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ABSTRACT 

Microbial fuel cell is a device that uses the microorganism metabolism for the production of 

electricity under specific operating conditions. Double chamber microbial fuel cell was tested for 

the use of two cheap electrode materials copper and aluminum for the production of electricity 

under different operating conditions. The investigated conditions were concentration of 

microorganism (yeast) (0.5- 2 g/l), solutions temperature (33-45 oC) and concentration of glucose 

as a substrate (1.5- 6 g/l). The results demonstrated that copper electrode exhibit good performance 

while the performance of aluminum is poor. The electricity is generated with and without the 

addition of substrate. Addition of glucose substrate up to 3 g/l increased the produced current but 

with further increase of the amount of substrate, the current generated decreases.  The optimum 

temperature for electricity production was found to be 36 oC. 
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وكذلك تم دراسة اضافة السكر كمادة مساعدة على التخمر البكتيري وبتراكيز  م( 45-33)المحلول لتر( ودرجة حرارة /غم

لتر(. اظهرت النتائج ان قطب النحاس يظهر اداء جيد في توليد التيار الكهربائي بينما يكون اداء الالمنيوم ضعيف. /غم 1.5-6)

انتاجية لتر يزيد من /غم 3ان اضافة السكر الى حد  السكر وكذلك بدون اضافة للسكر وتبين بإضافةان توليد التيار الكهربائي تم 

ظروف  أفضلالمتولد. ان  كمية التيارالكهربائي ولكن زيادة كمية السكر المضاف الى تركيز اعلى من هذا التركيز يقلل  التيار

 م. 36لدرجة الحرارة في انتاج التيار الكهربائي وجدت عند 

التخمر البكتيري. الخميرة، الالمنيوم، النحاس،قطب  .الميكروبيةالوقود خلية الكلمات الرئيسية:   

1.INTRODUCTION 

Microbial fuel cells (MFCs) are a type of fuel cells that are considered a new source of clean 

energy. This technology changes the energy  saved in chemical bonds in organic compounds to 

electrical energy by microorganisms (Rahimnejad , et al., 2011; Ismail and Jaeel, 2013  ). The 

microbial fuel cells are classified into two kinds depending on the way of the current transfer 

from microorganism (MO) to the electrodes. The first kind is mediator cells in which the 

mediators are added into the solution to enhance the electron transfer and the second which is 

mediatorless, where no mediator is added (OH, et al., 2004). It is a new bio-electrochemical 

device which generates electricity from biodegradable materials (Li, et al., 2014, Khudzari et 

al., 2019). Common substrates that were used in previous investigations for feeding the MO in 

the cell are pure hydrocarbons such as glucose, acetate, or lactate (Guerrero, et al., 2014). 

Several parameters affect the performance of MFC such as, electrode type, temperature, pH, 

solution resistance, inoculums and substrate (Ghoreyshi, et al., 2011; Jiang et al. 2020). The 

performance of MFCs is greatly influenced by the material of electrodes used and their properties 

such as the geometry, surface area, MO and substrate adhesion, electrical conductivity, and 

electrochemical efficiency (Mustakeem, 2015, Baudler et al., 2015, Liu et al., 2020). There 

are many electrode materials used to scale up the energy production using different MO types 

and concentrations. The principle of MFCs depends on the fact that the generation of current is 

dependent on the nature of MO as they transfer the electrons from an electron donor to an 

electron acceptor of relatively high  electrochemical potential (Ali, et al., 2018). Some authors 

proposed that the microorganism is capable of transferring the electrons directly to the electrode 

by direct electron transfer mechanism (Torres, et al., 2010). Other pathways include the use of 

a conductive polymeric matrix and conductive nanowires for direct contact to the anode 

(Marcus, et al., 2007, Laspidou and Rittmann, 2004). When MO degrade the substrate in 

aerobic conditions, the CO2 and water form, while when in anaerobic conditions (O2 absence) 

they produce CO2, electrons, and protons (Moawad, 2013):  
 

       C12H22O11 + 13H2O → 12CO2 + 48H+ + 48e-                           (1) 
 

 Mediatorless MFCs are found not to require mediators to increase electron transfer rate to MFC 

electrodes. These mediatorless cells utilize the conversion of the chemical energy into electricity 

using the active microbial consortium as biocatalysts. The MO oxidizes the organic substances 

and the produced electrons transfer to the electrode (Jong, et al., 2006). It has been reported by 

previous works that different MO can produce electricity in the absence of an exogenous mediator 

from chemicals such as glucose, format, lactate, acetate, pyruvate, benzoate, and hydrogen (OH, 

et al., 2004; Ismail and Mohammed, 2017).  

