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INTRODUCTION 

Most of the energy around the world comes from non-renewable 
sources, including coal, petroleum, oil and natural gases which are 
being depleted at a higher rate [1]. Energy is a prime requirement 
of all sectors of an economy. This includes the industry, 
transportation, agriculture, hospitals as well as domestic uses 
without which advancement of technology and survival of life is 
not possible [2]. Despite having abundance of both renewable and 
non-renewable energy resources notably hydro, biomass, fossil fuels 
coal and natural gas, Nigeria is still being plagued with electricity 
crisis. The electricity crisis has hampered the socio-economic and 
technology of the nation and has compelled many industries to 
either shut down or relocate to neighboring countries thereby 
reducing job availability and national product. The development 
and deployment of waste-to-energy (WTE) technology in Nigeria 
was proposed [3] following the Swedish WTE model. It is expected 
that this will improve the epileptic power supply in the country as 
well asreduce the huge quantities of municipal solidwaste generated 
annually. The microbial fuel cell (MFC) technology provides the 

opportunity to generate electricity from a wide range of substrates. 
It is a biological system in which electrons produced from the 
microorganisms are transported over an anode, conducting wire 
and a cathode, thereby converting the energy directly into electrical 
energy [4,5]. In microbial fuel cells, microbes play crucial roles in 
energy production and the removal of organic contaminants. The 
single-chamber microbial fuel cell (SMFC) with  an  air-cathode 
has great advantages in terms of the structure, power density and 
aeration and is has been considered the most anticipated mode 
for practical application [6].The generation of bioelectricity has 
been achieved over the years using biomass[7-11]which includes 
agricultural crops, seeds and bio waste. It has been reported [12- 
15] that these are major sources of bioelectricity. Paw-paw contains 
sugar and other ingredients with sufficient chemical energy that can 
be converted into electrical energy by means of a redox reaction. Its 
high content of glucose and fructose and polysaccharides which are 
easily hydrolyzed makes it a viable source for bioenergy. The 
purpose of this research is to carry out a biotransformation of paw- 
paw waste into clean bioenergy and reduce the environmental 
pollution that arises from the accumulation of this organic waste. 
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ABSTRACT 
The generation of electricity from waste paw-paw fruits and peels is one of the approaches to meet the population 
demand for energy. We have employed the use of single microbial fuel cells (SMFC) as an alternative source of 
generating electricity using microorganisms. The graphite used for the electrodes were obtained from discarded 
finger batteries. The waste paw-paw fruits and peels were weighed in varying quantities of 5kg, 10kg, 15kg and 20kg. 
The results obtained showed that the voltage and current produced from the 20  kg paw-paw waste were capable  
of lighting a 2V bulb continuously for one week. The decrease in voltage and current with time was as a result of 
decrease in the organic matter contents of the substrates used. The linearity relationship between voltage, current 
density and power density showed r2 values of 0.906 to 0.994 across the various weights of paw-paw waste used. The 
steady increase in conductivity values showed that the medium was capable of conducting electricity. A decreasing 
trend was observed in the results obtained for biochemical oxygen demand (BOD), dissolved oxygen (DO) and 
chemical oxygen demand (COD) for all the substrates. In this research, we achieved the conversion of paw-paw 
biomass to bio-energy using a simple and cheap method. The use of discarded finger batteries was an opportunity 
to convert waste to wealth. 

Key words: Biomass; Bioelectricity; Voltage; Finger batteries; 2V bulb; Paw-paw; Microorganisms; Daily readings. 
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Figure 1: The SMFC set up ready and running. 

 

METHODOLOGY 

Construction of the Single Chamber Microbial Fuel Cells 

The single chamber microbial fuel cell (SMFC) was constructed 
using a 25litre rectangular plastic container. The electrodes were 
constructed with 10mm diameter PVC (poly vinyl chloride) pipes 
filled with graphite extracted from discarded 1.5V finger batteries. 
The heights of the cathode and anode electrodes were 40cm and 
25cmrespectively. The anode is not aerated while the cathode is 
porous and aerated (exposed directly to the air). The terminals of 
the electrodes were connected by a copper wire to 10,000 resistor 
and digital multimeter was connected to the positive and negative 
terminals of the electrodes for current and voltage readings. This 
is shown in Figure 1.The SMFC was constructed and used in the 
laboratory at room temperature. 

