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Abstract. This study was demonstrated that the alkaline feeding in the anode chamber 
could enhance the electricity generation from a single chamber microbial fuel cell 
(SCMFC). The SCMFC was operated in batch mode. The substrate was cassava 
wastewater from a flour factory in Roi-Et province, Thailand and the concentration of 

COD value was controlled between 1,086  50.06 mg/L. The pHs were varied from 
acidicity (pH 5.0 and 6.0), neutral (pH 7.0) and alkalinity (pH 8.0 and 9.0) by adding 

NaOH. The temperature was controlled at 30๐C. The maximum power density could be 

generated to 22.19 W/m3 from pH feed at 9.0. Whereas at pH feed of 8.0, the second 
highest power density at 16.70 W/m3 was gained. The maximum efficiency of COD 
removal (92.83 ± 1.37%) was obtained from pH of 8.0. The maximum of coulombic 
efficiency (CE) was 47.8% which was obtained from pH feed of 9.0. The alkalinity feed 
enhanced the power generation by increasing the alkalinity and conductivity in the anode 
chamber more than other feeds. It was also found that the pH feed which was nearly close 
to neutral would enhance the wastewater treatment by SCMFC. 
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1. Introduction 
 
Cassava has been long well known as a food plant and recently it is also promoted as a power plant in many 
parts of Thailand. The wastewater from cassava factory carried high strength and high of solids contained. 
Anaerobic treatment and the oxidation pond are typical technologies of cassava wastewater treatment in 
order to meet the requirement of industrial effluent standard regulation (COD ≤ 400 mg/L). Biogas 
production from the anaerobic treatment can be indirectly used to produce electricity by thermodynamic 
processes. Microbial fuel cells should be considered as a modern technology for the wastewater treatment 
and at the same time generating electricity. Therefore, there was the feasibility that cassava wastewater 
could be used to generate the power through the treatment by microbial fuel cell. 

Fuel cell could be used to produce power by generating H2 [1] or directly generating electricity [2]. In 
microbial fuel cell, electricity would be produced by electrochemically processes of microorganisms 
oxidizing on organic compounds. The electrons were produced by oxidation processes and then released 
outside their cells. Those electrons were accepted by anode electrode as the electron acceptor in anaerobic 
condition. In many studies it was found that electricity can be generated from various sources of organic 
matters such as domestic [3], composite vegetable waste [4], various food industries [5], starch processing [6, 
7], brewery wastewater [8, 9], cheese whey [10], palm oil mill effluent [11], sewage sludge [12], 
decolorization in wastewater treatment [13], leachate wastewater [14]. Those reports had also proved that 
microbial fuel cell could be used for wastewater treatment and simultaneously producing electricity in 
various conditions.  The optimized conditions depend on the characteristic of the wastewater, architectures 
of reactor including the types of cathode, anode and connection wire, environment conditions such as pH, 
temperature, conductivity, quantity and source of sludge. 

In general, cassava wastewater has low pH level due to the production processes. pH is one of the most 
important factors that influences the microbial fuel cell treatment performance and power generation. The 
result of this research can be literally applied with the real cassava wastewater treatment in any tropical 
countries. The treatment efficiency was evaluated in terms of total COD removal. The power density 
generation and the coulombic efficiency were analyzed from the circuit voltage. 

 
2. Methodology 
 
2.1. Wastewater 
 
The raw wastewater used in the experiments was collected from Roi-Et Flour Factory, Roi-Et province, 
Thailand. The general characteristics of the raw wastewater in parameters: TCOD 14,500-21,800 mg/L., 
BOD5 10,000 -12,500 mg/L., pH 3.84-3.92, TP 54-60 mgP/L., TKN 360-400 mg/L., Sulfate 18,000-20,000 
mg/L. and conductivity 2.77 mS/cm. The pH in feeding was adjusted to 5.0, 6.0, 7.0, 8.0 and 9.0 by adding 
NaOH. COD influent was diluted by tap water to be 1,088±60 mg/L. 
 
