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INTRODUCTION 

M. C. Potter first conceived the idea that microbes 

could be used to produce electricity in 1911. He 

showed the possible generation of electricity from the 

culture of E. Coli, which proved to be a revolutionary 

technological advancement (Potter, 1911). However, it 

gained attention in the 1980s when Robin M. Allen and 

H. Peter Bennetto published various papers describing 

the working of an MFC and various parameters that 

play a key role in determining the efficiency of the cell 

(Khera and Chandra, 2012). Thereafter, the technology 

was boosted and different MFC prototypes were inves-

tigated and constructed. The work started with the use 

of mediators in an MFC to transfer the electrons to the 

anode and this type of MFC was named Mediator MFC. 

Due to the fact that the mediators proved to be toxic to 

microbes, the research shifted from Mediator MFCs to 

Mediator-less MFCs in which the microbes like Geo-

bacter, Shewanella etc. are capable of directly transfer-

ring the electrons to the anode (Gil et al., 2003) It has 

been observed that the energy output of the cell is ma-

jorly affected by several parameters such as type of 

design of the cell, the substrate, electrode material, the 
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total internal resistance, ion concentration etc. (Khera 

and Chandra, 2012)(Logan, 2009) Hence, there is a 

need to optimize these parameters to increase the cell 

efficiency and the overall performance. 

A Microbial Fuel Cell (MFC) is a promising biological 

technology that uses exoelectrogenic microorganisms' 

metabolic activity to generate electricity.(Chaturvedi 

and Verma, 2016) It is a bioreactor wherein the micro-

organisms such as Geobacter, Shewanella, Pseudomo-

nas and others convert the chemical energy stored in 

the biodegradable organic matter present in the sub-

strate to electrical energy through the breakdown of the 

organic matter (Konovalova et al., 2018). Hence, the 

organic-rich substrate is the fuel to the cell. A conven-

tional MFC consists of an anode chamber and a cath-

ode chamber separated by a Proton Exchange Mem-

brane (PEM). The anode chamber has an anode im-

mersed in the substrate. It operates under anaerobic 

conditions, whereas the cathode chamber consists of a 

cathode immersed in water and operates under aerobic 

conditions. The anode and cathode are connected via 

an external circuit (Li, 2013).  

The PEM is an ion-exchange membrane that allows the 

flow of protons from the anode to the cathode chamber 

and blocks the diffusion of oxygen into the anode cham-

ber. The principle behind the working of an MFC in-

volves the oxidation of organic-rich substrate, i.e. the 

organic matter by microbes under the anaerobic condi-

tion to produce carbon dioxide, free electrons and pro-

tons. The electrons are then transferred to the anode 

extracellularly by the microbes. The electrons then flow 

to the cathode via an external load connection. At the 

same time, the protons diffuse to the cathode chamber 

via PEM. The protons then combine with electrons 

reaching the cathode in the presence of oxygen to pro-

duce water. The most widely used designs of an MFC 

that have been used for Bioelectricity generation are 

shown in Fig. 1.  

The anodic and cathodic reactions governing this  

working principle is as follows :(Du et al., 2007) 

Anodic reaction: 

CH3COO- + 2 H2O   ===> 2 CO2 + 7 H+ + 8 e-         …(1) 

Cathodic reaction: 

O2 + 4e-   + 4H+    ===> 2 H2O                            …(2) 

A large variety of MFCs have been designed and con-

structed for different configurations, substrates and 

electrode materials.  

It has been observed that the energy output of the cell 

is majorly affected by several parameters such as type 

of design of the cell, the substrate, electrode material, 

the total internal resistance, ion concentration etc. 

(Logan, 2009; Khera and Chandra, 2012). Hence, there 

is a need to optimize these parameters to increase cell 

efficiency and overall performance. 

