
 

Abstract— This study investigates the performance of microbial 

fuel cells (MFCs) fed with municipal sewage water considering 

parameters such as temperature and cathode materials. Single 

chamber ceramic MFCs with the cathode exposed to water were 

used in this study. These MFCs were made from M+ fine clay 

which were fired to create a ceramic pot.  All four of the ceramics 

were placed in water, one at 19oC and the other three at 37oC. 

Three ceramics, with different cathode materials, were exposed to 

water at 37oC. The cathode materials investigated were clean 

ceramic, activated carbon and carbon black Vulcan XC-72 (Cabot 

Corporation). The activated carbon and carbon black Vulcan 

XC-72 were fixed to the outside of the ceramic using polyvinyl 

alcohol (PVA) binder. The anode material was made of woven 

graphite fiber, the surface area of the anode was 136 cm2. Voltage 

readings were taken over a 1000 Ω external resistance every 24 

hours. Results indicate that 37oC is beneficial for power 

production. Investigation of cathode materials showed that the 

carbon black MFC produced the most power, 19.95 mW/m2, 

followed by the activated carbon MFC with, 12.55 mW/m2. The 

clean ceramic MFC produced 8.85 mW/m2 of power. The activated 

carbon MFC performed best in terms of wastewater treating 

ability. The COD in the former MFC decreased with 37.57%, 

followed by the carbon black MFC with, 34.46%. The carbon 

black MFC had a CE of 44 %. 
    The use of MFC made of locally available clay material will 

allow to consider the possibility of sewage wastewater treatment 

with simultaneous generation of electricity. 
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I. INTRODUCTION 

Microbial fuel cells can produce power while treating 

wastewater. MFCs use bacteria to produce electrical current [1]. 

This is a growing bio-electrochemical technology which can 

transform the chemical energy contained in organic water 

pollutants into electricity whilst degrading the organic matters 

[2-9]; this technique can be used to restore usable water from 

wastewater, therefore providing opportunity to alleviate water 

crisis in a country such as South Africa which is considered 

water scarce [10-24] MFCs use the bacteria in the wastewater, 

which grow on the anode under anaerobic conditions, to 

produce protons and electrons. Microbes in the wastewater may 

contact the anode in different manners either by direct contact, 

nanowires or wirelessly. The electrons produced through the 

oxidation of organic matter are transferred to the electrodes by 

reparatory enzymes [25; 26], the electrons are then transferred 

through an external resistance to the cathode [27]. Protons 

produced during the oxidation are transferred to the cathode via 

separators like cation exchangers [27]. The protons and 

electrons are accepted at the cathode by an electron acceptor, 

this completes the circuit and produces power [28; 29]. MFCs 

may also function differently depending on the type of 

inoculum. 

    Reactor type can be dependent on the type of inoculum, 

some MFCs treat soil [25; 30], urine [31], different types of 

wastewater and basically any biodegradable material. MFC 

designs have different variations, some include: duel 

chambered, single chambered and plant MFCs. 

    Conventional MFCs are dual chambered, which consists of 

a cathode, an anode and a proton exchange membrane (PEM) 

[3]. In a duel chambered MFC protons are transferred through 

the CEM from the anodic chamber to the cathodic chamber 

where the protons and electrons are accepted by oxygen. Cation 

exchange membranes (CEM) are used in MFCs as they are 

cheap and durable [32]. Similarly, the CEM can be replaced by 

a salt bridge, but the internal resistance is relatively high which 

causes low power output [33]. The membrane is, considered to 

be, the most important part of the MFC, the membrane should 

also be permeable to anions and cations produced at the anode 

[34]. 

Unglazed ceramic chambers have been implemented in 

recent studies and have shown great promise. The performance 

of the cell may benefit greatly from the type of chamber 
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material, especially with ceramics as the clays used to produce 

the ceramic have different properties which may increase proton 

exchange through the ceramic. The efficiency of a MFC is 

primarily decided by the performance of the anode, this is due to 

important biochemical reactions taking place at the anode as 

well as the anode being a mediator for electron transfer [35]. 

A wide variety of electrode materials have been used in 

literature, each with advantages and disadvantages, most are 

also easily accessible. Graphite fiber has good electrical 

conductive properties and is resistant to oxidation which makes 

it well suitable for use in MFC. Carbon black Vulcan XC-72, 

also known as conductive black, shows great promise for an 

increased power production MFC. Carbon black Vulcan XC-72 

and activated carbon are used as cathode materials which are 

fixed to the ceramic wall with a PVA binder. Bacterial growth 

and power production are both influenced by temperature. 

This study will investigate the effect of temperature and 

cathode material on the wastewater treating ability and power 

production of the MFC. 

