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Abstract

In recent decades, shortage and crisis of energy being serious issues all over the world as the fossil
fuel reserves have been diminishing. A particular emphasis has been given for bio-energy
harvesting from waste and cellulosic biomass by employing an efficient conversion system.
Among these, a microbial fuel cell (MFC) systems are an emerging promising technology for the
effective waste water treatment. However, the collective effect of waste substrates, inoculum
composition, and catholyte concentrations on the performance of MFC system remain unclear.
Hence, this study aimed to investigate the effect of electron acceptors under different set of
parameters in response to its electrochemical perfomance.The inoculum COD concentration and
type of the electron acceptor on the performance of the electrochemical has been studied. A dual-
chamber MFC with 0.4-0.6 M values of potassium permanganate (KMnQOs) and Ferricyanide
Ks[Fe(CN)s], (900-2520 mg/L) of COD values , and oxygen as a control substance were used
.The experiments were carried out in a batch mode for 20 days of operation. The results reveal that
MFC with 0.4 M KMnOg4 provides an external output voltage of 310.09 £ 0.06 mV and external
output power density value of 400.4 + 0.46 mW/m? while 0.4 M [KsFe(CN)e results an external
output voltage of 252.18 + 0.12 mV and an external output power density value of 380.28 + 0.24
mW/m? .Analysis of variance was done using central composite design approach to support the
significance of each experimental factors on the responses with 95% CI and the result shows that
all the parameters were statistically significant.

Keywords: Microbial Fuel Cell, Electron acceptors, Brewery waste water, Energy generation,
COD removal
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Introduction

In recent decades, energy shortage and crisis have been emerged as a serious issue of concern all
over the world as the fossil fuel reserves have been diminishing. More importantly, energy
generation from fossil fuels contributes to global warming, climate change, and the depletion of
non-conventional energy sources. energy sources. Hence, scholars of the field [1] put their effort
on other alternatives and renewable energy sources as part of the key strategies to alleviate the
problems faced by non-conventional energy resources thereby reducing environmental burden
released by fossil fuels. Moreover, the increasing cost and demand of fossil fuel were an aspiration
for looking renewable energy sources, and solve the huge dependent on fossil fuel. Hence, MFC
technology could give a significant role for solving energy shortages as well as waste water
treatment. However, membrane cost effectiveness, efficient electrogens electrode materials, and
electron acceptors of the MFC still remains the key bottlenecks for the practical applications [2]—
[4]. Biological reactor system such as aerobic sequencing batch reactors, anaerobic cross-flow
ultrafiltration membrane reactors, modified internal circulation (MIC), and up-flow anaerobic
sludge blanket reactors have been used for energy generation. Among these, microbial fuel cells
(MFCs) have recently given great attention due to its contemporary advantage of energy
generation and contaminant removal [5], [6]. Even though MFCs has appeared late to 20" century,
most of the improvement studies focused on optimization of parameters for synthetic/simulated
substrates and this system has not be practiced beyond the laboratory/conventional due various
reasons [7]. The power output of the MFC is affected by a variety of process parameters including
substrate type, exo-elctrogenic microbial strains, circuit resistance, electrode material, reactor
configuration, surface area of the cathode relative to that of the anode, the surface of the membrane and
electron acceptors [8], [9]. Recently, oxygen was used as a terminal electron acceptor in the
cathode compartment due to its high oxidation potential and gives a clean product (water) after
reduction reaction for MFC application. However, using oxygen as an electron acceptors faces
various difficulties such as the energy consumption of the oxygen supply to the cathode
compartment, cathode air surface contact difficulties, and use of an expensive catalyst [10],[11].
Hence, great emphasis has been given for using an alternative electron acceptor to increase the
power generation potential of the MFC and to reduce the overall operating cost. With this regard,
variety of synthetic substrates employed as a carbon and energy source such as glucose, acetate,
sodium acetate, fatty acids and alcohols etc. can potentially provide different power generation
potential under different process parameters [12]. However, the effect of inoculum COD
concentration for fermentable and non-fermentable substances, the effect of electron acceptor
concentrations and inoculum composition on the performance of MFC system using real waste
water has not been studied well and the electro-chemical performance of MFC would be limited
to a range of operating conditions. These results failure to commercialize MFCs in real case
industrial application. Hence, this study aimed to investigate the performance of MFC for real case
applications with various molar concentration of potassium permanganate (KMnOs) and
potassium cyanide Ks(Fe(CN)s, inoculum COD concentrations as well as the electro-chemical
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performance (e.g., voltage generation, coulombic efficiency, current density and power density)
using real brewery waste water.

