH in anolyte decreased from 10.5-a 
8.5pH and catholyte increased from 3.5-4.5pH where a higher voltage recorded at pH 

       4.5 and pH 9 in  anolyte and catholyte.  Finally,  during the  45-days  cycle,  either 
           anolyte or catholyte was not recharged which indicates the suitability of the 

           components selected for the MFC. All these findings are compared with previous 
             reports and found that this is first of its kind regarding electrolytes used and 

         generated electricity. Further studies on optimization of major parameters are 
            required to evolve a prototype for cow dung-fed magic reactor as a potential 

substitute for dairy farms electricity requirement. 
Keywords: Microbial fuel cell (MFC), pH, cow dung slurry, Proton Exchange 
Membrane (PEM). 
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1. INTRODUCTION 
The Global energy demand shot up by 2.1% in 2017, more than twice the 2016 rate, boosted 
by strong global economic growth, with an increase in oil, natural gas, and coal. Over 70% of 

             global energy demand growth  due to usage of fossil  fuels, but carbon emissions also is
reached a historical high of 32.5 gigatonnes in 2017 Such an increase in our dependency [1]. 
on conventional energy resources at the face global warming necessitates the intensive search 

         for environmentally clean alternative energy resources. Consequently, new methods of 
electricity generation from new renewable resources without a net carbon dioxide emission 
are much desired and tried globally [2]. In that pursuit, MFC is considered as a challenging 

  sustainable  technology  to  meet  the day  today  increasing  energy needs,  especially  using 
         wastewaters as substrates, which can generate electricity and accomplish wastewater 

treatment simultaneously; this may offset the operational costs of wastewater treatment plant 
[3]. As the new biomass power generation energy, MFCs are capable of not only replacing 
the traditional fossil fuel and reducing the impact on the environment but also achieving the 
wastewater a substrate used and simultaneous electricity power generation [4]. Compared s a 
to other bioenergy conversion processes it is cost-effective since, they operate under ambient 
environmental conditions (temperature and pressure) [5 To enhance the efficiency of MFCs ].

          in bioremediation and simultaneous electricity generation process there has been a , 
significant change in the MFC design fed by a variety of organic wastes as substrate [6-9] as 
a type of substrate considered as the significant factor influencing electricity generation and 
its sustainability. Studies have been carried out on various organic wastes in MFCs to find out 
potential substrate suitable for electricity generation using MFCs [10-13]. Though cow dung 
is used as substrate in previous studies [14-27, 16], there were variations in catholyte and a 

 cathode used. In this paper, an attempt is made to design and evaluate MFC performance 
under specific input characteristics in Cow dung-fed MFC.� 

2. MATERIALS AND MET S HOD
A traditional "H" shape twin-chambered MFC  fabricated with inexpensive materials which 

       include two polycarbonate  bottles  (500ml),  PVC pipe, adhesive glue, PEM[AMI 7001S] 
having 0.45mm thickness, graphite plate electrodes, Cow dung slurry as substrate, Resistor a 
100ohms, and a digital multi-meter. 

2.1. Fabrication of MFC 
Two polycarbonate bottles (500mL) used as anode and cathode chamber. The PVC pipe of 

            diameter fitting to the diameter of the PEM (AMI: 7001S) obtained from Membrane 
      International USA has been attached to the chambers using an adhesive which makes the 

module leak proof. The membrane is made up of polyvinyl alcohol sulphosuccinic acid. The 
layer was soaked in saline water overnight to make the pores to open appropriately and dried 
in the shade. The anodic medium contained cow dung slurry while cathode chamber was with 
2% potassium permanganate solution. Two holes were made on the cap of the bottles to insert 
copper conductor which held the graphite electrodes  the other . A 100 Ω resistor connected at
ends of the wire. A digital multimeter was used to measure the generated voltage ones in 24 
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hours for 45 days. The designed and fabricated H-shaped twin-chambered MFC is illustrated 
in Figure 1. 

 

Figu  1  re H-shape twin-chambered Microbial fuel cell

2.2. Preparation of anolyte and Catholyte 
Fresh cow dung weighing about 1kg was collected directly from the nearby dairy farm and 
allowed to dry under shade for three days. After three days the top rigid layer of the cow 
dung was removed about 50 grams of the cow dung below with wetness was separated and 
made into a slurry in 500ml of water was used as anolyte. 

           The efficiency of MFC also depends on catholyte and its concentration. KMnO4 and 
K2Cr2O7 are used commonly as catholyte, but potassium ferrocyanide is reported to produce 
higher electricity than KMnO4. Although the standard redox potential of ferricyanide is not as 
high as that of oxygen, it has much lower potential, which results in a faster reaction rate with 
much higher power output [28-30]. However, use of ferrocyanide outside the laboratory is 
not practical due to its high toxicity, and it requires frequent replacement as it is insufficient 

  for re-oxidation by Oxygen in the cathode chamber [31, 32]. Therefore, in this study, the 
cathode chamber was filled with 500ml of water which contains 2% potassium permanganate 
solution which is a powerful oxidizing agent. 

