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A B S T R A C T  

 

Microbial Fuel Cells (MFCs) represent an environmentally-friendly approach to generating electricity, but the 

need to study variation parameters to find improvement conditions has been an important challenge for decades. 
In this study, a single-chamber MFC was designed to investigate the key parameters such as the concentration 

and type of bacteria, chamber temperature, electrode spacing, and substrate rotation speed that affected the 

performance of MFCs. Therefore, two types of bacteria, Shewanella oneidensis (S.one) and Escherichia coli (E. 
coli), were compared as microorganisms. Then, the function of MFC was investigated under the following 

condition: three temperatures (30 ℃, 45℃, and 60℃), three bacterial concentrations (0.5% (v/v) (4.5 mg/ml), 

1% (v/v) (9mg/ml), and 1.5% (v/v) (13.5mg/ml)), electrode distances (2 cm, 3 cm, 4cm), and substrate speeds 
(100 rpm, 150 rpm, 200 rpm). Ultimately, (S.one) bacteria, a chamber temperature of 45 ℃, a bacterial 

concentration of 1% (v/v) (9mg/ml), a cathode-anode spacing of 3 cm, and a rotation speed of 150 rpm proved 

to be the most efficient parameter settings for the constructed microbial fuel cell. The maximum voltage and 

highest power density were 486.9 mV and 9.73 mW/m2, respectively, with a resistance of 7500 ohms. These 

results are meaningful for determining and improving important parameters in an MFC device. 

 

https://doi.org/10.30501/jree.2022.357225.1435

1. INTRODUCTION1 

As the energy crisis is one of the most significant problems, 

much attention has been paid to the development of sustainable 

energies recently (Mishra et al., 2017). The sustainable energy 

source is a type of energy that has no threat of being ruined in 

the future (Cui, 2016), and the method of generating electricity 

from renewable energies has been discovered some years ago 

(Keshavarz et al., 2022). Fuel cells are one of the renewable 

resources that convert chemical into electrical power and 

according to their main contributions that impact the 

performance, catalysts, electrolytes, and temperature range are 

generally categorized (Pandey, 2019). The Microbial Fuel Cell 

(MFC) is a device that converts chemical into electrical energy 

environmentally by using microorganisms as catalysts (Cao et 

al., 2019). This device generates useful products like hydrogen 

(Walter et al., 2020), but for using hydrogen as a source of 

energy, the method of hydrogen storage is an important issue 

(Tabrizi et al., 2019). In MFC technology, the electrodes, 

membrane, and bacteria acting as a biocatalyst are the main 

components (Obileke et al., 2021). Bacteria oxidized the 

organic matter in an anodic chamber to generate electricity 
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(Salar-García & Ieropoulos, 2020). Transferring electrons to 

the cathode by an external circuit and protons through the 

membrane makes a potential difference between the electrodes 

that contribute to electricity generation (Dessie et al., 2020). 

Numerous studies have been done over decades to increase 

anode-specific surface area and electron transfer rates in MFCs 

(Gajda et al., 2020). In microbial fuel cells, the anode electrode 

acts as a direct electron acceptor since electrons accumulate on 

the surface of the anode electrode and travel through the 

external circuit to the cathode electrode. At the same time, the 

cations migrate through the electrode from the anode to the 

cathode via the electrolyte (Mateo et al., 2018).  

Attempting to improve the MFC design is an issue that 

researchers are still working on (Chhazed et al., 2019). Usually, 

there are two types of MFCs: single-chamber and dual-chamber 

designs (Oliot et al., 2017). In a single-chamber design, the 

porous cathodes are formed on one side of the cathode chamber 

to utilize atmospheric oxygen and allow protons to diffuse 

through them. In contrast, in a dual chamber design, a 

membrane separates the electrodes (Jumma & Patil, 2016). The 

design has played a crucial role in this technology because the 

function, practical applications, and cost depend on an 

https://doi.org/10.30501/jree.2022.357225.1435
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appropriate design (Salar-García & Ieropoulos, 2020). 

Therefore, researchers have recommended various high 

performances (Mishra et al., 2017). Since the main goal is to 

achieve higher efficiency (Paez et al., 2019; Nguyen et al., 

2020), the focus must be on the factors that affect the power 

output, such as substrate, temperature, and cell configuration 

(Mei et al., 2017; Ezziat et al., 2019). In this study, a single-

chamber or air-cathode MFC was designed and constructed. 