2. Methods
2.1. Materials, Chemicals and Reagents

Potassium ferricyanide (Ks[Fe (CN)s) (99.5%)) and potassium permanganate (KMnQa) (98.0%)
were used as an electron acceptor in the cathode chamber for MFC operation. KOH (97%) and
NaOH (97%) were used for pH regulation. Sulfuric acid (H2SO4) (90%), nitric acid (HNO3) (90%),
potassium dichromate (K2Cr207) (90%) and mercuric sulfate (HgSOa4) (90%) were used as a
reagents for digestion of the samples and the COD value determination. Phosphate (H1713-25
Phosphate LR reagents) was also employed. All the chemicals and reagents used for this study
were analytical grades and purchased from LBS Marg, Mumbai -400086, India. Sulfonated
tetrafluoroethylene copolymer (product of DuPont Inc. USA) was used as a proton exchange
membrane(PEM). The voltage and current values generated for the inoculated samples in the MFC
were measured using a digital multi-meter (Fluke multimeter 87, USA). An electrical conductivity

was measured with a conductivity meter (Oyster conductivity meter ™ 34135A-P, India).
2.2. Experimental Procedures, Set Up and MFC Inoculum Operations

The power generation and treatment efficiency of the dual chamber of MFC performance was
evaluated with two different electron acceptors (i.e., KMnOs and KsFe(CN)s ). To allow proton
transfer from the anode to the cathode chamber, a polymer-electrolyte membrane was inserted
between two chambers in a flexible plastic tube with 4 cm length and 2 cm diameter. Graphite
electrodes with 4 cm by 5 cm dimension are employed in both the anode and cathode chambers
[13]. The electrodes were placed into the chamber through the openings on the top. The anaerobic
conditions were maintained through purging nitrogen gas from the anode chamber, while provide
aerobic conditions were obtained through the cathode chamber coupled to an oxygen pump. The
anode and cathode electrodes were connected by two copper wires.To create an open-circuit
voltage, the other two ends of copper wires were connected to a digital multimeter (Figure 2.) The
nutrients broth medium was collected form the brewery wastewater treatment plant's (anaerobic
digester) and was used to culture bacteria. 50 mL of mixed bacteria was cultivated for 24 hours at

37 °C in a 100 mL nutrient broth medium before being transferred to the anodic chamber. The
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MFC was inoculated with brewery wastewater and mixed bacterial culture and operated in batch
mode. The authors of this study employed an anodic chamber with a total volume of 2 L and a

working volume of 1.5 L.

The anodic chamber was fed with a mixture of microbes (bacteria) and prepared substrates and it
was run in anaerobic mode at a constant pH [14]. The cathode chamber was fed with 0.4 M KMnQO4
and M Ks[Fe(CN)s] in batch mode of operation in anaerobic conditions at the pH of 8.5 (Table
1). Atmospheric temperature was used in the MFC chambers. A digital multi-meter was used to

measure the voltage and current generated in the MFC.

2.2. Characteristics of Brewery Wastewater, Microbes and Brewery Industrial Wastewater
Treatment

The waste water treatment technologies employed in Dashen Brewery mainly incorporates
settling, anaerobic digestion for biogas generation, treated water disinfection for killing harmful
diseases causing organisms, and sludge treatment (thickening and digestion). The microbes
(Geobacter species) were isolated, enriched and morphologically analysed according to the
standard procedures of manual systematic bacteriology [15], which was initially collected from
brewery waste water at the secondary treatment thank. To avoid the degradation process of
bacteria in wastewater, raw brewery wastewater and laboratory cultivated microorganisms were
collected from Dashen Brewery in Ethiopia and maintained at 5 °C in refrigerator until it was fed
to the reactor [16]. The physico-chemical characteristics of the raw brewery wastewater were
measured and analysed (Table 1).

