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Abstract Two microbial fuel cells with different oxygen
supplies in the cathodic chamber were constructed. Elec-
trogenic capabilities of both cells were compared under the
same operational conditions. Results showed that binary
quadratic equations can express the relationships between
chemical oxygen demand degradation rate and chemical
oxygen demand loading and between chemical oxygen
demand removal rate and chemical oxygen demand loading
in both cells. Good linear relationships between power
output (voltage or power density) and flow rate and
between power output and chemical oxygen demand deg-
radation rate were only found on the cell with mechanical
aeration in the cathodic chamber, but not on the cell with
algal photosynthesis in the cathodic chamber. The rela-
tionships between power output and chemical oxygen
demand removal rate and between power output and
effluent chemical oxygen demand concentration on both
cells can be expressed as binary quadratic equations. The
optimum flow rates to obtain higher power density and
higher Coulombic efficiency in the cell with mechanical
aeration in the cathodic chamber (=0.85 mW/m? and
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0.063%) and in the cell with algal photosynthesis in the
cathodic chamber (=0.65 mW/m? and 0.05%) are about
1000 and 1460 pL/min, respectively. The optimum chem-
ical oxygen demand removal rates to obtain higher power
density and higher Coulombic efficiency in the cell with
mechanical aeration in the cathodic chamber (=1.2 mW/m?
and 0.064%) and in the cell with algal photosynthesis in the
cathodic chamber (=0.81 mW/m? and 0.051%) are about
40.5 and 36.5%, respectively.

Keywords Anodic chamber - Cathodic chamber -
Coulombic efficiency - Power density - Proton

Introduction

A microbial fuel cell (MFC) uses microorganisms to cat-
alyze the conversion of organic matters into electricity
(Kim et al. 2002; Oh et al. 2004; Logan and Regan 2006;
Dewan et al. 2010). An MFC normally contains an anodic
chamber and a cathodic chamber separated by a proton
exchange membrane (PEM) or an ion-selected membrane
(You et al. 2006). Bacteria will use the organic matter in an
anodic chamber to produce electrons and protons. The
electrons will then be diverted toward an anode and sub-
sequently flow across a conductive material containing a
resistor, and finally be released in a cathodic chamber. The
protons will also migrate to the cathode through PEM. Both
electrons and protons will finally be depleted in the cathode
chamber, coupled with the reduction of oxygen to water
(Kim et al. 2002; Logan 2005; Rabaey and Verstraete
2005; Oh and Logan 2006; Ieropoulos et al. 2010).

The power output of an MFC strongly depends on the
oxygen concentration level in its cathodic chamber. Gil
et al. (2003) studied the effect of dissolved oxygen (DO)
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concentration in the cathodic chamber on the power pro-
duction performance of MFC. They concluded that DO
concentration is around 6 mg/L at DO-limited conditions.
Kang et al. (2003) suggested that the critical oxygen con-
centration is 6.6 mg/L for the graphite cathode. This means
that the current generation of MFC is oxygen-limited when
DO concentration in the cathodic chamber is below
6.6 mg/L. Pham et al. (2004) also concluded that further
increase in power density is not observed when DO con-
centration is over 6.6 mg/L. Cha et al. (2009) reported that
at the very low DO concentration of 0.2 mg/L, the voltage
of MFC remained at a high level of 200 mV when the
oxygen remained close to the cathode and mixing was
sufficient.

In the study conducted by Rodrigo et al. (2010), maxi-
mum power density increased as DO concentration in the
cathodic chamber increased from 0 to 5.5 mg/L. In the
foregoing studies, oxygen in the cathodic chamber was
always supplied by mechanical aeration for a dual-cell
MEFC or by atmospheric air for a single-cell MFC, with the
cathode directly exposed to air.

