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ABSTRACT 

 
Landfill leachate discharged into watercourse without proper treatment can pollute the water source due to its high 

chemical oxygen demand (COD). The high pollutant load in landfill leachate has become one of the potential 

substrates in bio-energy generation by using microbial fuel cell (MFC). MFC integrated with adsorption system 

has been introduced as an approach to overcome the limitation of stand-alone MFC, which is able to treat the 

landfill leachate more effectively while simultaneously generating bio-energy. Anode size has been reported to 

have a significant influence on the power generation of MFC via lab-scale experiments, however the simulation 

studies on MFC are still limited. This study aimed to develop a simulation model to predict the effect of graphite 

fiber brush anode size on the performance of a single chamber air-cathode hybrid MFC-Adsorption system, in 

terms of COD removal and bio-energy generation. The highest power density of 1.33 mW/m2 was achieved with 

20% anode brush removed. The highest current generation of 2.37 mA and voltage of 7.11 mV was obtained with 

the largest anode surface area of 0.1288 m2 and resistance of 2.76 Ω. The highest COD consumption by 

electrogenic microorganisms was 4.96 x 10-9 Lmol/mg, and predicted to decrease with decreasing anode size. The 

efficiency of the simulation model could be further improved by incorporating parameters such as charge transfer 

kinetic at anode and cathode, adsorption effect by activated carbon as well as the substrate and microbial 

population behaviour. The simulation model developed was significant towards enhancing the bio-energy 

generation and reducing the cost of MFC for industrial application.   
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INTRODUCTION 

 

Landfill leachate consists of various components 

characterised as high chemical oxygen demand 

(COD), biochemical oxygen demand (BOD), 

BOD/COD ratio, suspended solids, pH, 

turbidity, ammonium-nitrogen (NH3-N) and 

heavy metals. Energy production from landfill 

leachate has become a recent interest due to the 

potential of this highly polluting wastewater as 

the source of bio-electricity generation (Tan et 

al., 2023). MFC has demonstrated advantages as 

compared to other wastewater treatment 

processes as MFC can convert substrate energy 

to electricity directly, and operate at ambient or 

low temperatures, thus producing less amount of 

excessive sludge (Sorgato et al., 2023). The 

MFC   design   for   practical   application   as  it 

 

single chamber air-cathode is the most suitable 

produces higher power generation, low cost and 

simple design (Samudro et al., 2022; Li et al., 

2023). In terms of voltage generation and 

treatment efficiency, hybrid system is generally 

more reliable and efficient than a stand-alone 

MFC (Tee et al., 2016). Yazdi et al. (2016) 

obtained a higher power density of 2400 mW/m2 

by using 2.5 cm2 graphite fiber brush (GFB) as 

an anode electrode material. However, the 

optimization of bio-energy through the MFC 

design still needs to be further researched for 

industrial application. Numerical studies on 

MFC can be extensively used to offer deeper 

insights into MFC performance (Gadkari et al., 

2019a). 
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The performance of MFC depends on the 

improvement through modifying system 

architecture, materials and better understanding 

of the solution chemistry (Liang et al., 2022). 

The metabolic pathway of the microorganism 

and the potential of anode are the key parameters 

for cell potential determination. The anode used 

in MFC should be able to reduce the internal 

resistance and increase power density when 

placed together with the cathode. According to 

Sakai et al. (2018), the surface area of anode has 

an important role in energy production. Rossi et 

al. (2019) reported an 18% reduction in the 

power density with a larger anode due to 

increasing in the internal resistance. A shorter 

anode-brush diameter was found to maintain a 

closer spacing of electrodes which reduced the 

internal resistance and improved MFC 

performance (Lanas et al., 2014). In a single 

chamber MFC, a carbon brush with 27 cm2 

produced 48 mW/m3 whereas an anode with 9 

cm2 produced 41 mW/m3 (Houghton et al., 

2016). As the number of experimental studies on 

MFC has been increasing, it is not the same for 

mathematical modelling and simulation studies. 

Mathematical models are able to help in 

understanding the influence of different 

operational, design and biological parameters 

affecting the MFC performance, and to optimize 

the new reactor configurations as well as aiding 

in up-scaling the technology (Ortiz-Martínez et 

al., 2015). Improvement in simulation design is 

crucial as the innovation of MFC for industrial 

application is restricted by the electrode material 

cost, requirement of precious metal, low power 

density and low performance of the system.  