Due to the clearer energy supply and the development of 

sustainable waste management systems, MFCs have received 

much attention (Obata et al., 2020). Since the single-chamber 

design does not require a separate cathode chamber, the design 

is more straightforward and the cost decreases; thus, they are 

more commonly used in the industry. Even though the 

improvement of the MFCs performance has increased 

significantly in various research areas, the published reports on 

the impact of studying all the important parameters on power 

generation are still limited, and most of the works in the 

literature so far have mainly focus on either one physical 

property or one and two effective parameters. For these 

reasons, this work aims to evaluate multiple parameters to 

maximize the power generation for a single chamber MFC and 

make it simple and cost-effective. In this regard, the effects of 

bacteria, chamber temperature, bacteria concentration, 

electrode distances, and substrate rotation speed on the MFC 

performance were investigated. 

In the following, Section 2 describes the properties of the 

chamber and the method used to construct its particles. In 

addition, Subsections 2.1-2.7 describe the method used to 

prepare the main components, electrodes, membrane, and 

substrate. Subsections 2.8-2.9 explain types of bacteria, how to 

provide them, test methods, and data recording. Section 3 

explains the results of the tests for each parameter separately. 

Finally, Section 4 presents the conclusions and future research.  

2. MATERIALS AND METHODS 

In the present work, a single-chamber microbial fuel was 

designed due to its advantages compared to a double-chamber 

one, such as cost efficiency, higher power generation, and ease 

of aeration of the cathode chamber (Tan et al., 2020). All its 

particles were drawn from Solid Works software, and laser 

cutting and CNC machines were employed to precisely cut the 

particles. In addition, chloroform was used to seal the chamber.  

The chamber is a rectangular prism with dimensions 160 mm 

× 60 mm × 60 mm. Figure 1(A) shows some grooves on the 

inner side of the chamber wall to let the anode be at 23 mm, 32 

mm, and 42 mm distances from the cathode. Figure 1(B) 

depicts an array of 5-mm holes to create an air contact on the 

cathode side wall of the chamber. Figure 1(C) shows a T-shape 

plexiglass to accommodate the anode-bearing rod at different 

distances from the cathode. Figure1(D) represents a cover on 

the top of the chamber with a 5mm hole to provide anaerobic 

conditions with easy access to the interior parts of the cell and 

let a wire connect the anode electrically to the external devices. 

 

Figure 1. (A) Single Chamber, (B) Pores of 5 mm, (C) T-shape 

Plexiglass, and (D) A door on the top of the chamber 

2.1. Membrane 

An ion exchange membrane separates two electrodes and 

prevents oxygen from passing through the anode electrode 

(Koók et al., 2021). In this study, the membrane is Nafion 115 

with dimensions of 150× 32 × 0.127 mm. Formation of a direct 

connection between the cathode and the membrane enhances 

their separation (Koók et al., 2021). Before using the Nafion, a 

process is necessary to remove impurities and increase the 

porosity of the membrane. First, the membrane was placed in 

deionized water and, then, in 3 wt% oxygenated water. After 

that, the first step is repeated. Then, the membrane is placed in 

a 1 M sulfuric acid solution. Finally, to prepare the membrane, 

the first step is repeated. It is necessary to mention that the 

temperature in each step is 80 ℃, the duration takes 1 hour, and 

the Nafion is floating in the solution during all the steps (Note: 

when it comes to the use of the Nafion, it is dried in a vacuum 

oven at 130 ℃ for 10 minutes). Flowchart 1 shows the steps to 

prepare the membrane. 

 

Flowchart 1. the steps to prepare the membrane 

6 

4    5       3    2 

put the membrane in 

deionized water for 1 

hour at 80 ℃ 

dry the 

membrane 

in vacuum 

oven for 

10 minutes 

at 130 ℃ 

put the membrane in 3 

wt% oxygenated 

water for 1 hour at 

80℃ 

put the 

membrane in 

1 M sulfuric 

acid for 1 

hour at 80℃ 
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Figure 2 represents the procedure of the membrane preparation. 

 

Figure 2. the procedure of preparing the membrane 

2.2. Anode Electrode 

Anode plays a key role in making bacterial biofilm; hence, a 

proper anode is rich in electrical conductivity and has a high 

specific surface area (Gajda et al., 2020). There are various 

carbon-based materials for the anode, such as carbon cloth, felt, 

and brush (Gajda et al., 2020). In this study, both electrodes are 

characterized by carbon cloth and some steps are necessary to 

prepare the electrodes before use. Therefore, the anode 

electrode was soaked in oxygenated water at ambient 

temperature for 20 minutes and, then, it was boiled in deionized 

water for 10 minutes to remove contaminants accumulated 

inside its pore. Three layers of carbon cloth cover the T-shape 

anode to achieve an appropriate carbon cloth thickness. 

