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ABSTRACT 
Microbial Fuel Cell (MFC) is a promising alternative energy sources from organic 

wastes. MFC technology converts energy stored in organic compounds to electricity. 

This work investigated the viability of corn starch effluent as substrate (fuel) for bio-

energy generation using MFC with the aid of Soldering Lead as electrodes. A dual 

chamber MFC was developed. Two plastic containers were used to house the anode and 

cathode solutions with PVC pipe serving as the Proton Exchange Membrane (PEM) 

casing. The anodic chamber was charged with corn starch effluent mixed with a buffer 

solution while the cathode chamber contained Potassium ferry cyanide (K3Fe(CN)6) 

solution, a conductive material. The output currents and voltages were measured using 

digital multi-meter (DT 9205D). The maximum current and voltage achieved is 0.11 

mA and 0.78 V. The highest power density and current density was 10.64 mW/cm
2
 and 

14.00 mA/cm
2
 respectively. The results (current, voltage, current and voltage density) 

were found to be relatively improved as compared to previous studies. Conclusively, 

household and agricultural organic wastes materials could possibly find usefulness as a 

clean source of energy for powering portable electrical appliances subject to erratic 

electricity supply and in off-grid environs. 

Keywords: Bio-energy, Environment, Microbial Fuel Cell, Renewable energy, Wastes 

materials. 
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1. INTRODUCTION 

Growing difficulties with the use of petroleum-derived energy resources and its 

associated challenges of pollution, global warming and climate change are a 

major drive for the development of renewable energy resource. Emission from 

burnt fossil fuels causes adverse effects to  man and his environment [1-3]. 

Alternative energy generation, storage and use are key focus in the research 

circle with increasing global interest and importance in areas like biomass [4,5], 

geothermal [6], hydrogen [7-9], solar [10-12], tidal [13-15], wind [16]. 

Presently, no one alternative energy resource possesses the capacity to 

completely replace and rival the conventional fossil-fuel based energy resource 

in term of generation and use. However, a hybrid of sustainable energy sources 

could be explored like, solar-wind hybrids, solar-biomass hybrids or solar-

hydrogen fuel cells [17-19]. 

An emerging sustainable energy resource is Microbial Fuel Cells (MFCs), 

which is similar to the traditional fuel cells. MFCs utilises the biocatalytic 

potential of viable micro-organism by transforming the energy stored in the 

chemical bonds of biodegradable substrates, to produce bio-energy [20-22]. 

Literature abounds on viable substrates like sewage sludge [23], Ethanol [24], 

Glucose [25,26], Cellulose [27], domestic sludge [28,29], swine wastewater 

[30], etc. Potter first presented the concept of MFC in 1911 [22,31]. This was 

affirmed by Cohen around 1931, when a voltage of 35 V when was generated at 

a current of 0.2mA from a stacked bacterial fuel cell setup [22,32]. In 1963, 

National Aeronautics and Space Administration (NASA) also attempted the 

possibility of recycling and converting human waste to energy during space 

flights [33–35]. Hence the investigation of the feasibility of bio-energy 

generation from starch effluent. 

2. METHODOLOGY 

The material used for this pilot study is corn effluent, sourced from a local 

producer of corn starch at Ibogun Fashina, Ifo local Government of Ogun State, 

Nigeria. A two-chambered fuel cell was constructed  using  two plastic 

containers with diameter 100.5 mm and height of 120 mm  for cathode and 

anode (Figure 1). One hole of diameter 25 mm at 50.4 mm height from the top 

of each container was drilled for the inclusion of salt bridge. In the setup for the 

anode, 1000 ml of the anodic inoculation was applied and container cap was 

closed air-proof. In the cathodic chamber, 1000 ml potassium dichromate 

solution was applied.  
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Fig. 1. A pilot system for a double chamber microbial fuel cell (MFC) 

