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ABSTRACT: In recent decades, there has been huge interest in exploring cost-effective and sustainable ways for energy production
using fuel cells. In this study, different electrode materials, namely, nickel, stainless steel, brass, and graphite were used to investigate
the energy production in double chamber microbial fuel cells. Yeast microorganisms (MOs) (Saccharomyces cerevisiae) were used at
different concentrations for electricity production under different operating conditions with glucose as a substrate. The produced
current and potential of the electrode were measured for ranges of operating conditions such as MO concentration (1−8 g/L), flow
velocity (0−600 rpm), and aeration of the catholyte. It was found that there was a different performance exhibited by each electrode
material, with nickel and graphite giving the highest efficiency. Increasing the flow velocity and aeration in the cathode compartment
led to increasing the produced current while the flow and aeration in the anode compartment had a negative effect on the produced
current. Simultaneous aeration and agitation gave high produced current values, while high agitation with aeration reduced the
efficacy. The increased concentration of substrate glucose showed different influences on the produced current depending on
electrode materials.

1. INTRODUCTION

Over many years, the world energy demand is in an increasing
trend, which has caused escalating fuel prices. To cope with
trends, efforts have been devoted to find out sustainable and
low-cost methods for power generation.1 In addition, the rise
in global temperature because of the emission of greenhouse
gases has resulted in a high pollution level.2 Bioenergy sources
which use biomass to produce energy such as in microbial fuel
cells (MFCs) has gained wide attention from the research-
ers.3,4 MFCs provide a high potential for energy production as
electricity.5 It has been shown from research studies over the
years that the MFC performance is influenced by different
operational and design parameters, such as electrode material,
surface area of electrodes, nature of bacteria, types of substrate,
and operating conditions such as solution pH, electrical
conductivity, and hydrodynamics.6,7 Electrode cost and
performance are very important in efficient MFC work.
Therefore, a wide range of electrode materials and config-
urations have been investigated in the recent years to improve
the performance of MFCs.8 The material of the electrode
affects the energy loss in the fuel cells by the high internal

resistance. The long operation time of electrodes is an
important issue, but the most important is the electrode
cost.9 The most commonly used anode materials are a range of
carbon materials especially carbon paper, carbon cloth, and
graphite because of their high specific surface area, acceptable
conductivity, biocompatibility, and low cost.10,11

You et al. (2007)12 used different materials for energy
production in MFCs and found that Pt is the optimum one
compared to graphite and carbon cloth. Kasem et al. (2010)13

found that carbon cloth gives higher energy compared to
carbon paper and porous carbon plate for MFCs using bakery
yeast.
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Because of its superior electrochemical, electrical, and
mechanical properties, nickel was recommended as a successful
cost-effective electrode for the use of electricity production in
MFCs. Mardanpour and Yaghmaei (2016)14 used the nickel
electrode for current production and a nonpathogenic strain of
Escherichia coli in MFCs and obtained a maximum power
density of 104 mW/m3. The authors stated that nickel is a
promising electrode for electricity production in MFCs as it
has been found to be suitable for biofilm growth. Baudler et al.
(2015)15 found that up to 900 μA/m2 was generated on the
nickel electrode in MFCs under anaerobic conditions with
acetate as a substrate.
Rahimnejad et al. (2001)16 used continuous flow air−

cathode MFCs with graphite plates for electricity generation
with glucose as a substrate and produced up to 283 mW/m2.
Yu et al. (2012)17 found that copper as an anode gives the
lowest power density compared to aluminum and carbon
clothes and carbon particles. The authors reasoned that the
toxic effect of copper decreases the activity of bacteria.
Accordingly, there are obvious contradictions of the results of
the previous works regarding the effect of electrode materials
on the energy output of MFCs, and thus the topic still needs
further investigation and discussion. Birjandi et al. (2016)18

used medicinal herb wastewater in a dual-chamber MFCs with
an aerobic cathode of a Fe@Fe2O3/graphite composite and
produced a maximum power density of 49.8 mW/m2. Khan et
al. (2020)19 used CNT/PPy-modified carbon paper electrodes
for energy production in dual-chambered MFCs and obtained
maximum power densities within a range of 469−651 mW/m3.
Few studies have investigated and analyzed the effect of

