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INTRODUCTION

The ever increasing demand for energy and 
its meagre supply in Nigeria and Africa in general 
have been a great challenge to economic develop-
ment. This situation is becoming critical, with in-
creasing population not balanced by an adequate 
energy development programme. The incessant 
power generation failure has grossly affected the 
economy, seriously slowing down the develop-
ment in rural and sub-rural settlements, with pres-
ent energy policy mainly benefiting urban dwell-
ers [Lovley, 2006; Chris et al., 2008]. 
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ABSTRACT
Electricity generation from swine wastewater using microbial fuel cell (MFC) was inves-
tigated. Swine wastewater was collected into a dual-chambered (aerobic and anaerobic) 
fuel cell. The maximum power output using copper and carbon electrodes were 250.54 
and 52.33 µW, respectively, while 10.0 and 5.0 cm salt bridge length between the cath-
ode and anode gave maximum power outputs of 279.50 and 355.26 µW, respectively. 
Cathodic potassium permanganate and distilled water gave maximum power outputs of 
1287.8 and 139.18 µW, respectively. MFCs utilized microbial communities to degrade 
organic materials found within wastewater and converted stored chemical energy to 
electrical energy in a single step. The initial bacterial and fungal counts were 7.4×106 
and 1.1×103 CFU ml-1. Bacterial counts steadily increased with time to 1.40×107 CFU 
ml-1 while fungal count declined to 4.4×106 CFU ml-1 after day 60. The decline in mi-
crobial counts may be attributed to the time necessary for acclimatization of microbes to 
the anode. The genera identified were Bacillus, Citrobacter, Pseudomonas, Lactobacil-
lus, Escherichia coli, Aspergillus and Rhizopus. These microbes acted as primary and 
secondary utilizers, utilizing carbon and other organics of the wastewater. Chemical 
parameters indicated that the biochemical oxygen demand decreased from 91.4–23.2 
mg/L, giving 75% while the chemical oxygen demand ranged from 243.1–235.2 mg/L, 
representing 3.3% reduction. Although, the metabolic activities of microbes were re-
sponsible for the observed degradation, leading to electricity, the overall power output 
depended on the distance between the anode and cathode ompartments, types of elec-
trode materials and mediators and oxygen reaction at the cathode. 
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Energy projections stipulate that between 
2002 and 2025, global energy needs may rise by 
over 34%, with that of developing nations dou-
bling this percentage [Larminie and Dick, 2000]. 
Hence, a robust solution must be found to ame-
liorate current energy crises. There is an emer-
gent interest to use clean energy sources that are 
sustainable for wastewater treatment in order to 
effectively generate power using MFC other than 
fossil fuel. 

Electricity generation using microbial fuel 
cell becomes a desired option. The microbial fuel 
cell (Figure 1) is a bio-electrochemical system 
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in which microorganisms are used to catalyze 
the conversion of organic material into electric-
ity [Barbir, 2005; Emily et al., 2012; Logan and 
Regan, 2006; Lovley, 2006; Nwachukwu, 2007; 
Surajit and Neelam, 2010 and Zhuwei et al., 
2007; Feng et al., 2009; Pharm et al., 2006]. 

A microbial fuel cell (MFC) has a great po-
tential to offer solution to this problem by gener-
ating direct electricity during oxidation of organic 
matter. MFCs have recently received increased 
attention as a means to produce ‘green’ energy 
from organic wastewater or synthetically pre-
pared carbohydrate substrates [Ghangrekar and 
Shinde, 2008].

Bacteria can be used in MFCs to generate 
electricity while accomplishing the biodegrada-
tion of organic matters or wastes [Park and Zei-
kus, 2000; Oh and Logan, 2005]. The fuel cell is 
made of four parts: the anode, the cathode, the 
proton-exchange membrane (PEM) and the exter-
nal circuit. The anode holds the bacteria and or-
ganic material in an anaerobic environment [Lo-
gan and Regan, 2006; Lovley, 2006]. The cathode 
holds a conductive saltwater solution. As part of 
the digestive process, the bacteria create protons 
(H+) and electrons (H-). 