The present work focuses on the enhancement of bioe-

lectricity generation  by the addition of an external sub-

strate i.e. acetate to the kitchen wastewater. The paper, 

hence presents the catalytic effect of acetate to en-

hance the bio-electricity generation in comparison to 

that generated for the kitchen wastewater alone. In the 

present work, a prototype has been made to generate 

electricity using kitchen wet waste and further studied 

the catalytic effect of acetate to increase electricity pro-

duction. A detailed comparative analysis has been 

done on various parameters such as coulumbic effi-

ciency, COD( Chemical Oxygen Demand) etc. Also 

created an analogy of microbial fuel cell with an electric 

circuit to determine maximum power conditions  

MATERIALS AND METHODS 

MFC construction and sample preparation 

Dual chamber microbial fuel cell (DCMFC) was con-

structed using two jars of Borosil. Two jars acted like 

anodic and cathodic chambers of DCMFC. The anodic 

chamber operated under completely anaerobic condi-

tions, whereas the cathodic chamber operated under 

aerobic conditions (Rikame et al., 2012). The two 

chambers were separated by a proton exchange mem-

brane (PEM), as shown in Fig. 2. The Nafion® 117 

(Aldrich) 0.007 inches thick was used as the PEM. The 

working volume of the anode chamber and cathode 

chamber of MFC was 500 mL each. The MFC was op-

erated under continuous mode. Carbon electrodes hav-

ing cylindrical geometry and a surface area of 70.11 

cm2 (15.74 mm diameter and 13.4 cm long) were used 

as anode and cathode. The surface of the electrodes 

was rubbed using sandpaper to make it rough. The 

adhesion of bio-films on the rough surface is better 

than that on the smooth one. The electrodes were then 

connected externally with a 1 Kῼ resistor via copper 

wire. The observations were taken continuously every 

5hrs for 45 days. 

Hence, two different DCMFC prototypes, viz. DCMFC A 

and DCMFC B were designed using the same configu-

ration mentioned above but were fed with different sub-

strates. Both the DCMFC were operated under continu-

ous mode. The DCMFC A was operated for 30 days, 

whereas the DCMFC B was operated 45 days. 

The anodic chamber of DCMFC A was fed with 400mL 

of kitchen wastewater and the cathodic chamber with 

400 mL of pure water. The kitchen wastewater was 

prepared by decomposing the kitchen wet waste (tea 

leaves, potato peels, onion peels etc.), primarily con-

sisting of fresh lime peels in water for one week in a 

closed container. The preparation was then strained 

and used as the substrate in the DCMFC A. The cham-

bers were sealed using rubber cork after immersing the 

electrodes in it. Unlike the anodic chamber, the cathod-

ic chamber had an opening on the upper side to ensure 

aerobic condition prevails in the cathodic chamber. 

For DCMFC B, the sample was prepared by adding a 
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small amount (8 grams) of acetate to the kitchen 

wastewater, as prepared above. The anodic chamber 

of DCMFC B was then fed with 400mL of this prepared 

sample and the cathodic chamber with 400 mL of pure 

water. 

 

Methodology 

Coulombic efficiency  

The coulombic efficiency, CE, is the ratio of total cou-

lombs actually transferred to the anode from the sub-

strate to the maximum possible coulombs if all sub-

strate removal produced current. It signifies how effec-

tively the substrate can be used for the current genera-

tion (Chen et al., 2021). The samples' chemical oxygen 

demand (COD) concentration was measured at the 

start of the experiment and after 30 and 45 days of op-

eration for both DCMFC A and DCMFC B, respectively. 

The initial value of COD for DCMFC A and DCMFC B 

was observed to be equal to 2003 mg/L and 3203 mg/

L, respectively. After 30 days of operation of DCMFC A, 

the value of COD concentration reduced to 3.57 mg/L, 

whereas the value reduced to 4.78 mg/L after 45 days 

of operation of DCMFC B. This significant change ob-

served in the values is attributed to the decomposition 

of the organic matter. Using the change in COD con-

centration, the coulombic  efficiency (CE) was calculat-

ed from the COD removed per cycle of using equation 

(3) (Logan et al., 2006). 