2.3. Characterization

For a high range COD value determination, a 10 mL sample was obtained and diluted with 40 mL
distilled water. The analytical grade reagents (K2Cr20O7 ana HgSO4) were applied to a 2 mL diluted
sample and digested for 120 minutes at 150 °C. The COD value readings were then measured with
a photometer, and the findings were multiplied by a dilution factor of 10. Furthermore, a 10 mL
sample was obtained and diluted with 50% distilled water to assess the COD value. Then, a 2 mL
sample was taken from 50% diluted sample and then diluted to 40 mL. Again, 2 mL was taken
from this diluted sample and was added to the 90% reagents (H.SO4 and HNO3) and then it was

digested for about 120 minutes at 148 °C. Then it was allowed to cool to room temperature and
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its COD value was determined using a spectrophotometer. Then the COD value was multiplied by
40 to get the dilution factor. A conductivity meter was used to measure electrical conductivity
(Oyster conductivity meter). A portable pH meter was used to determine the pH of the samples
(Model HI9024, HANNA Instrument). A 5 mL of brewery wastewater was added to the test vial
with a reagent and then the TN measurement was conducted by using TN Persulfate Reagent
Powder Pillows. Then, this mixture was then well mixed and left for two minutes to finish the
reduction reaction. Moreover, the brewery wastewater was prepared without reagent and the
instrument was made blank after 2 minutes. Then, a photometer test was used to analysis these
prepared sample. Moreover, 10 mL of brewery wastewater was added to the test kit along with the
reagent and then the solution was thoroughly mixed to ensure complete reactivity of the sample
and the TP was determined by using H1713-25 Phosphate LR reagents. Similarly, blank solution
was prepared using a similar sample without the reagent. Then these prepared solutions were
analyzed using Photometer. The TP of the sample was measured inside the cuvette using HI96706
portable phosphorus photometer. The photometer was also used to measure the TSS ina 10 mL of
the sample within a cuvette. Moreover, bacteria were obtained from a brewery wastewater
treatment plant and nutrient broth was used to make a medium for bacteria growth and then were
used in the anaerobic digestion process. A total of 50 mL of mixed bacteria were grown for 24
hours at 37 °C in a 100 mL nutrient broth medium and then the cultured bacteria were placed into

the anodic chamber [17].
2.4. Electrical Capacity of the MFC

The voltage generated from the MFC system was measured using a digital voltmeter at 12-hour
intervals for consecutive 20 days. The Ohm's law was employed to calculate the current (I) = V/R
and power (P) = I*V where V is the measured cell voltage in volts (V), R is the external load
resistor in Ohms (Q), I is current in amperes (A), and P is the power output P in watts (W) as per
the method reported in [18]. By dividing the current (V/R) and power (1*V) with the anode's
surface area (A in m?), the power and current density were determined by dividing I and P with
the anode's surface area (A, m?). The polarization curves (voltage versus current density) were
calculated using the measured voltage and current values at different external resistance values
(2000, 1500, 1200, 1000, 700, 500, 300, 150, 100, 50 Q2). In addition, the power and current density

values were calculated for each resistance values. Then, the external power density curve was
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obtained from power density vs current density plot. The internal resistance of the MFC was
determined using a method that has been reported somewhere else [19]. The COD removal
efficiency of the MFC was calculated by using brewery wastewater with a COD concentration of
2520mg/L in the anodic chamber. Then the anodic chamber was replaced with COD
concentrations of 2250,1350, and900 mg/L consecutively. All measurements were done in a batch
mode for a total of 20 inoculation days. The COD values of the samples were determined using a
method described in [20] before and after the tests. The COD removal efficiency was estimated
for each brewery wastewater sample by using COD = CODo - COD;/ CODgo *100 where CODy is
the initial COD concentration at time zero and CODy is the COD concentration at time t. The CE
of the MFC system was calculated using Equation (1).

CE — M f;1dt .

(Fb Van ACOD)

where M is a molecular weight of O, b is 4 electrons exchanged per mole of oxygen, F is the
Faraday’s constant (96485 C/mole - electrons), Van is the volume of the anode medium chamber,
and ACOD is the change in the COD over time. The overall experimental procedures was

summarized in Figurel.

Further more ,the solution resistance was estimated from the solution conductivity (o,mS/cm) as
R (Q)=10°3*I*A , where A is the cross-sectional area between the electrodes (cm?), 102 is to
convertmSinto S (where 1 S=1), and | is the distance between the electrodes assuming equidistant
(unit)for the whole MFC operational setup as per the methods suggested in[21],[22].

2.5. Brewery Waste Water Characterization
The physicochemical composition of brewery wastewater including COD, biological oxygen

demand (BOD), TN, TP, total suspended solids (TDS), and pH values were determined by the
standard method of the American Water Works Association (AWWA) (Table 1).