2.1 Electrode Preparation 

A soldering lead was adopted as electrode for both anode and cathode. The 

anodic chamber was maintained under anaerobic conditions containing the 

substrate and biocatalyst microorganisms. The cathodic chamber was kept under 

aerobic conditions with the salt bridge forming a link between cathodic and 

anodic chambers, thus facilitating the movement of ions. A digital multi-meter 

(DT-9205A) was used for measuring the output current voltages (OCVs). The 

electrodes were used to convene electrons in anode and cathode sides with 

copper wire nectwork. The electrodes were locally sourced, hence 

comparatively inexpensive and available. Electrodes were pre-treated in pure 

ethanol for about 30 minutes and thereafter cleaned in 1M HCl, and recleaned in 

in a 1M sodium hydroxide solution for 1 hour to deactivate and get rid of 

inorganic contaminants. Thereafter, stored in distilled water preceding usage. 

The choice of electrode material affects the performance of MFCs.  

2.2 Substrate Preparation 

85.0g of wet starch was diluted in 75.0 cm
3
 of distilled water and heated to a 

temperature range of 80 °C -100°C for 30 minutes under continued stirring. 

Dried sodium chloride of 5g was then added to the mixture, with continued 

stirring for another 5 minutes to allow for even mixture. Sodium chloride added 

was to improve the electrical conductivity of the wet starch. The prepared hot 

gel was instantly poured into a PVC pipe of 25 mm diameter and 15 cm long, 

and thereafter allowed to air-cool and set. So the PEM was ready for usage in 

the MFC setup. 

2.3 Anolyte Preparation  

177.42g of the substance was measured and mixed with 1000 ml of buffer 

solution and made airtight. The solution was carefully stirred to produce a 

homogeneous mixture, controlled at a fixed pH of 7.2 and a concentration of 
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177.4 gdm
-3

 buffer solutions. The buffer solution had a blend of 4.6 gdm
-3

 di-

potassium hydrogen photo-phosphate (K2HPO4) solution (base) and 2.70 gdm
-3

 

of potassium di-hydrogen photo-phosphate (KH2PO4) solution (acid), 1000 cm
3
 

each and 1000 ml of distilled water. The anode chamber was covered and made 

airtight to disallow atmospheric oxygen coming into the chamber, allowing the 

bacteria function in an absolute anaerobic condition. 

2.4 Catholyte Preparation 

The solution contains 32.93 g/dm
3 

of potassium ferry cyanide  (K3Fe(CN)6), 

which is a conductive material, which was charged into a compeletely aerated 

cathodic  chamber. Otherwise, the cathode can accomodate air, with oxygen as 

the oxidant. 

2.5 Experimental Procedure 

The set-up was monitored for 14 days, such that the open circuit voltages 

(OCV) (potentials) was daily measured on 12 hours interval readings. Current 

and voltage readings was taken with a digital multi-meter (DT-9205A). Current 

densities, power densities and columbic efficiencies were derived applying the 

experimental readings equations 1 and 2. Tests (pH, chemical oxygen demand 

(COD) and biological oxygen demand (BOD) were carried out on substrate used 

for this work before and after setting up and running the MFC. 

2.6 Calculations 

The readings of currents and voltages was converted to power density (mW/m
2
) 

using Eq. 1 [36], 

 

  
2

Current (mA) × Volts (v)
P

Surface area of the projected anode (m )
=    (1) 

Current density C (mA/m
2
) was estimated thus [37], 

 

  
2

Current produced (mA)
C

Surface area of the projected anode (m )
=    (2) 

3. RESULT AND DISCUSSION 

3.1 Characterization of Substrate 

The substrate, corn wastewater was characterized using standard methods. The 

characterization of the corn wastewater prior to its use as substrate gave a pH of 

7.09, BOD of 228.60 mg/l and COD of 475.30 mg/l. The pH value of corn 

wastewater indicated the relatively neutral (basic) nature of this wastewater. The 
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BOD and COD values determined for corn wastewater were slightly lower than 

the values of 290 mg/l (BOD) and 654 mg/l (COD) reported for domestic 

wastewater [38]. The pH is also slightly lower compared to pH of 8.00 obtained 

for Tapioca wastewater produced using pure starch [39] and slightly lower than 

pH of 8.3 recorded for paper industry wastewater [40]. The difference in the pH 

values may be due to the chemical composition of both wastewaters.  