Flowchart 2 shows the steps of preparing the Anode. 

 

Flowchart 2. Steps of preparing the anode 

Figure 3 presents the procedure of preparing the anode. 

 

Figure 3. The procedure of preparing the anode 

2.3. Cathode Electrode 

The first step in making the cathode electrode is the same as 

that in the anode electrode. Although oxygen is the best-known 

and most suitable electron acceptor, carbon-air cathodes suffer 

low efficiency due to the slow kinetics of oxygen reduction in 

carbon cathodes. Therefore, additional stages are required for 

the cathode to increase the efficiency in a single-chamber MFC. 

A common technique, Pt/C catalyst, was used to solve the 

problem, accelerate the oxygen recovery, and reduce the over 

potential at the cathode (Li et al., 2021). Thus, platinum powder 

with a 10 wt% loading of 0.35 mg/, water, and ethanol was 

mixed for 30 minutes. Next, 60 wt% of the ordinary polymer 

binder in the fabrication of metal-carbon composite electrodes, 

Polytetrafluoroethylene (PTFE) (Simeon et al., 2022), was 

added to make a 30 wt% solution and stirred for 10 minutes. 

After that, the surface of the air cathode with dimensions 150 

mm × 32 mm × 2.53 mm, as shown in Figure 4, was 

impregnated with the prepared mixture and a brush. 

 

Figure 4. Air cathode preparation

Soak the carbon cloth in oxygenated water at 

ambient temperature for 20 minutes 

Boil the carbon cloth in deionized water for 10 minutes 

Cover the T shape with three layers of the carbon cloth  
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Flowchart 3. The steps required to prepare the cathode electrode 

In the following, the carbon cloth was dried in three stages: at 

ambient temperature for 24 hours, at 225 ℃ for 30 minutes in 

an oven, and then, in a kiln at 350 ℃ for 30 minutes. Finally, 2 

mg/cm2 Nafion solution (30 wt%) was added to the carbon 

cloth. The carbon cloth was placed in the oven at 80 ℃ and 

dried at ambient temperature for 1 hour. Flowchart 3 shows the 

steps to prepare the cathode electrode. 

2.4. Membrane and Electrode Assembly 

After preparing the membrane and electrodes, several layers of 

carbon cloth were pressed onto the membrane for 15 minutes at 

145℃ temperature and 193 atm pressure (Kiaeenejad et al., 

2020). In the end, two copper wires were attached to the surface 

of each electrode to make a circuit. Figure 5 shows an exploded 

view of the cathode electrode in Solid Works software. 

 

Figure 5. Exploded drawing view of the cathode electrode 

(A) membrane, (B) nafion+PTFE+Pt powder, (C) cathode, (D) Pt 

Powder 

2.5. Chemicals 

For making a 0.4 M NaOH solution, 5 g of crushed NaOH was 

added to 250 ml of deionized water and stirred until being 

completely dissolved. 

2.6. Reducing Agent 

The reducing agent is mandatory in eliminating extra oxygen in 

the chamber (Cui, 2016). First, 25 mL of 0.4 M NaOH solution 

was poured into a small storage. Second, while the storage was 

in a fume hood to aerate the solution with N2 gas, 1.35 g of 

cysteine HCl, 20 mL of 3 (w/v%) Na2S, and 5 mL of DI water 

were added to the storage. It should be noted at this point that 

50 mL of the reducing agent was added to 1 mL of the substrate, 

which will be described in the next step. 

2.7. Substrate 

One of the most impressive MFC component required for 

electricity generation is substrate, which is of different types, 

ranging from pure compounds to complex substrates, such as 

wastewater (Salar-Garcia et al., 2021). In this study, some 

components are combined according to the following steps to 

produce the substrate. First, 1 L of DI water was poured into 

Boil the carbon cloth in deionized 

water for 10 minutes 

Mix the Platinum powder with a 10 wt% loading of 

0.35 mg/cm2 with water and ethanol for 30 minutes 

Add 60 wt% poly tetrafluoride and stir it for 10 minutes 

Soak the carbon cloth in oxygenated 

water at ambient temperature for 20 

minutes 

Dry the carbon cloth at ambient temperature for 

24 hours 

Dry the carbon cloth at 225 ℃ for 30 minutes 

in an oven 

Dry the carbon cloth at 350 ℃  for 30 

minutes in a kiln 

Impregnate 

 

Place the carbon cloth in the oven at 80 ℃ dry at ambient 

temperature for 1 hour 

Add 2 mg/cm2 of Nafion solution 30 wt 

to the carbon cloth 
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the reservoir containing 5 g of sodium acetate and then, the 

solution was located on a magnetic stirrer at 400 rpm. Next, the 

compounds mentioned in Table 1 were added to the reservoir, 

respectively. 