                                 ……(3) 

where,  

MS is the molecular weight of O2 (32 g/mol), 

I is the current density (mA cm-2), 

tb is the operation time (days),  

F is the Faraday’s constant (96,487 C/mol), 

b= 4 is number of e- exchanged per mole of Oxygen, 

Van is the volume of the anode (L) and 

ΔCOD is the change in COD (g L-1) over time tb 

Polarization curves 

The Polarization curves were plotted and analyzed for 

the constructed prototypes of DCMFC A and DCMFC B  

by varying the value of the external resistor from 10 Ω 

to 57KΩ. The corresponding values for voltage across 

the resistor and current flowing through it were record-

ed. The voltage and current values were also used to 

obtain the power density delivered to the load, i.e. the 

external resistor. The desired curves obtained and plot-

ted are shown in Fig. 3.         

 

Internal resistance 

The internal resistance of the cell was then calculated 

by determining the slope of the line of voltage vs. cur-

rent plot using the equation (4) (Adeniran et al., 2016)  

                                                   …(4) 

where, dV is the change in voltage  and dI is the 

change in current. Total internal resistance offered by 

MFC is calculated by including electrode resistance. 

RESULTS AND DISCUSSION 

The coulombic efficiency was found to be increased in 

DCMFC B. it was found to be 9.71 % for DCMFC A, 

whereas it was 25.29 % for DCMFC B. Previously, a 

coulombic efficiency of 5-7% and 25.01% has been 

reported for DCMFC using domestic wastewater mixed 

with primary sludge and a DCMFC using municipal 

wastewaster respectively (Adeniran et al., 2016; Ye et 

al., 2019). It implies that the addition of acetate in 

DCMFC B has led to the induction of more ions in the 

substrate and hence, an efficient recovery of energy 

from the MFC system than that in DCMFC A which 

results in more current production.  

The maximum value of power density was obtained by 

generating the polarization curves by measuring the 

change in voltage across the load resistor with the vari-

Fig. 1. Schematic of a Double chamber MFC  Fig. 2. DCMFC constructed prototype 
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ation in the value of the external load resisitor. The 

maximum power density of pure kitchen wastewater is 

found to be 0.046 mW/m2 at an external resistance of 

10 KΩ however, for kitchen wastewater with acetate, 

the power density was determined to be equal to 1.148 

mW/m2 at an external resistance of 7 Kῼ. For an exter-

nal resistance of 1 KΩ, the power densities obtained for 

the pure kitchen wastewater and kitchen wastewater 

mixed with acetate were 0.017 mW/m2 and 0.546 mW/

m2, corresponding to the current densities of 2.239 mA/

m2 and 8.771 mA/m2 respectively. A variety of 

DCMFCs have been constructed in the past with differ-

ent substrates and electrode materials. Rikame et al. 

(2012) demonstrated a DCMFC using food leachate as 

the substrate and obtained a power density of 

15.14mW/m3. Ali et al. (2017) reported use of glucose 

as a potential substrate toward enhanced electricity 

generation and constructed a DCMFC obtaining a pow-

er density of 136 mW/m2. Sugarcane molasses were 

used as the substrate in a DCMFC constructed by Has-

san et al. (2019) and a power density of 188.5 mW/m2 

was obtained. Marassi et al. (2020) developed an up-

flow tubular air-cathode microbial fuel cell with diary 

wastewater as the substrate and achieved a maximum 

current density of 1.1 A/m3.The polarization curves 

showed that the power density for DCMFC A and 

DCMFC B initially increased and then decreased, as 

shown in Fig. 3 (a) and 3(b).The polarization curve for 

both constructed prototypes obtained for a different 

number of days of operation showed that the value of 

power density obtained increased with time initially, 

which then started to decrease as time passed. The 

findings are consistent with the trends reported in previ-

ous studies that the value of power density is a function 

of time (Feng et al., 2010; Miran et al., 2015; Penteado 

et al., 2016; Li et al., 2018). The initial increase in pow-

er density with time is attributed to the generation of 

electrons due to the microbes' degradation of the or-

ganic matter present in the substrate. However, the 

decrease in the values observed later with time was 

due to the substrate's depletion of the organic matter. 

Hence, fewer or no electrons were generated.  