2.2. Microbial Fuel Cell 
 
A carbon cloth, a single-chamber microbial fuel cell, was used for anode and another carbon cloth wrapped 
with four layers of polytetrafluoroethylene (PTFE) with proton exchange membrane and platinum 0.5 
mg/cm2 was used as the catalyst for cathode (Fig. 1). The chamber was made from polyvinylchloride tube 
with the inside diameter of 7 cm with the length of 4 cm. The empty volume was 150 mL. The anode was 
the Carbon cloth A-1 from Clean Fuel Cell Energy LLC with the diameter of 7 cm, so the total area was 
38.48 cm2. The cathode was the Carbon cloth B-1 from Clean Fuel Cell Energy, LLC with the diameter of 
7 cm coated with Platinum 0.5 mg/cm2 and PEM (Nafion® solution 5% wt.) on one side and another side 
was coated with Teflon 4 layers, so the total area is 38.48 cm2. The spacing between cathode and anode was 
4 cm. Anode and cathode was connected with the external copper wire and the resistance of 100 Ohms. 
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Fig. 1. Schematic diagram of a single chamber microbial fuel cell. 
 
2.3. Inoculums and Operation 
 
The SCMFC was inoculated with activated sludge that received from UASB wastewater treatment in the 

cassava factory. The sludge was left drying on daylight for 2 days and heated at 60 ๐C for 1 hour to suppress 

methanogens bacteria. When it was cool down to room temperature lather, it was grounded and sieved 
through 1 mm sieve. The initial MLSS in anode chamber was kept as 3,000 mg/L (MLVSS = 2,650 mg/L).  
The cycle of batch operation was controlled to be 22 hours. The first batch was set up by feeding 150 mL 
of the cassava wastewater into anode chamber. At the end of the 22nd hour, the effluent of 80 mL was 
withdrawn. The process of filling the new influent and withdrawing the effluent took about 2 hours. The 

temperature was controlled at 30๐C and 45๐C. TCOD and pH were analyzed according to APHA standard 

methods for the examination of water and wastewater [15]. The circuit voltage was measured and collected 
by a data logger every 30 minutes. Polarization curves were obtained by varying the external resistance over 
a range from 10 to 996 Ohms at the end of the experiment. 
 
2.4. Analyses and Calculations 
 
The power from SCMFC was calculated according to P = (I)(V), where P = Power (W), I = Current (A), V 
= Volt (V) and V = I.R, where R = Resistant (Ohm) so, P = V2/R. The coulombic efficiency (CE) was 
estimated by measuring current relative to the theoretical current on the basis of consumed COD as 
Eq.(1)[16] 
  

CE = 8I/((F)(Q)(COD))                                                           (1) 
 

where I = Current (A) 

F = Faraday Constant (96,485 C/mol) 

Q = Wastewater quantity (m3)  

COD = COD removal (g/m3) 

 
Internal resistance of the MFC was calculated from polarization slope method which the slope in a plot of 
current and voltage was internal resistance.  
 

3. Results and Discussions 
 
3.1. Power Generation 
 
The findings showed that the power could be generated through the cassava wastewater by using SCMFC. 
During the operation, the initial voltage varied from 0.1-0.3 V depending on the pH feeds. The circuit 
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voltage increased when increasing the numbers of batch cycle. The circuit voltage was almost constant at 
the end of the 2th cycle (40 hours) as shown in Fig. 2. From Fig. 2, the circuit voltage of extreme acidic feed 
(pH 5.0) and alkaline feed (pH 9.0) were slightly fluctuated and higher than one with the neutral feed. 
Besides in comparison, it was clearly seen that the feeding of pH 5.0 and 9.0  had inhibited the microbial 
activity more than in the neutral feed so the lower biochemistry reaction was found in both extreme pHs 
feed. However, the high conductivity was found in both extreme pHs, so the circuit voltage value were 
higher than that of neutral feed. 