Table 1. Components of the substrate 

Component Formula Amount 

Dipotassium phosphate K2HPO4 
0.9 g 

Ammonium chloride NH4Cl 0.73 g 

Sodium chloride NaCl 0.9 g 

Magnesium sulfate MgSO4 0.09 g 

When all particles dissolved, the N2 gas tube was inserted into 

the storage for 10 minutes and then, 50 ml of the reducing agent 

was slowly added to the reservoir. At this point, HCl and NaOH 

were used to adjust the pH of the solution to 6.8 (Cui, 2016). 

2.8. Bacteria 

Bacteria adhere to the surface of an anode and form a biofilm 

that protects a microorganism from environmental threats 

(Greenman et al., 2022). In this research, a microbiology 

laboratory of Alzahra Tehran University provided the resource 

of E. coli, and the resource of S.one was purchased from 

Academic Center for Education Culture and Research 

(ACECR). Since their life span is not enough for long-term use, 

they had to be cultured. For this reason, the bacteria were 

cultured on an agar plate and then, the plate was placed in an 

oven at 28 centigrade for 24 hours. 

2.9. Test Procedure 

For running the test in a batch feed mode, first, a colony of the 

bacterium was collected with a loop, and the bacterium was 

dissolved in a 9% sodium chloride solution (the amount of 9% 

sodium chloride solution varied depending on the bacterial 

concentration) under a fume hood to prepare the cell 

electrolyte. Then, a solution containing 100 ml of the substrate 

and 50 ml of the reducing agent was added to the electrolyte. 

Next, the chamber was placed on a hot plate, and a magnetic 

stirrer was in the chamber to prevent material deposition. 

Figure 6 shows an open-circuit setup. 

A Hioki DT4200 series digital data logger was used that could 

be connected to a computer and it automatically recorded the 

voltage at predefined intervals. Therefore, a circuit was made 

via the cables of the data logger. It is worth mentioning that the 

measured voltages were used to calculate the current and power 

density via Equations (1) and (2) (Imologie et al., 2016). 

I =
V

R
                                                                                                          (1) 

P =
V2

AanR
                                                                                                  (2) 

where V is the voltage across each resistor (mV), R is the 

resistance of each external load (Ω), I is the current (mA), P is 

the power density (mW/m2), and 𝐴𝑎𝑛 is the anode surface area 

(m2). 

 

Figure 6. Setup of the batch feed mode test  

(A) hot plate, (B) MFC, (C) 𝑁2 gas tube, (D) wire of cathode, (E) 

wire of anode, (F) data logger, and (G) host computer 

Two cables of data loggers were connected to a known resistor 

by two copper wires. Variable resistors (500, 1000 Ω, 2500 Ω, 

7500 Ω, 15000 Ω) were used to find the highest power density 

and after 24 hours of recording data, another resistor was set 

up.  

Table 2 shows a list of the devices and sensors from the 

beginning to the end of the experimentation. 

Table 2. list of devices and sensors 

Device/Sensor 

Name 

Measured 

Variables 

Error 

Range 

Manufacturer 

Name 

PH Meter 0-14 ±0.001 Phoenix 

Hot Plate 

100-1400 

rpm 

Up to 300 ℃ 

±0.02 Heidolph 

Data Logger 1000 V ±0.001 Hioki 

Scale 200 g 0.1 mg Aczet 

3. RESULTS AND DISCUSSION 

This section represents the results of parameter studies that 

include the effects of bacteria type, chamber temperature, 

bacteria concentration, distance of electrodes, and stirrer speed 

on the cell polarization curve. In addition, for each parameter, 

the measurements are compared with the results reported by 

other researchers.
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3.1. Bacteria Type 

Bacterium is a catalytic agent in the electrochemical reactions 

in microbial fuel cells that attaches to the surface of an anode 

electrode and forms a biofilm (Flimban et al., 2019). Micro-

organisms constituting the biofilm show considerable effects 

on the electron generation mechanism (Angelaalincy et al., 

2018). Therefore, selecting a more efficient bacterium leads to 

more electron transfer to the external circuit (Bhargavi et al., 

2018). S.one can provide its electron shuttles (Lee & Huang, 

2013), and E. Coli has a greatly porous construction (Priya et 

al., 2016). Figure 7 shows the polarization curve for each 

bacterium. 