Table 1. Average physicochemical composition of Dashen brewery wastewater (Note: All

values were measured in mg/L. ¢ was measured in pS/cm).

Parameters pH COD TN BOD TP TSS TDS o

Values 8.15+0.72 2700+0.55 42+0.6 1200+0.41 | 45+0.97 | 460+0.21 | 505+0.37 | 152+0.56
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The COD values of the brewery effluent samples were in the range of 2500 to 5000 mg/L. The
average COD value was 2700 mg/L, showing that it is appropriate and recommended for power
generation[23] ,and already confirmed by[24]. The TN and TP levels were 42 and 45 mg/L,
respectively and these values showed that the brewery waste can be used as a source of nutrition
due to its food-derived nature that is suitable for bacterial growth [17]. The ¢ value was 152 uS
/cm, indicating the ionic strength of the brewery wastewater and it would play a significant role in
the power or voltage generation .In summary,the detail average measured physicochemical
composition of the brewery wastewater (Table 1) confirmed that the brewery wastewater samples
are the potential material for energy generation via MFC and it is consistent with the results

reported somewhere else [14].
2.5. MFC Inoculation and Operational Conditions

The MFC was inoculated with brewery wastewater and mixed bacterial (exo-electrogen) and were
cultured and operated in batch mode. The anodic chamber's and the networking volume were 2
and 1.5 L, respectively. The anodic chamber was fed with a mixture of bacteria and prepared
substrates and then it was kept at an anaerobic condition (pH = 8.15) (Table 1). Similarly, the
cathodic chamber was fed with KMnO4 and Ks[Fe (CN)s] (pH = 8.15) and was maintained in an

aerobic environment at ambient temperature.

Table 2. Volume of waste water sample, distilled water and culture medium (Note: All values

are in mL. COD value is in mg/L).

Volume of wastewater Volume of culture Volume of distilled Total volume of sample loaded to

sample medium water the MFC CoD
1400 100 0 1500 2520
1250 100 150 1500 2250
750 100 650 1500 1350
500 100 900 1500 900

Table 3. Concentration of electron acceptor solution (catholyte).

Parameters Cathode ( Ks[Fe(CN)s) Cathode (KMnOg )
Electron acceptors solution 0.4 M 04 M
Concentration 0.6 M 0.6 M
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Figure 2: Experimental set up. (a) The MFC Experimental configuration of the Double-

Chamber MFC. (b) Schematic representation of the electrochemical process in MFC.
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2.6. Experimental Design, Statistical Tools Used for Data Analysis

SPSS, IBMS 20 was used for analysis and statistical significance test. The statistical method of
CCD method was used for analysis of variance to test the significance of each experimental factors
on the responses. The three experimental variables namely sample COD values (900, 1350, 2250,
and 2520 mg/L), type of electron acceptors (KMnO4 and Ks[Fe (CN)e), and electron acceptors
concentration (0.4 and 0.6 M) were chosen for the MFC system (Table 4). All measurements were
done in triplicate for each batch. All experimental measured values were presented in the
supplementary materials provided as DIB at Mendeley Data/Microbial fuel cell data, DOI:
10.17632/gydpxvj8gp.1

3. Results and Discussion

The effect of electron acceptor concentrations had a pronounced impact on external voltage output. The
external voltage output difference encountered between the two different electron acceptors and
inoculum COD concentrations when tested via students- test (for p<0.05) showed statistically significant
value(Table 4-5).

Table 4: Effect of electron acceptor concentration, inoculum COD concentration and Voltage
generation

Factors Electron acceptors
COD (mg/L)
KMnQ,4 Concentration (M) Ks[Fe(CN)s Concentration (M)
0.4 0.6 04 0.6

900 200.78 £0.026 | 213.70+0.84 | 260.31+0.21 | 280.02 + 0.086
200.78 £ 0.26 213.10+£0.08 | 260.02+0.21 | 280.15+0.86

200.78 £ 0.12 213.04+04 260.25+0.21 | 280.12 +0.86

1350 200.00 + 0.05 227.03+£0.16 | 237.13+0.16 | 260.02 +£0.12
200.01 +0.21 227.24+£0.1 237.02+£0.16 | 260.10+0.12
200.45+0.16 | 227.41+0.026 | 237.23+0.16 | 260.12+0.12

