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Abstract— In the recent decades, energy crisis is one of the most alarming major challenges the world is facing. Continual depletion of 
energy resources such as fossil fuels, earth minerals etc, has created an urgency to find newer and more sustainable methods of energy 
production. Microbial fuel cells are being observed as a sustainable technology solution to meet high demand of energy needs. The present 
work deals with the design of MFC using software Solid Edge. The one-dimensional modelling and simulation was performed using 
software MATLAB. Results show that cathodic reaction is the most significant limiting factor of MFC performance. The volume of anode 
and cathode chamber was calculated to be 5.2 L (170×170×180 mm3). The anodic and cathodic chamber current densities were found to 
be 9.4341 mA and 11.9642 mA respectively. The anodic and cathodic chamber voltages were found to be 0.2287 V and 0.5030 V 
respectively. 
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I. INTRODUCTION 

MFC is a bioreactor that converts chemical energy present in the organic or inorganic compound 
substrates to electrical energy through catalytic reactions of microorganisms. MFCs can be used in a 
treatment plant as a replacement for the existing energy-demanding bioreactor, resulting in a net energy-
producing system. If power generation in these systems can be increased, MFC technology may provide a 
new method to offset plant operating costs, making it more affordable for both developing and 
industrialized nations [1]. Geobacter and Shewanella species account for most of the microbial population 
that have been utilized in MFC technology. Previously, cyanobacterial strains of Anabaena and Nostoc 
also have been used as biocatalysts in MFCs [2]. Anaerobic acidogenesis of cattle dung revealed 
Clostridium sp., Pseudomonas luteola and Ochrobactrum pseudogrignonense to be the most dominant 
groups present responsible for the electricity generation process. Algal species of Leptolyngbya sp. have 
also been used for coupled biofuel and bioelectricity production. [3]. A range of organic substrates can be 
used for anaerobic digestion by the microbes in bioelectricity production. Domestic and oil wastewater can 
be used for continuous electricity production. Waste sludge also has been demonstrated to be an electro-
active substrate in bioelectricity generation coupled with hydrogen production. [4]. Carbonaceous and 
metal-based materials are the main types of electrode adopted, which possess all the above-mentioned 
characteristics. Among carbonaceous materials, carbon cloth, carbon brush, carbon rod, carbon mesh, 
carbon veil, carbon paper, carbon felt, granular activated carbon, granular graphite, carbonized cardboard, 
graphite plate and reticulated vitreous carbon are used as commercially available anode electrode material. 
Among metal-based materials, stainless steel plate, stainless steel mesh, stainless steel scrubber, silver 
sheet, nickel sheet, copper sheet, gold sheet and titanium plate were used as commercially available anode 
electrode material [2]. In MFC technology, electro-neutrality between the two chambers is a very 
important prerequisite for its efficient operation achieved by the PEM because of the transfer of protons 
across the membrane. PEM are a very important component of the MFC assembly assisting in separation 
of the anode and cathode chambers as well as facilitating transfer of protons to the cathode to sustain the 
electric current. [5]. 
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The associated slow microbial kinetics and costly construction materials has limited a much wider 
commercial use of the technology. By increasing the number of electrodes, and the area of electrodes, 
electron transport problems are solved. Also, the volume of cells is a parameter that negatively affects the 
amount of current and power produced by the cell. Several important membrane characteristics, which 
include membrane internal resistance, membrane biofouling, pH splitting, oxygen diffusion, and substrate 
loss across the membrane can also play a key role in determining the efficiency of the system.  The cost of 
materials and their suitability to scale up are some of the key issues that have slowed down the progress in 
this field of study [4]. 

II. MATERIALS AND METHODOLOGY 

A. Designing of MFC using Software 

1) Model prediction of MFC using Solid Edge software:  Solid Edge software was used to develop the 
design for MFC. Cathode chamber volume maintained equal to that of anode chamber [6]. 