 

Figure 7. Comparison in the polarization curve of S. One and E. Coli 

bacteria 

Based on Figure 7, due to more electron absorption in S. one 

bacteria than in E. coli, Shewanella generated more current at a 

given voltage. The maximum voltage at 7500 Ω external 

resistance was 486.9 mV for Shewanella and 249.4 mV for E. 

Coli. In addition, for Shewanella, the greatest power density 

was 9.73 mW/m2 and at this point, the current density was 57 

mA/m2, while for E. Coli, the maximum power density was 5.1 

mW/m2 and at this point, the current density was 41 mA/m2. 

The reason could be Shewanella feature of facultative 

anaerobic electrogenic (Sen-Dogan et al., 2020). The results are 

similar to those obtained by Juliastuti et al. (2017) upon 

comparing the capability to generate voltage for Shewanella 

and E. Coli in different bacteria concentrations for 12 days. In 

fact, for Shewanella, they found that the highest voltage was 

988 mV at 12.5% (v/v), while the lowest voltage was around 

450 mV at 10% (v/v). Besides, for E. Coli, the maximum 

voltage was 487 mV at 12.5% (v/v), while the minimum 

voltage was 150 mV at 17.5% (v/v). Moreover, Juliastuti et al. 

(2017) determined the greatest power density of Shewanella 

and E. Coli at 0.432 mW/m2 and 0.371 mW/m2, respectively . 

However, Cao et al. (2019) reported that the power density for 

E. Coli and Shewanella was 1304 mW/m2 and 249 mW/m2, 

respectively . The different shapes of the chamber may cause 

diverse outcomes. Wang et al. (2015) demonstrated that in a 

dual-chamber U-tube cell, the current density in S.one was 

higher than that in E. Coli. 

3.2. Chamber Temperature 

Temperature and the rate of reaction are the factors that highly 

impact microbial metabolic activity (Sen-Dogan et al., 2020; 

Singh & Krishnamurthy, 2019). Therefore, the second studied 

parameter was the chamber temperature. Therefore, the 

chamber was placed on a hot plate at three different 

temperatures, 30℃, 45℃, and 60℃, for 24 hours. Figure 8 

shows the polarization curves at different temperatures. 

 

Figure 8. Comparison of the polarization curve of S. One at three 

different temperatures 

Figure 8 shows that the highest voltage was 486.9 mV at 45℃; 

the next highest voltage was 317.8 mV at 60 ℃; and the lowest 

voltage was 242 mV at 30 ℃ with 7500 Ω external resistance. 

Furthermore, the maximum power density was 9.73 mW/m2 at 

45 ℃; the next highest power density was 6.78 mW/m2 at 60 

℃; and the minimum power density was 2.61 mW/m2 at 30 ℃. 

The maximum power density was a reference point for each 

temperature; the current density was 57 mA/m2, 30 mA/m2, 

and 26.5 mA/m2 at 45 ℃, 60 ℃, and 30 ℃, respectively, in 

that order. Feng et al. (2019) divided six domestic wastewater 

reactors into three groups operating in the batch mode at 15℃, 

20℃, and 30℃. They found that the maximum voltages at 30 

℃, 20 ℃, and 15 ℃ were 434.3 mV, 382.8 mV, and 297.0 mV, 

respectively. They also reported the highest power density at 30 

℃, 20 ℃, and 15 ℃ with 367.7 mW/m2, 260.1 mW/m2, and 

166 mW/m2, respectively. Aghababaie et al. (2015) 

investigated the generated power density at 30 ℃, 40 ℃, and 

50 ℃. They found that the power density at 40 ℃ was twice 

that at 30 ℃ and the power density at 50 ℃ was reduced four 

times. Ren et al. (2017) built a miniaturized microbial fuel cell 

using Geobacter sulfurreducens and an anode of 150 μl. Next, 

Ren et al. placed the MFC in a temperature-controlled closed-

loop oven to form the biofilm and waited for 3 to 6 hours to 

stabilize the current. First, they set the temperature at 41 ℃ and, 

then, measured the power of the MFC at different temperatures, 

21℃ to 59 ℃, at six intervals. They found that the current 
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density at 21 ℃ was 2.2 A/m2, while the parameter at 59 ℃ 

was 6.2 A/m2. Gadkaria et al. (2020) observed the performance 

of five air-cathode MFCs at different temperatures. They used 

two methods namely parameter estimation at 24 ℃, 30 ℃, and 

34 ℃ and numerical prediction at 20 ℃ and 40 ℃ to prove the 

applicability and accuracy of the experimental data. They then 

compared the results of their experimental data at 20 ℃, 24 ℃, 

30 ℃, 34 ℃, and 40 ℃ with the results of the two methods. 