A photosynthetic MFC is defined when sunlight is
converted into electricity within the metabolic reaction
scheme of an MFC. In the review article of Rosenbaum
et al. (2010), they reported that seven different configura-
tions of photosynthetic MFCs have been applied by
researchers to generate electricity or to decrease CO,
concentration in the atmosphere. Strik et al. (2008) applied
a photosynthetic algal MFC to produce a maximum current
density of 539 mA/m” (projected anode surface) and a
maximum power production of 110 mW/m? (surface area
of MFC). Schamphelaire and Verstraete (2009) used a
closed-loop system consisting of an algal growth unit for
biomass production, an anaerobic digestion unit to convert
biomass to biogas, and an MFC to polish the effluent of the
digester and to generate electricity. They claimed that this
system resulted in a power plant with a potential capacity
of about 9 kW/ha of solar algal panel, with prospects of
23 kW/ha. Wang et al. (2010) used two identical double-
chamber microbial carbon capture cells (MCCs) to study
their power performance and CO, elimination capability.
The MCCs were similar to the MFCs with algae growing in
cathodic chambers. Oxygen in the cathodic chamber is
obtained by the photosynthesis of algae in the sunlight. The
results of their study showed that a voltage of
706 £+ 21 mV (1000 Q) was obtained in the systems with a
cathodic DO of 6.6 £ 1.0 mg/L.

You et al. (2006) showed that longer hydraulic retention
time (lower flow rate) of MFC is more effective at COD
removal but have a detrimental effect on voltage stability
when compared with short hydraulic retention time.
However, Ieropoulos et al. (2010) reported that the highest
power output is produced at the lowest flow rate in MFCs.
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In this study, power generation capabilities of microbial
fuel cells with different oxygen supplies (mechanical aer-
ation and photosynthesis of algae) in the cathodic chamber
were evaluated. Effects of flow rate and COD removal
characteristics on the power output and Coulombic effi-
ciency of the MFCs with different oxygen supplies were
also investigated. This study was conducted at the labora-
tory of Meiho University in Taiwan from February 2011 to
May 2011.

Materials and methods
Synthetic wastewater and sludge source of MFCs

During the experimental period, the compositions and the
concentrations of synthetic wastewater for both MFCs (MFCs
1 and 2) were 1000 mg/L glucose, 300 mg/L nutrient broth,
167 mg/L NH4Cl, 25 mg/L K,HPO,4, 25 mg/LL NaH,PO,,
5 mg/L FeCls, 100 mg/L MgCl,, 10 mg/L MnSQy, 133 mg/L
CaCl,, 25 mg/L NaOH, and 175 mg/L NaHCO; (Juang and
Chiou 2007). The COD of synthetic wastewater was between
1002 and 1296 mg/L.

Original sludge was obtained from the oxidation ditch of
a wastewater treatment plant located in Ping Tung, Taiwan.
It was grown in 1 L of synthetic wastewater without aer-
ation, and was allowed to acclimatize for 2 weeks. The
sludge liquid was then transferred to the anode chambers of
both MFCs in equal quantity. By feeding with synthetic
wastewater at the rate of 350 pL/min, the MFCs were
continuously run for more than 3 weeks before the
analysis.

MEC design

Both MFCs had the same size and configuration. Figure la
shows the schematic diagram of an MFC. For each MFC
system, two same-sized graphite carbon electrodes (CCM-
400C; Central Carbon Co., Ltd., Taiwan) were used for
both anode and cathode (6.3 cm length x 4 cm width x
3 mm thickness). Both anodic and cathodic chambers were
made of Plexiglas acrylic sheets, and each chamber had an
effective water volume of 797 cm® (8.3 cm side water
depth x 9.8 cm width x 9.8 cm length). The electrodes
were fixed in the respective anodic and cathodic chambers
by fully inserting them into the liquids in both chambers.
All chambers were sealed with superglue. The covers and
the connections of the anodic chamber were sealed with
silicon to achieve anaerobicity in the chambers during
operation.

A peristaltic pump was used to pump a fixed amount of
synthetic wastewater into each anodic chamber. Inflow and
outflow of each anodic chamber were located 1 cm above
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Fig. 1 Schematic diagram of an
MEFC and experimental design
of this study
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(a) Schematic diagram of an MFC
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(b) Experimental design of this study

the bottom and 1 cm below the top of the chamber,
respectively. The effluent of anodic chamber first flowed
into a water seal box before overflowing into an interme-
diate chamber to ensure that the air will not reflux into the
anodic chamber. The liquid in the intermediate chamber
was then discharged to an effluent tank by gravity or col-
lected for analysis.