hydrodynamics in the cathode or anode compartment on the
overall MFC performance. In general, depending on the nature
of MO and electrode materials, the fluid flow can have
different effects whether it is used in a cathode or anode
compartment. Fluid flow in the MFC is a key parameter that
affects the distribution of substrates and the mass transfer rates,
and it has not been well-characterized yet.20,21 Any little
increase in oxygen concentration and flow velocity in the
anode or cathode chamber can cause a significant effect on the
produced energy in MFCs. The flow can increase the mass
transfer of MO and dissolved oxygen toward the electrode
surface which can affect the electrochemical behavior of the
cell and consequently the produced power. However, flow in
the biomass compartment erodes the biofilm and avoids the
long contact between bacteria and electrode surface which

reduces the MFC efficiency. So, it is important to study and
analyze the effect of hydrodynamics in both cathode and anode
sides on the power output of MFCs especially in the presence
of aeration.
Yeast has been reported as an ideal biocatalyst for MFC

applications because the majority of the strains are non-
pathogens, which can metabolize a variety of substrates, are
robust, and are easy to deal with.22 It has been reported that
yeast strains Saccharomyces cerevisiae is able to produce
electricity by degradation of the substrate in MFCs. The
biocatalytic activity of the yeast is due to the existence of many
natural electron shuttles, cytochromes, and mediators, that can
be employed by redox enzymes for transferring the electrons
from the yeast cells to the anode. The presence of high
amounts of proteins in the yeast cell assists to enhance the
electroactive characteristics.23−25 Christwardana and Kwon25

found that using yeast/CNT as a microbial catalyst in MFCs
produces 344 mW/m2.
Accordingly, the electrode material has an important effect

on the energy produced in MFCs, and the effect of
hydrodynamics still needs further investigation to attain deeper
insight for selecting the optimum operating conditions of MFC
operation. Therefore, the objective of this work is to study the
effect of the electrode material on the produced current in a
MFC under different operational conditions including the role
of aeration and fluid flow in catholyte or anolyte compart-
ments. In addition, it is aimed to understand the effect trend of
the potential of an electrode in both compartments with
operating conditions to maximize the power output.

2. MATERIALS AND METHODS
The schematic diagram of the used MFCs is shown in Figure 1.
The unit was composed of two compartments: anode
compartment and cathode compartment. The anode compart-
ment contains the yeast (S. cerevisiae) microorganism (MO),
and the cathode compartment contains water. The MO culture
was prepared for 24 h in anaerobic conditions in an anaerobic
jar vessel. The prepared medium for yeast culture consisted of
yeast, glucose, and NaCl with a concentration of 5.6 g/L. The
pH of the medium was kept on 6.8, and the inoculated cultures
were incubated at 30 °C. The prepared culture was added to
one compartment to serve as an anolyte. The solutions in both
compartments contain 0.4 N NaCl salt to ensure high electrical
conductivity. The concentration of MO in the anolyte
compartment was changed from 1 to 8 g/L. Glucose as a