These issues can be overcome at the lab scale, 

however the vital part is the performance on a 

large scale particularly when managing 

wastewater that does not have steady conditions 

with time (Logan, 2010). A few mathematical 

models have been developed to study the 

influence of anode on MFC performance, such 

as the model on bioanode (Gadkari et al., 2019b) 

and two-dimensional model of air-cathode MFC 

with GFB as anode (Gadkari et al., 2019a). 

Gadkari et al. (2019a) used Nelder-Mead 

Simplex algorithm for prediction of power 

generation to estimate the parameters in the 

model, which reported little change in power 

density around 15% to 60% of brush removed in 

which the power density was reduced by 21%.  

 

Table 1 shows the development of MFC 

numerical studies. Limited numerical studies 

have focused on air-cathode MFC. Additionally, 

optimisation using simulation on hybrid MFC-

Adsorption system has not been reported up to 

date, and the study on the effect of anode size in 

hybrid MFC-Adsorption system has not been 

found. Simulation study is significant towards 

the development of MFC for industrial 

application as the system is currently in its 

infancy stage due to the challenges on reducing 

the high cost and improving the power 

generation. Anode generally should have the 

characteristics of larger surface area, best 

chemical and microbial stability, high electrical 

conductivity, biocompatibility and inexpensive 

in cost (Liang et al., 2022). The power output of 

the system is determined by the wellness of 

biofilm attached to the anodic surface area. Thus, 

the best method to enhance the performance of 

the MFC is by increasing the affinity of the 

biofilm through anode modification (Banerjee et 

al., 2022).  Therefore, the main focus of the 

present study was to develop a simulation model 

using Microsoft Excel 365 Proplus by 

correlating the anode size of a single chamber 

hybrid MFC-Adsorption system with the bio-

energy generation of the system and COD 

consumption rate, by using landfill leachate as 

the MFC substrate. In addition, the current and 

voltage generated in the hybrid MFC-

Adsorption system with different anode size 

were predicted through simulation of the 

maximum power densities. 

 

MATERIALS AND  METHODS  

 

Simulation Design 

 

The simulation used in this work was adopted 

from Gadkari et al. (2019a) which was the two-

dimensional simulation focusing on single 

chamber air-cathode MFC. Microsoft Excel 365 

Professional Plus was used to develop the 

simulation in predicting the bio-energy 

generation and COD consumption rate. GFB 

anode was represented in the simulation and was 

connected using twisted titanium wire and 

placed at the central of the closely packed-bed of 

granular activated carbon (GAC). The air-

cathode existed as activated carbon fiber felt 

(ACFF) and was connected to the circuit by a 

copper rod. The electrode was exposed to air on 

its outer surface while being in contact with the 

earthen pot and hydrogel was applied evenly 

between them, following the configuration of the 

hybrid MFC-Adsorption system of Tee et al.  
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Table 1. Development of MFC numerical studies 
 

Mathematical and 

simulation study on 

MFC 

Description Range of study Reference 

1-Dimensional 

mathematical 

model 

Developed model coupling 

biological, heat and mass 

transfer processes occurring 

in MFC. 

Numerical tools: Microsoft 

Excel and MATLAB. 

1. Effect on cathode and anode overpotential as a 

function of current density. 

2. Effect of substrate concentration on biofilm 

thickness. 

3. Effect of temperature on MFC performance.   

4. Effect on biomass and acetate concentration as 

a function of current density. 

Oliveira et al. 

(2013) 

Modelling based on 

Freter equations 

Developed model simulation 

towards electrochemical 

performance in batch and 

continuous mode of MFC 

operation. 

Numerical tools: MATLAB. 

Batch mode: 

1. Effect of initial substrate on external voltage. 

2. Effect of external resistor on overall energy 

efficiency. 

Continuous mode: 

1. Effect on power generation as a function of 

influent substrate concentration and dilution 

rate. 

2. External resistor effect on the overall energy 

efficiency. 

Lin et al. 

(2018) 

Dynamic model 

based on bioanode 

kinetic 

Developed model based on 

batch operated single 

chamber MFC with biotic 

anode and an air-cathode. 

