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Abstract- This study investigates the impact of cathode surface area on single chamber sediment-microbial fuel cell (S-MFC). 
A fixed graphite anode surface area of 0.000471m2 has been used on four S-MFCs coupled with four carbon fiber cloth 
cathode electrodes with variation of surface area. Pond sediment has been used as the anode medium that inoculated with 
acetate as substrate to ramp up the amount of electrochemical-active bacteria (EAB). The S-MFCs has been operated and 
monitored for 120 hours using Arduino based data logger. The outcomes of this observation period have indicated the S-MFC 
with larger cathode surface area (0.01m2) possess smaller internal resistance (123.96±2.68 Ω) and thus performed significantly 
better than other S-MFC with the smaller cathode surface area, resulting with average voltage and current of 0.598±0.008V 
and 4.827±0.124mA respectively, where a maximum power density of 2.867mW with a coulombic efficiency of 64.63% was 
achieved. Successful performance increase suggests enlargement of the cathode area could be the alternative to reduce the 
internal resistance in traditional MFCs for electricity generation. 

Keywords Sediment-Microbial Fuel Cell; Cathode Surface Area; Internal Resistance; Increased Performance; Coulombic 
Efficiency. 

 

1. Introduction 

Sediment microbial fuel cell (S-MFC) is an iteration 
from the traditional microbial fuel cell (MFC) which uses 
waste organic sediment as anode medium. It can be viewed 
as new type of renewable energy [1]–[5] as all living 
creatures producing waste products during their life cycle in 
the functions of living in which it is typically being discarded 
on the land and water. This excreted organic waste degrades 
and dissipates into the microorganism-rich surrounding [6]–

[11]. Consequently, electrical energy can be harvested by 
taking the advantage of the microbe metabolism in the 
sediment. With determination, several researchers [12]–[14] 
have established S-MFC which comprises of an anode 
electrode rooted in anaerobic residue and cathode electrode 
placed in the aerobic water reservoir above the anode 
electrode. Electrochemical-active bacteria (EAB) transmits 
electrons to the anode electrode during oxidation of the 
organic compound while the electrons are accepted by a 
cathode and thus, reducing the oxygen around it to become 
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water [15]. Subsequently, the electrons movement generates 
electric current.  

In an S-MFC, sediment is viewed as both substrate and 
inoculum. Every sediment type has their own characteristic 
such as conductivity, porosity, etc. Regardless the type of 
sediment used, the internal resistance of S-MFC plays an 
important role in the overall system performance [16]–[18]. 
Hence, several configurations of S-MFC were developed to 
improve and tackle the restrictions [19]–[26]. Moreover, 
reduction in internal resistance means that the system is able 
to supply more power density and reduction in internal 
losses. Air-cathode MFCs that usually operates in 
membrane-less configuration have low overall cost, simpler 
design, and relatively high-power density. However, the gap 
between anode and cathode of the air-cathode MFCs is 
limited [27], while there are possible voltage reversal [25] 
due to the unstable reaction in the presence of oxygen in 
anode compartment that might destroying the anode biofilm 
or even the electrode materials [28]. 

In this study, four single-chamber S-MFCs with different 
cathode surface area have been developed based on the 
microbial reaction in a controlled room temperature. The 
developed S-MFCs are first inoculated in order to maximize 
the amount of EAB presented in the sediment, coupled with 
cellulose membrane to prevent the oxygen diffusing into 
anode to cause voltage reversal [25]. The goals of this work 
are to compare and investigate the effects of the cathode 
surface area on the performance of the S-MFC. 

2. Materials and Method 

2.1. S-MFC Architecture and Operation 

Four single-chamber MFC have been prepared in 
squared-cube glass jars measuring (0.1 × 0.1 × 0.1m) with an 
inner volume of 0.001m3, ignoring the rounded corners and 
the jar lids. Medium used in anode compartment is the 
marine sediment retrieved from the pond opposite of Faculty 
of Technology Management and Business, Universiti Tun 
Hussein Onn Malaysia (UTHM) (1.86262°N 103.08126°E). 
The anode electrode is a graphite rod (surface area of 
0.000471m2), while carbon fiber cloth act as air cathode 
electrode. Each single-chamber MFC’s anode electrode is 
embedded in 50g of marine sediment and wrapped in a 
cellulose fiber membrane with a surface area of 0.01m2 
facing cathodic compartment. Ethylene Propylene Diene 
Monomer (EPDM) rubber tube is then embedded to the 
anode medium for channeling anode electrode pin-out and 
also works as feeding channel for anode medium. The 
cathode electrodes are cut in different area sizes as shown in 
Table 1 which are then positioned on the exterior surface of 
the membrane as close as possible. The distance between the 
anode and the cathode is approximately 5cm apart. Carbon 
fiber strand is used to connect the circuit. The glass chambers 
and rubber tubes are then sealed using a jar cap and hot glue 
gun except the rubber tube that houses the cathode electrode 
to allow air flow. The setup is illustrated as in Fig. 1. 