Figure 1. (1) Ammeter, (2) electrode, (3) beaker, (4) water bath, (5) salt bridge, (6) stirrer, (7) impeller, (8) standard calomel electrode, (9)
voltmeter, and (10) air pump.
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substrate was added with a concentration of 0.1 g/L to the MO
solution. Salt bridge was used to exchange protons through the
electrolyte (water) which contains a 0.4 N NaCl solution.
Electrons move along the outside through an external electrical
connection between the two electrodes by copper wires. The
investigated electrode materials were nickel, brass, stainless
steel (SS), and graphite each of dimensions 40 mm × 40 mm
× 0.5 mm (±0.1 mm). The water bath was used to maintain
the solution temperature at 30 °C in each chamber. Electrode
potentials were measured using standard calomel (SCE) under
different operating conditions. Air was pumped in the catholyte
(water chamber) for enhancing the current produced using an
air pump at a rate of 2.5 L/min. A mechanical stirrer was used
to provide the required agitation speeds (0−600 rpm). The
agitator is equipped with a Ruston turbine impeller. The
impeller had two blades of dimension 15 mm width, 30 mm
long, and 4 mm thick. The electrodes were prepared for each
run by washing with tap water, immersed in dilute HCl of 5%
concentration for 3 min, washed with distilled water, and
rinsed with ethanol. Then, one face of the electrodes was
isolated with adhesive tape while the other face remained
exposed to the solution. The electrodes were held in the
solution by fixing them on a plastic board. The two
compartments of MFCs were operated at the beginning of
the work without bacteria to make sure that the cell current is
zero. Then, the yeast MO was added into one compartment,
mixed, and left for 15 min to let it grow and adapt to the
temperature and the surrounding environment. Then, the
experiment was started by short-circuiting the cell, and the
current and electrode potentials were recorded with time for a
time duration of 1 h. This time interval was used after
performing preliminary experiments to deem the most suitable
run duration. The pH, electrical conductivity, and oxygen
solubility were measured for each solution under different
operating conditions, as listed in Table 1. The chemical
compositions of the metal electrode used are presented in
Table 2, as obtained from scanning electron microscopy
(SEM).
To evaluate the efficiency of each electrode from the

corrosion standpoint, the corrosion rate (CR) was determined
for three electrodes (all except graphite) using the weight loss
method in the hardest operating conditions. To determine the
CR, the electrodes were prepared according to the standard

procedure for sample preparation for corrosion tests.26,27 The
CR was determined using the following equation

= Δ
·
W

A t
CR (gmd)

(1)

where ΔW is the weight loss in gram, A is the area in m2, and t
is the time in a day.

3. RESULTS AND DISCUSSION
This section presents the Results and Discussion obtained for
each electrode under different operating conditions.

3.1. Nickel Electrode. Investigating the trends of electrode
potentials with the operating condition is helpful for
understanding and analyzing the current output of the MFC.
This is because the potential difference between the two
compartments is an important factor influencing the produced
current and, thus, the power output of the microbial cell.
Figure 2a shows the potentials of the Ni electrodes in both
compartments versus time. It is clear that the potential of the
MO compartment is more negative than the water compart-
ment. The departure of potentials from each other will increase
the produced current. So, factors that cause a shift in the
potential of the catholyte to more positive or a shift in the
potential of the anolyte to more negative will increase the
efficiency. Figure 2b shows the effect of MO concentration on
the potential of the nickel electrode immersed in the MO
solution versus time. From the figure, it is clear that when
increasing the MO concentration from 1 to 2, it causes a shift
in the potential to a more negative value.On further increasing
the concentration, the potential shifts slightly to more positive.
Bennetto et al. (1983)28 observed that the potential is shifted
to a negative trend as a result of the microbial effect. The
decreased anode potential was caused by the yeast MO that
adheres to the anode surface.29 The accumulation of MO as a
biofilm on the surface increases the resistance to the charge
transfer which causes a shift in the potential to more negative,
that is, resistance polarization occurs.30,31

Figure 3 illustrates the effect of MO concentration on
produced current density at T = 30 °C. It can be seen that
when the concentration is increased from 1 to 2 g/L, the
steady-state value of the produced current is increased. This is
due to the increased produced electrons from the oxidation of
MO at the anode. When the MO concentration is increased to
4, a slight decrease in the current occurs. With further increase
to 8 g/L of MO, a clear decrease in current density occurs. The
decrease in the current reaches up to 76% from a maximum
value at 2 g/L. The reason is thought that the increased
concentration of MOs leads to the formation of a separating

Table 1. pH, Electrical Conductivity, and Dissolved Oxygen
at 30 °C

pH MO compartment (2 g/L) 5.3
water compartment 6.3

dissolved oxygen
(mg/L)

distilled water 5.48

0.4 N NaCl solution 5.92
distilled water + yeast MO (2 g/L) 2.3
0.4 N NaCl solution + air pumping
(2.5 L/min)

7.18

conductivity
(μs/cm)

distilled water 5

0.4 N NaCl solution 5500
0.4 N NaCl solution + yeast MO (2 g/L) 6034
0.4 N NaCl solution + air pumping 3996
0.4 N NaCl solution + stirring 600 rpm 4789
0.4 N NaCl solution + air
pumping + stirring 600 rpm

