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Abstract: An alternative answer to the vital issues of power
production and wastewater treatment leads to the application of
microbial fuel cells. These present cells were constructed from
cheap Mfensi clay as ion-exchange-partition and anode chamber.
The performance of the cells has no significant variations in
relation to their volumes. Experimental results showed that the
maximum power densities of 69 mW/m? and 55 mW/m? were
obtained for Potl and Pot2 at 1000 Q load respectively.
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I.  INTRODUCTION

The energy need in Ghana keeps increasing every year, as
there is continuous step up in the cost of fuels and also the
increase to which gadget acquisition are moving. The world
over, great opportunities are directed to fuel cells because of
the exhaustion of fossil fuel resources. Microbial fuel cells
(MFCs) show potential technology for sustainable production
of alternative energy and thus provide a technique of adding
wastewater to the catalog of renewable energy sources. MFCs
are devices that use bacteria as catalysts to oxidize organic and
inorganic matter and generate electric power.

MFCs in general consist of an anode, a cathode, an
electrolyte/catalyst and an electrical circuit to complete the
system. Microbes or microorganisms located in the anode
compartment are used to convert organic and/or inorganic
fuels through their metabolisms. Electrons are generated at the
anode and transferred via an external circuit to the cathode, at
the same time a charge complementary number of cations and
anions are transferred between anode and cathode. Also there
exists reduction and oxidation for the system to work (Logan
et al. 2006). Until 2009, MFCs can only produce low power
outputs (< 6 W/ m?; <500 W/m®) due to many factors related
to the anode, the cathode, the chemical species present in the
electrolyte, the ion—exchange or filtration membrane, the
microbial species present and their metabolisms, fuel cell
configuration, and operational conditions. In order to get
better performance, a broad range of techniques have been
used (Zhao et al. 2009); which include ‘doping’ of the anode,
varying the electrodes and the use of various types of cathode
substrate.

The present project thus examines Mfensi clay pot as ion-
exchange partition or membraneless system and also compares
the substrate volumes.

Il. MATERIALS AND METHODS

In this study we designed two pots or anode chambers
which were custom-made cylinders using Mfensi clay. The
capacities of the pots are 1.7 L and 1 L respectively. The
thickness is 1.0 cm each and the apparent porosity as
measured was 14.3 %. The molding and firing (Fig. 1) was the
same as in our earlier project. Fig. 2 shows the improvised
cathode and container (Aluminum cooking utensil) for the
complete cell; same for both cells except for the sizes. The
cells were fed with 1.40 L and 0.80 L wastewater respectively
from GGBL (Kumasi, Ghana), with initial chemical oxygen
demand, COD of 4385 mg/L in the anode pots and 40 % H»0,
surrounding the pots. The complete setups have
zinc/Aluminum pair electrodes.

Fig. 2: MFC setup
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I1l. RESULTS AND DISCUSSION

This experiment sorts to compare pot sizes in relationship
with the performance. Zinc rod was inserted in the clay/anode
pot with aluminum as the cathodic electrode and substrate
chamber. As usual we connected the two MFCs to the
Datalogger (Campbell Datalogger CR10X) to measure and
store initial OCV and potential drop across 1000 Q resistor for
30 days. Data collected via computer interface and evaluated.
The idea is to observe if the there is a significant change in
voltage production with the sizes of pot. The two cells were
operated at the temperature range of 25 to 27 °C.

The results plotted in Fig. 3 show the initial OCV of 863
mV and 844 mV respectively. The drop in voltages at 1000 Q
load was connected similar for both pots. The addition of 1000
Q load had no significant effect on the potential drops. The
expectation in Fig. 4 was that the bigger pot (Pot-1) would
produce higher potential difference than the smaller pot.
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Fig. 3: Variation in potential drop with time

Another expectation was that higher current would be
produced by the bigger pot since that has more substrate than
the smaller pot, but Fig. 4 did not show significant distinction
in the two sets of curves.
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Fig. 4: Variation of potential drop in relation to current
with external load applied to the two pots.

=t Pot-1_Pdl
=t Pot-2_Pdl
===PpPot-1_Pow
1000 | =M=Pot-2_Pow 300
900 - /
' 4 :
500 / 250
E
% 708 ° ‘ - 200
E 600 E
S 500 \ - 150 £
© f c
£ 400 J a
Y -
5 300 - e :
200 - o
- 50
100
0 . 0
0 500 1000

Current Density (mA/m2)
Fig. 5: Polarization curves for the two pots

The polarization and power density curves were
obtained by operating the cells at different external circuit
resistances (100 —15000 Q). Potential differences were
measured using a Peak Tech (2010DMM) voltmeter and the
current were calculated using | = V/R. Current density (I/A)
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and power density (Cur den x V) were calculated and
normalized by the anode electrode surface area.

Fig. 5 shows current density versus potential drop
and power density. By polarization characteristic it is observed
that MFC with Pot 1 maintains a voltage as a function of the
current production for a longer range. Same range was also
depicted in the power curve than Pot 2.

The peak occurred lower for Pot 2 than Pot 1 which
seems to reach a value beyond 260 mwW/m?,

IV. CONCLUSIONS

The polarization curves and the plot of power densities
versus current densities for both cells loaded with 100 Q to
15000 Q were depicted in Fig. 5. It was shown here that
power generation by MFC with clay system was greatly
influenced by the COD rather than the size of pot. The
compensative advantage for potl was that it takes longer time
to run down than pot2; for the fact that it contains more
wastewater. What this means is that we can equally achieve a
voltage of about 1.2 V with Mfensi clay cell wShen the
volume is reduced to 1 cm operating diameter. Our further
studies would tend to focus on reducing the volume more
towards a size that makes it portable. Table 1 compared data
for the two pots.

Table 1 — Selected characteristics of MFCs in

this work

Pot-1 Pot —2
Initial COD 4385 mg/L 4385 mg/L
Final COD 571 mg/L 522 mg/L
% COD Removal 86.98 88.10
Apparent Porosity  14.3 % 14.3 %
OCV (mV) 863 844
Imax (MA/mM?2) at 1k 100 89
Pmax (MW/m?) at 69 55
1k
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