The anodic and the cathodic chambers were separated
by a proton exchange membrane (PEM) (Nafion 117,
Dupont Co., USA) installed in a Plexiglas acrylic pipe
(inner diameter 1.5 cm and total length 23 cm) connecting
anodic and cathodic chambers. The anode and the cathode
were connected externally with concealed copper wire, and
the power production was measured with external load
resistance adjusted to 1000 Q using a resistor box. The
distance between the anode and the cathode was approxi-
mately 36.5 cm, which may be too large to obtain high
power levels (Ghangrekar and Shinde 2007). However, the
purpose of the present research was not to attain high
power levels but to examine the behaviors of MFCs with
different oxygen supplies in cathodic chamber. Both MFCs
were also operated at the same time under the same oper-
ational conditions. Therefore, the results of the present

study can be used to interpret and compare the power
generation capabilities of the MFCs.

Operational condition

The MFCs were operated at an ambient temperature of
24-26°C in our laboratory. Both systems were run under
identical continuous flow conditions at five different rates
(Phase 1, 350; Phase 2, 700; Phase 3, 1000; Phase 4, 1500
and Phase 5, 2000 pL/min) to compare their power gen-
eration capabilities. For the anodic chamber, hydraulic
retention times (HRTSs) at the five different flow rates were
38.3, 19.1, 13.3, 8.9, and 6.6 h, respectively. Figure 1b
shows the experimental design of the present study. Syn-
thetic wastewater (influent) and effluents from the anodic
chambers were collected for analysis. The performance of
an MFC system was considered stable when both COD
removal efficiency and power output are stable. The flow
rate was set to 350 pL/min in Phase 1. The voltages of each
MFC were measured almost every day at external load
resistance adjusted to 1000 Q until the system was stable.
When the voltage readings became stable for a few days,
influent and effluent water samples of MFCs and voltage
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readings during the last 2 days of Phase 1 were taken for
COD analysis and power density calculation, respectively.
The average COD concentration and the average voltage
on both days were then used for the analysis (Fig. 1b).
Similarly, MFC power production and water quality under
the flow rates of 700 (Phase 2), 1000 (Phase 3), 1500
(Phase 4), and 2000 L/day (Phase 5) were evaluated.

To achieve the electrochemical reaction at the cathode,
oxygen had to be supplied to the cathodic chamber. For
MEFC 1, air was purged into the cathodic chamber by an air
stone connected to an air pump. The dissolved oxygen
(DO) concentration was maintained at 6.78-7.45 mg/L.
The cathodic electrolyte used in the cathodic chamber was
a mixture of 30.8 mM KH,PO,4-H,O solution (adjusted to
pH 7.0 by 1.0 N HNOj3) and aerated water. For MFC 2,
green algae (Chlorella) and blue-green algae (Phormidium)
were grown in the cathodic chamber. One gram of
KH,PO4-H,O and 1 g of NH4CL were added into the
cathodic chamber of MFC 2 to serve as nutrients for algae
in the beginning of Phase 1. About 0.1 g of KH,PO4-H,O
and 0.1 g of NH,CL were again added in the beginning of
Phases 2-5. Two 6 W fluorescent lamps (12 W in total)
were installed 15 cm above the water surface of the
cathodic chamber to provide the light for photosynthesis.
Oxygen in the cathodic chamber of MFC 2 was then pro-
duced by the photosynthesis of algae.

Sludge mixing in each anodic chamber was performed
using a stirrer. However, mixing was very slow to reduce
the substrate gradient and to provide effective contact
between the substrate and the sludge. Mixing in the
cathodic chamber of MFC 1 was only achieved through
aeration. No mixing was provided in the cathodic chamber
of MFC 2.

Analyses of water quality and power generation

The influents (synthetic wastewater) and the effluents of
the anodic chambers were collected for water quality
analyses. All effluent samples were filtered through filter
papers (Whatman grade 934AH) before COD analysis.
COD was determined using the closed reflux method
mentioned in the Standard Methods (Clesceri et al. 2001).
pH, temperature, and DO (DO200; YSI, Inc., USA) of
water in the cathodic chamber were also measured.

Voltages and currents (at adjusted external load resis-
tance of 1000 Q) were measured using a digital multimeter
with a data acquisition unit (U1253B; Agilent Technolo-
gies, Malaysia). They were then converted to power (mW)
and power density (mW/m?® surface area of anode plate).
Voltage and current readings on the digital multimeter
obtained using the data acquisition software Agilent GUI
Data Logger (Agilent Technologies, Inc. USA) were
allowed to stabilize for about 5-10 min before each mea-
surement. The readings were continuously recorded every
10 s for 3 min, and then averaged. The Coulombic effi-
ciency (Ce) was calculated as Ce =M x I/F x n x q X
ACOD, where M is the molecular weight of oxygen, I is the
current, F' is Faraday’s constant, n is the number of elec-
trons exchanged per mole of oxygen, ¢ is the volumetric
influent flow rate, and ACOD is the difference in the
influent and the effluent COD. For the theoretical Cou-
lombic amount calculations, four moles of electrons
(n = 4) were produced per mole of COD in synthetic
wastewater (Biffinger et al. 2008; Lee et al. 2008; Behera
and Ghangrekar 2009; Rodrigo et al. 2009; Sun et al.
2009).