They obtained experimental and numerical predictions, which 

showed a 4.5% decrease in the maximum power density at 40 

℃ compared to 34 ℃. Oliot et al. (2017) studied an MFC 

operation of an acetate batch. At 25 ℃, it took 40 days to create 

three acetate batches, whereas only 20 days were sufficient at 

40 ℃. They found that the current density at 40 ℃ and 25 ℃ 

was 22.9 ± 4.2 A/m2 and 9.4 ± 2 A/m2, respectively. Table 3 

shows a summary of the data.  

Table 3. An overview of temperature comparison in different studies 

Author 

Research 

Year 

Temperature 

Range (℃) 

Temperatu

re of Max 

Voltage 

(℃) 

Max 

Voltage 

(mV) 

Temperatu

re of Max 

Power 

Density 

(℃) 

Max 

Power 

density 

(mW/m2) 

Temperatu

re of Max 

Current 

Density 

(℃) 

Max 

Current 

density 

(mA/m2) 

Feng et 

al. 

2019 

15, 20,30 
30 

434.3 mV 

30 

367.7 
 

Aghababa

ie et al. 

2015 

30,40,50 
- 

650 

40 

2-fold 

than 30 ℃ 

 

Ren et al. 

2017 
21,49,53   

49 

6.2×10^3 

Gadkari 

et al. 

2020 

20,25,30,34,

40 

32.24 

680 

34 

1.1x10^3 
 

Oliot et 

al. 

2017 

25,40   

40 

(22.9 ± 

4.2) 

×10^3 

Current 

Work 

2021 

30,45,60 
45 

486.9 

45 

9.73 
 

3.3. Bacteria Concentration 

Although the number of bacteria in a substrate is directly 

relevant to the power output in microbial fuel cells (Al-Asheh 

et al., 2020), the point is that a high concentration of bacteria 

does not have a positive impact on electricity generation 

(Marashi & Kariminia, 2015). Hence, to find the most efficient 

concentration of bacteria, the cell performance was surveyed at 

three different concentrations: 0.5% (v/v) (4.5 mg ml⁄ ), 1% 

(v/v) (9mg ml⁄ ), and 1.5% (v/v) (13.5mg ml⁄ ). Figure 9 shows 

the polarization curves. 

 

Figure 9. Comparison of the polarization curve of S. One at three 

different concentrations 

Figure 9 illustrates that having more bacteria does not increase 

efficiency, and vice versa; thus, an optimal concentration 

should be sought. As can be seen, the maximum voltage at 

external resistance of 7500 Ω was 486.9 mV at 1%, the second 

300 mV at 1.5%, and the lowest 337 mV at 0.5% concentration. 

Besides, the maximum power density was 9.73 mW/m2 at 1% 

and at this point, the current density was 57 mA/m2; the next 

highest power density level was 6.11 mW/m2 at 1.5%; the 

current density was 45.16 mA/m2; the lowest power density 

was 5.75 mW/m2 at 0.5%; and the current density was 43.8 

mA/m2. Since at a concentration of 1.5%, the bacteria 

accumulate on the electrode surface and at a 0.5% 

concentration, there are not enough bacteria to absorb extra 

electrons, contributing to power generation; thus, the efficiency 

of the microbial fuel cell declines. Miyahara et al. used a single 

MFC with three equipped units and a cassette electrode. 

Meidensha et al. (2015) achieved MFC power density rates at 

different NaCl concentrations, mimicking freshwater (0 M), 

brackish water (0.05–0.3 M), seawater (0.6 M), and hypersaline 

lakes (1.8 M). They demonstrated that the highest and lowest 

power densities at 0.1M and 1.8M were 504 ± 41 mW/m2 and 

1.6 ± 0.3 mW/m2, respectively. 
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Juliastuti et al. (2017) compared the capability of generating 

