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ABSTRACT 

A Microbial Fuel Cell (MFC) is a biochemical-catalyzed system that generates electricity by oxidation of 

biodegradable organic substance in the presence of microorganisms or enzymes. Microbial fuel cell technology is a 

new form of renewable and sustainable technology for electricity generation as it recovers energy from renewable 

materials such as organic wastes and wastewaters that can constitute environmental pollution if not disposed 

without proper treatment. This work therefore investigated the possibility of electricity generation from cassava 

mill effluent using MFC. The cassava mill effluent was found to generate voltage and current to the maximum of 275 

mV and 2.75 mA, respectively, corresponding to a maximum power density of 189 mW/m2. The voltage and current 

generation was respectively and significantly influenced with change in temperature, pH, concentration (strength) 

of effluent and addition of nutrient. Thus, it can be concluded that bioelectricity can directly be generated from 

cassava mill effluent using the MFC technology 
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1. INTRODUCTION 

Increasing human activities is leading to increasing 

consumption of the natural non-renewable sources of 

energy and subsequently resulting to faster rate of 

fossil fuels depletion. Therefore, energy derived from 

fossil fuels may not be able to solve the energy crisis 

as the source gets depleted and generates 

environmental pollution due to the release of 

greenhouse gases that results in climate change and 

global warming [1]. The present-day energy 

(electricity) scenario in Nigeria and around the world 

is precarious, thus driving to the search of alternative 

to fossil fuels. The current energy production methods 

are not sustainable, and concerns about climate 

change and global warming require developing new 

technologies of energy production using renewable 

and carbon-neutral sources [2]. Electricity is one of 

the most important types of energy needed for day to 

day life. The production of electricity by nuclear fuel is 

radioactive and harmful for the environment. Also, 

electricity generation by chemicals is too expensive 

and they are very harmful for the environment. To 

overcome these entire problems, technology that 

focused on biological resources to generate electricity 

without affecting the environment and at low cost is 

required [3].  

A technology using microbial fuel cells (MFCs) that 

convert the energy stored in chemical bonds in 

organic compounds to electrical energy 

(bioelectricity) achieved through the catalytic 

reactions by microorganisms has been developed and 

has generated considerable interests among academic 

researchers in recent years [4, 5]. The concept of 

electricity production from bacteria (bioelectricity) 

was conceived nearly a century ago by Potter [6], 

however, only recently the technology has been 

sufficiently improved to make it useful as a method for 

energy generation. Bioelectricity is an electric current 

that is generated by a variety of biological processes 

and generally range from one to few hundred milli-

volts [7]. A microbial fuel cell (MFC) has the potential 

to generate bioelectricity directly from a fermentative 

substrate and gains prominence due to its clean, 

efficient, and renewable nature [8, 9].  

MFC is a hybrid bio-electrochemical system that 

directly transforms chemical energy to electrical 
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energy via electrochemical reactions involved in 

biochemical pathways. Microorganisms serve as 

biocatalysts and convert the energy stored in chemical 

bonds of bio-convertible substrates into electricity 

under ambient pressures and temperatures [2, 10]. 

MFCs consist of two chambers, an anaerobic anode 

chamber and an aerated cathode chamber, which are 

separated by proton exchange membrane or salt 

bridge. In the anode compartment of MFC, 

microorganisms oxidize organic substrate such as 

acetate [11], glucose [12], sucrose [13], an amino acid 

(cysteine) [14], a protein (bovine serum albumin) 

[15], wastewater or any other sugary and 

hydrogenated compound as fuel thus generating free 

electrons and protons (hydrogen ions). The protons 

generated passes through the proton exchange 

membrane (such as Nafion) or salt bridge to the 

cathode chamber [16] filled with aerated water and 

the free electrons are transferred through the external 

circuit connected to a volt meter to the cathode. At the 

cathode chamber, the electrons combine with protons 

in the presence of oxygen (an electron acceptor) to 

form water [17]. Oxygen is superior to other electron 

acceptors for its unlimited availability and its high 

redox potential [18]. Commonly, oxygen as a terminal 

electron acceptor is added to the cathode. 