1. Effect of initial substrate concentration on 

maximum voltage, CE and COD removal rate. 

2. Effect of external resistance on MFC 

performance. 

Gadkari et al. 

(2019a) 

2-Dimensional 

model 

Developed model with 

charge transfer kinetic 

coupled to the mass balance 

for both anode and cathode 

electrode. 

1. Effect of anode size on power densities. 

2. Effect of anode distance from cathode on 

power densities. 

3. Effect of initial substrate concentration on 

power densities, CE and COD removal rate. 

Gadkari et al. 

(2019b) 

 

(2016). The reactor was assumed to be operating 

in fed-batch mode. Anode GFB is known with 

high porosity characteristics. Gadkari et al. 

(2019a) successfully simulated the anode GFB 

by using a mathematical model to optimize the 

GFB anode-based air-cathode MFC in a directed 

way, which helped in optimizing the 

performance relationship across the scale.  

Therefore, a simulation on GFB anode size of 

hybrid MFC-Adsorption system was performed 

in this study to evaluate its effect on bio-energy 

generation.  

 

The simulation incorporated a few 

assumptions for the development and simplicity. 

The parameters such as pH and temperature were 

neglected, carbon dioxide (CO2) released during 

substrate oxidation in the anode stayed dissolved 

in the bulk solution, leachate and CO2 remained 

in the anode chamber and did not diffuse to 

cathode assembly, similar with the oxygen from 

air-cathode which did not diffuse in the anode 

chamber. The substrate used was landfill 

leachate which functioned as the only electron 

donor in the anolyte. The effective porosity of 

the brush anode was remained when the 

concentration of bacteria/substrate changed. The 

last assumption was the reverse reaction of 

substrate oxidation at anode and oxygen 

reduction at cathode were negligible.  The 

parameters of landfill leachate were obtained 

from Shanmugham (2019) while power 

generation values were obtained from Tee et al. 

(2016). The MFC working volume was 5.65 L 

whereas the GFB anode was designed as 100 

mm in diameter and 360 mm long. The anode 

was maintained at 4 cm from the cathode. Other 

parameters were estimated by using the best fit 

correlation equation obtained using the 

Microsoft Excel 365 Professional Plus.  

 

Calculation of Anode Surface Area 

 

The area of GFB anode was calculated using 

Equation 1 [Eq. (1)] to estimate the power 

generation. The anode size was reduced by 

removing the sections of the brush incrementally 

from the side farthest from the cathode (Gadkari 

et al., 2019a). The same was used in this 

simulation study by maintaining the distance 

between the anode and cathode at 4 cm. The area 

of anode after the removal was calculated using 

Equation 2 [Eq. (2)]  

 

𝐴 = 2𝜋𝑟ℎ + 2𝜋𝑟2 Eq.(1) 

𝐴𝑖 = 𝐴0 + 𝐴0(𝑖%) Eq.(2) 
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where A (m2) indicated surface area while h (m) 

was length of brush and r (m) was radius of 

brush. Ai (m2) was area of anode after removal, 

A0 (m2) was initial area of brush, i indicated 

percent of removal. 

 

Simulation Study of Hybrid MFC-Adsorption 

System 

 

The first simulation was performed by 

comparing the trend with Gadkari et al. (2019a). 

The power density was predicted against the 

brush removal by using the maximum power 

density from Tee et al. (2016) as the reference. 

The power was calculated using Equation 3 

(Eq.(3)) whereas the current generated for each 

anode size was calculated using Equation 4 

(Eq.(4)). The voltage generated was calculated 

using Equation 5 (Eq.(5)). The second 

simulation was performed on the current 

generation against time by referring to the data 

of Penteado et al. (2018) where the maximum 

current value was calculated from the first 

correlation developed on power density. This 

study focused on the ratio of anode surface area 

to the volume of anode compartment (ESAVR) 

towards the performance of current generated 

(Penteado et al., 2018). The predicted values 

were used to calculate the voltage generated 

against time by using Equation 5. 

 

𝑃 = 𝑃𝑑𝐴 Eq.(3) 

𝐼 = √(
𝑃

𝑅
) 

Eq.(4) 

𝑉 = 𝐼𝑅 Eq.(5) 

 

where P (W) was power, Pd (W/m2) was power 

density, A (m2) was area of anode and I (A) was 

current. For voltage (V) calculation, the constant 

resistance, R of 30 Ω was multiplied with the 

current. 