2372

Table 2. (a) Chemical Composition on Nickel Used wt %,
(b) Chemical Composition on SS wt %, and (c) Chemical
Composition on Brass wt %

(a)

Cu Fe Mn C Si S Ni

0.24 0.38 0.33 0.14 0.32 0.01 balance
(b)

C Mo Cr Mn P S Si N Fe

0.08 2 16 2 0.08 0.03 0.75 0.1 balance
(c)

Cu Al Pb Sn Zn Fe Ni Sn

61.4 0.4 1.1 0.9 33.6 0.6 1.0 0.9
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layer of organisms (bio-fouling layer) on the electrode surface
that is electrically inactive which resists the transfer of electrons
produced from the oxidation of the organism. This agrees with
the observation of Pons et al. (2011)32 who stated that the
local (intrinsic) current density decreases with increasing
biofilm coverage due to the formation of dense MO that locally
provides lower current density.
It can be seen from Table 1 that the pH of MO

compartments is lower than the water compartment. This
difference in acidity can also increase the current produced due
to the concentration cell effect.
Figure 4a presents the variation of potentials of the Ni

electrode in each compartment with the presence of aeration in
the water compartment (catholyte). When comparing this
figure with Figure 2a it can be seen that the aeration increased
the potential difference between the two poles appreciably. In
the case of Figure 2a, the steady-state potential difference is

about 40 mV, while in the case of Figure 4a, the steady-state
potential difference reaches up to 65 mV. This will enhance the
produced current. Figure 4b shows the effect of aerating the
water compartment on the potential of the nickel electrode in
the MO compartment. It is evident that the potential shifts to
more positive in case of air pumping (aeration) due to the
increased dissolved oxygen concentration, as shown in Table 1.
Oxygen has been the favorite option for electron acceptors
because of the high potential and free availability, and
therefore, air−cathode MFCs have been widely used for
bioelectricity generation and other applications.33,34 However,
a highly active electrocatalyst is required for the oxygen
reduction reaction to ameliorate the sluggish reaction
kinetics.35

The increased oxygen concentration in the cathode chamber
causes a shift in the potential on cathode to more positive,27,31

and thus the potential difference between anode and the
cathode increases and thus more current generation produced
from the oxidation of MO in the anode chamber, as indicated
in Figure 5a. It is evident from Figure 5a that the effect of air
pumping (aeration) in the water compartment increases the
current produced by up to 2 times. The increased O2
concentration in the cathode chamber caused increased
oxidation of MO in the anode chamber and more electron
production and transfer that cause a reduction of O2 on the
cathode surface.36 Figure 5b shows a comparison between the
case of air pumping in the cathode when the MO is present in
the anode and when it is absent. It is clear how the presence of
MOs in the anode enhanced the current compared to the case
when the MO is absent. This indicates clearly the role of MOs
for enhancing the current; the enhancement is by up to 150%.

Figure 2. (a) Potentials of Ni electrodes in both compartments vs
time. (b) Potential vs time for Ni electrode in 0.4 N NaCl and at
different concentrations.

Figure 3. Current density vs time for Ni electrode in 0.4 N NaCl at T
= 30 °C and at different concentrations.

Figure 4. (a) Comparison of Ni potential in both compartments in
the presence of aeration in the water compartment. (b) Potential vs
time for the Ni electrode in the presence and absence of aeration in
the water compartment.
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This large increase of the bacterial role is considered large
compared with that present in the literature. In fact, the role of
oxygen in catholyte in affecting the energy produced in MFCs
is various in previous works. Some works found an increase in
the produced energy28,37 while others9 found a decrease due to
the oxygen transfer from cathode to anode.
Figures 6 and 7 show the effect of stirring speed on the

current output when the stirring is in the cathode compart-

ment time and in the anode compartment other time. These
figures indicate that the current increases appreciably when the
stirring is imposed in the catholyte (water). Figure 6 indicates
that the increase in current is up to 1.6 times while Figure 7
indicates that i increases by up to 2.2 times. This is because the
stirring increases the cathode potential due to the increased
transport of oxygen to the surface, as has been evidenced by