Consumption of electrons and protons is terminated 

by oxygen; water molecules are formed, then the 

transfer cycle reached at the end. Oxidized mediators 

can also accelerate reaction of water formation in the 

cathode chamber. Oxygen in the anode chamber may 

inhibit production of electricity, so the system must be 

designed in such a way as to keep the bacteria 

separated from the oxygen (anaerobic chamber for 

anodic reaction) [19].  

Bacteria present in mediator less MFCs have 

electrochemically active redox enzymes on their outer 

membranes that transfer the electrons to external 

materials and therefore, do not require exogenous 

chemicals to accomplish electron transfer to the 

electrode [20]. Nevertheless, most of the bacteria 

species used are inactive for electron transport; hence, 

most MFCs use or require mediator molecules 

(synthetic or natural) such as methylene blue (MB), 

neutral red (NR), thionin, ferricyanide, humic acid, or 

methyl viologen [21] to be artificially added to the 

anode chamber as to speed up electron transportation 

to the electrode surface [22]. The presence of artificial 

electron mediators is essential in some of MFCs so as 

to improve its performance [23]. But recently, 

mediator less MFCs became an interesting issue for 

many researchers [8] because the addition of 

mediators in the commercial use of MFCs for energy 

production and wastewater treatment faces trouble, 

as most of these mediators are expensive and toxic 

[24, 25]. Therefore, there is a lot of emphasis for 

improving MFCs without the use of mediators.. 

MFCs have many advantages, including the cleanliness 

of the process, efficiency, easy conduct in different 

circumstances and not producing toxic side by- 

products; and therefore have shown to be a better 

option for producing electricity and simultaneous 

treatment of wastewater while producing clean, 

simple and complete renewable energy [26, 27]. 

Waste water sources that have been used in MFC tests 

include domestic wastewater [26], swine wastewater 

[28], meat packing wastewater [15], paper industry 

wastewater [2], corn stover hydrolysates (liquefied 

corn stover) [29] and abattoir waste water, dairy 

waste water, sugar mill waste water, brewery waste 

water and pineapple juice waste water [7]. Thus, the 

high organic load in wastewaters is no longer seen as 

waste, but instead as a valuable energy resource. The 

function of microbial fuel cells is affected by several 

factors such as the amount of oxidation and electron 

transfer to the electrodes by microorganisms, loading 

rate, the nature of the used carbon source, the nature 

of the proton exchange membrane, proton transfer 

through the membrane to the cathode chamber, 

oxygen supply in the cathode, the nature and type of 

electrodes, circuit resistance, the electrolyte used, 

operation temperature, pH, sedentary time, 

microorganism, and nutrients[30, 31, 32]. Ways of 

exploiting these biological substrates degradation for 

the generation of electricity is the driving force for the 

development of microbial fuel cell (MFC).  

The objective of this work was to investigate the 

potential of bioelectricity production from cassava 

mill effluent which are rich in organic substrates as 

well as microorganisms using mediator less Microbial 

Fuel Cell. Also, the effect of initial concentration, pH, 

temperature and the addition of NPK fertilizer as 

nutrient on voltage and current generation was 

investigated. 

 

2. MATERIALS AND METHODS 

2.1 Materials  

The cassava mill effluent used in this work was 

collected from a cassava processing factory located in 

Obiaruku of latitude 15oC 51” North and longitude 

61oC 09” East of Delta State, Nigeria. 
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2.2 Methods 

2.2.1 Physical and chemical characterization of 

wastewater sample  

The cassava mill effluent was characterized for their 

physical and chemical properties according to APHA 

standard methods [33] and their microbial 

constituents isolated. The physical and chemical 

characterization of cassava liquid waste effluents is 

presented in Table 1. 