II. METHODOLOGY 

A. Materials 

The ceramics were constructed from M
+
 fine clay, which were 

fired to create the ceramics. Unglazed ceramics are porous 

which promotes proton transfer through the wall to the 

cathode. The inside diameter of the ceramic was 100 mm and 

the wall of the ceramic 5 mm thick. The height of the ceramics 

was 140 mm.  

The graphite fiber (AMT Composites) anode was fixed to the 

inside of the anodic chamber to a PVC pipe. The anode had an 

area of 144 cm
2
.  

The lids were constructed from PVC, a hole was drilled in the 

lid and tapped to be able to insert a plug. This made the task for 

inoculation easier. The plug was fitted with a sampling pipe 

which were sealed with a clamp. The lid was sealed to the 

ceramic by using marine silicone to ensure anaerobic conditions 

for the anode.  

The MFCs were sealed prior to inoculation to ensure a tight 

seal. The cathode materials were activated carbon (ACE 

Chemicals), and carbon black Vulcan XC-72 (graciously 

offered  by ORCHEM (Pty) Ltd in Durban, South Africa). The 

cathode materials were fixed to the outside of the ceramic using 

a PVA binder and a loading of 1.5 g cathode material to 10 mL 

of PVA. A 1000 Ω resistor connected the anode compartment to 

the cathode compartment.  

B. Wastewater Characterization 

    The raw wastewater was collected from the municipal sewer 

works, prior to any treatment. The wastewater was characterized 

by measuring the pH, optical density and COD.  

C. Wastewater Preparation 

The pH of the water was measured and adjusted to a value of 

7. To increase the pH a 0.1 M NaOH solution was used and to 

lower the pH, a 0.1 M H2SO4 solution was used.  

After pH adjustment the plug in the MFC lid were opened and 

the MFC was inoculated with 700 mL of the prepared 

wastewater. The anodic chamber was purged with nitrogen gas 

for 3 mins to remove oxygen.   

D. Setup 

Three of the reactors were placed in a water bath at 37
o
C and 

one were placed in water at 19
o
C. The three MFCs in the 

waterbath were used to study the effect of cathode material on 

power production and water treating ability, while the two-clean 

cathode MFCs were, one at 19
o
C and the other at 37

o
C, used to 

investigate the effect of temperature. The waterbath setup can 

be seen in Fig. 2. 

 

The cathode compartment of the MFC were exposed to air at 

all times. 

E. Current & Voltage 

    Current and voltage readings were taken every 24 hours. 

Three measurements were taken; the voltage over the external 

resistance, the current and the open current voltage. Current was 

calculated using relationship (1).: 

Measured

External

I V

R
           (1) 

    The power density is generally used to compare MFCs, the 

relationship used to calculate the power density is given in (2). 

Fig 1: Ceramic MFC design 

Fig 2: Waterbath setup 
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2

P
A R

V


          (2) 

    Where V is the measured potential over the external load, R is 

the magnitude of the external load in ohms and A is the anode 

surface area in square meters. 

    The Coulombic efficiency (CE) is a useful way to evaluate 

the performance of a MFC, this value indicates the ratio of the 

charge transported to the anode after bioelectro-oxidation of the 

inoculum. The CE can be calculated using relationship [34].   

 
M I t

CE
F b V COD

 


  
               (3) 

    Where M is the molecular weight of oxygen, 32 g/mol; I is the 

produced current in A; t is the run time of the MFC; F is 

Farradays constant, 96 485 C/mol; b is the amount of electrons 

exchanged per mole oxygen, which is 4; V is the volume of the 

innoculum; and COD is the change in COD over time t. The 

CE indicated the fraction of the innoculum used by bacteria for 

the production of current. 

 

F. Effluent Characterization 

    The effluent was characterized by using the same methods as 

for the raw wastewater. The optical density was measured daily. 

After 7 days of operation the MFCs were emptied and cleaned 

using a 0.1 M HCl solution and rinsed with acetone and water.  

III. RESULTS & DISCUSSION 

A. Effect of temperature 

1) Power production 

    The OCV of the two, clean ceramic water cathode (CCWC), 

MFCs are compared in Fig. 3, the OCV of the 37
o
C MFC is 112 

mVs higher than that of the 19
o
C MFC at day 7.  

 

 

    The potential of the MFC at 37
o
C peaked at a value of 0.359 

V while the 19
o
C counterpart peaked at a value of 0.163 V, on 

day 4 and 6 respectively. The potential of the 19
o
C MFC 

reached a steady state value at day 6, whereas the 37
o
C MFC 

still showed deviation from a steady state value at day 7.  This 

result suggests that the higher temperature is beneficial for 

bacterial growth which is essential for electricity generation in 

the MFCs.  