The electrons are pulled out of the solution 
onto an electrode and are conducted through an 
external circuit [Ghangrekar and Shinde, 2008]. 
The electrons move through the circuit into the 
cathode (via cathode’s electrode). The protons 
travel through the proton-exchange membrane 

or a salt bridge to meet with the electrons at the 
cathode [Rabaey and Verstraete, 2005; Surajit and 
Neelam, 2010]. 

The salt bridge is a mesh of proteins that sep-
arate the anode and cathode chambers, allows the 
protons to move from the anode to the cathode, 
but keeps the solutions in the anode and cathode 
separate. At the cathode, the protons and electrons 
combine with oxygen to create water [Ghangrek-
ar and Shinde, 2008; Li et al., 2009]. MFCs can 
use a wide range of materials. 

Organic materials can offer the intriguing ca-
pability of purifying waste and producing fresh 
water while also creating electricity [Venkata 
et al., 2007]. A MFC is considered ecologically 
friendly and can be used as a substitute to reduce 
greenhouse gases emission [Pham et al., 2006; 
Choi et al., 2000]. The advantages of using MFC 
in this situation as opposed to a normal battery is 
that it uses a renewable form of energy and need 
not to be recharged like a standard battery would. 

In addition to this, they could operate well in 
mild conditions (20–40 °C) and at pH of around 
7.0 [Choi et al., 2000; Chris et al., 2008; Lovley, 
2006; Pham et al., 2006]. The MFCs still need a 
significant breakthrough to become economically 
competitive. A previous study [Gil et al., 2003] 
has shown that the performance of MFC is deter-
mined by several factors which include microbial 
activities oxidizing fuels in the anode; electron 
transfer from microbial cells to the anode and 
proton transfer from the anode to cathode. In this 

Figure 1. A schematic diagram of a dual chambered microbial fuel cell
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study, swine wastewater was used as a substrate 
for electricity generation in a MFC. Furthermore, 
the effects of salt bridge length, comparative per-
formance of carbon and copper electrode and 
the efficacy of using potassium permanganate 
(KMnO4) as electron acceptor in cathode reaction 
were determined. 

MATERIALS AND METHODS

Sample collection

Swine waste water samples were collected 
from Pig Farm Garden (PFG) in Aluu communi-
ty, Rivers State, Nigeria. The samples were trans-
ported via a sterile jerry can to the environmental 
microbiology laboratory for analyses.

Microbial fuel cell construction

A dual-chambered MFC was constructed by 
connecting two plastic bottles (total volume of 
1000 mL) with a polyvinyl chloride (PVC) pipe 
of different lengths (5.0 cm and 10.0 cm). Each 
salt bridge had a diameter of 4 cm and contained 
a proton exchange membrane, clapped with two 
rubber loops. The salt bridge was made based on 
the method previously described [Logan, 2005; 
Venkata et al., 2007; Zhuwei et al., 2007]. 

The copper electrode was perforated at each 
edge through which copper wires were attached 
to the electrodes. The exposed areas were sealed 
with a non-conducting epoxy resin. The copper 
wires were then passed via the lid and connected 
to the external circuit and the graphite electrodes 
(length = 5.0 cm, diameter = 0.6 cm) passed 
through the 2.0 mm hole at the bottom side of the 
plastic material. 

Experimental setup

The experiment was conducted for 60 days 
to study the effects of wastewater sample, elec-
trode spacing, electrode materials and cathode 
solutions on MFC performance. In the first set 
of MFCs, the swine wastewater was sterilized in 
an autoclave and 800 ml of the sterile sample fed 
into the anode chamber while the cathode cham-
ber was injected with 800 ml distilled water as 
an electron acceptor. For the remaining setups, 
unsterilized wastewater was used. To each of the 
MFCs, an unsterilized waste sample was added 
to the anode (400 ml) and KMnO4 added to the 
cathode compartment (400 ml) as mediator. 