Temperature is an important parameter that affects the performance of microbial fuel cell. (Jadhav 

and Ghangrekar, 2009) found that the performance of a double chamber MFC was better when 

working at lower temperature range. In that work the authors found that for  

temperature range from 20-35 oC the removal of substrate is high but the current produced is low. 

However, for low temperature range 8- 22 C the removal of substrate is low but the produced 

current is high. (Tang et.al. , 2012). Reported that the electrode materials play important role in  

catalyzing the biochemical reactions and reducing the resistance for electrons transfer. In addition,  



Journal  of  Engineering Volume  26    June   2020 Number  6 
 

 

74 

 

most improvement of the MFC efficiency can be attained by increasing the reactive surface area 

(Sanchez, 2013). The performance and cost of electrodes are the most important aspects in the 

design of microbial fuel cell reactors (Wei, et.al. 2011). Therefore, it is of practical significance 

to seek efficient and cheap electrode material for increasing the performance of MFC. 

The aim of this work is to investigate the suitability of using copper and aluminum as a relatively 

cheap electrode materials in a microbial fuel cell for the production of bioelectricity for ranges of 

microorganism concentrations, solution temperature, and   substrate concentration. 
 

2. EXPERIMENTAL WORK 

Fig. 1 is a schematic representation of the experimental set up which consists of a double 

compartment MFC. The two compartments were placed in water bath to maintain the solution’s 

temperature at the required value. One compartment contains the anodolyte of yeast 

microorganism of different concentrations with 0.1N NaCl solution . The other compartment 

contains the catholyte which is 0.1N NaCl solution. Firstly, copper was investigated as an anode 

and cathode then then aluminum was used. The electrodes were cut as thin coupons of dimensions 

40×40 mm. One face of coupons was exposed to the solutions while the other face was completely 

insulated.  Zero resistance ammeter ZAR was used for measuring the produced current and 

standard calomel electrode (SCE) for measuring the electrodes potentials. A pH meter was 

employed for solution pH measurements. Before adding the microorganism to the solution, the 

current was ensured to be zero between the two compartments containing only 0.1N NaCl solution. 

Then, the yeast microorganism of different amounts was added without substrate and the produced 

current was recorded with time. The glucose as a substrate was added in different amounts. Yeast 

is heterotrophic and it ingests food from the surrounding. It is unable produce food but it grows 

on organic feedstocks that possess competing uses in the production of food (Gassler et al., 2019). 

The anode chamber consisted of copper (or aluminum) electrode of exposed area 1600 mm2.  It 

was filled with 1.5 liter of 0.1N NaCl solution containing different concentrations of yeast 

microorganism.  Cathode chamber consisted of copper electrode of an area of 1600 mm2.  The 

cathode chamber was filled with 1.5 liter of 0.1N NaCl solution. The electrodes were hold in the 

solution by fixing them on a plastic board. The anode and cathode chambers were connected by 

salt bridge filled with 0.4N NaCl solutions. The distance between electrodes is affixed on 120 mm. 

An external wire was used to electrically connect the two champers. Before connecting the MFC, 

the open circuit potential of each electrode was measured with time for the different conditions 

investigated to understand its behavior with operating parameters. Concentrations range of   

microorganism (yeast) from 0 to 6 g/l was studied to examine the values of current produced and 

trends of electrode potentials for 60 minutes time duration for temperature range of 33-45 oC. The 

pH of solutions in both champers was measured along the test interval and found to be around 7. 

Glucose was added to the solution that contains yeast and left for half an hour before starting the 

run to study its effect on the produced current. Both chambers were open to atmosphere. Each 

experiment was repeated 3 times to ensure the results reproducibility. 