    The difference between measured values, and consequently 

the trend of the cell potential and open current voltage of the 

19
o
C MFC, indicates that ohmic losses occurred in the MFC. 

    The power production, a function of the cell voltage, external 

resistance and anode surface area, because the external 

resistance and anode surface area are constant in all the MFCs, 

the power production is dependent on the cell voltage of the 

respective MFCs. Consequently, the trend of the power density 

vs. time graph would be similar to that of the cell voltage. 

    The power production in the 37
o
C MFC was higher than that 

of the 19
o
C MFC, the values peaked at 8.95 mW/m

2
 on day 4 

and 1.85 mW/m
2
 on day 6 respectively. The higher temperature 

ensured a power increase of 385%. Although the power of the 

37
o
C MFC was much higher than that of the 19

o
C MFC, like the 

cell potential the 37
o
C MFC’s power density was not stable, 

while the 19
o
C MFC had reached a steady state value at day 6. 

 

    The Coulombic efficiency of the two reactors were calculated 

as 15 % for the 19 
o
C MFC and 32.45 % for the 37 

o
C MFC. 

These values state how effective the bacteria reduced the COD 

Fig 3: Open current voltage vs. Time 

Fig 5: Power density vs. time 

Fig 4: Cell voltage vs. Time 
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to produce a current. These values are consistent with the values 

of the power output in each reactor as well as the produced 

current. 

2) Water treating ability 

    Biofilm growth was observed on the 37
o
C MFCs anode, 

while the 19
o
C MFC showed little signs of biofilm formation 

after 7 days of operation. This supports the higher power 

production in the 37
o
C MFC, because more bacteria is availible 

to consume the organic matter in the water to produce electrons.  

    The optical density in the wastewater decreaced over time. 

The initial value is 0.34 A while the value of the effluent from 

the 37
o
C MFC and 19

o
C MFC were, 0.106 A and 0.077 A 

respectively.  

 

 

    The decrease of the optical density suggests that most of the 

bacteria contained within the water had migrated and attatched 

themselves to the anode or anodic wire. It is safe to assume that 

the baceria has migrated because, the MFCs showed an increace 

in electricity generation as the optical density lowered over the 7 

days. The lower value of the 19
o
C MFC is due to the slow 

growth rate of bacteria on the anode together with the 

simeltaneous death of bacteria in the water itself. 

     

 

 

The COD treating ability of the ceramics at 37
o
C and 19

o
C are 

33.4 % and 7.2 % respectively. The COD treating ability of the 

37
o
C MFC is 13.3% higher than that of 19

o
C MFC. The initial 

pH values of the raw wastewater were adjusted to 7 before 

inoculation, the pH of the effluent in the 37
o
C MFC and 19

o
C 

MFC was 6.57 and 6.73 respectively. 

B. Effect of cathode material 

1) Power production 

    Three MFCs; CCWC, carbon black water cathode (CBWC) 

and activated carbon water cathode (ACWC), were compared 

for these results, the experiment was carried out in a waterbath 

which kept the temperature constant at 37
o
C for 7 days. The first 

of the three MFCs was the clean ceramic cathode MFC, the 

second MFC was the carbon black Vulcan coated with a PVA 

binder, while the third MFC was the activated carbon coated 

with a PVA binder. The results show that the carbon black MFC 

performed best in terms of power production. The OCV values 

of all three the MFC are relatively close to one another as can be 

seen in Fig. 7, this suggests that the type of cathode material 

does not influence the OCV. The value of the OCV peaked on 

day 4 in the carbon black MFC at a value of 632 mV. The OCV 

for the three MFCs at day 7 were 500 mV with a standard 

deviation of 13.3 mV. 

    The peak cell potential between the three MFCs occurred on 

day 4 in the carbon black MFC and had a value of 0.536 V. The 

activated carbon MFC followed the carbon black and peaked on 

day 3 at 0.425 V, while the clean ceramic MFC peaked at day 4 

at a value of 0.359 V. This suggests that the carbon black, as 

cathode material, promoted the transport of protons from the 

anode chamber to the cathode chamber. The activated carbon 

MFC compared relatively well to the clean ceramic MFC, the 

clean ceramic MFC had a potential of 0.316 V on day 7, while 

the activated carbon had a cell voltage of 0.311 V. This suggests 

that the activated carbon applied to the ceramic using a PVA 

binder did not promote proton transfer through the wall of the 

ceramic. The cost of manufacturing the activated carbon MFC 

can be avoided and a clean ceramic MFC can rather be used to 

obtain relatively the same electricity generation ability.  

 

Fig 6: Optical density vs. time 

Fig 8: Cell voltage vs. Time 

Fig 7: Open current voltage vs. Time 
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    The power production follows the same trend as the cell 

voltage. The cell voltage peaked in the carbon black MFC on 

day 4 at a value of 19.95 mW/m
2
 of anode, followed by the 

activated carbon MFC which peaked on day 3 at a value of 

12.55 mW/m
2
, whereas the clean ceramic MFC peaked on day 4 

at a value of 8.95 mW/m
2
.  