 

Prediction of COD Consumption Rate 

 

The COD consumed in relation to the anode size 

was predicted by referring to Penteado et al. 

(2018). The COD consumption rate was 

predicted to decrease by 1000 mg/Lday with 

decreasing anode size. With the prediction of 

COD consumed in the hybrid MFC-Adsorption 

system, the fraction of COD or COD 

consumption by electrogenic microorganism 

(Lmol/mg) was then calculated using Equation 6 

(Eq. (6)) (Penteado et al., 2018). For the largest 

anode surface area, the COD of landfill leachate 

was 729 mg/L (Shanmugham, 2019) and the 

consumption rate was 6.12 L/h (Tee et al., 2016), 

thus the COD consumption rate was 107,075.52 

mg/Lday. 

 

𝑟𝑎𝑡𝑖𝑜𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑔𝑒𝑛𝑖𝑐 =

𝑗𝐴
4𝐹

𝑟𝐶𝑂𝐷
 

Eq.(6) 

 

where rCOD (mg/Lday) indicated the rate of 

COD consumed in the anode chamber, F (96,485 

As/mol) was Faraday’s constant, j (A/m2) was 

current density and A (m2) was anode surface 

area.  

 

Parameters of Simulation Study 

 

The parameters shown in Table 2 were used to 

simulate the effect of anode size on the bio-

energy generation and COD consumption rate of 

the hybrid MFC-Adsorption system.  

 

Table 2. Parameters of simulation studies 
 

Parameter 

 

Value 

 

Unit 

 

Reference 

 GFB initial diameter  100 mm Tee et al. (2016) 

GFB initial length  360 mm Tee et al. (2016) 

Maximum power density 1.21 mW/m2 Tee et al. (2016) 

Maximum current  2.37 mA Tee et al. (2016) 

Maximum voltage 0.66 mV Estimated 

Resistance 30 Ω Estimated 

COD  729 mg/L Shanmugham (2019) 

Volume of anode compartment 5.65 L Tee et al. (2016) 
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RESULTS AND DISCUSSION 

 

Effect of Anode Size on Bio-Energy 

Generation 

 

In the first simulation, the bio-energy generation 

in terms of power, voltage and current in relation 

to the change of anode size was studied. The 

maximum power density (Figure 1(a)) showed 

insignificant change of about 1±0.3% to 40% of 

brush removed and predicted to show a greater 

decrease of 2% when compared to the results of 

Gadkari et al. (2019a) as shown in Figure 2. This 

was possibly due to the same type of anode used 

that had been heat-treated. The power density 

was the highest with 20% brush removed as the 

over-potential in the brush increased (Gadkari et 

al., 2019a). Additionally, the local current 

density and reaction rate was higher as the 

distance of brush end from cathode decreased. It 

could be observed in Figure 2 that the local 

current density and reaction rate in the brush 

anode decreased with decreasing anode size. The 

increase in 20% to 40% reduction of anode size 

indicated that the average local current density 

and reaction rate had reached its maximum 

capacity. The maximum average local current 

density and reaction rate showed a major drop in 

the case of 60% of brush removed, hence this 

caused the reduction in power density after a 

nearly constant power density was achieved 

between 20% to 40% of brush removed. Higher 

power density could be achieved by using a more 

conductive electrolyte as power density could be 

affected by the substrate concentration (Logan et 

al., 2015) which influenced the speed of bacteria 

in removing the oxygen and reducing oxygen 

mass transfer into the anode (Hays et al., 2011). 

Di Lorenzo et al. (2010) also suggested to 

include the mass transfer effect of a substrate in 

anode electrode for a better understanding of 

MFC behaviour.  

(a) 

 
(b) 

 

(c) 

 

(d) 

 

Figure 1. Simulation of (a) power density, (b) power, (c) current and (d) voltage generation in hybrid microbial 

fuel cell-Adsorption system against percentage of anode graphite fiber brush removed 

 

Figure 2. Predicted value of power density obtained from correlation to the corresponding value adopted from 

Gadkari et al. (2019a)
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Power Generation in Hybrid MFC-

Adsorption System 

 

The power generated was found to decrease with 

decreasing anode size (Figure 1(b)). By 

comparing the gradient of the graph, an 

assumption could be drawn where huge changes 

in power generation occurred with 20% and 60% 

of brush removed. According to Rossi et al. 