2.3. Preparation of electrodes 
      The  electrode must be  conductive and  chemically non- active  in the MFC/reactor.  The re

   commonly used electrode materials are carbon, which is available in the form of graphite 
plates, rods or granules. Two graphite plates (8.0cm× 4cm × 0.5 cm), with a surface area of 
76 cm2) are used as electrodes. The electrodes were boiled in de-ionized water and soaked 
overnight in 1Mole of HCl solution and rinsed in de-ionized water for activation [33]. Copper 
wires are fixed in the electrodes and sealed with epoxy resin as described in [34].  

2.4. Data collection and Observation 
Use of 100-ohm resistor for an MFC gave a better and stable output in the present study. A 
digital multimeter records the generated voltage for 45 days. � 
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3. RESULTS 
The designed and operated MFC (reactor) fed with cow dung slurry, was monitored for about 
45 days cycle. The MFC produced a maximum voltage of 1.4V on the 18th day. Secondly, 

               the reactor made a sustainable voltage of 1.0V and above for a period of 25 days 
continuously from (6th day to 29th day). Later the voltage starts to decline from 40th day and 
operation was suspended when the voltage dropped down to 0.174 V on the 45th day.  The 
periodical nature of the voltage magnitude is depicted in Figure.2. Current, Power, Current 
density and power density were calculated using the formula P= V x I, Power Density=P/total 
surface area of the electrode and Current Density= I/Total surface area of the electrode. The 

    (Total surface area =76 cm2         ).The calculation of power density and current density were 
traced through a Kaleidagraph version 3.0 software and portrayed in Figure 3. 

 

Figure 2 Recorded voltage from day 1-  days cycle with a load resistor (100ohms) 45

 

Figure 3 Power density, current density  generated voltage Vs

            Finally, the pH value of both chambers showed significant changes during the power 
generation period. The initial pH value of anolyte is 10.0 but declined to 8.5 at the end of the 
cycle, and also in the cathode chamber, it has dropped down from its initial value of pH 5.5 to 
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3.5. The variations in the pH value of anolyte and catholyte chamber expressed in Figure .4 
and Figure.5.  observed from the Figure. 4 and Figure. 5 that a sustainable voltage of 1.0 It is
V has generated when the pH value is 9 and 4.5 in anode and cathode respectively. 

 

Figure  4 Variation of pH value in anolyte

 

Figure 5 Variation of pH value in catholyte 

4. DISCUSSION 
        Bio-electrochemical reactors that convert biodegradable organic material directly into 

bioelectricity using electrochemically active microorganisms (electrogenic bacterial species) 
present in bio-wastes [31, 32, 35-37]. It is an exciting but challenging field of research in 
optimizing the magic reactor. 

            The organic substrate considered as one of the essential parameters that influence the 
efficiency of MFC by its inherent microbial biomass and abundant organic matter. Report on 
electricity generation using cow dung in MFC is coming up regularly during the last decade 
in which MFC configurations and composition varied widely. Most of the systems were of 

             batch type with recharging of anolyte [38], use of organics like acetate, glucose and 
phosphate buffer and inorganics like Ferricyanide [38, 39, 40], use of costly electrodes like 
platinum bubbling of air into catholyte for oxygenation in the cathode chamber from outside 
[41], use of varying volume of electrolyte in MFC systems [42].  However, in the present 
analysis, cow dung is used as substrate for the power generation by indigenously designed a 
Microbial fuel cell where a highly effective oxidizing cathodic solution is used. The whole 
system is operative regarding electricity production continuously for 45 days. The 45 days 

             cycle produced a maximum voltage of 1.4V, against an external resistance of 100 ohms. 
During this cycle, MFC generated a sustained voltage of 1.0 V and above continuously for 15 

      days (Figure  2). These  encouraging  results indicate that  the sustainability observed  are 
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significantly better than previous reports regarding generated voltage and sustainability [18, 
21- 25]. In Ref [20  reported that 1:1(cow dung: water) ratio was the best formulation for the ],
voltage generation and sustainability. However, in the proposed method the MFC generated a 
sustained output voltage, which is exceeding 1.0V. The highlights of results are: 1) the cow 
dung ratio is 1:10 (20% cow- dung as slurry) in a single cycle period has generated 1.0 V for 
17 days. Unlike the results obtained in earlier works, in the proposed method, the voltage 
starts to increase from 3rd day to 29th day, recording 0.810V to 1.030 V respectively with a 
maximum of 1.40 V on the 18th day. Besides, the system generated electricity throughout 
45days without any top-up/recharging of either anolyte or catholyte. Therefore, the proposed 

           and precisely modeled MFC under specific parameters is entirely sustainable and easy to 
maintain. � 