The daily average current output is presented in Figure 2. The daily average 

output current was 0.03 ± 5.18 x 10
-3 

mA with SD of 2.74x 10
-2

 mA. The 

maximum current obtained was 0.11 mA, which is slightly lower than the 

highest current of 0.15 mA reported using animal-based waste [41]. Similarly, 

the voltage observed was also lower to that achieved using animal-based waste 

[41].  

The daily average of voltage output obtained during the experiment for the 14 

days is presented in Figure 3. A maximum voltage of 0.78V and minimum 

voltage of 0.42 V was achieved. For the 14-day study, average voltage of 0.67 ± 

0.02 V was achieved. The maximum voltage attained in this work is slightly 

lower than the maximum voltage of 1.1 V recorded for animal-based (poultry 

droppings) waste [41]. The plot of voltage against time in Figure 3 showed 

cycles of voltage from the initial value of 0.74 V in day 1 to a steady decrease in 

voltage from 0.75 V in the second part of day 11 to 0.42 V in the second part of 

day 14. The instability in readings recorded largely depended on the cell’s 

internal stability and steady microbial activities.  

The current and power densities of were evaluated by dividing the values of 

current and power with the area of projected anode. These values are presented 

in Figure 4. For the experimental set-up, the maximum values of current and 

power densities calculated were 14.00 mA/cm
2
 and 10.46mW/cm

2
 respectively. 

The values for both current and power densities recorded in this study were 

found to be higher than the current and power densities values of 0.015 mA/cm
2
 

and 0.005mW/cm
2
, respectively, reported using oil refinery wastewater [42]. 

The power density attained in this work is considerably higher than the range of 

3.2 – 5.5 mW/m
2  

achieved using fish market wastewater as substrate [43]. The 

plot of current density and power density against time shows a similar 

sinusoidal pattern with intermittent increase and decrease in the values for both 

parameters.  

3.2 Statistical Analysis of Data 

The ANOVA test was carried out on the measured data from  the experiment 

and presented as Table 1. It is observed that the value of Fcritical (2.4387) is far 

less than the value of Fobserved (28.6507) which implies that the variances of the 

data on current and voltage are not the same, that is, they are statistically 
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independent of each other. This is further substantiated by the P-value <<0.05 at 

95% confidence limit, which indicates the significance of the result, which 

shows that the data obtained in this work are statistically not the same. The 

correlation between the current and voltage was 0.5717, which implies that a 

positive and moderately strong relationship exists between voltage and current. 

Table 1. Analysis of Variance (ANOVA) 

Source of Variation SS df MS Fobserve P-value Fcritical 

Between Groups 443.74 4 110.934 28.6507 3.078E-17 2.4387 

Within Groups 522.71 135 3.8719 

Total 966.45 139         

 

 

Fig. 2. Plot of Current Against Time 

 

Fig. 3. Plot of Voltage Against Time 
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Fig. 4. Plot of Current Density and Power Density Against Time 

4. CONCLUSION 

This study investigated the viability of corn wastewater effluent as substrate in 

MFC solution for generation of off-grid energy using lead electrodes. A 

modified starch was used as PEM in the double chamber MFCs with the anode 

chamber totally maintained in an anaerobic condition whilst the cathode was 

fully aerated. The lead electrode showed a considerable potential of high voltage 

of about 0.78 V with a very low current potential ranging from 0.01-0.11mA. It 

was observed that the principle guiding MFC for the removal of toxicity is the 

availability of biodegradable compounds present in the effluent sample. The 

study proved a great potential as another source of sustainable energy. Its ability 

to generate bioenergy alongside treating  wastewater makes it more attractive in 

this modern time when efforts are geared towards reducing pollution and its 

attendant problems. 