Results and discussion
Wastewater treatment efficiencies

Average COD removal rates and average COD degradation
rates of both MFCs are outlined in Table 1. The influent
COD concentrations of both MFCs were between 1002 and
1296 mg/L. Both MFCs displayed very similar COD
removal rates and COD degradation rates. COD removal
rates decreased and COD degradation rates increased as
flow rates increased from 350 to 2000 pL/min. Lower flow
rate means higher hydraulic retention time in the anodic
chamber. Microorganisms in the anodic chamber had more
time to degrade the substrate at lower flow rate and caused
higher COD removal efficiency. However, as flow rate
increased, the quantity of substrate entering the anodic
chamber also increased. Therefore, the total amount of
substrate degraded by the microorganisms (COD degrada-
tion rate) in the chamber increased as flow rate increased.
As shown in Fig. 2, COD removal rate decreased as COD

Table 1 Average COD removal rates and degradation rates of both MFCs

Systems Influent flow rate (uL/min)
350 700 1000 1500 2000
Average COD removal rate (%)/Average COD degradation rate (kg COD/m® of anoxic chamber/day)
MEFC 1 82.3/0.60 55.7/0.73 46.2/0.98 40.0/1.20 30.3/1.31
MEFC 2 89.3/0.65 65.4/0.86 45.9/0.93 43.5/1.30 32.9/1.43
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Fig. 2 Relationships between
COD removal rate and COD
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loading increased. However, COD degradation rate
increased when COD loading increased. The relationships
between COD removal rate and COD loading for MFCs 1
and 2 can be expressed as binary quadratic equations. The
coefficients of determination (Rz) were 0.9440 and 0.9750
for MFCs 1 and 2, respectively. In MFCs 1 and 2, binary
quadratic equations can also be used to express the rela-
tionship between COD degradation rate and COD loading
(R* = 0.9918 and 0.9842 for MECs 1 and 2, respectively).
Therefore, MFC can be applied as a biosensor to predict the
COD removal rate or the COD degradation rate by mea-
suring the COD loading. In this study, the influent pH was
between 6.23 and 7.58, and the effluent pH was in the range
of 4.64—7.12 and 5.54-7.25 for MFCs 1 and 2, respectively.
The DO concentration in the cathodic chamber of MFC 1
was between 6.78 and 7.45 mg/L, and its concentration in
the cathodic chamber of MFC 2 was between 3.89 and
5.95 mg/L.

Effects of influent flow rate on MFC performance

As shown in Fig. 3a, a good linear relationship (R* =
0.9988) between voltage and flow rate on MFC 1 with
external resistance of 1000 Q was found. The voltage
output of MFC 1 increased when its influent flow rate
increased from 350 to 2000 pL/min. However, linear
relationship between voltage and flow rate is low on MFC
2 (R* = 0.543), with external load resistance of 1000 Q.
Similarly, as shown in Fig. 3b, good linear relationship
between power density and flow rate (R* = 0.9925) was
only found on MFC 1 with external resistance of 1000 Q,
not on MFC 2 (R* = 0.5743). In Fig. 3, MFC 1 displayed
higher voltage output and higher power density than MFC
2 at the flow rates between 350 and 2000 pL/min. Opera-
tional conditions are the same for MFCs 1 and 2, so DO

variation in the cathodic chamber is presumed to be one of
the reasons for the unstable power output of MFC 2. Fur-
thermore, some of the algae or their biochemical products
might have passed through PEM to the anodic chamber and
affected the overall power generation performance of MFC
2. Further studies are required to confirm our presumptions.

