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ABSTRACT:
Microbial fuel cell represents a new method for simultaneous waste treatment and biological electricity generation.
Microbial fuel cells (MFCs) are devices that can use bacterial metabolism to produce an electrical current from a
wide range organic substrates. In this comparative study, electricity generation with paneer whey degradation with
different microorganisms was investigated in a two compartment cell without mediators in the microbial fuel cell.
Microorganisms were able to utilize the carbohydrate (mainly lactose) existing in the whey for generation of
bioelectricity. The open circuit potential was determined and the maximum voltage given by different organisms
was estimated. The MFC was run using Klebsiella pneumonae and sewage sample. It was found that the maximum
OCV of 453 mV was shown by Klebsiella pneumonae and proves to be the best organism for obtaining
bioelectricity from whey.
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[I] NTRODUCTION
Paneer whey is the lactose-rich watery
byproduct of paneer manufacturing and
represents about 85-95% of the milk volume.
Paneer whey contains nutrients such as
lactose(4.4-5% w/v), soluble proteins(0.6-0.8%
w/v), lipids(0.4-0.5% w/v) & mineral salts(810% of dried extract) [1]. Because of its high
organic content, whey disposal constitutes a
serious environmental problem with lactose
being mainly responsible for its high chemical
oxygen demand( COD) values. In this study the
exploitation of paneer whey for electricity
generation in Microbial Fuel Cell (MFC) using
different organism was investigated Table1
Characteristics of the paneer whey used in the
study.

CHARECTERISTIC
pH
Total Carbohydrates (g/mL)
Total Proteins(g/mL)
COD(mg/L)

VALUE
5.5
32.9
6.9
52000

A MFC is a bioreactor that converts the energy
stored in chemical bonds in organic compounds
directly into current through catalytic reactions
of microorganisms under anaerobic conditions
[2]. A MFC typically consist of two chambers,
an anaerobic anode chambers and an aerobic
cathodic chamber separated by an ion
conducting membrane usually a proton exchange
membrane (PEM). At the anode organic
substrates are oxidized by bacteria. The
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produced electrons are transferred from the
anodic electrode(negative terminal) through an
external circuit to the cathodic electrode(positive
terminal) where the electron acceptor is reduced.
Protons produced at the anode migrate through
the solution of the anode across the proton
exchange membrane (PEM) to the cathode
where they combine with oxygen and electrons
to form water [3]. The chemical reactions which
are carried out in an MFC using example
glucose a fuel are given by equations (1) & (2):
Anodic reaction:
C6H12O6 + H2O
6CO2 +24 e- + 24 H+
(1)
Cathodic reaction:
O2 + 4e- + 4H+
2H2O
(2)
Considering glucose as the principal building
block of biomass, one can compare the
stoichiometric reactions for the production of
bio-ethanol, biogas (CO and CH ) and hydrogen
2

4

gas with the overall reaction taking place in a
microbial fuel cell
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Microbial fuel cell:
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Definitely the theoretical yield is for bioethanol,
biogas and hydrogen gas but to effectively use
the energy from the carrier liquid or gas, further
physico-chemical incineration processes after
the fermentation step are needed to release the
energy (e.g., for electricity production) from the
carrier. Whereas in a microbial fuel cell, the
biochemical energy contained in the organic
matter is directly converted into electricity. This
implies that the overall conversion efficiencies
Pallavi T. Kininge, et al.