 

NOMENCLATURE  

 

BOD : Biological Oxygen Demand 

COD : Chemical Oxygen Demand 

I : Current 

MFC : Microbial Fuel Cell 

PEM : Proton Exchange Membrane 

OCV : Output Current Voltages 

V : Voltage 

Ts : Temperature of surface 



Energy Generation from Corn Starch Effluent using Microbial Fuel Cell using Lead Electrodes 

 

  

94 

REFERENCES 

1. S.O. Giwa, A.T. Layeni, C.N. Nwaokocha, M.A. Sulaiman, Greenhouse 

Gas Inventory: a Case of Gas Flaring Operations in Nigeria. African J. 

of Sci., Tech., Innov. & Devel., 2017, 9(3):241–250. 

2. C.N. Nwaokocha, S.O. Giwa, A.T. Layeni, O.O. Akinyemi, S.I. Kuye, 

An Experimental Investigation of LPG as an Alternative Fuel for a 

Retrofited Spark Ignition Engine. Int. J. of Energy, Env. and 

Economics, 2016, 24(1):121-130. 

3. S.O. Giwa, C.N. Nwaokocha, S.I. Kuye, O.O. Adama, Gas Flaring 

Attendant Impacts of Criteria and Particulate Pollutants: A case of 

Niger Delta Region of Nigeria. J. of King Saud University - 

Engineering Sciences, 2019, 31(3):209-217. DOI: 

10.1016/j.jksues.2017.04.003 

4. C.N. Nwaokocha, H.G. Phakatkar, S.O. Giwa, A.T. Layeni, S.A. Kale. 

The Viability of Refuse-Derived Fuel as A Green Household Cooking 

Fuel. Int. J. of Recent Technology and Engineering, 2019, 8(IS4):1031-

1034. 

5. Y. Shi, Y. Ge, J. Chang, H. Shao, Y. Tang. Garden waste biomass for 

renewable and sustainable energy production in China: potential, 

challenges and development. Renewable and Sustainable Energy 

Review, 2013, 22:432-437. 

6. J.W. Lund, D.H. Freeston, T.L. Boyd. Direct utilization of geothermal 

energy 2010 worldwide review. Geothermics, 2011, 40:159–180. 

7. S.O. Giwa, C.N. Nwaokocha, C.O. Ogunbona, S.O. Shittu. Hydrogen 

Production From Alternative Aqueous Sources: A Feasibility Study. Int. 

J. Tech, 2017, 8(5):867–877. DOI:10.14716/ijtech.v8i5.869 

8. L.M. Amoo, R.L. Fagbenle. An Integrated Impact Assessment of 

Hydrogen as a Future Energy Carrier in Nigeria’s Transportation, 

Energy and Power Sector. Int J. of Hyd Ener, 2014, 39:12409–33 

9. S. Nasruddin, E.A. Kosasih, B. Kurniawan, Supriyadi, I.A. Zulkarnain. 

Improving hydrogen physisorption energy using SWCNTS through 

structure optimization and metal doping substitution. International 

Journal of Technology, 2016, 7(8):1455–1463. 

10. C.N. Nwaokocha, O.J. Alamu, S.O. Giwa, A.T. Layeni, S.I. Kuye, S.O. 

Oyedepo. Solar Energy and Food Preservation in Nigeria. In: S.A. Kale, 

(ed.), Advances in Renewable Energy and Sust Systems, Nova Science 

Pub Inc., New York, USA, 2018, pp. 97 – 105. ISBN: 978-1-53614-

022-4. 

11. C.N. Nwaokocha, O.J. Alamu, O. Adunola, S.O. Giwa, A.A. Adeala. 

Performance Evaluation of a Domestic Passive Solar Food Dryer. In: 

S.A. Kale, (ed.),  Renewable Energy System, Nova Science Publishers 

Inc., New York, USA, 2017, pp. 67-84. ISBN: 978-1-53610-441-7. 