(2019), lower power output was obtained with 

smaller anode primarily due to the decrease in 

cathode potential. The cathode performance 

could decrease because of cathode fouling (Yang 

et al., 2017). This was supported by Houghton et 

al. (2016) where increasing anode area did not 

improve the system performance since cathode 

had been the limiting factor for the power 

production. Houghton et al. (2016) also reported 

that anode electrode contributed to lower ohmic 

losses as compared to cathode electrode.  

 

Current Generation in Hybrid MFC-

Adsorption System  

 

Figure 1(c) shows that the current generation 

decreased with the decreasing anode size with a 

fluctuation between no brush removal and 5% of 

brush removed. This simulation used 30 Ω 

resistance, which was different from the 

resistance value (27.6 Ω) used by Tee et al. 

(2016), which affected the current generation. 

Gadkari et al. (2019b) proved that the increase in 

the applied external resistance caused a decrease 

in the current density, coulombic efficiency and 

COD removal rate of the MFC. Kumar et al. 

(2018) explained that sufficient electrode 

spacing and surface of anode were obligated for 

bacterial growth as well as for electron 

transformation from anode to cathode. Lower 

current and power density were obtained with 

higher total internal impedance where diffusion 

resistance had been the contributor (Lanas et al., 

2014). Wider spacing between the cathode and 

edge of anode brush also caused an increase in 

the total internal impedance (Cheng et al., 2006). 

In this simulation study, the electrode spacing 

could be reduced to less than 4 cm to generate a 

higher current. Close electrode spacing in the 

hybrid MFC-Adsorption system was significant 

due to the lower conductivity of substrate which 

resulted in higher ohmic losses. The anode acts 

as a surface for bacteria to associate to generate 

electron and proton during respiration (Kumar et 

al., 2018). Additionally, the current generation 

was highly dependent on the concentration of 

bacteria attached onto the surface of anode. This 

suggested that lower surface area for bacterial 

attachment would reduce the anoxic condition 

for the exoelectrogenic activity (Penteado et al., 

2018). Less bacteria attached would reduce the 

electron transfer to the anode surface. The 

reduction of anode size caused a reduction of the 

surface area of brush anode from 0.1288 cm2 to 

0.1224 cm2, thus resulted in the descending 

current generated. Generally, specific current 

generation also depended on current density that 

was dependent on the over-potential which was 

a function of electrode potential, electrolyte 

potential and equilibrium potential of the charge 

transfer reaction at the particular electrode 

(Gadkari et al., 2019a).  

 

Voltage Generation in Hybrid MFC-

Adsorption System 

Figure 1(d) shows that the voltage generation 

demonstrated similar trend as the current 

generation, which decreased with the decreasing 

anode size. The simulation results showed that 

the highest anode area of 0.1288 m2 produced the 

highest voltage of 0.71 mV. Wang et al. (2013) 

reported 97.9 mV was generated with higher 

anode graphite plate size of 81.1 cm2 while 

smaller anode with 74.5 cm2 surface area 

generated 71.5 mV. The higher voltage also 

indicated the higher amount of the attached 

biomass (Lin et al., 2018). The low voltage 

generation could be mainly due to the mediator-

less MFC system which had caused most 

microorganism species to be inactive in 

transferring electron to the anode (Tee et al., 

2016). The ease of electron transfer process in 

the bio-electrochemical system enhanced the 

voltage production. Mediator would act as the 

electron shuttler which enhanced the electron 

efficiency. However, a few studies have reported 

the unnecessary use of mediator which made the 

mediator-less MFC to be more commercially 

feasible since the electron generated was 

transferred to the anode surface by a few 

mechanisms such as through conductive 

appendages, direct contact, provided chemical 

mediators or self-produce mediators (Das & 

Mangwani, 2010; Kumar et al., 2016). 