2250 192.200 £ 0.086 | 201.84 +0.026 | 205.02 + 0.086 | 241.02 £ 0.03
192.49 +0.043 | 201.07 £0.12 | 205.03 +£0.043 | 241.21 +0.03

192.32 +£0.118 | 201.04 £0.12 | 205.09 +0.118 | 241.31 +0.03

2520 138.20 £0.37 | 195.00+0.05 | 198.00 +0.03 | 195.02 + 0.086
138.15+0.03 | 195.99+0.05 | 198.30 +0.12 | 195.02 + 0.086

138.00 £ 0.12 19551 +£0.05 | 198.40 £0.05 | 195.02 £ 0.086

10
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The data presented in Table 4 was further analyzed using SPSS IBMS 20 (i.e., univariant analysis

of means). Table 5 illustrates the two-ANOVA test results for the cell voltage and the p<0.05

value confirms that the interaction effect of the COD, type of electron acceptors and electron

acceptors concentration on the cell voltages of the MFC system.
Table 5: ANOVA Tests of between-subjects effects, (o) = 0.05

Table 5: ANOVA a Tests of between-subjects effects, (¢)=0.05

Remarks
Dependent Variable: Cell Voltage
Source Type Il Sum df Mean F Sig. Partial
of Squares Square Eta
Squared
Corrected 46840.170a 12 3903.348 57051.513 .000 1.000
Model
Intercept 1443595.339 1 1443595.339 | 21099658.291 .000 1.000
COD 20648.816 3 6882.939 100601.357 .000 1.000 <
concentration
EC 32174.052 3 10724.684 156752.491 .000 1.000 <
COD 2592.016 6 432.003 6314.171 .000 .999 v
concentration*
EC

Error 1.779 26 .068

Total 1814708.198 39
Corrected Total 46841.949 38

a. R Squared = 1.000 (Adjusted R Squared = 1.000)

Note:
“\" indicates the significance of the factors;COD conc” :Inoculum COD concentrations ;
EC:Catholyte concentrations

3.1 Effect of Substrate Concentrations on COD Removal and Coulombic Efficiency

The grand peak voltage production potential values at 0.4 and 0.6 M KMnOs and Ks[Fe (CN)s

were used for the COD removal and coulombic efficiency of the treated KMnO4 and Kz[Fe (CN)s

11
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electron acceptors (Figure 3). A maximum COD removal efficiency of 69.25+2.5% and
45.12+0.28% were obtained at 0.4 M KMnO4 and Ks[Fe(CN)s respectively for the MFC system.
The 0.4 M treated KMnO4 and Ks[Fe (CN)s at inoculum COD concentration values of 2250 &
2520 mg/L resulting in 64 and 32.49% COD removal efficiency respectively. Moreover, an
exponential trend was noticed up to 1350 mg/L inoculum followed by a steadily increase in %
removal for inoculum concentrations (1350-2520 mg/L) and at 0.4M KMnOs terminal electron
acceptors. On the contrary, a sharp decrement of COD % removal was observed starting from 2250
mg/L for 0.4 M Ks[Fe (CN)s. These could be due to a high oxidation potential of KMnQOgs in than
Ks[Fe (CN)s as it dissipates all the electron in the electrode and results in a strong move from the
anode in the open circuit mode. This produces a high level of stress of the biocatalysts and may
stimulate the bacteria to degrade organic compounds more quickly, making it suitable for
wastewater treatment [2], [25]. Moreover, the efficiency of the MFC was evaluated based on the
coulombic efficiency (CE). The the CE rate describes the performance of the MFC system and
shows how many electrons are transferred in a system to carry out an electrochemical reaction and
itis directly corresponding to the number of electrons recovered in the organic matter. The average
maximum values of 48 + 0.25% and 19.1 £+ 0.1% CE of the MFC system were obtained at 0.4 M
KMnO4 and Ka[Fe (CN)s, respectively. These results showed a 12 and 2 fold increase of CE for
KMnOs and Ks[Fe (CN)s, respectively and this results maximum compared to the previously

reported CE values reported somewhere else using air and Sodium hypochlorite (NaOCI) [26].