previous works,29,36,38 and thus the potential difference
between two electrodes is increased. Bennetto et al.28 stated
that the potential of the anode is influenced by low amounts to
O2 that transfer through the membrane from the catholyte
which shifts the potential to more positive. The authors also
noticed a fall in the current to nearly zero. It is thought that
oxygen destroys the effectiveness of the coupling mechanism,
normally responsible for the stable anode potentials and cell
emf observed under anaerobic conditions.33 Figures 6 and 7
show also that the solution flow in the anode compartment
(MO compartment) causes a reduction in the current. This is
because of different reasons. First, the yeast is anaerobic
bacteria; so, the increased O2 transport to the surface reduces
its activity at the surface. Second, the flow causes an increase in
the potential of anode, and thus the potential difference
between the two compartments is decreased leading to the
decrease in the current of the cell. Third, the flow shear force
removes the MO layer from the surface.
Figure 8 shows the effect of solution stirring at a different

speed in the water compartment with air pumping. The air

pumping and fluid flow together in the cathode chamber
increase the concentration of dissolved oxygen by breaking the
air bubbles into smaller bubbles. This is due to the energy
dissipated from the impeller and shear forces provided by the
flow.39,40 At high speeds, the high turbulence level associated
with the high velocities drives more air bubbles toward the
electrode surface. This causes more collisions between bubbles
and the electrode. The presence of bubbles close to the surface
increases the electrical resistance, and thus the current
decreases, as can be seen for the case of 600 rpm where the

Figure 5. (a) Current density vs. time for the Ni electrode in the
presence of aeration in the water compartment for MO concentration.
(b) Enhanced current production when pumping air in the cathode
with MO present in the anode.

Figure 6. Comparison of the effect of stirring in two compartments
on current density vs time for the Ni electrode for N = 150 rpm.

Figure 7. Comparison of the effect of stirring in two compartments
on current density vs time for the Ni electrode for N = 600 rpm.

Figure 8. Current density vs time for the Ni electrode for various
agitation speeds in the presence of air pumping in the water
compartment.
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current is less compared to 150 and 300 rpm. Table 1 shows
how the aeration with flow reduces the conductivity of the
solution at high speeds, as listed in Table 1. The breakage of air
bubbles by the energy dissipated from the impeller leads to an
increase in the number of bubbles in the solution,39,40 which in
turn reduces the electrical conductivity.
3.2. Comparison of Performance of Different Electro-

des. This section presents a comparison of the performance of
four electrodes investigated here under selected operating
conditions.
Figure 9 shows the potential of different electrodes in the

MO compartment (e1). It is evident that brass gives the highest

potential, indicating its high electrochemical properties for the
current generation and transfer. The high potential increases
the possibility of MO oxidation on the electrode surface. It can
be seen also from Figure 9 that the potential of nickel and
graphite are comparable while SS has the lowest potential. In
general, the potential besides other physical properties (such as
electrical conductivity, surface roughness, and porosity) plays
an important role in determining the electrode efficiency from
a current production standpoint. The produced current density
values on each electrode are presented in Figure 10. This figure

indicates clearly that Ni gives the highest values of produced
current, followed by brass, graphite, and SS. If the graphite is
considered the baseline, Figure 10 indicates that at steady state,
the SS gives current higher than graphite by about 20%, brass
by 50%, and nickel by 150%.
This difference between the values of current produced on

each electrode material is ascribed to different factors that
determine the capability of each electrode to produce current.
First is the electrochemical potential of the electrode which

influences the capability of the electrode to oxidize the MO
and extract the electrons. The more positive electrode
potential is the more possibility of extracting electrons from
the MO side. Second is the electrical conductivity of the
electrode which determines the capability of transferring the
electrons produced from bacterial oxidation. Table 3 lists the

values of the conductivity of each electrode. It can be seen that
both brass and nickel have the highest electrical conductivity
followed by SS and graphite. The high electrical conductivity
certainly enhanced the performance of nickel and brass by
facilitating the current flow. Third is the porosity of the
electrode surface which affects the surface area exposed to the
MO solution. Graphite has the highest porosity, as shown in
the SEM image in Figure 11. The images show clearly the high
roughness and pores of graphite compared to other electrodes,
while SS seems to be the smoothest surface. This is why the
graphite is preferred often as an electrode in MFCs. The
disadvantage of graphite is its low electrical conductivity.15