that can be reached are potentially higher for
microbial fuel cells compared to other biofuel
processes [4].
In this study, electricity generation from diluted
paneer whey in a two chambered mediatorless
MFC with different microorganism was
investigated. Microbial fuel cell (MFC)
technologies are a promising and yet completely
different approach to wastewater treatment as
the treatment process can become a method of
capturing energy in the form of electricity or
hydrogen gas, rather than a drain on electrical
energy.
[II] MATERIALS AND METHODS
2.1. Culture and Medium
Whey as obtained from Gokul Dairy. The pH of
whey 5.5 the solution was autoclaved at 15psig,
121°C for 15 min, then cooled down to room
temperature, centrifuged at 11,000 x g in
sterilized tubes for 15 min to remove aggregated
solids. The supernatant (whey supernatant), was
taken and it was used after adjusting pH to 7 by
the NaOH solution (1M), as the major
constituent of media for the growth of
microorganisms.
The inoculum developments of different
microorganisms were performed by taking
Nutrient broth for bacteria and Potato dextrose
broth for fungi. The 100 ml media prepared for
inoculum
development
was
sterilized,
autoclaved at 121°C and 15psig for 20 min. The
organism was allowed to grow for 24 hrs. The
treated whey was used as carbon source and the
whey’s carbohydrate was considered as lactose.
The medium pH was initially adjusted to 7 and
the 10% inoculum was introduced and charged
into the MFC.
2.2. MFC Construction:
All experiment was conducted using a two
chambered
MFC consisting of two borosil
bottles (500ml capacity). The agar salt bridge
was used instead of proton exchange membrane
(PEM). The salt bridge was used for the
264
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electrolytic contact of the solutions in the two
bottles, where the two electrodes of the MFC
were immersed.
The anode and the cathode electrodes were made
of carbon. Both electrodes had dimensions of
12cm x 1.5cm. Single stranded copper wires
(I.D 0.8mm) were used to connect the cell to the
external circuit.
An agar solution is formed by heating a mixture
of 2-5% agar in 1M KCl (w/v).This solution was
introduced into the glass U tube having I.D
12mm.The glass tube was stored in 1M KCl
solution until use
The anode compartment was filled with 500 ml
whey with inoculum. The cathode compartment
was filled with distilled water and was
continuously aerated.
The MFC was run using Klebsiella pneumonae,
Saccharomyces cerevisiae, Staphylococcus
aureus and sewage sample.

varying resistance (Fig3.1.b) were plotted.

Fig 3.1.a

[III] RESULTS
3.1.Experiment with Klebsilla pneumonae:
K. pneumonae was into 100 ml of conical flask
containing nutrient broth. The flask was
incubated for 24 hrs at 370C in shaker incubator
under aerobic conditions. The above sample was
introduced into 450 ml of treated whey and was
charged into the anodic chamber of cell. The
cathodic chamber was filled with 500ml of
distilled water. The salt bridge and electrodes
were immersed and the cell was allowed to
stabilize for 24 hrs. The open circuit potential
(Fig 3.1.a) and voltage versus current with
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Fig 3.1.b
3.2. Experiment with sewage sample:
500ml of treated whey was inoculated with 1ml
of sewage sample. This sample was obtained
from Vishwatara apartment, Kolhapur. The
sample was charged into the anodic sample of
the cell. The cathodic chamber was filled with
500ml of distilled water. The salt bridge and
electrodes were immersed and the cell was
allowed to stabilize for 24 hrs. The open circuit
potential (fig 3.2.a) and voltage versus current
with varying resistance (fig3.2.b) were plotted.
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Fig 3.2.a

Fig 3.2.b

[Table-1].
Table 1 Characteristics of the Paneer whey used in the study
CHARECTERISTIC
pH
Total Carbohydrates (g/mL)
Total Proteins(g/mL)
COD(mg/L)