12
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Moreover, the voltage generation potential of the MFC with 0.4-0.6 M KMnOQO4 and Ks[Fe (CN)s
terminal electron acceptor has been investigated (Figure 4-8). As we can see from Figure.4, The
voltage generation potential of the MFC system with 0.4M KMnOQO4 showed a similar trend with
a step wise exponential increment of external voltage out-put. However, an exceptional trend was
noticed at inoculum COD value of 2520 mg/L showing the non-stable nature of out-put cell
voltage. This could be due to the high organic load and less volume of microbial culture in the
inoculum that can seriously affecting the exponential growth of electro-active bacteria [27]. The
voltage generation potential of the MFC system (0.4 MKMnO4 terminal electron acceptor) steadily
increased up to six days of operation and exponential increment of voltage generation observed
from at the 7" day to 13" day and the peak voltage values were recorded in between 13" and 16 "
days of MFC system operation (Figure 4). This shows the positive correlation between the active
microbial strains (Geobacter) biofilm formation on the anode chamber with the number of days of
operation [28]. Similarly, the peak voltage values 200. 8+0.026, 213.28+0.298, 260.193+0.135
and 280.97+£0.05 mV was observed at the inoculum COD concentration of 900, 1350, 2250 and
2520 mg/L respectively at 20" day of operation, showing the effect of COD concentration and
microbial culture volume on the bacterial growth and activity. Moreover, the higher substrate
concentrations could distort the metabolism of microorganisms [25], [29]. After 16" day the
voltage generation potential of the MFC system was decreased, indicating the reduction in the
active electrogenic bacterial strains and the exhaustion of brewery waste water substrates for all
values of the inoculum COD concentrations. Hence, the production of voltages in MFC is directly

related to the availability of organic substrates in the inoculum [29].

14
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Figure 4: Voltage generation potential of the MFC system with error bar at 0.4 M KMnOa.

Similarly,voltage generation potential of the MFC system at 0.6 M KMnOQO4 for 20 days of operation
has been investigated (Figure 5). The result shows that an exponential increase in the voltage
generation potential were observed for up to the 7' day for all values of the inoculum COD
concentrations and a sharp decline in voltage generation potential was observed from 13-17"" days
of MFC operation. The peak voltage generation potential was obtained at low values of inoculum
COD concentrations (900 & 1350 mg/L) with a steadily increment and unstable voltage outputs
were obtained for the high values of inoculum COD concentrations (2250 &2520 mg/L). This
could be due to the release of KMnQOj4 through PEM to the anode chamber and development of
osmotic pressure that may inhibit the movement of protons to the cathode chamber. Moreover, the
high organic load in the inoculum could distort the biodegradation efficiency of exaelectrons [1].

Moreover, there is a slight reduction of the cell voltage for all values of COD concentrations (900-
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2520 mg/L) showing the electron acceptor molar concentration effect on the output external
voltage [30].
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Figure 5. Voltage generation potential of the MFC system with error bar at 0.6 M KMnOe..

Furthermore, the voltage generation potential of the MFC using 0.4 M Ks[Fe (CN)e (Figure 6) and
0.6 K3[Fe (CN)e (Figure 7) catholyte was investigated. The voltage generation potential of 0.4 M
Ks[Fe (CN)s was increased exponentially for up to 15" days of operation and a sharp decline in
external voltage generation potential was obtained after 16-17" days of MFC system for all
inoculum COD concentration (Figure 6). However, the maximum external voltage output was
achieved at 14-15" days of MFC operation for low COD concentration values (900 and 1350
mg/L) and 15-16™ days of inoculation time for the inoculum COD concentrations of 2250 and
2520 mg/L. The early achievement of peak voltages for low inoculum COD concentrations (900
and 1350mg/L) can be attributed to the presence of organic loads that were easily degraded by
microorganisms suggesting an early establishment of electrolyte and promotion of oxidation
process [31]. Similarly, the higher intensity of the external voltage output of the MFC at 2520
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333

334

mg/L inoculum COD concentration was achieved as microorganisms increase their enzymatic
production at higher value of the COD and or enhances of the ability of the microorganisms to
generate external power [32]. During the high loading period, an exponential change was observed
for the first 16" days and then getting declined. This was mainly due to the favor of microbes for
a higher voltage generation at a specific substrate concentration and limited size of the MFC and
the dilution of the ionic strength of the electron acceptor [2]. Besides, it can be noticed that the
voltage generation potential of the MFC exceptionally increases up to 14 days of operation at an
inoculum concentration of 2520mg/L showing the effect of the organic load of the MFC and the
concentration of the ferricyanide could directly related to the oxidation rate of the substrate
[33];[34].
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Figure 6: Voltage generation potential of the MFC system with error bar at 0.4 M Ks[Fe(CN)s
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The effect of 0.6 M Ks[Fe (CN)sat various inoculum COD concentration and time was investigated
to further explore the effect of catholyte concentration on the voltage generation potential in the
MFC system (Figure 7). The peak voltage values of 138.12 + 0.85, 195.5 £ 0.4, 198.2 + 0.17, and
226.37 £ 0.27 mV were obtained at 900, 1350, 2250, and 2520 mg/L inoculum concentrations.