Fig. 4 shows the variation of current density with the 

number of days. It can be seen that for DCMFC A, the 

current density was much higher than for DCMFC B. It 

implies that the addition of acetate had led to a consid-

erable increase in the organic matter in DCMFC B than 

DCMFC A, which further led to increased power density 

and voltage values for the former. After reaching maxi-

mum value, the fall in current density implies depletion 

Fig. 3.(a). Polarization curves for DCMFC A  Fig. 3(b). Polarization  curves for DCMFC B 

(a)  (b)  
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of electron in organic matter in samples as the time 

passes till the matter is completely decomposed.  

 The resistance of the electrode was measured using 

Ohm’s Law and calculated to be equal to 67.9 Ω. Fig. 5 

below shows the variation of voltage vs. current. For 

DCMFC A, the value of the internal resistance initially 

decreased with time. It was 10192 Ω and 8746 Ω on 

day 7 and 15, respectively as shown in Fig.5(a) . Later, 

the value of internal resistance began to increase with 

time and became 9549 Ω on 20th day of its operation. 

Similarly, for DCMFC B, the values of internal re-

sistance that were determined from the plot were 8489 

Ω, 7180 Ω, 6505 Ω and 16796 Ω on days 7, 15, 20 and 

44, respectively as shown in Fig. 5(b). The initial in-

crease in the value of internal resistance with time is 

due to the increase of concentration of ions in the sub-

strate due to the breakdown of the organic matter pre-

sent by the microbes. Since the microbes consume the 

organic matter gradually with time, the ion concentra-

tion decreases with time, so the value of internal re-

sistance increases.  

It has been observed that a microbial fuel circuit mimics 

an electric circuit. Hence an analogy can be made be-

tween them, as shown in Fig. 6. The values of voltage 

and current recorded by varying the value of the load 

resistor and the calculated power density were ana-

lyzed. A maximum power density was observed when 

the value of the external resistance became equal to 

the value of the internal resistance of the system. This 

infers that an MFC obeys the maximum power transfer 

theorem just like an electric circuit. The same result 

was also verified using a PSpice Simulation Software. 

The graphs obtained for both the constructed proto-

types DCMFC A and B using the software are shown in 

Fig. 7. 

Table 1 shows the comparison of experimental values 

of internal resistance, Rint (Ω) and power delivered to 

the load PL (μW) (when the load resistance is equal to 

the internal resistance) and the same values calculated 

using PSpice for DCMFC A and B. 

Hence, the fuel substrate is a key component of an 

MFC. A large number of substrates, such as acetate, 

sewage sludge, and swine wastewater, have been in-

Fig. 4. Graph showing the variation of current flowing 

through the  load with time 

Fig. 5. V vs. I graph for (a) DCMFC A and (b) DCMFC B to 

obtain their internal resistance              

Day 
Experimental value PSpice value 

Rint(KΩ) PL (μW) Rint(KΩ) PL (μW) 

7 10.192 0.247 10.001 0.259 

15 8.746 0.323 8.56 0.312 

20 9.549 0.033 9.53 0.034 

Day 
Experimental value PSpice value 

Rint(KΩ) PL (μW) Rint(KΩ) PL (μW) 

7 8.489 8.928 8.509 8.924 

15 7.180 9.361 7.197 9.357 

20 6.505 8.054 6.412 8.050 

(a)  

(b)  

Table 1(b). DCMFC B  

Table 1(a). DCMFC A  
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vested in an MFC for electricity generation (Pant et al., 

2012). Different substrates have different amounts of 

organic matter in them. Thus, this leads to a variation in 

the energy outputs of an MFC using different sub-

strates (Chandrasekhar et al., 2017). In addition to the 

substate, design, electrode materials and the total inter-

nal resistance of an MFC greatly impact the output 

power obtained using an MFC. A variation has been 

seen in the power densities obtained for different de-

signs of an MFC using the same substrate and elec-

trodes (Das and Mangwani, 2010), High values of cur-

rent and power densities have been observed for 

SCMFC in comparison to DCMFC (You et al., 2006).  

Several electrode materials have been explored and 

used for the construction of electrodes. There has been 

a shift from metallic electrodes to carbonaceous elec-

trodes i.e. carbon and graphite-based electrodes. Re-

cently, the Carbon nano tubes (CNT) and Graphene 

Oxide (GO) modified electrodes have gained attention. 