12. C.G. Granqvist. Transparent conductors as solar energy materials: a 

panoramic review. Sol Energy Mater Sol Cells, 2007, 91:1529–1598. 

13. F.O. Antonio. Wave energy utilization: a review of the technologies. 

Renew Sustain Energy Rev., 2010, 14:899–918. 

14. Zou Fan. Tidal Power Energy, University of Galve, 2012. 



C.N. Nwaokocha, S.O. Giwa, A.T. Layeni, S.I. Kuye, S.O. Oyedepo, N.S. Lawal, O.S. Fasinu 

 

 

 

95 

15. C.N. Nwaokocha, M.A. Waheed A.T. Layeni. Estimation of Tidal 

Power Potential of Nigeria Coastal Area. In: S.A. Kale and K. Prabakar, 

(eds.) Ren. Energy and Sus. Development, Nova Science Publishers 

Inc., New York, 2015, pp. 163-171. ISBN: 978-1-63463-464-9. 

16. G.J. Herbert, S. Iniyan, E. Sreevalsan, S. Rajapandian. A review of 

wind energy technologies. Renew Sustain Energy Rev., 2007, 11:1117–

1145. 

17. N. Panwar, S. Kaushik, S. Kothari. Role of renewable energy sources in 

environmental protection: a review. Renew Sustain Energy Rev 2011, 

15:1513–1524.  

18. A. Yilanci, I. Dincer, H.K. Ozturk. A review on solar-hydrogen/fuel cell 

hybrid energy systems for stationary applications. Prog Energy 

Combust Sci., 2009, 35:231–244. 

19. V. Khare, S. Nema, P. Baredar. Solar–wind hybrid renewable energy 

system: a review. Renew Sustain Energy Rev 2016, 58:23–33.  

20. Z. Du, H. Li, T. Gu, A state of the art review on microbial fuel cells: a 

promising technology for wastewater treatment and bioenergy. 

Biotechnol Adv., 2007, 25:464-482. 

21. F. Davis, S.P.J. Higson, Biofuel cells—Recent advances and 

applications. Biosens Bioelectron., 2007, 22:1224–1235. 

22. A.J. Slate, K.A. Whitehead, D.A.C. Brownson, C.E. Banks. Microbial 

fuel cells: An overview of current technology. Renew Sustain Energy 

Rev., 2019, 101:60–81. 

23. D.H. Park, J.G. Zeikus. Improved fuel cell and electrode designs for 

producing electricity from microbial degradation. Biotechnol Bioeng, 

2003, 81:348–355. 

24. J.R. Kim, S.H. Jung, J.M. Regan, B.E. Logan. Electricity generation 

and microbial community analysis of alcohol powered microbial fuel 

cells. Bioresour Technol., 2007, 98:2568–2577. 

25. M. Rahimnejad, A.A. Ghoreyshi, G. Najafpour, T. Jafary. Power 

generation from organic substrate in batch and continuous flow 

microbial fuel cell operations. Appl Energy, 2011, 88:3999–4004. 

26. M. Rahimnejad, N. Mokhtarian, G. Najafpour, W. Daud, A. Ghoreyshi. 

Low voltage power generation in abiofuel cell using anaerobic cultures. 

World Appl Sci J., 2009, 6:1586-1588 

27. S.H.A. Hassan, Y.S. Kim, S.E. Oh. Power generation from cellulose 

using mixed and pure cultures of cellulose-degrading bacteria in a 

microbial fuel cell. Enzym Microb Technol 2012, 51:269–273. 

28. A.T. Najafabadi, N. Ng, E. Gyenge. Electrochemically exfoliated 

graphene anodes with enhanced biocurrent production in single-

chamber air-breathing microbial fuel cells. Biosens Bioelectron., 2016, 

81:103–110. 

