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Abstract: Biological fuel cell converts chemical energy exists in chemical bonds of organic substrates to
electrical energy. The living cells in the anode chamber utilize substrate for the growth maintenance; as a result
electrons are supplied. In this research paper, a dual chamber of microbial fuel cell was used. Several
microorganisms such as Pseudomonas putida, Saccharomyces cerevisiae, Lactobacillus bulgaricus,
Escherichia  coli  and  Aspergillus  niger  were cultured in an anaerobic chamber for the generation of
electrons. The system was started with initial glucose concentration of 30gl  and the substrate consumption-1

was monitored for the incubation period of 48 hours. The rate of substrate consumption in the anaerobic
compartment  indicated  that  Saccharomyces  cerevisiae had the great potential to generate electrons.
Maximum voltage generated in the microbial fuel cell was 0.39v. The generated  current  was  quite  stable  for
the duration of 48 hours.
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INTRODUCTION produced power density is low but the yield of electron

Now day fossil fuel is depleted and alternative A basic microbial fuel cell consist of two chambers,
sources of energy are considered. Fossil fuels are often an anaerobic anode and aerated cathode chambers
used  in  power  plants  for production of electricity. One separated by membrane such as Nafions or salt bridge.
of  the  energy  sources  restored  as chemical  bonds  is Membrane or salt bridge allows hydrogen ions generated
chemical energy. Microbial fuel cell is a biochemical in the anode chamber to be transferred into cathode
oxidation process which generates electrical energy chamber [7].
through  oxidation of  biodegradable  organic  matter in Most biological fuel cells use mediator molecule to
the  presence  of  biocatalysts  either  fermentative speed up produced electrons to electrode surface.
bacteria or enzyme under mild reaction conditions [1-3]. Recently, mediator-less microbial fuel cells have been
The advantage of the microbial fuel cells is they utilize developed. These kinds of microbial fuel can directly
renewable organic materials and generates energy. In transfer electrons to the electrodes [8-10].
early 1990s, fuel cells became of the most interest research The purpose of the present study was to detect a
and research on biological fuel cell began to pick up [4]. desire species of microorganism which is used in an
Presence of oxygen in anode chamber may inhibit anaerobic  anode  chamber  of  the  biological  fuel  cell.
production of electricity, therefore the system must be Also a microbial fuel cell was designed for production of
designed to have anaerobic chamber in order to keep the electricity from low-cost materials. No toxic mediators
bacteria away from oxygen [5]. Separation of the bacteria were used in the experimented microbial fuel cell.
from oxygen can be achieved by placing a membrane
between two cells that allows charge transfer between the MATERIAL AND METHODS
electrodes, placed in two separate chambers: the anode
chamber, where the bacteria grow; and the cathode Several  microorganisms  P.  putida,   S.  cerevisiae,
chamber, where the electrons react with the oxygen. L. bulgaricus, E. coli and A. niger were obtained from the
Biological fuel cells have very high productivity in terms stock cultures supplied by Biotechnology Research
of converting chemical energy into electrical energy, the Center, Noshirvani University of Technology, Babol, Iran.

production is reported to be high [6] .
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a. Graphite plate b. Biofuel cell

Fig. 1: Experimental set up for the dual chambers biofuel cell Anode and cathode  chambers  were  separated  by Nafion
117. a. Electrode b. Dual chambers aerated microbial fuel cell

The    microorganisms    were    anaerobically    grown  in was used to separate  the  two  compartments  (Figure  1).
an  anaerobic  jar.  The  medium   consisted of  yeast A 1000  resistance was employed to control the electron
extract, glucose, K HPO , MgSO  and MnSO  with flow from the anode to cathode.2 4 4 4

concentration  of  3,  30,  0.2,  0.2  and  0.05gl ,-1

respectively.  The  medium  was  sterilized in an Scanning  Electron   Microscope   (SEM):   SEM   was
autoclaved  at  15psig and  temperature  of   121°   C  for used  to  show   the   surface   of   thermo-membrane
20   min.   The   medium   pH   was   initially   adjusted  to (Nafion  117).  The  sample  coated  with gold and
6.5  and  the  inoculums  were  introduced  into the media observed with a (Phillips XL30, Holland) microscope.
at ambient temperature. The inoculated cultures were Finally, images of the samples were taken under SEM at
incubated  at  30°  C.  The  bacteria were fully grown for 5000 magnifications.
the duration of 48 hours. Substrate consumption was
calculated base on determination of the remained sugars RESULTS AND DISCUSSION
in the culture. Dinitrosalicylic acid [3, 5(NO ) C H -2OH-2 2 6 2

COONa.H O] (DNS) method was used to detect the Five   microorganisms    (P.    putida,    S.   cerevisiae,2

monomeric sugar. The samples were withdrawn in a time L. bulgaricus, E. coli and A. niger) were anaerobically
interval of 12 hours. grown un the microbial fuel cell. The objective of this