Fourth is the adhesion properties of the electrode surface. It
has been demonstrated that the surface roughness plays an
important role in increasing the mass (or heat) transport due
to the high surface area of contact and high turbulence level in
case of flow conditions.31,41−44 Therefore, graphite produces
the highest current due to the high surface area exposed to the
MO solution. The poor performance of SS has also been
reported with an excellent one for copper.15 The rough surface
may provide a suitable situation for the MO to stick and grow
to form the biofilm. Overall, the interaction between these four
factors gives the electrode its own capability to support the cell
performance depending on the prevailing operating conditions.
However, the cost of each material should be considered in the
design of the MFC. Graphite and brass are providing an
advantage of relatively lower cost compared to other materials
investigated in present work.
Figure 12 shows the current density for four electrodes with

air pumping in the water compartment (catholyte). It is
indicated that the maximum current density was still for the
nickel electrode followed by brass, but the performance of
graphite becomes better than SS. This is attributed to the fact
that the presence of pores in graphite facilitates the O2
diffusion through these pores and thus withdraw more
electrons from the anode compartment. In addition, the high
surface area of graphite causes the O2 to increase the potential
difference between the two terminals of the cell and thus more
MO oxidation. Figure 13 shows the effect of fluid flow (150
rpm) in the catholyte compartment on the produced current
for different electrodes. Underflow conditions, the nickel is still
the highest followed by brass and SS.
Table 4 presents the CR of three metallic electrodes in both

the MO compartment and the water compartment. It can be
seen that the Ni has superior corrosion properties while brass
is the worst and SS is moderate. The high efficiency by brass
weakens by its low corrosion resistance properties. In general,

Figure 9. Potential vs time for four electrodes MO concentration of 2
g/L and T = 30 °C.

Figure 10. Current density vs time for four electrodes, MO
concentration of 2 g/L.

Table 3. Electrical Conductivity of Electrodes at 20 °C45

material conductivity (S/m)

nickel 1.43 × 107

brass 1.59 × 107

SS 1.45 × 106

graphite 3.3 × 102
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the CR is considered acceptable when compared with that of
carbon steel in 0.05 N NaCl solution which is 318 gmd.44

3.3. Effect of Substrate Concentration. Figure 14a
shows the effect of increasing glucose concentration on current
density. It can be seen that the current increases considerably
with increasing glucose concentration; the initial increase
reaches up to 140 mA/m2. The steady-state value of current
density increases with increasing glucose concentration to 3 g/
L by about 2 times. With a further increase in glucose
concentration to 4 and 6 g/L, the current sharply decreases to
below zero. The drop of current to negative values indicates
the polarity reversals; that is, the MO compartment becomes
cathode, and the water compartment becomes anode. The
initial increase of the glucose substrate concentration leads to
an increase in the current because the MO degrades the
substrate on the surface of the electrode producing more
electrons, as shown in eq 246−48

+ → + +

=

+ −

E

C H O 6H O 6CO 24H 24e

0.014 V (SHE)
6 12 6 2 2

0 (2)

For the high concentrations of glucose, there is a decrease in
current density due to the blockage of pores on the electrode
surface that prevents the arrival of bacteria and current to the
surface. In addition, the high amount of glucose reduces the
electrical conductivity of the solution, leading to a decrease of
current. Sayed et al. (2012)29 suggested the possibility of
saturation of the microbial solution at a concentration which
may explain the decline of power density when the MFC was
fed with a high concentration of the substrate. The high
concentration of the substrate might be toxic to the
electrochemically active bacteria, which results in lower
power densities, and most of the substrate remained
unconsumed at high concentrations.50

Figure 14b−d shows the effect of glucose concentration on
current density using nickel, SS, and brass electrodes,
respectively. It can be seen that the increase in the substrate
concentration leads to a decrease in the current density. The
reason is that the glucose sticks on the electrode surface, and
the MO is no longer able to transfer the electrons to an anode.
It seems that the effect of a substrate is dependent on the
adhesion properties of the metal and its roughness. Figure 15
shows the thick layer formed on the electrode surface.