29. C.Y. Chen, T.Y. Chen, Y.C. Chung. A comparison of bioelectricity in 

microbial fuel cells with aerobic and anaerobic anodes. Environ 

Technol 2014, 35:286–293. 

30. K.Y. Kim, W.L. Yang, P.J. Evans, B.E. Logan. Continuous treatment of 

high strength wastewaters using air-cathode microbial fuel cells. 

Bioresour Technol., 2016, 221:96–101. 



Energy Generation from Corn Starch Effluent using Microbial Fuel Cell using Lead Electrodes 

 

  

96 

31. M.C. Potter. Electrical Effects Accompanying the Decomposition of 

Organic Compounds. Proc R Soc Lond [Biol] 1911, 84:260–276.  

32. B. Cohen. The bacterial culture as an electrical half-cell. J. Bacteriol., 

1931, 21:18–19. 

33. U. Schröder. Discover the possibilities: microbial bioelectrochemical 

systems and the revival of a 100-year–old discovery. J Solid State 

Electrochem., 2011, 15:1481–1486.  

34. K. Guo, D.J. Hassett, T. Gu. Microbial fuel cells: electricity generation 

from organic wastes by microbes. In: Arora R, (ed.), Microbial 

Biotechnology: Energy and Environment. United Kingdom: CAB 

International, 2012. p. 162–189.  

35. J. Canfield, B. Goldner, R. Lutwack. NASA Technical Report. Magna 

Corporation, Anaheim, CA, 63; 1963. 

36. K. Rabaey, W. Verstraete. Microbial fuel cell: Novel biotechnology for 

energy generation. Trends in Biotechnology, 2005, 26:291-298. 

37. H. Liu, S. Cheng, B.E. Logan. Production of Electricity from Acetate or 

Butyrate Using a Single Chamber Microbial fuel Cell; Environ. Sci. 

Technol., 2005, 39:658-662. 

38. B.G. Mahendra and Shridhar Mahavarkar. Treatment of wastewater and 

electricity generation using microbial fuel cell technology. Int J Res 

Eng Technol., 2013, 1:277–282. 

39. R.M. Rachma, V. Reinaldo, A. Muhyinsyah, T. Setiadi. Electrcity 

generation from Tapioca wastewater using a Microbial Fuel Cell 

(MFC). Southeast Asian Water Env., IWA Publishing, London, 2010, 

4:115-120. 

40. A.S. Mathuriya, V.N. Sharma. Bioelectricity production from various 

wastewaters through microbial fuel cell technology. J Biochem Tech., 

2009, 2(1):133-137. 

41. D. Oladejo, O.O. Shoewu, A.A. Yussouff, H. Rapheal. Evaluation of 

electricity generation from animal based wastes in a Microbial Fuel 

Cell. Int J Sci Technol., 2015, 4(4):85-90. 

42. D. Majumder, J.P. Maity, M. Tseng, V.R  Nimje, H. Chen, C. Chen, Y. 

Chang, T. Yang, C. Chen. Electricity Generation and Wastewater 

Treatment of Oil Refinery in Microbial Fuel Cells Using Pseudomonas 

putida. International Journal of Molecular Sciences, 2014, 15(9):16772-

16786. 

43. C.Y. Lee, J.H. Chen, and Y.Y. Cai, Bioelectricity generation and 

organic removal in microbial fuel cells used for treatment of wastewater 

from fish-market. J Environ Eng Manage, 2010, 20(3):173-180. 

 

Cite this article 

C.N. Nwaokocha, S.O. Giwa, A.T. Layeni, S.I. Kuye, S.O. Oyedepo, N.S. Lawal and 

O.S. Fasinu, Energy Generation From Corn Starch Effluent Using Microbial Fuel Cell 

Using Lead Electrodes, In: Sandip A. Kale editor, Advances in Electrical and 

Electronics Engineering, Pune: Grinrey Publications, 2021, pp. 87-96  

 