 

Table 1. Characterization of cassava mill effluent 

Parameters Value 

pH 4 

Electrical conductivity, μS/cm 6500 

Total Dissolved Solids (TDS), mg/l 3445 

Turbidity, NTU 1077 

Total Suspended Solids (TSS), mg/l 1192 

Biochemical Oxygen Demand (BOD), mg/l 10.3 

Chemical Oxygen Demand (COD), mg/l 15.7 

Total Heterotrophic Bacteria (THB), cfu/ml x 103 1.50 

Cyanide ion, mg/l 4.08 

 

2.2.2 Isolation of microorganisms  

Microbial colonies were isolated from cassava mill 

effluent  using Nutrient Agar medium (Beef Extract-3 

g; Peptone - 5g; Sodium Chloride - 5g; Agar – 20 g; 

Distilled Water -1000 ml, pH 7.0). The bacteria were 

identified based on colony characteristics, Gram 

staining and by biochemical tests as given by Bergey’s 

Manual of Determinative Bacteriology and selective 

media [34]. 

 

2.2.3 Construction of Microbial Fuel Cell (MFC) 

The MFC constructed from plexiglass (16 x16 x10 cm) 

consisted of two chambers for anode and cathode with 

equal total volume of 1 L and a working volume of 700 

ml. The two chambers are separated by a polyvinyl 

chloride (PVC) pipe which served as salt bridge 

(cation exchanger) to transfer protons from anode to 

cathode chamber. The salt bridge is filled with a 

mixture of 1M KCl and 2 g agar in100 ml of distilled 

water. The salt bridge was fixed between washers and 

clamped in the hollow tube (50 mm diameter) 

attaching both chambers. Carbon rods (4x5cm; 10mm 

thickness) coated with nonconductive epoxy was used 

as electrodes for both anode and cathode.  

Prior to use, electrodes were soaked in de-ionized 

water for a period of 24 h. Anode was perforated by 

providing nine uniform size holes of 0.1 cm diameter 

to increase the surface area. Electrodes were 

positioned at a distance of 6 cm on either side of the 

salt bridge. Copper wire was used as contact for the 

electrodes after carefully sealing the contact with 

‘nonconductive epoxy’ material. Each chamber was 

provided with sample port, wire point input (top), 

inlet and outlet ports and anode chamber was sealed 

with washers to ensure anaerobic microenvironment. 

 

2.2.4 Experimental Design  

The cathode chamber of MFC (aerobic chamber where 

oxygen was used as the electron acceptor for the 

electrode) was filled with 100 mM phosphate buffer 

as catholyte mediator and pH adjusted to 7 by 0.5 M 

NaOH. Catholyte solution was continuously stirred at 

50 rpm using magnetic beads to ensure effective 

contact between proton, electron and mediator. The 

cathode chamber was provided with air that passed 

through a 0.45m pore size filter.  Under these 

conditions, the dissolved oxygen (DO) concentrations 

in the cathode chamber of MFC were observed to be 

between 4 and 5mg/L. The anode chamber was 

initially inoculated with artificial wastewater 

containing glucose as carbon source. The composition 

of the artificial wastewater was 1.0 g glucose, 450.0 

mg NaHCO3, 100 mg NH4Cl 10.5 mg K2HPO4 , 6.0 mg 

KH2PO4, 64.3 mg CaCl2.2H2O, 18.9 mg MgSO4.7H2O, 

10.0 mg FeSO4.7H2O, 0.65 mg CuSO4.5H2O, 6.0 mg 

MnSO4, 0.5 mg ZnSO4.7H2O, 20 mg CoCl2.6H2O and 

0.65 mg CuSO4.5H2O (gL-1).  