Power density achieved from the study is shown in Fig. 3. The maximum power density obtained from 
the alkaline feed (pH 9.0) as 22.19 W/m3 and the second order was 16.70 W/m3 which obtained from pH 
8.0. When the pH feed was decreased from pH 9.0 to 6.0, it caused the lower of power density generation. 
But when pH feed was decreased from 6.0 to 5.0, the power density was increased from 5.60 W/m3 to 
10.61 W/m3. The result from our study agreed with previous results  which stated that the highest value of 
power generation could be reached when the value of pH in anode was at 10.0 and cathode was 2.0 [17]. 
The result from our study was lower than the powers density generation from two chambers microbial fuel 
cell by synthetic wastewater. The values of power densities were 36.72 W/m3 and 15.51 W/m3 at pH 8.0 
and pH 6.0, respectively and pH 8.0 favoured more power production than pH 6.0 [18]. When air-cathode 
microbial fuel cell was used to produce electricity with a mixed bacteria culture, the optimal initial pH for 
electrical generating was between 8.0 to 10.0 [19]. The power output from our study was caused from the 
combination of biochemistry reaction and the electron transferring in anode chamber. Alkaline feed had 
directly promoted the microbial metabolism in using substrate and enhanced power generation. During the 
alkaline feed, there was the increasing of the alkalinity concentration comparing to acidic feed which later 
the alkalinity concentration. Alkalinity was used as a buffer in anaerobic reaction and caused the better 
growth of methanogens [17]. Comparison of power generation obtained from microbial fuel cells with 
different substrates and pH feed is shown in Table 1. 
 

 
 
Fig. 2. The circuit voltage in a function of time. 
 

0.00 

0.10 

0.20 

0.30 

0.40 

0.50 

0.60 

0.70 

0.80 

0 100 200 300 400 500 600 700 

 C
ir

c
u

it
 v

o
ta

g
e
, 
m

V
 

time, h 

pH = 5.0 pH = 6.0 pH = 7.0 pH = 8.0 pH = 9.0 



DOI:10.4186/ej.2012.16.5.17 

ENGINEERING JOURNAL Volume 16 Issue 5, ISSN 0125-8281 (http://www.engj.org/)                                                      21 

 
 
Fig. 3. Power density in terms of pH feed. 
 
Table 1. Comparison of power generation obtained from microbial fuel cells with different substrates and 
pHs feed. 
 

Substrate 
Initial 

inoculums 
pH feed 

COD 
removal 

efficiency 

Power 
density base 

on anode 
surface or 

anode 
volume 

Reference 

Cassava 
wastewater, COD 

of 1,086  50.06 
mg/L. (0.56 
kgCOD/m3-d) 

Mixed culture 
from UASB 

plant 

5.0 
6.0 
7.0 
8.0 
9.0 

81.191.10% 

89.880.68% 

91.461.10% 

92.831.37% 

89.780.86% 

10.61 W/m3 

5.60 W/m3 

8.17 W/m3 

16.70 W/m3 

22.19 W/m3 

This study 

Domestic 
wastewater, COD 
of 210 
-220 mg/L. 
 

Pure culture 

(Geobacter 

metallireducens) 

 

7.3-7.6 70% 
0.009 W/m2 

(1.06 mW/m3) 
[3] 

Vegetable-based 
waste, COD of 
52,000 
mg/L. (0.56 
kgCOD/m3-d) 

Mixed culture 
from UASB 

plant 
7.0 62.86% 

0.173 W/m2 
(2.81 W/m3) 

[5] 

Corn starch 
wastewater, COD 
of 4,852 mg/L. 
(0.54 kgCOD/m3-
d) 

Mixed culture 
in starch 

processing 
wastewater 

7.00.1 98.0% 
0.239 W/m2 
(1.41 W/m3) 

[6] 

Cassava 
wastewater, COD 
of 16,000 mg/L. 
(2.67 kgCOD/m3-
d) 