Effects of COD loading on MFC performance

Figure 4a shows a good linear relationship (R* = 0.9966)
between voltage and COD loading on MFC 1 (external load
resistance = 1000 Q). As COD loading increased from
0.731 to 4.278 kg/m’/day, voltage for MFC 1 increased
from 55.22 to 86.44 mV. A good linear relationship
(R? = 0.9956) between power density and COD loading on
MEC 1 is also presented in Fig. 4b. As COD loading
increased from 0.731 to 4.278 kg/m>/day, power density for
MFEC 1 increased from 0.556 to 1.368 mW/m? of anode
plate surface. However, linear relationships between volt-
age and COD loading and between power density and COD
loading in the range of 0.731-4.278 kg/m>/day were low on
MFC 2 (R* = 0.6156 and 0.6432, respectively). According
to the regression equations in Fig. 4, MFC 1 displayed
higher voltage output and higher power density than MFC 2
(also see the slopes of the regression equations). As men-
tioned above, unstable and lower DO concentration in the
cathodic chamber of MFC 2 might be the reason for its
lower voltage output and lower power density.

Relationships between power output and COD removal
rate on MFCs

The relationships between voltage and COD removal rate
on MFCs 1 and 2 with external load resistance of 1000 Q
can be expressed as binary quadratic equations shown in
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Fig. 3 a Relationships between (a) ‘ ® 1000Q(MFC 1 - Aeration in Cathodic Chamber) A 1000Q (MFC 2 - Algae in Cathodic Chamber)
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Fig. 5a. R? values were 0.9904 and 0.9159 for MFCs 1 and
2, respectively. Figure 5b also shows similar relationships
between power density and COD removal rate on MFCs 1
and 2 (R2 =0.9925 and 0.9081 for MFCs 1 and 2,
respectively). This means that, with the development of
these binary quadratic equations, both MFCs can be used as
biosensors to predict COD removal rate by measuring their
voltage or power density.

Relationships between power output and COD
degradation rate on MFCs

The relationship between voltage and COD degradation
rate on MFC 1 with external load resistance of 1000 Q can
be expressed as a linear equation, as shown in Fig. 6a, with
R*> = 0.9653. Figure 6b also shows a good linear rela-
tionship between power density and COD degradation rate

¥
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on MFC 1 (R2 = 0.9396). This also means that, with the
development of these linear equations, MFC 1 can be used
as a biosensor to predict COD degradation rate by mea-
suring its voltage or power density. However, the rela-
tionships between voltage and COD degradation rate and
between power density and COD degradation rate for MFC
2 with external load resistance of 1000 Q could not be well
expressed as linear equations (R* = 0.4244 and 0.4439,
respectively), as shown in Fig. 6a, b.

Relationships between power output and effluent COD
concentration on MFCs

The relationship between voltage and effluent COD con-
centration on MFC 1 with external load resistance of
1000 Q can also be expressed as a binary quadratic equa-
tion, as shown in Fig. 7a, with R? = 0.9428. Figure 7b also
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Fig. 4 Effects of COD loading (a)
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shows a similar relationship between power density and
effluent COD concentration on MFC 1 (R* = 0.9256). This
also means that, with the development of the binary qua-
dratic equations, MFC 1 can be used as a biosensor to
predict the effluent COD concentration by measuring its
voltage or power density. The relationships between volt-
age and effluent COD concentration and between power
density and effluent COD concentration for MFC 2 with
external load resistances of 1000 Q can also be expressed
as binary quadratic equations, as shown in Fig. 7a, b, with
R* = 0.7808 and 0.7985, respectively. This also means
that, with the development of these binary quadratic

COD Loading (Kg coD/m’ /Day)

equations, MFC 2 can also be used as a biosensor to
roughly predict the effluent COD concentration by mea-
suring its voltage or power density.

Coulombic efficiency of MFCs

Coulombic efficiency can be used to express the efficiency of
power production per unit of organic matter utilized by a
microorganism (Min and Logan 2004). Figure 8a shows a
binary quadratic equation can be used to display the rela-
tionship between Coulombic efficiency and flow rate in MFC
1 at external load resistance of 1000 Q (R? = 0.9695).
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Fig. 5 a Relationships between (a) ‘ ©10009Q (MFC 1 - Aeration in Cathodic Chamber) A 1000 Q(MEC 2 - Algae in Cathodic Chamber)
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However, the relationship between Coulombic efficiency
and flow rate for MFC 2 with external load resistances of
1000 Q cannot be expressed well into a binary quadratic
equation (R* = 0.5743), as shown in Fig. 8a. These results
were contrary to the relationships between voltage and flow
rate and between power density and flow rate on MFCs 1 and
2, as shown in Fig. 3. For MFC 1, the highest Coulombic
efficiency was seen at influent flow rate of 350 pL/min and
the lowest value was seen at 1500 pL/min. For MFC 2, the
highest Coulombic efficiency was seen at flow rate of
350 pL/min, and the lowest value was also seen at 1500 pL/
min. Normally, a MFC is expected to obtain higher power