This is due to the high power densities that have been 

obtained using these (Cai et al., 2020). In some cases, 

the toxicity of these modified electrodes to the microbes 

and their growth is a limiting factor. The total internal 

resistance of an MFC proves to be another vital factor 

in determining the performance of the cell. The total 

internal resistance comprises an anode resistance, 

cathode resistance and ohmic resistance (in the case 

of membrane-less MFC) (Kondaveeti et al., 2017), The 

spacing between the electrodes contributes to the ohm-

ic resistance, whereas the geometry or the structure of 

the anode and cathode affects the anode and cathode 

resistance. Hence, any change in the structure or spac-

ing affects the resistance of the cell. This, in turn, af-

fects the efficiency of the cell. In present scenario, the 

output current for the technology is low, which is greatly 

affected by the parameters mentioned above. Hence a 

need for the optimization of these parameters arises to 

obtain higher efficiency of current.  

Conclusion 

The prototype of a double chamber MFC was con-

structed for two different substrate samples. The power 

was successfully generated using kitchen wet waste as 

fuel using the MFC technology. It can be concluded 

that the generation of power in a DCMFC is greatly 

affected by the catalytic effect of acteate. Addition of 

acetate in substare results in an increase in the organic 

matter when it gets degraded by the microbes, leading 

to an increased ion concentration, which affects the 

internal resistance of the system. This, in turn, influ-

ences the amount of power generated by an MFC. In 

the comparative analysis, it can be seen that by adding 

a small amount of acetate to the substrate results in a 

considerable increase in coulombic efficiency. This is 

because the addition of the acetate has led to an in-

crease in the organic content of the substrate present 

in the anodic chamber. Also, it has resulted in obtaining 

a higher power density for DCMFC B as compared to 

DCMFC A.  Due to rich organic matter, the power den-

Fig. 6. An analogy between an MFC and   an electric circuit  

(a)  (b)  

Fig. 7. Graph plotted using PSpice simulation software showing the variation in  values of power delivered to the load 

resistor for different values of load resistance for (a) DCMFC A, (b) DCMFC B 
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sity initially increases with time and then once the mat-

ter degrades, the power density starts decreasing till 

the substrate is completely decomposed. An analogy 

has also been drawn between an MFC and an electric 

circuit. An MFC acts as an electric circuit that delivers 

maximum power output when the internal resistance of 

MFC becomes equal to the load resistance. The same 

has been verified using simulation An MFC is a low 

budget renewable form of energy capable of electricity 

generation and wastewater treatment. Also, the tech-

nology uses domestic kitchen waste as the fuel which 

is available in abundance to generate power. There-

fore, this technology will be a significant source of pow-

er generation in the future, thereby tackling all the ener-

gy crises generated due to the depletion of non-

renewable sources. 

ACKNOWLEDGEMENTS 

The authors are thankful to the principal of Bhaska-

racharya College of Applied Sciences, University of 

Delhi, for providing the infrastructure and the resources 

to carry out this research work at the institution. 

Conflict of interest 
The authors declare that they have no conflict of  
interest. 

REFERENCES  

1. Adeniran, J. A., Huberts, R., De-Koker, J. J., Arotiba, O. 

A., Olorundare, O. F., Van-Zyl, E. & Du-Plessis, S. C. 

(2016). Energy generation from domestic wastewater 

using sandwich dual-chamber microbial fuel cell with 

mesh current collector cathode. International Journal of 

Environmental Science and Technology, 13(9), 2209–

2218. https://doi.org/10.1007/s13762-016-1050-z 

2. Ali, N., Anam, M., Yousaf, S., Maleeha, S., & Bangash, Z. 

(2017). Characterization of the electric current generation 

potential of the pseudomonas aeruginosa using glucose, 

fructose, and sucrose in double chamber microbial fuel 

cell. Iranian Journal of Biotechnology, 15(4), 216–223. 