Mixed culture 
from cassava 
mill factory 

5.50.2 88.0% 
1.77 W/m2 

(18.2 W/m3) 
[7] 

Brewery 
wastewater, COD 
of 1,250±100 
mg/L. (4.08-4.43 
kgCOD/m3-d) 

Anaerobic 
mixed sludge 
from brewery 

6.5±0.4 45.1-49.4% 0.83 W/m3) [8] 
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3.2. Wastewater Treatment  
 
This study was operated under semi-batch mode conditions, with at feed cycle time of 24 h. At the end of 
5th batch cycles, the COD in the effluent reach stable conditions. Figure 4 showed the COD in the effluent 
in a function of operating time. When operating time increased, the COD in the effluent decreased. The 
microbial in anode chamber took time for 5 days to acclimate with the pH feeds. The efficiency of COD 
removal was observed after the 5th of batch cycle through the end of experiments. The COD removal 
efficiency of 81.19 ± 1.10%, 89.88 ± 0.68%, 91.46 ± 1.10%, 93.83 ± 1.37% and 89.78 ± 0.86% was 
obtained from pH feed of 5.0, 6.0, 7.0, 8.0 and 9.0, respectively (Fig. 5). The highest efficiency of COD 
removal occurred at the pH feed of 8.0 followed by pH feed of 7.0. The lowest of COD removal efficiency 
was observed from acidic feed (pH 5.0). The pH values in the effluent of pH 8.0 and 7.0 feed closed to 
neutral pH as shown in Fig 6. At neutral pH enhanced the activities of microorganisms for utilizing 
substrate in the wastewater treatment. Alkalinity is necessary in anaerobic treatment. Our results were 
clearly showed that pH 8.0 feed and pH 7.0 feed increased the efficiency of COD removal.  

In the early batch cycles, the amount of alkalinity was used as buffer for neutralization with H+ in the 
wastewater influent only and in the lather batch cycles, alkalinity was decreased by the accumulating of 
proton in the anode chamber. So the pH in the effluent decreased and might be toxic to microorganism 
especially in the latter batch of pH 5.0 feed. Alkaline feed of wastewater favoured the microbial activities in 
a single chamber microbial fuel cell rather than feeding with acidic wastewater. This condition (pH 8.0 feed) 
was not strongly inhibited the activities of microorganism. Whereas, the pH 9.0 feed might be strongly 
inhibited to the microorganism activities.     
 

 
 
Fig. 4. The COD concentration in the effluent. 
 

 
 
Fig. 5. COD removal efficiency in terms of pH feed. 
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Fig. 6. The pH in the effluent. 
 

The COD removal efficiency of pH 8.0 feed (92.83%) was higher than at neutral feed (91.46%). The 
later order was observed from pH 6.0 feed (89.88%) and pH 9.0 feed (89.78%). Both of pH feed (pH 6.0 
feed and pH 9.0 feed) contributed the same values of COD removal efficiency, but the mechanisms in 
substrate reducing were different. Higher COD removal from pH 6.0 feed might be caused from 
methanogens or acidogens. Whereas pH 9.0 feed was suppressed the ability of methanogens or acidogens 
but its increased alkalinity in the anode chamber which might be promoted others microorganisms to 
reduce substrate. 

Our results were not agreed with previous study. The substrate degradation was effective at 
neutrophilic conditions (58.98%) followed by alkaliphilic (55.76%) and acidophilic (47.80%) conditions [20].  
The air-cathode microbial fuel cell was investigated the influence of pH on COD removal. The study was 

under continuous flow mode operation and seeding was inoculated from anaerobic sludge (25 ๐C 

temperature operation). The COD removal of OLR 3.72 kgCOD/m3-d at pH of 7.0 and 6.25 were 82.3% 
and 76.6%, respectively and pH values below 6.6 was favoured for methane production [21]. Whereas the 
organic matter removal efficiency was always higher in case of pH 6.0 than that of pH 8.0 [18]. The result 
of previous study [18] was different from our study because they used yeast as the inoculums and pH 6.0 
was favoured for yeast growth more than pH 8.0.  
 