After two cycles, feed solution containing 50% 

artificial wastewater and 50% cassava liquid waste 

effluent sample was separately inoculated into the 

MFC to test-run the MFC. After another two cycles, 

feed solution was switched to 100% cassava mill 

effluent sample. The pH of the anode was maintained 

at 6.0 (± 0.1) throughout the experiment to sustain 

the survival of acidogenic bacteria. The performance 

of microbial fuel cell was evaluated under ambient 

temperature (28oC ± 2 °C) and ambient pressure 

except during the study of increased temperature 

effect. The anode chamber was sparged with nitrogen 

gas for a period of 4 minutes to maintain anaerobic 

microenvironment after each feeding cycle. Feeding, 

decanting, and recirculation operations were 

performed using peristaltic pumps controlled by 

electronic timer. Fuel Cells were operated for 7 days 

and readings were taken for5 days.  

 

2.2.5 Analytical Procedure 

Current (I) and potential difference (V) 

measurements were recorded at 30 minutes interval 

of operation using auto-range digital Multimeter 

(made by Kusam, model DT-830D) by connecting to 
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100Ω external circuit. For polarization curve 

preparation, current generation was monitored at 

various external resistances (30Ω–100Ω). The 

readings were recorded after connecting the 

resistance for few minutes on obtaining stable voltage 

readings.  The current was calculated according to 

Ohm law, I = V/R, where I (mA) is the current, V (V) is 

the voltage, and R (Ω) is the external resistance. 

Current density was calculated as i = I/A, where A 

(84 cm2) is the projected surface area of the studied 

electrode. The power density was calculated according 

to P = IV/A, where I, V and A are the same as 

previously described.  

 

3. RESULTS AND DISCUSSION 

3.1 Bacterial Species Isolated from Effluents  

The microbial species isolated from the cassava mill 

effluents were found to be Pseudomonas aeruginosa, 

Bacillus cereus, Bacillus subtilis, Escherichia coli, 

Saccharomyces cerevisiae, Aspergillus niger, 

Aspergillus flavus and Rhizopus species.    

 

3.2 Voltage and Current Generation 

After setting the experiment, the two chambered 

Mediator Less MFCs were operated with cassava mill 

effluent sample at different conditions, as feed to 

support the formation of biomass and subsequent 

generation of electricity. When MFC was inoculated 

with cassava mill effluent, there was about 24 h Lag 

phase followed by an increase in cell current. The 

initial increase of current could be attributed to the 

presence of components that are easily utilized by 

mixed microorganisms present in the liquid waste. 

When these easily degradable substrates were 

exhausted, the current outputs began to decrease.  

In this study, a maximum voltage output of 275 mV 

and a corresponding current output of 2.75 mA were 

obtained in 240 min (4 h) from the cassava mill 

effluent as shown in Figure 1. 

 
Figure 1: Variation of voltage and current generated from 

cassava mill effluent with time 

Siva et al [35] have reported a maximum current 

output of 0.957mA and 0.851 mA respectively for 

dairy and sugar industry wastewaters. Also a 

maximum current output of 1.28 mA, 1.06 mA, 0.96 

mA, 0.79 mA and 0.71 mA obtained in 150 min (2½ h) 

have been reported by Aremu and Agarry [7] for the 

use of sugar wastewater, brewery wastewater, 

abattoir wastewater, pineapple juice wastewater and 

dairy wastewater as fuel in MFC, respectively. 

Meanwhile, Mathuriya and Sharma [2] have reported 

a maximum current output of 8.39 mA and 11.39 mA 

on the 5th day for dairy waste water and sugar 

industry waste water, respectively in their MFC 

without mediators. The high current output reported 

by Mathuriya and Sharma [2] might be due to their 

use of Nafion 117 Proton exchange membrane, which 

is reported to be the best PEM in microbial fuel cell 

experiments as well as higher hydraulic retention time 

of 10 days.  In our case, salt bridge instead of Nafion 

membrane and a lower hydraulic retention time of 5 h 

was used.  