https://doi.org/10.15171/ijb.1608 

3. Cai, T., Meng, L., Chen, G., Xi, Y., Jiang, N., Song, J., 

Zheng, S., Liu, Y., Zhen, G., & Huang, M. (2020). Applica-

tion of advanced anodes in microbial fuel cells for power 

generation: a review. Chemosphere, 248, 125985. https://

doi.org/10.1016/j.chemosphere.2020.125985 

4. Chandrasekhar, K., Kadier, A., Kumar, G., Nastro, R. A. & 

Jeevitha, V. (2017). Challenges in microbial fuel cell and 

future scope In: Das, D. (eds) Microbial Fuel Cell. Spring-

er, Cham., 483 - 499. https://doi.org/10.1007/978-3-319-

66793-5_25 

5. Chaturvedi, V. & Verma, P. (2016). Microbial fuel cell: a 

green approach for the utilization of waste for the genera-

tion of bioelectricity. Bioresources and Bioprocessing, 3

(1), 1-14. https://doi.org/10.1186/s40643-016-0116-6 

6. Chen, W., Liu, Z., Li, Y., Xing, X., Liao, Q., & Zhu, X. 

(2021). Improved electricity generation, coulombic effi-

ciency and microbial community structure of microbial fuel 

cells using sodium citrate as an effective additive. Journal 

of Power Sources, 482, 228947. https://doi.org/10.1016/

J.JPOWSOUR.2020.228947 

7. Das, S., & Mangwani, N. (2010). Recent developments in 

microbial fuel cells: A review. Journal of Scientific & Indus-

trial Research, 69, 727-731.              

8. Du, Z., Li, H., & Gu, T. (2007). A state of the art review on 

microbial fuel cells: A promising technology for 

wastewater treatment and bioenergy. Biotechnology Ad-

vances, 25(5), 464-482. https://doi.org/10.1016/

j.biotechadv.2007.05.004 

9. Feng, C., Li, F., Liu, H., Lang, X., & Fan, S. (2010). A dual

-chamber microbial fuel cell with conductive film-modified 

anode and cathode and its application for the neutral elec-

tro-Fenton process. Electrochimica Acta, 55(6), 2048–

2054. https://doi.org/10.1016/J.ELECTACTA.2009.11.033 

10. Gil, G. C., Chang, I. S., Kim, B. H., Kim, M., Jang, J. K., 

Park, H. S., & Kim, H. J. (2003). Operational parameters 

affecting the performance of a mediator-less microbial fuel 

cell. Biosensors and Bioelectronics, 18(4), 327–334. 

https://doi.org/10.1016/S0956-5663(02)00110-0 

11. Hassan, S. H. A., el Nasser A. Zohri, A., & Kassim, R. M. 

F. (2019). Electricity generation from sugarcane molasses 

using microbial fuel cell technologies. Energy, 178, 538–

543. https://doi.org/10.1016/j.energy.2019.04.087 

12. Khera, J., & Chandra, A. (2012). Microbial fuel cells: Re-

cent trends. Proceedings of the National Academy of Sci-

ences India Section A - Physical Sciences, 82(1), 31–41. 