Again, the same procedure was repeated us-
ing water as the cathode mediator with a view to 
comparing the power output between water and 
KMnO4. In another set of tests, the effect of elec-
trode distance (5 cm and 10 cm) was investigat-
ed. Two different types of electrodes (copper and 
graphite) were also used to evaluate their perfor-
mance. The voltage and current were measured 
for the charged MFC daily using a digital multi-
meter (ALDA TD-830D) which was connected to 
the external circuit.

Daily readings were recorded and the conver-
sion of data to power was done using the equa-
tion: P = I ·V. Where: P – power (W), I – current 
(µA), and V – voltage (m Volt). The MFC was op-
erated in a batch mode in which the swine waste-
water was not replaced until MFC performance 
declined. Nitrogen gas was flushed into the anode 
to maintain anaerobic condition before closing 
the chamber. 

Microbiological analyses

The total culturable heterotrophic bacterial 
counts (TCHBC) and total counts (TFC) of waste-
water was determined in triplicate. A 10-fold se-
rial dilution was done and 0.1 ml spread-plated 
in triplicate as described by Pelczar et al. (1983). 
Nutrient agar plates were incubated for 24 h at 35± 
2 °C for bacterial enumeration and at 37 °C for 48 h 
using Sabauraud dextrose agar as the base medium 
for total fungi (TF) enumeration, respectively. 

Discrete colonies that developed after incuba-
tion were transferred onto nutrient agar and po-
tato dextrose agar slants for bacterial and fungal 
purification. Bacteria were identified based on 
cultural and biochemical characteristics [Holt et 
al., 1994] while fungal identification followed the 
most documented keys as described by Domsch 
et al. [1993].

Determination of biochemical oxygen 
demand and chemical oxygen demand

The method for biochemical oxygen demand 
(BOD) and chemical oxygen demand (COD) was 
adopted from APHA [1998]. The initial dissolved 
oxygen (DO) of the wastewater was diluted with 
oxygenated water and determined using Orion 
portable DO meter. The procedure was repeated 
after 5 days incubation period using Winkler 
method [Odiete, 1999; Singh et al., 1999]. 

The difference between DO at day zero and 
that at the fifth day multipled by the dilution fac-
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tor gives the BOD5. The amount of biodegradable 
organic matter present in the wastewater at a stan-
dard temperature of 20 °C was then calculated by 
using the equation: 

BOD or BOD5 = D.O. consumed in the test 
by the diluted sample X (Volume of the diluted 
sample divided by the Volume of the undiluted 
wastewater sample). The COD, a measure of total 
organic matter (biodegradable as well as non-bio-
degradable) was then determined [APHA, 1998; 
Carg and Garg, 2012]. The percentage degrada-
tion of BOD and COD was calculated using the 
expression:

% degradation = (I mg/L – F mg/L) × 100
               I mg/L

Where I is the initial value of the organics 
obtained and F is the final value of the organics 
obtained. The data generated in the study was 
subjected to statistical analysis using the two way 
analysis of variance (ANOVA) to determine the 
levels of significance (p ≤ 0.05).

RESULTS AND DISCUSSION

The batch system initially loaded with 400 g (an-
ode chamber volume) of sterilized swine waste-
water gave a potential difference of 0.044 m volts 
and 0.00 µA. The total culturable microbial counts 
of the waste water obtained show that there were 
changes in bacterial and fungal population with 
respect to time (Figure 2). 

The initial total culturable heterotrophic bacte-
rial counts (TCHBC) and total fungal (TF) counts 
were 7.4×106 CFU ml-1 and 1.1×103 CFU ml-1, 

respectively. The THBC and TF counts steadily 
increased to a maximum count of 1.40×107 CFU 

ml-1 and 4.4×106 CFU ml-1, respectively by day 
60. The fungal genera isolated were identified 
based on their morphological characteristics with 
reference to Domsch et al. [1993].