             The possible reason/s for such high as well as the continu  generation of electricity ed
obtained in this study could attribute to two factors/reasons:  firstly, the quality and quantity 

            of cow dung used as substrate; secondly the optimum concentration of potassium a 
  permanganate  solution  (2%)  as catholyte.    Regarding  quality  of the  cow  dung  used,  as 

            explained in the methodology, fresh cow dung was not directly used unlike reported 
elsewhere; it has pre-processed fore cow dung slurry at 1:10 ratio (cow dung: water) and be

              loaded in the MFC. The freshly collected cow dung left under shade for three days. The 
         surface of the cow dung became rigid; this facilitated the creation of anaerobic condition 

             below the top layer.  This pre-processing of fresh cow dung enhanced the growth of the 
microbial community in the cow dung. As it was a microclimate under an acidic medium, it 

      could support the only specific type of microbes, and those would survive and grow to a 
utilize the organics present in the cow dung. The quantity of cow dung with such bacterial 
biomass load might be compatible to the surface area of the electrode (76 cm2) used presently 
(anode), and that condition would have facilitated higher microbial metabolism resulting in 
release more protons. Combination of different bacterial community in the slurry was also 
reported to influence the production of more hydrogen ions and protons. The report of [43] 
revealed that power production by the bacteria Brevibacillus sp. ( ) was high when it PTH1
was co-cultured with another bacterium Pseudomonas sp. or on adding supernatant from an 
MFC run with the Pseudomonas sp. Therefore, based on the observations made in the present 
study, it is stated that cow-dung might have supported a wide variety of potential bacterial 

         communities present in  anaerobically incubated cow dung. Bactria present in  Cow dung 
might have electrogenic properties like C-type cytochromes [34] or conductive nano-wires 
[44] on their cell membranes to produce high amount of protons and electrons; these would a 
have catalyzed the higher electricity. Therefore, the type and quality of microbial population 
influence electricity generation in MFCs. 

           The second factor/reason, for higher efficiency of the designed and operated MFC 
attributed  catholyte (KMnO4) used and its concentration. Chemically KMnOto 4 is an active 

      oxidizing  agent, and  it has +7  states, capable  of  getting reduced  in a  sustained  manner 
           influenced by the inflowing proton into the cathode. Though potassium ferrocyanide was 

reported to produce more electricity than KMnO4 [28,29,30], it is not eco-friendly; use of 
ferrocyanide outside the laboratory is not appreciated due to its high toxicity; further requires 

    frequent replacement of ferrocyanide as it is insufficient for re-oxidation by oxygen for a 
longer time in the cathode chamber [31-32]. However, for Potassium permanganate used in 
the present study, there is no need to recharge even for 45 days, and the concentration was 

             also only 2%. Thus, it is demonstrated that potassium permanganate could be the better 
choice to be used as catholyte in cow dung fed-MFC to harness sustained electricity. 

Attempts were also made to examine changes in the pH of both anolyte and catholyte as 
electricity generation in MFC   electrochemical process in which  consider  as one is an , pH ed
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of the significant chemical factors.  the beginning of the cycle, pH in anolyte was 10.00 At
and in catholyte was 5.5. It was quite evident from the periodic testing of both electrolytes 

  that there was a slow decline in alkalinity of anolyte and increase in acidity of catholyte. 
(Figure.4 and Figure.5).  At the end of the cycle (45th day), pH was 8.5 and 3.5 in anolyte 

             and catholyte respectively. Such change in pH of both anolyte and catholyte may be 
attributed to KMNO4 - an active oxidizing agent was reduced by release oxygen which intern 
forms water. The inflow of proton (H+) into cathode through PEM and formation of water 
happens concurrently and brings down the pH 10.5 to 8.5 at the cathode. 

      Similarly, in the anode due to the metabolic activities of microbes present in the cow 
 dung release CO2       which bring down acidity from 3.5 to 4.5 during electricity generation. 

Moreover, such decline might be due to the accumulation of protons at the anode resulting a 
in change in pH of anolyte [45]. These observations are in close conformity with previous a 
reports [23, 25, 38, and 40]. 

5. CONCLUSION 
Based on the results obtained  observation made in the present experimental study, that an
cow dung has to be pre-treated before loaded in the MFC; this would enhance the growth of 
higher density of microbial communities in the cow dung because the bacterial population is 
the electron producers in the anodic zone. Secondly, the reactor runs with cow dung could 
produce a sustained voltage of 1.0 and above for a period of 17days recording 1.4V as the 
maximum on the 24th day. These observations imply the suitability and sustainability of the 

            MFC. Thirdly, change in pH in both electrolytes during electricity production, is an 
indication of the better performance of the MFC designed and operated in the present study. 
Based on the investigation, it is concluded that cow dung-fed MFC is inexpensive, trouble-
free and eco-friendly device and the substrate is easy to procure. To harness higher voltage 

       and to meet out sizable power requirement in Dairy farms, staked MFC both in series or 
parallel concept would work significantly. 
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