Figure 11. SEM images for electrode surface: (A) graphite, (B) brass, (C) nickel, and (D) SS.

Figure 12. Current density vs time for four electrodes in the presence
of aeration in the water compartment MO concentration of 2 g/L.

Figure 13. Current density vs time for four electrodes shows the effect
of stirring speed 150 rpm.

Table 4. CR at 30 °C of Different Electrodes in Both
Anolyte and Catholyte

electrodes
CR, gmd for the water chamber

(catholyte)
CR, gmd in the MO chamber

(anolyte)

Ni 0 0.375
SS 0.75 0.75
brass 1.875 2.625
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Table 5 presents the values of the produced power density in
the present work at selected experimental conditions. Brass is

not included in Table 4 because of the high CR. Table 6
presents values from the literature to compare with the values
of this work in Table 5. The power density from the present
work without stirring or air pumping is within the ranges
present in the literature. Under aeration and flow conditions in
the cathode chamber, the power is appreciably enhanced and
large compared to previous work. The large values compared
to previous work is ascribed to high activity of MO (yeast) and
electrode materials used in the present work.

4. CONCLUSIONS
The electrode material has a significant effect on the
performance of a MFC. This is related to several properties
such as the electrode electrical conductivity, surface area
exposed to the solution, and electrochemical potential. Nickel
is found to be a successful electrode material as it gave high
current density with a very low CR. Brass gives relatively good
values of current but its CR is relatively high. Graphite and SS
are lower but corrosion-resistant. At steady state, the SS gives
current higher than graphite by about 20%, brass by 50%, and
nickel by 150%. The MO concentration between 1 and 2 g/L
is typical for the high current production. Higher concen-
trations cause a reduction in the produced current. When the
concentration becomes 8 g/L, the reduction in current is about
76%, which is due to the accumulation of MO on the electrode
surface. The gentle aeration of the catholyte under stationary
conditions causes an increase in the produced current by up to
2 times. The agitation of the catholyte by 600 rpm increases
the steady-state value of the current produced by 2.2 times
while the agitation of the anolyte causes an appreciable
decrease in the current. In general, simultaneous aeration and
agitation cause a considerable increase in the current, but the
high agitation speed with aeration causes a reduction in the
current due to small air bubble dispersion in the catholyte
leading to reduced electrical conductivity. The influence of
increasing glucose substrate concentration on the produced
current is dependent on the electrode material and surface

Figure 14. a) Current density vs time for the graphite electrode for
different substrate (glucose) concentrations. (b) Current density vs
time for the Ni electrode for different substrate (glucose)
concentrations. (c) Current density vs time for the SS electrode for
different substrate (glucose) concentrations. (d) Current density vs
time for the SS electrode different substrate (glucose) concentration.

Figure 15. Photograph of the layer of MO and glucose formation on
the Ni electrode at a concentration of MO 2 g/L with a glucose
concentration of 3 g/L.

Table 5. Power Density at Optimum Conditions for C = 2
g/L

type of
electrode experiment conditions I, mA/m2 P, mW/m2

Ni T = 30 °C 28.1 361.2
T = 30 °C, air pumping 75 1597.5
T = 30 °C, air pumping,
N = 600 rpm

68.8 2263.5

SS T = 30 °C 12.5 103.8
T = 30 °C, air pumping 35.0 514.5

graphite T = 30 °C 11.3 93.5
T = 30 °C, air pumping 50.0 1153
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nature. For the graphite electrode, when the glucose
concentration increases up to 3 g/L, the current increases by
about 2 times. For metallic electrodes: nickel, SS, and brass,
the presence of glucose as a substrate reduces the current
appreciably. This is thought mainly due to the adhesion of
glucose on the electrode surfaces which increases the electrical
resistance and avoids the electrons transfer.
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