https://doi.org/10.1007/S40010-012-0003-2 

13. Kondaveeti, S., Moon, J. M., & Min, B. (2017). Optimum 

spacing between electrodes in an air-cathode single 

chamber microbial fuel cell with a low-cost polypropylene 

separator. Bioprocess and Biosystems Engineering, 40

(12), 1851–1858. https://doi.org/10.1007/s00449-017-183 

8-3 

14. Konovalova, E. Y., Stom, D. I., Zhdanova, G. O., Yuriev, 

D. A., Li, Y., Barbora, L. & Goswami, P. (2018). The mi-

croorganisms used for working in microbial fuel cells. AIP 

Conference Proceedings, 1952(1), 020017. https://

doi.org/10.1063/1.5031979 

15. Li, J. (2013). An Experimental study of microbial fuel cells 

for electricity generating: Performance characterization 

and capacity improvement. Journal of Sustainable Bioen-

ergy Systems, 03(03), 171–178. https://doi.org/10.4236/

jsbs.2013.33024 

16. Li, X., Liu, G., Sun, S., Ma, F., Zhou, S., Lee, J. K., & Yao, 

H. (2018). Power generation in dual chamber microbial 

fuel cells using dynamic membranes as separators. Ener-

gy Conversion and Management, 165, 488–494. https://

doi.org/10.1016/J.ENCONMAN.2018.03.074 

17. Logan, B. E. (2009). Exoelectrogenic bacteria that power 

microbial fuel cells. Nature Reviews Microbiology, 7(5), 

375–381. https://doi.org/10.1038/nrmicro2113 

18. Logan, B. E., Hamelers, B., Rozendal, R., Schröder, U., 

Keller, J., Freguia, S., Aelterman, P., Verstraete, W. & 

Rabaey, K. (2006). Microbial fuel cells: Methodology and 

technology. Environmental Science and Technology, 40

(17), 5181–5192. https://doi.org/10.1021/es0605016 

19. Marassi, R. J., Queiroz, L. G., Silva, D. C. V. R., Silva, F. 

T. da, Silva, G. C. & Paiva, T. C. B. d. (2020). Perfor-

mance and toxicity assessment of an up-flow tubular mi-



 

659 

Malyan, A. et al. / J. Appl. & Nat. Sci. 14(2), 652 - 659 (2022) 

crobial fuel cell during long-term operation with high-

strength dairy wastewater. Journal of Cleaner Production, 

259, 120882. https://doi.org/10.1016/j.jclepro.20 20.1208 82 

20. Miran, W., Nawaz, M., Kadam, A., Shin, S. & Heo, J. 

(2015). Microbial community structure in a dual chamber 

microbial fuel cell fed with brewery waste for azo dye deg-

radation and electricity generation. Environmental Science 

and Pollution Research, 22, 13477–13485.  https://

doi.org/10.1007/s11356-015-4582-8 

21. Pant, D., Singh, A., Van Bogaert, G., Irving Olsen, S., 

Singh Nigam, P., Diels, L. & Vanbroekhoven, K. (2012). 

Bioelectrochemical systems (BES) for sustainable energy 

production and product recovery from organic wastes and 

industrial wastewaters. RSC Advances, 2(4), 1248-1263. 

https://doi.org/10.1039/c1ra00839k 

22. Penteado, E. D., Fernandez-Marchante, C. M., Zaiat, M., 

Cañizares, P., Gonzalez, E. R. & Rodrigo, M. A. R. 

(2016). Energy recovery from winery wastewater using a 

dual chamber microbial fuel cell. Journal of Chemical 

Technology and Biotechnology, 91(6), 1802–1808. https://

doi.org/10.1002/JCTB.4771 

23. Potter, M. C. (1911). Electrical effects accompanying the 

decomposition of organic compounds. Proceedings of the 

Royal Society of London. Series B, Containing Papers of 

a Biological Character, 84(571), 260–276. https://

doi.org/10.1098/RSPB.1911.0073 

24. Rikame, S. S., Mungray, A. A. & Mungray, A. K. (2012). 

Electricity generation from acidogenic food waste leachate 

using dual chamber mediator less microbial fuel cell. Inter-

national Biodeterioration and Biodegradation, 75, 131–

137. https://doi.org/10.1016/j.ibiod.2012.09.006 

25. Ye, Y., Ngo, H. H., Guo, W., Chang, S. W., Nguyen, D. D., 

Liu, Y., Nghiem, L. D., Zhang, X., & Wang, J. (2019). Ef-

fect of organic loading rate on the recovery of nutrients 

and energy in a dual-chamber microbial fuel cell. Biore-

source Technology, 281, 367–373. https://doi.org/10.10 

16/J.BIORTECH.2019.02.108 

26. You, S. J., Zhao, Q. L., Jiang, J. Q., Zhang, J. N. & Zhao, 

S. Q. (2006). Sustainable approach for leachate treat-

ment: Electricity generation in microbial fuel cell. Journal 

of Environmental Science and Health - Part A Toxic/

Hazardous Substances and Environmental Engineering, 

41(12), 2721–2734. https://doi.org/10.1080/10934520 

600966284 