All chemicals and reagents used for the experiments research was to determine the desired species of the
were analytical grades and supplied by Merck (Germany). microorganism for conversion of glucose to electricity.
The pH meter, HANA 211(Romania) model glass-electrode Figure 2 shows the glucose consumption profiles carried
was employed for measuring pH values of the aqueous out by the five species of known microorganisms. Fixed
phase. The initial pH of the working solutions was incubation time and enriched media was used. The media
adjusted by addition of diluted HNO  or 0.1M NaOH consisted of yeast extract, glucose, K HPO , MgSO  and3

solutions. MnSO  with concentration of 3, 30, 0.2, 0.2 and 0.05g.l ,

Electrodes  and  Biofuel  Chambers:  Graphite  plate had the highest consumption of glucose at anaerobic
(8×4×0.4 cm) was used as anode and the same size of the condition. This screened microorganism was, selected and
graphite plate was used as cathode. The two-chamber of further studied in the microbial fuel cell.
microbial fuel cell was designed and fabricated in Figure 3 depicts the  absorbance  for  determination
laboratory scale using Plexiglas material. Total volume of of the optical  density  with  respect  to  incubation
each chamber (anode or cathode) was 720 ml. The anode period. The maximum absorbance was obtained after 16
chamber was provided with sample port. The wire point hours incubation time. S. cerevisiae consumed glucose
inputs and inlet were on top of the chambers. Proton and produced electricity in the anaerobic microbial fuel
exchange membrane (PEM; NAFION 117, Sigma-Aldrich) chamber.

2 4 4

4
-1

respectively. The data demonstrated that S. cerevisiae
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Fig. 2: Substrate consumption profiles for several fuel cell for the duration of 48 hours. The collected data
microorganisms with initial glucose concentration are shown that the voltage was stable during the
of 30 g.l operation. Glucose was individually implemented as-1

Fig. 3: Cell OD of S. cerevisiae, with initial glucose Microscope and the image is presented in Fig. 5. The
concentration of 30 g.l Nafion membrane surface before and after use was-1

In  the  biofuel  cell  with  graphite  plate  electrodes, shows some fouling deposited on the surface of Nafion
the  electricity  was produced by the microbial growth which was faced to anode. The obtained SEM image
while substrate was consumed. S. cerevisiae was used as demonstrated that the membrane must be cleaned and
biocatalyst  for  the  production  of  bioelectricity. regenerated before use in the next run.

Fig 4: Voltage produced in a dual chamber biofuel cell
using S. cerevisiae as the living organism 

Figure 4 shows the initial voltage produced by microbial

carbon source for the electricity production in the
microbial fuel cell. A voltage of about 0.39V was produced
and it was quite stable for the duration of 2 days. The
voltage reported in microbial fuel cell using S. cerevisiae
at similar condition was about 0.3V [11]. Also use of
various microorganisms may generate a wide range
voltage 0.2-0.6V, that was calculated from the reported
data (V=R.I) [12].

In addition, the surface texture of the used membrane
(Nafion 117) before and after experiment was examined
with scanning electronic microscope (SEM). A piece of
the Nafion (1x1cm) was analyzed by Scanning Electronic

compared.  The outer surface of the Nafion (Fig. 5b)

(a) (b)

Fig. 5: Surface image of membrane (Nafion 117) by Electronic Scanning Microscope (Magnification: 5000)
a. Before use b. After use
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CONCLUSION 2. Zhuwei, D., L. Haoran and G. Tingyue, 2007. A state

The  idea  of  generating  electricity   in  biological technology for wastewater treatment and bioenergy.
fuel cell  theoretically  exists,  certainly as practical Biotechnol. Adv., 25: 464-482.
method for energy production, it is quite new. The 3. Abhilasha, S.M. and V.N. Sharma, 2009. Bioelectricity
present study revealed that microorganisms have good production from paper industry waste using a
ability for production of low voltage electricity. microbial fuel cell by Clostridium species. J. Biochem.
Fermentation of glucose for production of low voltage Tech., 1(2): 49-52.
was  successfully  achieved in the fabricated microbial 4. Allen, R.M. and H.P. Bennetto, 1993. Microbial fuel
fuel cell. An interesting point was to demonstrate that cells: electricity production fromCarbohydrates.
carbon sources such as glucoses was used as new Appl. Biochem. Biotechnol., 39(2): 27-40.
feedstock for production of electricity. Experimental data 5. Rabaey, K. and W. Verstraete, 2005. Microbial fuel
showed that the dual chambered microbial fuel cell cells: novel biotechnology for energy generation.
successfully generated bioelectricity from glucose Trends in Biotechnol., 23: 291-297.
without using any mediator in anode and cathode 6. Gavrilescu,  M.  and  Y.  Chisti,  2005.  Biotechnology:
chambers. The maximum voltage was 0.39 V, when the A sustainable alternative for chemical industry.
initial glucose concentration was 30 gl . This voltage was Biotechnol. Adv., 23: 471-499.-1

stable for duration 2 days. 7. Haiping, L., L. Guangli, Z. Renduo and J. Song, 2008.
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