    As can be seen in Fig.9 the clean ceramic MFC and the 

activated carbon MFC had not yet reached a steady state value, 

while the power production of the carbon black MFC reached 

steady state on day 6. The increased power is due to the 

improved proton transfer through the porous ceramic wall, to 

the carbon black cathode material. The activated carbon has  

shown to limit power production by inhibition of proton transfer 

through the ceramic membrane. Although, no cathode material 

is present in the clean ceramic membrane, this MFC performed 

more effectively than the activated carbon MFC on day 6 and 7. 

  

    The Coulombic efficiency (CE) for the three reactors were 

calculated and the results were as follow; clean ceramic MFC 

had a CE of 32.45 %, the activated carbon MFC had a CE of 

29.27 %, while the carbon black MFC had a CE of 44%. The 

result indicates that in the carbon black MFC the bacteria 

converted the COD into current more effectively than in the 

other MFCs. 

2) Water treating ability 

    All the MFCs that have been placed in the waterbath at 37
o
C, 

had a thin biofilm layer on the anode and anodic wire. Keeping 

the temperature at this constant value has shown to increase 

power production in the clean ceramic MFCs, since bacteria in 

wastewater grow and perform more efficiently at this 

temperature.  

    As noted earlier, the optical density in all three reactors 

exposed to 37
o
C had decreased over 7 days. The initial value for 

the optical density was 0.34 A, after 7 days of operation the 

optical density of the water inside the carbon black MFC, 

activated carbon MFC and the clean ceramic MFC were, 0.107 

A, 0.087 A and 0.106 A respectively. The decrease in 

absorbance indicates that the organisms in the wastewater is 

either dying or migrating to adhere to the anode or anodic wire. 

The decrease of optical density and the increase of power 

production suggests that the latter is the probable cause of a 

decrease in the optical density. 

    The COD treating ability of the three reactors are as follows; 

the carbon black MFC treated 34.5 % of the COD, the activated 

carbon treated 37.6 % of the COD and the clean ceramic MFC 

treated 33.4 % of the COD. The activated carbon MFC 

performed the best in terms of COD treating ability. The lower 

value of the optical density and the higher value of the COD 

treating ability in the activated carbon MFC, suggests that more 

bacteria adhered to the anode of this reactor. As a result, the 

treatment of organic matter increased. The COD treating ability 

of the carbon black MFC and clean ceramic MFC are relatively 

close, just like the optical densities of the two MFCs. 

    The pH in all three MFCs decreased over time from a value of 

7 to, 6.32 in the carbon black MFC, 6.54 in the activated carbon 

MFC and 6.57 in the clean ceramic MFC.  

IV. CONCLUSION 

    The effect of temperature was tested with clean cathode 

ceramic MFCs, one at 19 
o
C and the other at 37 

o
C. The latter of 

the two MFCs performed the best in terms of power production 

reaching a peak value of 8.95 mW/m
2
. The bacterial growth in 

the form of a dark biofilm could clearly be identified in the 37
o
C 

MFC. The 19 
o
C MFC delivered a lower absorbance value in the 

water, this together with a low power production shows that the 

bacteria did not bind to the anode but rather died in the water. 

The effluent pH of the 19 
o
C MFC was higher than the effluent 

pH of the 37 
o
C MFC. Overall the 37 

o
 MFC showed better COD 

treating and power production. 

    For the 37 
o
C experiments, two different cathode materials 

were used, carbon black Vulcan XC-72 and activated carbon. 

The results of formerly mentioned cathode materials were 

compared to that of the clean cathode ceramic MFC. The results 

Fig 9: Power density vs. Time 

Fig 10: Optical density vs. Time 
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obtained showed that the carbon black MFC performed the best 

in terms of power production, delivering a peak value of 19.95 

mW/m
2
. The clean ceramic MFC and the activated carbon MFC 

produced nearly the same amount of power on day 7. The 

optical density decreased the most in the activated carbon MFC, 

suggesting that most of the bacteria adhered to the surface of the 

anode. In contradiction with the high amount of bacteria on the 

anode, power production was not as high as the power generated 

by the carbon black MFC, which means that the activated 

carbon inhibited the transfer of protons through the ceramic 

wall. The pH of the carbon black MFC decreased the most 

followed by the activated carbon MFC. The activated carbon 

showed the best ability to treat the wastewater by decreasing the 

COD the most, by 37.6 %. The carbon black MFC had the 

highest CE, 44 % which indicates the carbon black MFC had the 

best overall performance. 
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