VALUE
5.5
32.9
6.9
52000

[IV] DISCUSSION
4. Advantages of MFCs:
Microbial fuel cells present several advantages,
both operational and functional, in comparison
to the currently used technologies for generation
of energy out of organic matter or treatment of
waste streams.
4.1
Generation of
energy
biowaste/organic matter:

out

of

This feature is certainly the most ‘green’ aspect
of microbial fuel cells. Electricity is being
generated in a direct way from biowastes and
organic matter. This energy can be used for
operation of the waste treatment plant, or sold to
the energy market. Furthermore, the generated
current can be used to produce hydrogen gas.
Since waste flows are often variable, a
temporary storage of the energy in the form of
hydrogen, as a buffer, can be desirable.
4.2 Direct conversion of substrate energy to
electricity
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As previously mentioned, in anaerobic processes
the yield of high value electrical energy is only
one third of the input energy during the thermal
combustion of the biogas. While recuperation of
energy can be obtained by heat exchange, the
overall effective yield still remains of the order
of 30%.
A microbial fuel cell has no substantial
intermediary processes. This means that if the
efficiency of the MFC equals at best 30%
conversion, it is the most efficient biological
electricity producing process at this moment.
However, this power comes at potentials of
approximately 0.5 Volts per biofuel cell. Hence,
significant amounts of MFCs will be needed,
either in stack or separated in series, in order to
reach acceptable voltages. If this is not possible,
transformation will be needed, entailing
additional investments and an energy loss of
approximately 5 %.
Another important aspect is the fact that a fuel
cell does not, as is the case for a conventional
battery, need to be charged during several hours
before being operational, but can operate within
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a very short time after feeding, unless the
starvation period before use was too long to
sustain active biomass.
4.3 Omission of gas treatment:
Generally, off-gases of anaerobic processes
contain high concentrations of nitrogen gas,
hydrogen sulphide and carbon dioxide next to
the desired hydrogen or methane gas. The offgases of MFCs have generally no economic
value, since the energy contained in the substrate
was prior directed towards the anode. The
separation has been done by the bacteria,
draining off the energy of the compounds
towards the anode in the form of electrons. The
gas generated by the anode compartment can
hence be discharged, provided that no large
quantities of H S or other odorous compounds
2

are present in the gas, and no aerosols with
undesired bacteria are liberated into the
environment.

5. Emerging opportunities:
5.1 Body fluid batteries :
In the future, the amount of low-power
devices implanted in the human body will
significantly expand. These devices need long
term, stable power provision. To provide this
power, a MFC can be used. Two possibilities
exist: enzymatic and microbial fuel cells. In
enzymatic fuel cells, the potential difference is
created by the use of two electrodes with
different enzymatic reactions, creating a
potential difference based on the reaction redox
potential.
5.2 Electricity from photosynthesis:
Plants produce, as a product of photosynthesis,
sucrose and other low-molecular carbohydrates.
These carbohydrates are transported through the
stem during certain periods of the year. These
plant saps can be harvested and the possibility
exists to use this flow as a feed for MFCs that
would be installed in a stationary way. Some
plant saps such as maple syrup have already
been tested and yielded a conversion efficiency
of up to 50% .The minerals remaining after the
MFC could be recycled to the trees or the plants.
This way, a forest could function as a
continuous, green power providing system that
converts directly light energy into electricity.
5.3 Bio-sensors :

Fig: 1. Klebsilla pneumonae working model. Showed
the maximum open circuit voltage i.e 453mV
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Bacteria show lower metabolic activity when
inhibited by toxic compounds. This will cause a
lower electron transfer towards an electrode.
Bio-sensors could be constructed, in which
bacteria are immobilized onto an electrode and
protected behind a membrane. If a toxic
component diffuses through the membrane, this
can be measured by the change in potential over
the sensor. Such sensors could be extremely
useful as indicators of toxicants in rivers, at the
entrance of wastewater treatment plants, to
detect pollution or illegal dumping, or to
perform research on polluted sites.
267
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5.4 Sediment electricity:
MFCs can be used to generate electricity based
on the potential difference generated by bacteria
between sediment and the aqueous phase above
(Tender et al. 2002). Two anode reactions
appear to occur: oxidation of sulphide present in
the sediment, which is formed through bacterial
oxidation of organic carbon, and oxidation of
organic matter by bacteria growing onto the
anode. The potential for energy generation from
the seafloor is large, although the accessibility
will often pose a problem.
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