Corrosion tests of copper and aluminum was performed to determine the corrosion rate for 

examining electrodes efficiency. The corrosion rate of each electrode (Cu and Al) was  
 

determined using weight loss method in selected most corrosive operating conditions.  To 

determine the corrosion rate, the test samples were prepared according to the standard procedure 

for sample preparation for corrosion tests (Shreir, 2000; Fontana, 2017). The corrosion rate was 

determined by weighting the specimen before the corrosion test using sensitive digital balance 

(accuracy 0.1 mg). Each specimen was immersed in the solution containing 2 g/l yeast, 3 g/l 

glucose, 0.1N NaCl at 36 oC  for 4 hours. After the corrosion test, the specimens were cleaned, 

dried, and weighed to determine the loss in weight due to corrosion (Slaiman et al., 2008; Hasan 

and Aziz, 2017). Each experiment was repeated twice. No appreciable weight loss was noticed for 

both metals.  
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Figure. 1. Experimental set up: 1. Zero Resistance Ammeter, 2. Voltmeter, 3. Stand, 4. Water 

bath, 5. Copper wire, 6. Salt bridge, 7. Beakers, 8. Electrode (Cu or Al), 9. Reference 

electrode (SCE). 

3. RESULTS AND DISCUSSION 

Both copper (Cu) and aluminum (Al) are used to as electrode for the MFC under different 

operating conditions and the results are presented in this section. 

 

3.1 Effect of Microorganism (MO) Concentration  

Various amounts of biomass were added to the anode compartment to determine the values of 

produced current. Electrode potential influences the oxidation process of microorganism (MO) 

that results in a current flowing in the circuit.   It is interesting to investigate the variation of 

electrode potentials with the operating parameters to understand its effect of produced current. 

Fig. 2 and 3 show the influence of the microorganism (yeast) concentrations on the open circuit 

potentials for copper and   aluminum electrodes.  It can be seen that the increase in microorganism 

concentration leads to shift the potential to more negative direction. The shift of potential to more 

negative with increasing MO concentration leads to increase the  

 

potential difference between the two poles of the cell. This leads to generate a current between the 

two terminals.  In general for a particular MO concentration, the potential is also shifted to more 

negative with time. This is ascribed to the occurrence of resistance polarization due to the 

formation of oxide film and biomass deposits (biofilm) on the electrode surface. The formation of 

oxide film on the electrode surface when there is no MO and deposits when MO is present, causes 

an increase in the electrical resistance between the solution and the electrode surface. This leads 

to a departure of electrode potential from the equilibrium potential which appears as a negative 

trend of the potential measured by the reference electrode (Hasan, 2010; Fontana, 2017).  

Fig. 4 compares the trends of open circuit potential (OCP) of copper (Cu) and aluminum (Al) 

electrodes immersed in a solution containing different concentrations of yeast microorganism at  
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33 oC.  These figures indicate that the copper electrode exhibits much higher potential than the 

aluminum electrode in different solution concentrations of microorganism. This indicates the 

higher electrochemical characteristics of Cu than Al in the relation to oxidation of microorganism.  

 

 

Figure 2. OCP of copper electrode versus time for different MO concentrations 

at T=33 oC. 

 
Figure 3. OCP of aluminum electrode versus time for different MO concentrations  

at T=33 oC. 
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Figure 4. OCP of Cu and Al electrodes for different concentrations of yeast MO at 33 oC, (a) no 

MO, (b) 0.5 g/l MO, (c) 1 g/l. 
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3.2 Produced Bio-Current 
 

Fig. 5 shows the produced current versus time for copper electrode for different MO 

concentrations. It can be seen that the current increases with time. This is due to the increased 

metabolism activity of the bacteria producing more electron which transfers to the cathode 

compartment where the dissolved O2 is reduced. Fig. 5 also shows that the produced current 

increases with increasing of MO concentration up to 6 g/l. The increase in the bio-current with 

MO concentration is due to the increased contact between MO and the electrode with causes an 

increase in oxidation process of MO.  Fig. 6 for aluminum electrode shows almost the same trend 

except that at high concentration of 6 g/l MO, the current becomes less.  This can be ascribed to 

the increased accumulation of MO on the electrode surface which increases the surface resistance 

to the current flow because of the formation of bio-fouling layer on that surface. Some previous 

authors (Picioreanu, et.al. 2007; Ren, et.al. 2011) have reported that the presence of biofilm 

restrains the elections passage to the electrode and thus the current decreases. The irregularity in 

the current behavior with time in Figs. 5 and 6 is ascribed to the fact that the current flowing in 

the cell is influenced by several factors such as potential difference, the non-uniform distribution 

of the deposits on the surface, the surface morphology, and the probability of oxidation and 

reduction reactions on both anode and cathode. All these factors cause some scattering of the data 

points. 