The effect of electrode type on the 
performance of microbial fuel cell

Figure 3 shows the trend in power generation 
obtained in MFCs when different types of elec-
trodes were used. Generally, higher power gen-
eration was obtained with copper electrodes than 
with carbon (graphite) electrodes. 

When the MFC was operated with cop-
per electrodes, the power generated increased 
from an initial output of 12.81 µW to a peak 
of 251.54 µW and subsequently decreased to 
a final value of 57.57 µW during the eight (8) 
weeks of study. 

Likewise, power output in the graphite elec-
trode MFC followed a similar trend by increas-
ing from 2.52 µW to a peak of 52.26 µW with a 
subsequent decrease to 8.448 µW at the end of 8 
weeks study period.

The effect of salt bridge length on power 
generation in a microbial fuel cell

 The effect of electrode spacing on MFC per-
formance was investigated by reducing the dis-
tance between the anode and cathode from 10 cm 
to 5 cm. The maximum power output increased 
from 279.50 µW to 355.26 µW when the elec-
trode distance was decreased to 5.0 cm (Figure 4) 
which also corresponded to a decrease of internal 
resistance. Higher power output was obtained in 
MFC with high positive oxidizing agent com-
pared to salt water solution. 

Figure 2. Microbial population changes in the anode with time during MFC operation  
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 However, the power generated in the MFC 
with potassium permanganate (KMnO4) solution 
in the cathode chamber was remarkably higher 
than that generated by distilled water solution as 
showed in the Figure 5. The potential difference 
of 0.044 m volts and 0.00 µA obtained from the 
sterilized waste sample was as a result of the dif-
ference potential between the anode and cathode 
compartments. 

While the 0.00 µA obtained from the sterile 
waste sample shown that there were no micro-
organisms present in the waste to degrade it for 
the generation of protons and electrons.

The effect of cathode reaction on power 
generation in the microbial fuel cell

The major microbial genera isolated from the 
wastewater include Bacillus, Corynebacterium, 
Citrobacter, Staphylococcus, Micrococcus and 
Pseudomonas, Lactobacillus, Escherichia coli, 
Aspergillus, and Rhizopus. Some of these organ-
isms acted as primary utilizers, utilizing the or-
ganic carbon of the wastewater while others acted 

as secondary utilizers, utilizing the breakdown 
products of other organics after initial attack by 
primary utilizers [APHA, 1998; Atlas, 1981].

This is an indication that oxidation and deg-
radation was as a result of metabolic activities 
of the organisms and not due to abiotic factors. 
The low level of organic matter (BOD and COD) 
breakdown obtained initially from the wastewater 
may be attributed to the time necessary for the ac-
climatization of microbes to the anodic chamber.

 The decline in circuit voltage and power out-
put observed after the peak period may be linked 
to the depletion in nutrients and interaction be-
tween mixed cultures that produced some sort of 
toxins which may prevent the growth of microbes 
responsible for electron generation [Hadagali et 
al., 2012]. Figure 2 shows the effect of different 
electrode materials (copper and carbon) on circuit 
voltage (electron flow) of the MFC and power 
generation. Copper electrodes gave a higher cir-
cuit voltage and higher power output than carbon 
electrodes. 

This may be attributed to high conductivity 
of copper when compared to carbon. Copper is a 

Figure 3. Influence of electrode type on power generation in a microbial fuel cell

Figure 4. Effect of salt bridge length on power generation in a microbial fuel cell
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good conductor and as such will allow electrons 
to pass easily to the external circuit. The higher 
the conductivity of the electrode material and the 
lower the contact losses and travel distance of the 
electrons within the electrode, the more efficient 
is the electron conduction and the lower the Ohm-
ic losses as well [Aelterman, 2009].