voltage for Shewanella and E. Coli at different bacteria 

concentrations of 10%, 12.5%, 15%, and 17.5% (v/v) for 12 

days. In fact, they found that the highest voltage was 988 mV 

at 12.5% (v/v) while the lowest voltage was around 450 mV at 

10% (v/v) for Shewanella; and the maximum voltage was 487 

mV at 12.5% (v/v) and the minimum voltage was 150 mV at 

17.5% (v/v) for E. Coli. Moreover, Juliastuti et al. (2017) found 

that the maximum power density for Shewanella and E. Coli 

was 0.432 mW/m2 and 0.371 mW/m2, respectively, at 12.5% 

(v/v). Tan et al. (2020) perused the function of a single-chamber 

UFML-MFC at different sodium acetate concentrations (0.405 

g/L, 0.810 g/L, 1.215 g/L, 1.620 g/L). They grasped that the 

most efficient substrate concentrations were 0.810 g/L, while 

the maximum voltage was 610 mV, the greatest power density 

was 162.59 mW/m2, and the current density was 468.74 

mA/m2. Ni et al. (2020) studied the operation of four identical 

double-chambered MFCs at 30 and three concentrations of 

swine wastewater. To stabilize the operation for two weeks, 

they found that the power density increased by growing 

concentration. Kong et al. (2018) studied the impact of glucose 

concentration on a two-chambered microbial fuel cell. His 

report indicated that the maximum volumetric power density 

decreased from 5.3 to 2.25 mW/m3 if the glucose concentration 

increased from 0.5 to 4 g/l and there was no power output when 

the glucose concentration reached 12 g/l. 

3.4. Electrode Distance 

Finding an efficient distance between the electrodes to obtain 

the best power density is quite significant (Harimawan et al., 

2018). Therefore, the position of the anode with respect to that 

of the cathode was changed according to the following 

distance: 2 cm, 3 cm, and 4 cm, to study the impact of the 

distance variation. Figure 10 shows the polarization curves. 

 

 Figure 10. Comparison of the polarization curve of S. One at three 

different distances 

As shown in Figure 10, the maximum voltage at 7500 Ω 

external resistance was 486.9 mV at 3 cm, the second highest 

voltage was 297.6 mV at 4 cm; and the lowest voltage was 

263.7 mV at a 2 cm distance. Figure 10 indicates that the 

highest power density at a 3 cm distance was 9.73 mW/m2, 

while the current density at this point was 56.97 mA/m2. The 

second power density was 6.21 mW/m2 at a 4 cm distance, 

while the current density at this point was 45.53 mA/m2; the 

lowest power density was 4.94mW/m2 corresponding to a 2 cm 

distance, while the current density at this point was 31.33 

mA/m2. At a very close distance, there is not sufficient space 

for electron transfer, and at a long distance, the ability to 

transmit electrons through the membrane is attenuated. Sing-

Mei Tan et al. perused the influence of anode distributions 

(11cm, 17cm, 23cm) in a continuous up-flow MFC. They 

obtained that the highest voltage and power densities were 

610.4 mV and 162.59 mW/m2 at 23 cm; the next voltage and 

power density were 597 mV and 154.3 mW/m2 at 17 cm; and 

the minimum voltage and power density were 584 mV and 

140.85 mW/m2 at 11 cm. González-Gamboa et al. (2018) 

studied a set of BMFCs with floating air cathodes at different 

distances and used the sediment of a bay as a substrate. They 

compared the distance between electrodes at 5 cm, 10 cm, 50 

cm, and 100 cm. They obtained that the maximum power 

density was 109.6 mW/m2 and the current density was 929.7 

mA/m2 in the BMFC at 10 cm anode depth and 10 cm of 

cathode separation. However, Gadkari et al. (2020) studied the 

operation of an MFC at 1 cm, 2 cm, 3 cm, and 4 cm distances 

between anode and cathode. They achieved that if the distance 

between the electrodes increased, the power density decreased. 

Lee and Huang (2013) examined electricity generation in a 

microbial fuel cell at 5.8 cm, 10.2 cm, 15.1 cm, and 19.5 cm 

electrode spacing. They discharged the MFC reactor 

continuously with a specific acetate concentration for at least 

seven days at room temperature for each run to maintain steady-

state conditions. They demonstrated that the best power density 

was 3.32 mW/m2 at 5.8 cm electrode spacing. Table 4 shows a 

summary of the data. 

Table 4. An overview of comparison of electrodes distance in 

different studies 
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3.5. Stirrer Speed 

The last parameter studied was the rotational speed of the 

magnetic stirrer placed in the substrate chamber. The rate of 

speed was set at three different values, i.e., 150, 200, and 250 

rpm. Figure 11 shows the polarization curves. 