Anode chamber volume was calculated using the equation: 
OLR = (CSO × feed rate)/reactor volume 
where,  
OLR = Organic loading rate (kg COD/ (m3 day)); CSO= Initial COD concentration 
 
2)  1D Mathematical Model for Two Chambered MFC:   

Anode reaction: 
(CH2O)2 + 2H2O                   2CO2 + 8H+ + 8e-  [7] 

Cathode reaction: 
O2 + 4H+ + 4e-                   2H2O  [7] 

 

 
3)  Diffusional characteristics:  The anode compartment is treated as a reactor where there is mass 

balance between substrate and microbial cell which is given by: 

 

 
Equilibrium is assumed to be maintained between the overall rate of microbial growth, substrate 

utilization and the overall rate of biomass losses. This relationship can be given by equation of flux of 
substrate [7]. 

In microbial fuel cells, the overall flux is related to the current density by: 

 

where, 3600 is the unit conversion factor. 
At the anode side, since substrate reaction is a bio-electrochemical reaction, a Monod-type approach was 

used to express the biological degradation, and the electrochemical effect is modelled using Tafel equation 
[7]. 

 
4)  Cell voltage:  It is assumed that the ohmic drops in the current-collectors and electric connections are 

negligible, and the cell resistance is solely due to the resistances of the membrane and the solution. 
Consequently, the cell voltage Ucell is calculated as:  

 

Ucell = U0 – ƞa  + ƞc –   icell 
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where, U0 is the open-circuit voltage; dm and dcell are the thickness of the membrane and the distance 
of the electrodes, respectively; km and kaq are the conductivities of the membrane and the solution, 
respectively. [7] 

 
As this was purely theoretical work, all the data required for the calculations and subsequent 

optimizations were obtained from research work conducted by scientists in this field over the 
past five years. The data were collected and analyzed. And different materials with potential to be used as 
different components in our MFC were compared. 

 
III. RESULTS AND DISCUSSION 

 
A. Designing of MFC using Software 
1)  Predicted Design Model using Solid Edge Software:  A simple, low cost, lab scale MFC design was 
constructed using Solid Edge software as observed in Fig 1. The anode and cathode chamber volumes 
were equal. An external load can be used to increase resistance. The electrode materials can be optimized 
and chosen as per the requirements. 

 

 
 

Fig 1 MFC design developed using Solid Edge software 

 

Anode chamber volume= Cathode chamber volume 
Chamber volume=170×170×180 mm3 
Capacity= 5.2 L 
Proton exchange membrane= Nylon fibre/glass fibre/Nafion 
Chamber material= Stainless steel/perplex glass/rigid plastic 
Resistance/ external load (if necessary) 

Multimeter for voltage measurement 
 

2)  MATLAB Simulations:  The model was developed by simulations using MATLAB software. The 
various parameters and their corresponding values following recommendations from literature were used 
in simulations which are as mentioned in Table I. 
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TABLE I 
LIST OF PARAMETERS USED FOR SIMULATIONS 

Parameters Values References 
Volumetric flow rate through anode 2.25 × 10-5 m3/h [8] 
Volume of anode and cathode chambers 5.5 ×10-5 m3 [8] 