Min et al. [28] and Fatemi et al. [36] have reported 

that Geobactermetallireducens and Saccharomyceses 

cerevisiae as pure cultures correspondingly produced 

a power output of 2.2 mW/m2and 10 mW/m2in their 

MFC using a salt bridge between anode and cathode 

chambers while in our study a maximum power 

density of 189mW/m2 (Fig. 1) using a salt bridge was 

obtained suggesting that a consortium of 

microorganisms are able to produce more power 

synergistically than a single pure culture. Similar 

observations have been reported [2, 36]. These 

observations also prove the fact that performance of 

microbial fuel cells with respect to electricity 

generation is dependent on the availability of various 

types of microorganisms found in biological waste 

effluents. Availability of complex mixed cultures 

allows much wider substrate utilization and thus 

release of more electrons. This may probably be the 

reason for higher voltage generation in our MFCs 

using cassava mill effluents without using any 

mediators. Some species of Pseudomonas enhance 

their electron transfer potential through excretion of 

self-made redox mediator pyocyanin [2, 37]. Thus, the 

presence of Pseudomonas species in our cassava mill 

effluent may also have influenced the increase in 

power output through their self-made mediator.  

 

3.3 Effect of Temperature 

To evaluate the effect of temperature on current 

generation, the sample was initially operated at 25oC 
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for 150 min (2½ h) after which the temperature was 

increased up to 35oC for 210 min (3½ h) and 

thereafter increased to 45oCfor 300 min (5 h). Figure 

2 show the voltage and current generation at the 

different temperatures.  

 
Figure 2: Effect of temperature on voltage and current 

generation from cassava mill effluent 

 

Experimental data indicate that voltage increased 

from 202 to 285 mV and the corresponding current 

generation increased from 2.02 to 2.85 mA with 

increase in temperature from 25 to 35oC. Aremu and 

Agarry [7] observed an increased current generation 

from brewery waste water, pineapple juice waste 

water, abattoir waste water and sugar industry waste 

water when temperature increased from 25oC to 35oC. 

However, as the temperature increased from 35 to 

45oC, a major decrease in voltage from 285 to 185 mV 

and current from 2.85 to 1.85 mA were observed in 

the MFC performance. A similar observation has been 

reported for bioelectricity generation from brewery 

waste water, paper industry waste water and dairy 

waste water as temperature was increased from 35 to 

45oC [2, 38].  

The result was not unexpected as the ambient 

temperature for most of the microbial consortium is 

30 - 35oC. Mansoorian et al. [39] have reported that 

for the variation of temperature between 15 and 40oC 

in the generation of electricity from dairy waste water, 

the maximum voltage and current intensity were 

obtained at 35 °C. Decrease and increase in the voltage 

efficiency and current intensity may happen due to 

several reasons. As temperature increases, the rates of 

biochemical reactions in cells and bacterial growth 

accelerate and hence the metabolism rate of bacteria 

increases which leads to quick growth of bacteria and 

higher voltage efficiency. However, when bacteria are 

in high temperatures for long duration, important 

compounds in cells including nucleic acid and other 

material susceptible to temperature may get damaged 

irreversibly and this will lead to an intense 

deterioration of cell function or cell death. In this 

situation the voltage and current intensity 

dramatically decreases. Also at low temperatures, rate 

of bacterial growth is low which leads to decrease in 

the bacteria population in the anode chamber and 

operation in these low temperatures is not successful 

and the voltage efficiency and current intensity 

becomes low [40, 41, 42]. 

 

3.4 Effect of Wastewater Concentration  

To evaluate the effect of wastewater concentration on 

electricity production, the MFC was initially operated 

at full strength of cassava mill effluent in the anodic 

chamber for 150 min after which 50% part of the 

effluent was replaced by de-ionized water. The effect 

of cassava mill effluent concentrations on current 

response is shown in Figure 3.  

 
Figure 3: Effect of waste effluent concentration on 

voltage and current generation from cassava mill effluent 
 

It is seen from Figure 3 that voltage and current 

generation decreased as cassava mill effluent 

concentration decreased from 100% to 50% 

concentration (strength). This observation of 

decreased voltage and current generation may be due 

to decreased presence of oxidizable substrates in 50% 

effluent sample. Similar observations have been 

reported for municipal waste water, brewery waste 

water, sugar waste water and paper industry waste 

water [2]. 