\ﬁ @ Springer

COD removal rate (%)

density and higher Coulombic efficiency. If the relationship
between power density and flow rate for MFCs 1 and 2 (with
the external resistance of 1000 Q) is as illustrated in Fig. 8,
then the optimum flow rates to obtain higher power density
and higher Coulombic efficiency in MEC 1 (=0.85 mW/m?>
and 0.063%) and in MFC 2 (=0.65 mW/m? and 0.05%) are
about 1000 and 1460 pL/min, respectively.

The relationship between Coulombic efficiency and
effluent COD concentration was shown in Fig. 8b,
respectively. Binary quadratic equation can well express
the relationship between Coulombic efficiency and effluent
COD concentration (R* = 0.906) on MFC 1. However, it
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Fig. 6 a Relationships between
voltage and COD degradation
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may not be used to express the relationship between
Coulombic efficiency and effluent COD concentration
(R* = 0.1746) on MFC 2.

Figure 9a also shows the relationship between Cou-
lombic efficiency and COD removal rate on MFC 1 with
external load resistance of 1000 Q can also be expressed as
a binary quadratic equation (R*> = 0.8431). However, the
relationship between Coulombic efficiency and COD
removal rate for MFC 2 with external load resistances of
1000 Q cannot be expressed well into a binary quadratic

0.8

COD degradation rate (Kg COD/m3/Day)

equation (R* = 0.1558). For MFC 1, the highest Cou-
lombic efficiency was seen at the COD removal rate of
30.3%, and the lowest value was seen at the COD removal
rate of about 72%. For MFC 2, the highest Coulombic
efficiency was seen at the COD removal rate of 30.3%, and
the lowest value was seen at about 65%. These results were
also contrary to the relationships between voltage and
COD removal rate and between power density and COD
removal rate on MFCs 1 and 2, as shown in Fig. 5. If the
relationships between power density and COD removal

\ﬁ @ Springer
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Fig. 7 a Relationship between
voltage and effluent COD
concentration and b relationship
between power density and
effluent COD concentration on
both MFCs
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rate for MFCs 1 and 2 (with external resistance of 1000 Q)
are also illustrated in Fig. 9a, then the optimum COD
removal rates to obtain higher power density and higher
Coulombic efficiency in MFC 1 (=1.2 mW/m®> and
0.064%) and in MFC 2 (=0.81 mW/m? and 0.051%) are
about 40.5 and 36.5%, respectively. Figure 9b also shows
the relationship between Coulombic efficiency and COD
degradation rate on MFC 1 with external load resistance of
1000 Q can also be expressed as a binary quadratic
equation (R* = 0.9895). However, the relationship
between Coulombic efficiency and COD degradation rate

\ﬁ @ Springer
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for MFC 2 with external load resistances of 1000 Q cannot
be expressed well into a binary quadratic equation
(R* = 0.2872).

The differences in Coulombic efficiency mean that some
electrons are consumed by some mechanisms other than
the cathode reaction (Gil et al. 2003). In this study, the
Coulombic efficiency was always higher on MFC 1 than on
MEC 2. Therefore, Coulombic efficiency or power gener-
ation efficiency should be higher for the cathodic chamber
with higher DO concentration than the one with lower DO
concentration.
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Fig. 8 a Relationship between
Coulombic efficiency and flow
rate and b relationship between

(a)

® 1000Q (MFC 1 - Coulombic Efficiency) A 1000Q (MFC 2 - Coulombic Efficiency)
B 1000Q2 (MFC 1 - Power Density) 4 10002 (MFC 2 - Power Density)

Coulombic efficiency and

effluent COD concentration on 0.12

both MFCs

1.6
y = 0.0005x + 0.3468

0.11

0.10

R = 09925 14

: s
y=0.00000002x_ - 0.00006x + 0.1031 \ Lot

0.09

350 3 P 1.2

R =0.9695 ‘
Py |

0.08

0.07

(.............'.'....‘._........".‘.7';._..“.... ..........R.:O.ZSI-.-......