Concentration of feed substrate 1.56 mol/m3 [8] 
Constant in the rate expression 0.207 mol/(m3h) [8] 
Anodic transfer coefficient 0.051 [8] 
Wall temperature at anode and cathode side  303 K [7] 
Temperature of anode and cathode 303 K [7] 
Rate constant for substrate 0.592 mol/m3    [8] 
Reciprocal of wash-out fraction 10 [8] 
Concentration of initial biomass 0 mol/m3 [8] 
Yield of Biomass with respect to substrate 0.05 [9] 
Decay rate 8.33 × 10-4 h-1 [8] 
Surface area of the membrane 5 × 10-4 m2 [8] 
Effective diffusion coefficient, anode electrode εAE2.5 (1.1 ×10-9 ×3600) m2/h [10] 
Effective diffusion coefficient, Biofilm 0.8 × (1.1 × 10-9 × 3600) m2/h [9] 
Porosity of anode and cathode 0.86 [11] 
Thickness of anode and cathode electrodes 0.000023 m [7] 
Partition coefficient  0.8 [7] 
Thickness of anode chamber 0.1 m [7] 
Effective diffusion coefficient, cathode electrode εCE2.5  [(T1.75 × 5.8 × 10-4 )/27.772 × P)] × 3600 × 10-4 m2/h [11] 
Concentration of oxygen at feed conditions (0.21 × P)/(R × T) mol/m3  [7] 
Reference concentration of oxygen (0.21 × P)/(R × T) mol/m3  [11] 
Exchange current density of oxygen 4.222 × 10-2 exp((73200/R)(1/353 -  1/T)) A/m2  [11] 
Pressure of air in cathode 1 atm [7] 
Volumetric flow rate through cathode 1.11 × 10-3 m3/h [8] 
Cathodic transfer coefficient 0.44  [7] 
Thermal conductivities in anodic and cathodic 
acrylic plates 

0.2 W/mK  [12] 

Thermal conductivity in membrane 0.43 W/mK [8] 
Thermal conductivity in Biofilm 0.8 × Kwater W/mK [7] 
Thermal conductivity Anode electrode (1 - εAE) ×98 + εACKwater W/mK [7] 

Thermal conductivity in Cathode electrode (1 - εCE) × 0.15 + 0.07 × 71 + ε CEKairW/mK [11] 

Thermodynamic equilibrium potential 0.77 V [8] 
Ionic conductivity of the membrane 3.6 S/m2 [11] 
Thickness of membrane 1.778 ×10-4 m [11] 

 
After running the code in MATLAB the following answers were obtained for current densities: 
Icell1 = 9.4341 mA/m2 (Anode chamber) 
Icell2 = 11.9642 mA/m2 (Cathode chamber) 
After running the code in MATLAB the following answers were obtained for cell voltage: 
Ucell1 = 0.2287 mV 
Ucell2 = 0.5030 mV 

 
    The prediction of the concentration as a function of current density was accomplished using 

MATLAB. As can be seen in Fig 2, it shows that the cathodic reaction is the most significant factor 
limiting the performance of MFC. Increase in current density leads to an increase on the reaction rate 
which in turn increases substrate conversion.  
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Fig 2 Comparison of current density in Anode with cathode  

 
 
As noted in Fig 3, there is decrease in cell voltage in anode compartment. This reduction in cell voltage 

might be due to: the activation overpotential, the ohmic loss and the concentration polarization that can 
occur in Fuel cells. The activation polarization usually occurs at low current densities and is due to an 
activation energy, Ohmic loss at middle current range and concentration polarization at high current 
densities. It is observed that the increase of the cathode overpotential is higher for low current densities 
due to activation overpotential. This indicate that the loss of performance in this region is mainly due to 
the cathode reaction. To improve the cathodic reaction, the development of more efficient cathode 
materials is very significant.  

 

 

Fig 3 Comparison of cell voltage with current density 
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IV. CONCLUSIONS 

By constructing the MFC as per the predicted optimal design, we can get the right combination of 
components, thereby reducing the cost and maximizing the performance of the system. The design of 
MFC was developed using software Solid Edge. The one-dimensional modelling and simulation was 
performed using software MATLAB. Results show that cathodic reaction is the most significant limiting 
factor of MFC performance. The volume of anode and cathode chamber was calculated to be 5.2 L 
(170×170×180 mm3). The anodic and cathodic chamber current densities were found to be 9.4341 mA and 
11.9642 mA respectively. The anodic and cathodic chamber voltages were found to be 0.2287 V and 
0.5030 V respectively. The model simulations can be a useful tool to optimize microbial fuel cell design 
and operation.  
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