 

Table 1. Cathode dimension for each S-MFC 

S-MFC No. Cathode Dimension (Surface area) 
1 0.1 m x 0.1 m (0.01 m2) 
2 0.075 m x 0.075 m (0.005625 m2) 
3 0.05 m x 0.05 m (0.0025 m2) 
4 0.025 m x 0.025 m (0.000625 m2) 

 

 
Fig. 1. (a) 2-D scheme of the single-chamber S-MFC (b) 
Constructed S-MFC 

The wastewater sludge from the pond is used as the 
inoculum of the anode medium, each chamber is fed with 
20ml of salt solution containing 2400mg/L (0.04M) acetate 
substrate. This procedure is to shorten the start-up time of the 
MFC [29]. Within 140 hours of inoculation, the power 
generation of each S-MFC are being stabilized. Another 
20ml of salt solution containing 1000mg/l acetate solution 
will be injected into each S-MFC before the parallel 
experiments can be conducted. The specimens are then 
incubated at a constant room temperature of 30°C. The 
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current and the voltage are monitored and recorded every 
hour using Arduino based monitoring system integrated with 
ACS712 current sensor and HTU21D humidity/temperature 
sensor that has been developed in advance for 120 hours as 
shown in Fig. 2. 

 
Fig. 2. Data acquisition using Arduino system 

2.2. Determination of Internal Resistance of S-MFC 

The system is monitored using Arduino data acquisition 
system which recording the voltage and the current for every 
one hour. The recorded data is then be plotted in order to 
determine the trend and characteristics of the S-MFC in 
controlled room temperature. Subsequently, the internal 
resistance ( ) of S-MFC is determined by using Equation 
(1) and it is then plotted against the cathode cross-section 
surface area. 

     (1) 

Where is the short circuit voltage (V) and is the 
short circuit current (A). Then, the energy accumulated was 
calculated to estimate the energy loss to the surrounding by 
using Equation (2): 

    (2) 

Where P is power, T is total time and t is the time taken 
in seconds (s). 

2.3. Deducing Power Density of S-MFC 

In order to obtain the power density curve, the resistor 
ranging from 100Ω to 22kΩ are being used as an external 
load which is shown in Table 2. The stable recording of 
voltage and current are only obtained after 5 – 10 minutes. 

The power (P) generated in the system can be calculated 
using the following Equation (3):  

 and    (3) 

Where  is the measured voltage (V), is the current 

measured (A), and  is the resistance (Ω). Assuming the 
acetate was completely utilized to generate electricity, the 
reaction can be written as: 

 (4) 

Coulombic efficiency (CE%) [30] is then calculated as 
in Equation (5), where CEX is the total coulombs calculated 
with integration of current measured over time interval (i), 
and CTh is the theoretical amount of coulomb from acetate. 

,    (5) 

    (6) 

     (7) 

Where F is the Faraday constant (96485 C mol-1), b is 
the number of electrons produced per mol of the substrate (8 
mol/mol acetate), M is the acetate substrate concentration 
(mol/l) and v is the volume of liquid (l). 

Table 2. Resistor values used for power density estimation 

Resistor value (Ω) 
100 
330 
470 

1000 
1500 
2200 
3300 
4700 

10000 
22000 

3. Results and Discussion 

3.1. Power Generation of S-MFC 

Upon the injection of 20 ml of the acetate salt solution, 
the S-MFC voltage is started to rise until a stable voltage. By 
plotting the voltage in time domain, it can be seen that S-
MFC 1 with higher cathode surface area produces higher 
voltage, followed by S-MFC 2, S-MFC 3 and S-MFC 4. The 
obtained results are depicted in Fig. 3. 
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Fig. 3. Electrical generation with 0.04M acetate, where lines show the data range for calculating the average maximum and 
standard deviation (Avg±SD) for (a) Voltage and (b) Current versus time with their average respect to the legend colour 

The voltage and the current trend of all S-MFC exhibits 
the same trend. However, it can be seen that S-MFC 1 with 
the largest electrode surface area produces higher voltage and 
current, but with more obvious stability problems. The 
voltage and current of S-MFC 1 dropped faster than other S-
MFC as it depleted the acetate substrate faster [31]. The total 
accumulated energy is then calculated using Equation (2) to 
predict the total energy consumed as well as the losses by the 
S-MFC. The accumulated energy for all S-MFCs are given in 
Fig. 4.  