However, metal anodes consisting of non-
corrosive stainless steel mesh may be preferable 
as copper cannot be used for a long time in a MFC 
due to its nature and the ease with which it cor-
rodes. The result presented in Figure 5 showed 
that the distance between a cathode compartment 
and an anode compartment affected current gen-
eration. At 5 cm distance, a higher power output 
was obtained when compared to 10 cm distance 
which gave a lower output. 

This indicates that, when the distance between 
two electrodes is reduced and the transfer dis-
tance of protons and the ohmic loses are reduced, 
the performance of a MFC is improved [Larminie 
and Dick, 2000; Ogugbue, 2015]. When the dis-
tance between an anode compartment and a cath-
ode compartment is made as short as possible, the 
internal resistance is sufficiently reduced [Liu et 
al., 2005]. Hence, reducing the internal resistance 
is indeed a necessary means to enhance power 
generation in a MFC. 

Potassium permanganate (KMnO4) has been 
used as an eco-friendly oxidant in industries for 
many years [Oh et al., 2004]. Its high redox po-
tential offers the possibility of its application in a 
fuel cell system to establish a high potential dif-
ference between the anode and the cathode [Shi-
jie et al., 2006]. 

The power output obtained from the microbial 
fuel cell with permanganate was about ten times 
higher than that obtained from distilled water as 

shown in Figure 5. This is in agreement with the 
work of Shijie at al. [2006]. Such a volt increase 
is most likely due to the high redox potential of 
permanganate in acidic conditions. This shows 
that potassium permanganate solution is better for 
the cathode reaction in a MFC than distilled water 
[Shijie et al., 2006]. 

The biochemical oxygen demand (BOD) is 
that fraction of the total organic carbon in a sys-
tem that is susceptible to microbial oxidation 
(biodegradation) [APHA, 1995]. The changes 
in chemical parameters revealed an initial BOD 
of 91.4 mg/L. This was reduced by 75% to 23.2 
mg/L after day 60. The initial high BOD value 
was probably due to the greater oxygen consump-
tion in breaking down the organics in the waste-
water resulting in higher BOD values which is in 
line with previous reports by Singh et al. (1999).

The chemical oxygen demand (COD) which 
is an indirect estimate of the total organic mat-
ter (biodegradable and non-biodegradable) of the 
system was decreased by 3.3% from 243.1–235.2 
mg/L after day 60. This represented the total or-
ganic content that was susceptible to the strong 
oxidizing agent (KMnO4) used. Oxygen had been 
reported to be a necessary requirement in organic 
matter biodegradation [Atlas, 1981].

CONCLUSIONS

Swine wastewater is highly loaded with or-
ganic matter and other trace elements which are 
required for growth of mixed culture of organ-
isms. MFCs utilize microbial communities to de-
grade organic materials found within wastewater 
and convert stored chemical energy to electrical 
energy in a single step. The study showed that 

Figure 5.  Effect of cathodic medium on power generation in a microbial fuel cell



Journal of Ecological Engineering  Vol. 16(5), 2015

32

power can be generated using swine wastewater 
and that the microorganisms needed for its opera-
tion were already present in the waste water. 

The performance of the MFC with respect 
to power generation was found to be dependent 
on the electrode materials, distance between the 
anode, the cathode and the cathodic reaction. 
Oxygen is sometimes used as an electron accep-
tor for MFC due to its availability, sustainability 
and lack of chemical waste product, as the only 
end product is water. There was a lesser biocom-
patibility with carbon electrode than with copper 
electrode during the 60 days study period. 

The results showed that for optimum op-
eration of MFC, high oxygen consumption is 
required and the distance between the anode and 
cathode needs to be as close as possible. In deed, 
the real potential of MFCs in electricity genera-
tion has not been fully harnessed in developing 
countries; it is therefore, recommended that tech-
nological development in this area be enhanced to 
boost commercialization. 
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