A P
. * |
1000 e ‘y =0. 000000006)(2 - 0.00003x + 0.0771

A 3350 2000 )

0.06

0.05

0.04

Coulombic Efficiency (%)

0.8

y=0.0003x + 0.1629

0.03

: 0.4
R =0.5743

0.02

0.2

0.01

Y

1 1 1

0‘000

0.0
200 400 600 800 1000 1200 1400 1600 1800 2000 2200

Flow Rate (UL/min)

(b) ’ B 1000Q2 (MFC 1 - Aeration in Cathodic Chamber) ~ ® 1000Q (MFC 2 - Algae in Cathodic Chamber)

0.110

0.105

0.100
0.095
0.090

y= 0.00000004x - 0.00008x + 0.1012

0.085

R’ = 0.906

0.080

0.075

0.070
0.065

Coulombic Efficiency (%)

0.060

=
-,
“ a

"o,
"ow

m

N

0.055

y= -O.OOOOOOO]X2 - 2E-05x + 0.0691

R’ =0.1746

Power Density (mW/m?)

0.050

0.045

1 1 1 1 1 1 1 1 1 1

0.040 L L L
100

Conclusion

MFC 1 with the mechanical aeration and MFC 2 with
the photosynthesis of algae in cathodic chamber dis-
played very similar COD removal rates and COD deg-
radation rates. In both MFCs, COD removal rates
decreased and COD degradation rates increased as flow

150 200 250 300 350 400 450 500 550 600 650 700 750 800

Effluent COD (mg/L)

rates increased. The relationships between COD
removal rate and COD loading and between COD deg-
radation rate and COD loading for MFCs 1 and 2 can be
expressed as binary quadratic equations. Therefore, MFC
can be applied as a biosensor to predict the COD
removal rate or the COD degradation rate by measuring
the COD loading.
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Fig. 9 a Relationship between
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Good linear relationships between voltage and flow rate
and between power density and flow rate with external
resistance of 1000 Q were only found on MFC 1, not on
MFC 2. DO variation in the cathodic chamber is presumed
to be one of the reasons for the unstable power output of
MEFC 2. Besides, some of the algae or their biochemical
products might have passed through PEM to the anodic
chamber and affected the overall power generation per-
formance of MFC 2. Further studies are required to confirm
our presumptions. Similarly, good linear relationships

w @ Springer

COD degradation rate (Kg COD/m*/Day)

between voltage and COD loading and between power
density and COD loading were only found on MFC 1, not
on MFC 2. Also, good linear relationships between voltage
and COD degradation rate and between power density and
COD degradation rate were only found on MFC 1, not on
MFC 2. However, the relationships between voltage and
COD removal rate and between power density and COD
removal rate on MFC 1 and MFC 2 with external load
resistance of 1000 Q can be expressed as binary quadratic
equations. Similarly, the relationships between voltage and
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effluent COD concentration and between power density
and effluent COD concentration on MFCs 1 and 2 with
external load resistance of 1000 Q can also be expressed as
binary quadratic equations. Therefore, with the develop-
ment of these linear and binary quadratic equations, MFC
can be used as a biosensor to predict its treatment effi-
ciency of organic matters by measuring its voltage or
power density.

The relationship between Coulombic efficiency and
flow rate in MFC 1 with external load resistances of
1000 Q can be expressed as a binary quadratic equation.
However, the relationship between Coulombic efficiency
and flow rate for MFC 2 with external load resistances of
1000 Q cannot be expressed well into a binary quadratic
equation. Since the relationship between power output
(voltage or power density) and flow rate is contrary to the
relationship between Coulombic efficiency and flow rate,
an optimum flow rate can be found to obtain higher power
density and higher Coulombic efficiency in the meantime.
The optimum flow rates to obtain higher power density
and higher Coulombic efficiency in MFC 1 (=0.85 mW/
m? and 0.063%) and in MFC 2 (=0.65 mW/m’ and
0.05%) are about 1000 and 1460 pL/min, respectively.
Similarly, since the relationship between power output
(voltage or power density) and COD removal rates is
contrary to the relationship between Coulombic efficiency
and COD removal rates, the optimum COD removal rates
to obtain higher power density and higher Coulombic
efficiency in MFC 1 (=1.2 mW/m? and 0.064%) and in
MFC 2 (=0.81 mW/m? and 0.051%) are about 40.5 and
36.5%, respectively.
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