3.3. Coulombic Efficiency 
 
The result of CE is shown in Fig. 7. It was found that the CE was as high as 47.8% at pH 9.0 feed. The 
alkaline feed of pH 8.0 presented high CE as 37.5%, followed by pH 5.0 feed (39.3%) and pH 7.0 feed 
(30.2%). The minimum CE was obtained at pH 6.0 feed. The CE retrieved from pH 6.0 was only 24.4% 
which was lower about 49% than pH 9.0.  

The low CE occurred at pH 6.0 feed because that condition promoted the methanogens growth. The 
COD at pH 6.0 might be removed by methanogens or others acidogens accordingly, the current obtained 
from substrate reduction was lower when compared to other conditions.  

Extreme of alkaline feed was contributed higher CEs than that of others feed conditions. The higher of 
CE achieved from the extreme of alkaline feed because at this solubility, it was high conductivity as shown 
in Fig. 8. High conductivity enhanced the power generation by SCMFC. By the way, extreme of acidic feed 
was also contributed to high CE, too. But the mechanism at low pH feed was different from high pH feed. 
In low pH feed condition was not favoured the microorganism to reduce the substrate, thus substrate was 
removed a little amount. By these of two reasons, extreme pH feed enhanced the efficiency of coulombic 
efficiency. The results were clearly supported that reason. When focussed on pH 5.0 feed, the CE (39.3%) 
was higher than that of pH 6.0 feed (CE, 24.4%) because conductivity at pH 5.0 feed was higher than that 
of pH 6.0 feed and methanogens was suppressed by pH 5.0 feed.     

Relatively higher specific power yield was observed at acidophilic microenvironment (46 mW/kg 
CODR) compared to neutral (35 mW/kg CODR) and alkaline (34 mW/kg CODR) conditions [20]. The 
two chamber of MFC treated a synthetic wastewater of 100 – 600 mg/L COD concentration under 20 - 35 
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๐C operation [22]. The pH different between the anodic and cathodic solutions affected the internal 

resistance of MFC [22]. 
 

 
 
Fig. 7. The coulombic efficiency in terms of pH feed. 
 

 
 
Fig. 8. The conductivity in the effluent. 

 
3.4. Polarization Curve and Internal Resistance 

 
The polarization slope method in a plot of current and voltage curve was used to examine the internal 
resistance and maximum power density by varying the external resistance from 10 Ohms to 996 Ohms. 
Figures 9(a) and 9(b) show the slope from polarization method and the polarization curve in terms of pH 
feed. The internal resistant of pH feed of 5.0, 6.0, 7.0, 8.0 and 9.0 were as 115 Ohms, 142 Ohms, 115 
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The maximum of internal resistance of 142 Ohms was obtained from the pH 6.0 feed. Therefore, at 
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resistance of the cell was 523 Ohms and for zero unit pH difference the internal resistance was 547 Ohms 
[20]. 
 

 
 

Fig. 9. (a) Slope from polarization method and (b) the polarization curve. 
 

4. Conclusions 
 
Cassava wastewater could be treated by SCMFC. The pH feed of 9.0 enhanced the electricity generation as 

22.19 W/m3 which had the efficiency of COD removal of 89.78  0.86%. When kept the pH feed as 8.0 at 
mesophillic temperature, the COD removal efficiency increased up to 92.83 ± 1.37%. The maximum CE 
and the minimum internal resistance of cassava wastewater treatment by microbial fuel cell were observed 
from the pH 9.0 feed. The low pH feed (pH 5.0) presented the power as 10.61 W/m3 and COD removal 

efficiency was 81.19  1.10%. The COD concentration in the effluent of pH 5.0 feed was low as 113 mg/L 
which was lower than the requirement of regulation. That SCMFC could apply to treat the cassava 
wastewater and producing electricity as the same time. 
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