 

Figure 5. Current density versus time for copper electrode at 33 oC, at different     

concentrations of MO. 

 

 

Figure 6. Current density versus time for aluminum electrode at 33 oC, at different 

concentrations of MO. 
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Fig. 7 comapers the current produced when using the two electrode materials copper and 

aluminum  for different MO concentrations. It is evident that, generally, the current produced on 

Cu elecrodes is much higher than that of Al. This is ascribed to different reasons such as the higher 

electrical conductiivity of copper and higher electrode potential (as shown in Fig. 4) which 

facilitates the oxidation of microoragnisms. Other factor may also play a role that is the surface 

morphology and adhasion properties which give a chance to the microorganusm to stick on the 

surface for longer time interval.  It can be seen that the diffrence between the values of produced 

current reaches to 12 times higher on copper electrode than on aluminum electrode for MO 

concentration of 6 g/l. 
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Figure. 7. Performance of electrode type in galvanic cell, T=33 oC and different MO 

concentrations. (A) 0.5 g/l, (B) 1 g/l, (C) 2 g/l, (D) 4 g/l, (E) 6 g/l. 

3.3 Effect of Temperature 
 

Fig. 8 presents the effect of temperature on the generated current for 2 g/l MO concentration. 

It can be seen that the produced current is highest for T= 36 oC. With further increase of solution 

temperature, the current decreases. This behavior is attributed to MO activity. The microbial 

activity reaches the peak when the temperature increased to 36 ℃ that accelerates the oxidation 

rate and liberation of electrons from the microorganism and reduce the activation energy 

required.( Min, et al., 2008) found that at 15 ℃, the performance of MFC is weak. The authors 

reported that the maximum OCP is increased by 4.8% when the temperature increases from 30 
oC to 35 oC. This was due to that the energy cannot be maximized to improve by temperature 

increase. Microbes were noticed to have an optimum activity at temperature of 35 oC. Above 

this temperature it will start to die ( Tang, et al. 2012). 
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Figure. 8. The effect of temperature on current at 2 g/l MO concentration. 

 

3.4 Effect of Substrate (Glucose) Addition 
 

Fig. 9 shows the effect of substrate (glucose) concentrations on the potential of copper anode. It 

is clear that increasing the substrate concentration causes a noticeable shift of the potential to more 

positive direction. This is attributed to the formation of hydrogen ion (H+) due to the degradation 

of hydrocarbons by the microorganisms according to Eq. (1). The formation of H+ means more 

acidic solution which causes an increase in the potential.  Highest increase in potential is in the  

case of 6 g/l glucose. The trend of electrode potential has a direct effect on the bio-current 

produced.  Fig. 10 shows the effect of adding glucose substrate to the MO solution on the produced 

current when the concentration of MO is 2 g/l. It is clear that increasing glucose amount up to 3 

g/l causes an increase in the MO activity which degrades the biomass resulting in more electrons 

according to Eq. (1).   From Fig. 10, adding 3 g/l glucose increases the current by an average of 

5.5 times.  Further increase in substrate concentration to 6 g/l causes a clear reduction in the 

produced current. 

The decrease in the current with large increase in glucose concentration can be ascribed to (i) the 

increased solution viscosity which restrains the microorganism movement toward the  

 

electrode, (ii) deposition or adhesion of glucose on the electrode surface which increases the 

electrical resistance at the surface, (iii) reduction in the potential difference between cathode and 

anode because of the increased potential of anode due the formation of excessive amount of H+. 

 Overall, the optimum operating conditions for obtaining the maximum power input are: use of 

copper electrode, T= 36 oC, MO concentration of 6 g/l, and substrate (glucose) concentration of 3 

g/l.  
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Figure 9. Effect of glucose on anode potential at 33 C, 2 g/l MO using copper electrode. 
 

 

Figure 10. Effect of glucose on current of microbial fuel cell at 33 oC, 2 g/l MO using 

copper electrodes. 
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more negative; the factor that increases the current production by increasing the potential 

difference between the electrodes of MFC 
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