Modification of anode was found to be able to 

increase the biofilm attached on its surface area 

to produce higher power output (Santoro et al., 

2013). The comparison of the performance of the 

hybrid MFC-Adsorption system developed in 

this study with other MFC systems are 

summarized in Table 3. The power density 
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obtained was lower than previous studies due to 

smaller size of anode was used. Higher power 

density of hybrid MFC-Adsorption system with 

anode area of 0.1030 m2 could be achieved by 

using a more conductive electrolyte as the 

substrate considering the low microbial kinetic 

of the landfill leachate.  

 
Table 3. Comparison of performance of various microbial fuel cell (MFC) systems 
 

Type of MFC Anode type Anode size 
Findings 

Reference 
Current Power density 

Dual 

chamber 

Graphite 

plate 

74.5 cm2 186.2 µA 
NA 

Wang et al. 

(2013) 81.1 cm2 271.3 µA 

Single 

chamber 

Graphite 

pellets 

12.5 cm2 0.03 mA 0.01 W/m3 
Di Lorenzo 

et al. 

(2010) 

90 cm2 0.067 mA 0.043 W/m3 

499 cm2 0.0171 mA 0.247 W/m3 

1247 cm2 0.47 mA 8.1 W/m3 

Single 

chamber 

Carbon 

brush 

9 cm2 

NA 

48 ± 1.3 W/m3 Houghton 

et al. 

(2016) 
18 cm2 44.5 ± 0.88 W/m3 

27 cm2 48 ± 1.3 W/m3 

Single 

chamber air-

cathode 

Carbon 

fiber brush 

2.5 cm in diameter 0.32 mA/cm2 1270 mW/m2 
Lanas et al. 

(2014) 
1.2 cm in diameter 0.29 mA/cm2 910 mW/m2 

0.8 cm in diameter 0.23 mA/cm2 600 mW/m2 

Single 

chamber air-

cathode 

GFB 

0.1288 m2 2.37 mA 1.2 mW/m2 
 

This study 

 

0.1030 m2 2.13 mA 1.32 mW/m2 

0.0772 m2 1.78 mA 1.23 mW/m2 

0.0515 m2 1.12 mA 0.736 mW/m2 
*NA-not applicable 

 

Optimisation of Bio-Energy Generation  

 

The optimised current generation took shorter 

time to increase and achieved a stable state with 

higher ESAVR (Figure 3). The rapid increasing 

state indicated the start-up with prediction of a 

day extended to the function of decreasing 

ESAVR. The largest anode size was estimated to 

have ten days of start-up. The study simulated in 

terms of best fit graph on the first current 

generation against time which was for the largest 

surface area of anode by referring to Tee et al. 

(2016). The next current generation was 

estimated by taking the difference of the 

maximum current generation between the anode 

size. This resulted in the continuous plot of 

current generation against time. The low initial 

concentration of bacteria attached on the anode 

surface justified that more time was needed for 

the system to generate electricity (Wang et al., 

2015). According to Angelaalincy et al. (2018), 

large surface area and robust structure played an 

important role for supporting the biofilm in 

MFC. Moreover, the presence of active electron 

transferring live organism at the outer layer of 

the biofilm caused high current generation (Sun 

et al., 2016). It was speculated that bacteria 

existed under more anoxic conditions with larger 

anode brush size. Therefore, more 

exoelectrogenic consortia developed on the 

anode brush in order to generate current. As the 

mass of biofilm increased over time, more brush 

could achieve sufficient anoxic condition and 

improved the current generation. Start-up for the 

removed brush was delayed until sufficient 

biofilm could consume oxygen in order for 

exoelectrogenic to grow (Penteado et al., 2018). 

However, high diffusion resistance was found in 

the electrochemical system as time elapsed due 

to the dead cell accumulated in the inner layer of 

the biofilm. This explained the lower current 

generation at lower surface area of anode. The 

presence of activated carbon in the anode 

compartment helped to shorten the start-up time 

due to the rough surface which offered high 

surface area for bacteria to grow and form a 

mature bio-membrane (Tee et al., 2016). Tee et 

al. (2016) took 10 days for start-up with 5.65 L 

working volume. Another study on hybrid MFC-

Adsorption system by Selvanathan (2018) used 

palm oil mill effluent as the substrate reported 

three days for start-up with 655 mL of working 

volume and 300 µM methylene blue as the 

mediator. The start-up time was shorter due to 
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the mediated transfer of electrons from 

microorganism to anode. Penteado et al. (2018) 

explained that lower volume of anode chamber 

promoted the competition of microorganism 

towards substrate. The shorter time obtained in 

this simulation study was due to a more stable 

power over time could be achieved using GFB 

as the anode (Ahn & Logan, 2013). 