However, the overall trend of cell voltage generation profile for 2520mg/L inoculum COD
concentration exhibit non uniform pattern and characterized by higher intensities.This can be
explained as microbial activities were highly hampered by high inoculum COD concentrations and
unable to maintain its exponential growth due to the stress caused by high organic loads of the
inoculum. More importantly, when the concentration of the catholyte increases from (0.4M-0.6M
)Ks[Fe (CN)e , a relative smooth exponential profile of voltage output was noticed even for high
inoculum COD concentrations. Based on the work reported in [31], the lowest electron acceptor
concentration in MFC system could lead to diffused from the catholyte to the anode chamber
through the PEM, where they immediately absorbed electrons from the anolyte (competing with
the anode material) and voltage out put get destabilized. In summary, the study of this result
reveals the summation effect of increase in COD concentration could delay the microbial activity
and a pronounced low voltage out put was observed in comparison to the work reported
in[31],[33].
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Figure 7: Voltage generation potential of the MFC system with error bar at 0.6 M Kz[Fe(CN)s

Finally, polarization curves and the external output power density for MFC system were obtained
at inoculum COD concentration of 2520 mg/L using 0.4 M KMnO4 and Kz[Fe (CN)s) electron
acceptors (Figure 8). Polarization studies were carried out based on the internal resistance which
is responsible for electron losses caused by ohmic and activation losses [25].The external
resistance values were 2000, 1500, 1200, 1000, 700, 500, 300, 150, 100, and 50 Q. The
corresponding current and power density were calculated for each external resistance (Figure 8).
The result showed that the power density increased moderately from 40.2 £ 0.05 to 232.2 + 0.2
mW/m? whereas the current density decreased from 0.9 to 0.8 mA/Cm?. These power density
values were in good agreement with the one reported somewhere else [25], [35]. The decrease in
the current density values and the moderate increment of external power density could be due to
the activation energy required for the oxidation-reduction reaction and the rapid drop of voltage.
Similarly,the voltage and power density reduced at a higher value of current density and this might

be due to the over potential of the electrode material [36].The study of this result reveals a a
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373  comparative external out power density was attained to the one reported values somewhere else
374  [31], [37], [38].
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380  final electron acceptor.The orange and the light purple line represent the 0.4 M Ks[Fe(CN)s final
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Conclusion

The effect of two different electron acceptors using real brewery waste water as a substrate in dual
chamber MFC under a set of different operating conditions were conducted. During the
electrochemical study, the three experimental variables including COD values (900, 1350, 2250,
and 2520 mg/L), type of electron acceptors (KMnO4 and Ks[Fe (CN)g), and electron acceptors
concentration (0.4 and 0.6 M) were employed for the MFC system to achieve maximum voltage
generation, power density and COD reduction.The result showed that the power density and COD
reduction efficiency was affected by the process parameters and a pronounced effect was noticed by the
variation of inoculum composition, types and concentration of electron acceptors.Hence,MFC with 0.4
M KMnOs and [KzFe(CN)s provide an external maximum output voltage of 310.09 + 0.06 and
252.18+0.12 mV and an external output power density of 400.4+0.46 and 380.28+0.24 mW/m?
respectively. Similarly, the COD removal efficiency of 69.33+0.33% and 51.41+0.077 were
achieved for the MFC with 0.4 M KMnOsand [KaFe(CN)e correspondingly. More importantly, an
increased in COD concentration of the inoculum (substrate) in the MFC system results in a step
wise increment in the voltage.The higher power density values were obtained using KMnO4
compared with [KzFe(CN)es. However , in all the experiments runs an increase in COD concentration of
the inoculum(substrate) in the MFC yields nearly a step wise increment of voltage and an exceptional case
was noticed while the experiments were carried out at 2520mg/L as the voltage curves behaves unstable
response and further research could be conducted to address the stability issue for high COD
concentrations in just to assure sustnaible power generation at large scale application using batch MFCs.
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