 

3.5 Effect of pH  

The pH of wastewater entering the anode chamber 

and the phosphate buffer entering the cathode 

chamber is one of the parameter that affects current 

intensity in MFC systems [43]. The anode chamber is 

anaerobic and microorganisms transfer electrons 

from the degradation of organic material to the anode 

electrode. To evaluate the effect of pH on electricity 

production, the MFC was initially operated at a pH of 

6.5 in the anodic chamber for 120 min after which the 

effluent pH was adjusted to acidic pH of 4.5 using 

H2SO4 and the system allowed to operate for 210 min 

and thereafter adjusted to alkaline pH of 8 by drop 

wise addition of NaOH. The effect of effluent pH on 

voltage and current response is shown in Figure 4. 
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The electrolyte used in this study was phosphate 

buffer whose pH was set at 7.0.  

 
Figure 4: Effect of pH on voltage and current generation 

from cassava mill effluent 
 

It is seen from Figure 4 that voltage generation 

continuously increased at pH of 6.5 from 0 to 202 mV 

with a corresponding increase in current generation 

from 0 to 2.02 mA. As the effluent pH was adjusted to 

acidic pH of 4.5, the voltage decreased from 202 mV to 

44 mV with a corresponding decrease in current 

generation from 2.02 to 0.44 mA.  

However, with the adjustment of effluent pH to 

alkaline pH of 8, the voltage increased from 44 to 205 

mV while the current intensity increased from 0.44 to 

2.05 mA. Similar observations have been reported [44, 

45]. This observation of decreased current generation 

at acidic pH (i.e. low pH) in comparison to alkaline pH 

may be due to the fact that at low pH, microorganisms 

are deactivated and thus microbial activity is reduced 

which leads to weak transfer of protons to the other 

side of the salt bridge and ultimately decreases the 

MFC efficiency. Li et al. [46] and Jadhav et al. [38] have 

both reported that the maximum efficiency of MFC is 

attained at pH 7.0. 

 
Figure 5: Effect of nutrient addition on voltage and 

current generation from cassava mill effluent 
 

3.6 Effect of Nutrient  

To evaluate the effect of nutrient addition 

(biostimulation) on electricity production, the MFC 

was initially operated without the addition of NPK 

fertilizer (nutrient) to cassava mill effluent in the 

anodic chamber for 150 min after which NPK fertilizer 

was added. The effect of nutrient addition on voltage 

and current response is shown in Figure 5.  

It is seen from Figure 4 that voltage and current 

generation continuously increased with the addition 

of nutrient (NPK fertilizer). This observation of 

increased voltage and current generation may be due 

to increased presence of nutrient (nitrogen, potassium 

and phosphorus) which resulted in increased cell 

multiplication and growth which subsequently led to 

increased oxidation of effluent and release of 

electrons and ultimately higher voltage and current 

generation.  

 

4. CONCLUSIONS 

In this study, it can be concluded that electricity can 

directly be generated from cassava mill effluent using 

the MFC technology. The maximum current intensity 

and power density production were achieved 

respectively at 2.75 mA and 189 mW/m2 on the anode 

surface. The maximum voltage produced was 2.75 mV. 

Also, since the microorganisms responsible for 

substrate biodegradation for electricity generation 

were already present in the wastewater; this study 

proved that MFC function is affected by the operating 

conditions such as temperature, pH, presence of 

nutrient, strength (or concentration) of wastewater 

and retention time. The microbial electricity 

generation technology is still in the early stage of 

development in Nigeria; nevertheless, it shows great 

promise as a new method towards electricity 

generation from renewable and carbon-neutral 

sources such as the generation of electricity from 

negative value streams using the microbial fuel cell 

technology. 
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