 
Fig. 4. Total energy accumulation by S-MFC 

By referring the S-MFC 4 accumulated energy as the 
base, it can be seen that the energy accumulated in S-MFC 1 
is 619.73% higher than S-MFC 4, while S-MFC 2 and S-
MFC 3 are both 300.64% and 164.60% higher than S-MFC 
4, respectively. It can be concluded that the possibility of 
energy loss to surroundings is higher in S-MFC with lower 
cathode surface area.  

3.2. Internal Resistance Reduction Methods 

To further investigate the effects of cathode surface area 
(0.01 m2, 0.005625 m2, 0.0025 m2, and 0.000625 m2), the 
power and internal resistance are then plotted as described in 
Fig. 5. 

 
Fig. 5. (a) Power generation and (b) Internal resistance as a 
function of cathode surface area with error bars integrated 
into the graph (±SD) 

As shown in Fig. 5(a) and Fig. 5(b), it can be deduced 
that the increment in surface area of cathode leads to the 
reduction in internal resistance, wherein promotes an 
increment in power generation of S-MFC. In MFC field, the 
internal resistance (Ri) is a parameter that indicates the 
general resistance of the reactor which indirectly specifies 
the performance of MFC. There are several ways to reduce 
the internal resistance, both structural and non-structural 
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methods such as decreasing the distance between anode and 
cathode, increase the membrane surface or increase the 
electrode surface area. As expected from the experiment, the 
increment of cathode area had reduced the internal resistance 
by significant amount. As instance compared the S-MFC 4 
(773.5±15.02Ω) with the S-MFC 1 (123.96±2.68), the 
internal resistance has reduced about 624%. Instead, there is 
possibility to reduce further the internal resistance by adding 
a buffer to the anode medium so as to increase the 
conductivity.  

Deducing the coulombic efficiency using Equation (5), 
the highest efficiency is obtained from S-MFC 1 (64.63%), 
followed by S-MFC 2 (31.53%), S-MFC 3 (16.89%) and S-
MFC 4 (10.39%). Fig. 6 shows the impact of cathode surface 
area to the coulombic efficiency based on the experimental 
results. 

 
Fig. 6. Coulombic efficiency of S-MFC with different 
cathode surface area 

3.3. Power Density by Limiting the Cathode Surface Area 

The characterization of power density produced by S-
MFC system can be determined by using fixed load, which 
varies between 100Ω to 22kΩ. Nevertheless, the results 
obtained did not certainly the maximum power attainable by 
each of the S-MFC system. 

 
Fig. 7. (a) Voltage and (b) power generated from the 
characterization test using ten resistors, value ranging from 
100Ω – 22kΩ shown in graph. 

Referring to Fig. 7(a), the increment in the load leads to 
the amplification of the voltage and the decrement of the 
current. For each S-MFC, the maximum power density is 
obtained when 1.5kΩ resistor is used in the S-MFC 1 
(2.867mW) and 1kΩ resistor is used in S-MFC 2 (1.23mW), 
S-MFC 3 (0.693mW) and S-MFC 4 (0.332mW) (refer to Fig. 
7(b)). 
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4. Conclusion 

This study has attempted to employ alternative method 
in reducing the internal resistance of S-MFC regardless of 
the anode medium. The placement of the cellulose fiber 
membrane layer can excellently forbid the diffusion of 
oxygen from the cathode to the anode while retaining the 
permeability of hydrogen ion to the cathode. Besides, the 
utilization of membrane can prevent the voltage reversal. 
Cathode surface area that are placed closed to the membrane 
are able to promote the rate of oxygen reduction and thus 
increasing the electricity generation. Deducing from the 
experimental results, the increment of cathode area reduces 
the internal resistance which indirectly increased the 
performance of S-MFC. The reduction of surface area also 
leads to a faster substrate depletion rate. A maximum 
performance with power density of 2.867mW was observed 
and coulombic efficiency of 64.63% was achieved with 
0.01m2 of cathode surface area. This indicates that by 
implementing a wider surface area of cathode yields positive 
impacts on the performance of S-MFC power generation.  
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