 

Figure 11. Comparison of the polarization curve of S. One at three 

different rotational speeds 

As can be seen in Figure 11, the highest voltage at 7500 Ω 

external resistance was 486.9 mV at 150 rpm and the next was 

297.1 mV at 100 rpm, while the lowest was 271.8 mV at 200 

rpm. Moreover, the highest power density at 150 rpm was 9.73 

mW/m2, while the current density at this point was 56.97 

mA/m2. The second power density was 8.67 mW/m2 

corresponding to 100 rpm, while the current density was 43.43 

mA/m2. The lowest power density was 7.87 mW/m2 

corresponding to 200 rpm, while the current density at this 

point was 35.17 mA/m2. What stands from the results is that a 

low rotational speed of the magnetic stirrer causes substrate 

stagnation; thus, the ability of bacteria to transfer electrons to 

the anode electrode is diminished. On the other hand, at a high 

rotational speed, no sufficient time is there for bacteria to move 

a considerable number of electrons to the anode electrode. 

Pan et al. (2019) compared current density and power density 

at different anolyte circulation in a tubular MFC, 0 rpm, 150 

rpm, and 300 rpm. They figured out that the maximum power 

density was 7.71±0.40 W/m3 14.95±0.28 at 300 rpm, while the 

minimum power density was 5.03±0.43 W/m3 at 0 rpm. 

However, there was no remarkable difference between the 

power density at 300 rpm and 150 rpm. Liu et al. (2020) 

considered different masses of carbon granules as an anode 

electrode in a double chamber microbial fuel cell to investigate 

the effect of the rotational rate of the carbon granules suspense. 

They studied different masses of carbon granules with 0 rpm, 

50 rpm, 100 rpm, 150 rpm, 200 rpm, 250 rpm, and 300 rpm 

rotational rates. They concluded that as the rotational rate 

increased, the power density grew. Hamed et al. (2020) studied 

the effect of agitation and aeration of anolyte and catholyte at 

0rpm, 150 rpm, 300 rpm, and 600 rpm on current density. They 

found that at 600 rpm, the current density in the catholyte 

increased by 2.2 times, while it decreased in the anolyte. 

Moreover, they reported that with aeration and agitation 

simultaneously, the current density significantly increased. 

However, the high agitation speed with aeration makes small 

air bubble dispersion in the catholyte, contributing to reduced 

electrical conductivity and current density. 

4. CONCLUSION AND FUTURE RESEARCH 

Microbial fuel cells could produce clean energy from 

various sustainable resources. However, it is critical to 

optimize their design and conditions to improve the 

performance of this technology. In this work, the impacts 

of parameters, such as bacterial type, chamber 

temperature, bacteria concentration, electrode space, and 

rotation speed of the substrate, were evaluated to determine 

the efficient power density for a single-chamber MFC 

device. The performance of the MFC was influenced by 

several factors according to the following results:  

• S. one has a greater ability to absorb electrons than E. 

coli under the same conditions. 

• Increasing the chamber temperature resulted in the 

bacteria going to the death log, and decreasing the 

chamber temperature led to the inability of the 

bacteria to transfer enormous electrons. 

• In terms of bacterial concentration, an increase helps 

accumulate bacteria on the electrode surface, while a 

decrease leads to a fall in the number of electrons 

transferred. 

• An increase in electrode space led to a decrease in 

the number of transferred electrons, while a decrease 

caused insufficient space for electron migration.  

• Regarding the substrate rotation speed, the increase 

contributes to the formation of air bubbles, while the 

reduction contributes to the substrate sedimentation. 

In Summary, providing S. one as a bacterium, 45 ℃ of chamber 

temperature, 1% bacteria concentration, 3 cm distance of 

electrodes, and 150 rpm substrate rotational speed contributed 

to the highest voltage and power density. The maximum 

voltage and the highest power density were 486.9 mV and 9.73 

mW/m2, respectively. In addition, at constant resistance, the 

system first went through incremental phase and then, reached 

the stationary phase over time. This study evaluated the effects
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of different parameters on an MFC to optimize the 

performance, but future research must be conducted. 

Investigating other types of bacteria or even the mixture of E. 

coli and S.one may give better results. It is proposed to study 

(i) what happens after 24 hours of the experimentation, (ii) 

when the death phase of bacteria is at different temperatures, 

and (iii) how the pattern of biofilm structure forms at different 

concentrations. For future development, these assumptions will 

be taken into consideration. 
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NOMENCLATURE 

MFC Microbial Fuel Cell 

PTFE Polytetrafluoroethylene 

𝐴𝑎𝑛 Anode surface area (m2) 

𝐼 Current (mA) 

𝑃 Power density (mW/m2) 

𝑅 Resistance of each external load (Ω) 

𝑉 Voltage across each resistor (mV) 
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