 

 

Figure 3. Optimized current generation of hybrid microbial fuel cell (MFC)-Adsorption system against time 

 

 
Figure 4. Chemical oxygen demand (COD) consumption rate and Chemical oxygen demand COD consumed by 

electrogenic microorganism in hybrid microbial fuel cell (MFC)-Adsorption system against ESAVR 

 

 

Effect of Anode Size on COD Consumption 

Rate 

 

The COD consumption rate was simulated by 

referring to Penteado et al. (2018) which focused 

on the effect of ESAVR. However, this study 

used different conditions by varying the anode 

surface area and assuming a constant anode 

volume whereas Penteado et al. (2018) varied 

the anode volume and assumed a constant anode 

electrode. The simulated COD consumption rate 

(Figure 4) showed a similar trend with Penteado 

et al. (2018). Fluctuation might occur depending 

on the load of a substrate which corresponds to 

the bacteria present in the load (Selvanathan, 

2018). The COD consumption rate was also 

affected by the ESAVR where a higher ESAVR 

would increase the COD consumption rate. 

Several studies reported that higher COD 

removal was obtained when higher anode size 

was used. Wang et al. (2013) showed 14.86% 

and 6.87% of COD removal using 81.1 cm2 and 

74.5 cm2 of anode graphite plate, respectively. 

Di Lorenzo et al. (2010) showed 70% of COD 

removal using 1247 cm2 of graphite pellets as 

compared to the smaller anode size. The 

treatment efficiency depended on the total 

population of microorganism (Wang et al., 

2015). Higher anode surface area led to higher 

nutrient consumption which indicated a positive 

effect on the degradation of the waste and 

promotion in the biomass  formation.  The  COD  
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consumption rate also depended on the anode 

volume where a lower anode compartment 

resulted in a higher COD consumption rate due 

to more competition among microorganisms for 

food (Penteado et al., 2018). Larger anode 

surface area enhanced the power generation of 

the hybrid MFC-Adsorption system which 

suggested that the role of microorganism was 

fixed in anodic biofilm. Penteado et al. (2018) 

stated the significance of fraction of COD 

consumption by electrogenic microorganism 

which was related to the MFC performance. In 

this study, the highest COD consumed by 

electrogenic microorganism was 4.96 x 10-9 

Lmol/mg, which was obtained with the largest 

anode surface area of 0.1288 m2. The COD 

consumed by electrogenic microorganism 

decreased with decreasing ESAVR. This could 

be explained in terms of higher ohmic losses due 

to the microbial community selection in lower 

shear force which was affected by a smaller 

anode size (Penteado et al., 2018). 

 

CONCLUSION 

 

The performance of a hybrid MFC-Adsorption 

system in terms of bio-energy generation and 

COD consumption rate has been simulated using 

different GFB anode size. The highest power 

density of 1.33 mW/m2 was obtained with 20% 

of anode brush removed. The power density 

obtained was lower than previous studies due to 

the smaller size of anode used. Higher power 

density with an anode area of 0.1030 m2 could 

be achieved by using a more conductive 

electrolyte as the substrate considering the low 

microbial kinetic of the landfill leachate. The 

current and voltage generation demonstrated a 

decreasing trend with the reduction in anode 

size. Besides, the start-up time was shorter when 

a larger anode surface area was applied. The 

COD consumption rate and COD consumed by 

electrogenic microorganisms decreased with 

increasing ESAVR. The simulation model 

developed in this study could be further 

improved for better performance of the hybrid 

MFC-Adsorption system by considering other 

parameters such as the reaction rate in anode 

brush, charge transfer kinetics, substrate and 

microbial population behaviour as well as the 

mass transfer of air diffused in both anode and 

cathode electrodes. A more precise simulation 

and numerical study on the hybrid MFC-

Adsorption system would offer deeper insights 

into the mechanism of the system operation and 

potentially help in optimising the system 

performance. Overall, the simulation model 

developed was significant towards enhancing the 

bio-energy generation and reducing the cost of 

MFC for industrial application. 
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