Collection of Sample Materials 

Waste paw-paw fruits and peels were collected from different 
market dump sites and taken to the laboratory. The required 
quantity for the week’s study was weighed out using a digital top- 
loading weighing balance (Model: SP20kg; capacity: 20kg/40lb) 
and were kept in the chamber to decompose for 3 days leaving it 
open to prevent heat from destroying the microbes. 

Microbial fuel cell Procedures 

The waste paw-paw fruit and peels which had been weighed on a 
scale were poured into the 25litre plastic container and reduced 
to pulp by hand. Water was added to the sample to make up the 
volume to 25litres. The SMFC container was properly secured by 
clamping the sides with the side handles to maintain an anaerobic 
environment throughout the seven (7) days of study for each 
batch. The copper wire was connected to the electrodes and a 
10,000 resistor.Voltage and current output across the  10,000   resistor 
was recorded daily, using the digital multimeter (DT  9205A). 
This procedure was carried out for 5kg, 10kg, 15kg and 20kg of 
the waste each week. 

Physicochemical analysis 

The physicochemical parameters; conductivity, pH, chemical 
oxygen demand (COD), biochemical oxygen demand (BOD) and 
dissolved oxygen (DO) were analyzed. The pH and conductivity 
parameters were measured using a digital hand-held portable 
HANNA instrument (HI 9813-6N). 

RESULTS AND DISCUSSION 

Voltage and Current 

The plot of the readings obtained for voltage and current from 
this research are presented in Figures 3 and 4 respectively. The 
voltage and current decreased daily for all the weights studied are 
shown in Tables 1-6. This can be attributed to the decrease in the 
organic matter contents of the substrate as the microorganisms 
decomposed the biomass daily. The highest voltage and current 
recorded for the 5kg paw-paw waste was 1.9V and 1.6A respectively. 
These values increased as the weight of the substrates increased. 
Better output values were obtained with the20kg waste. Voltage 
and current readings were 4.5V and 4.2A respectively on Day 1. 
There was a gradual decrease of these values as the study progressed 
to Day 7 with final readings of 2.3V and 2.0A. These were found to 
generate enough electricity that kept a 2V bulb lit for seven (7) days 
during the experiment as shown in Figure 2.This is in agreement 
with the findings [15] that this technology enables the supply of 
energy to small devices. 

The results obtained from the polarization curves for the different 
weights shows that the relationship between voltage and power 
density as well as its relationship with current density is 
significant. 

pH 

Average pH values obtained were 4.90 ± 0.15, 4.70 ± 0.33, 3.70 
± 0.40 and 3.80± 0.37 for 5kg, 10kg, 15kg and 20kg respectively. 
These values were observed to decrease as the study days progressed. 
The values for the 5kg and 10kg were relatively in the same range 
of 4.3 – 5.3. The values for the 15kg and 20kg were also found to 
have a common range of 3.6 – 4.4. The plot for these pHreadings 
from all four weights is presented in Figure 5. The medium was 
mostly acidic for all the batches. 

Conductivity 

Conductivity values recorded in this experiment are shown in the 
plot presented on Figure 6. They were observed to increase daily 
with increasing quantities of the substrate. The average values 
obtained were 1.60 ± 0.21 S/cm, 3.02 ± 0.57 S/cm, 3.30 ± 0.46 
S/cm and 
3.47 ± 0.46 S/cm for 5kg, 10kg, 15kg and 20kg respectively. The 
5kg substrate recorded the least conductivity readings. However, 
the results obtained showed that conductivity was proportional to 
the quantity of waste paw-paw fruits and peels used. The steady 
increase in values also showed that the medium was capable of 
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Table 1: Mean value for voltage and current readings 

 

Parameters 5kg 10kg 15kg 20kg 

Voltage (V) 0.90±0.62 1.91±0.91 2.57±0.45 3.26±0.84 

Current (A) 0.84±0.54 1.50±0.90 2.54±0.99 3.17±0.76 

 

Table 2: Mean values for physicochemical parameters 
 

Parameters 5kg 10kg 15kg 20kg 

pH 4.90±0.15 4.70±0.33 3.70±0.40 3.80±0.37 

Conductivity (S/cm) 1.60±0.21 3.02±0.57 3.30±0.46 3.47±0.46 

BOD (mg/L) 3.60±0.26 3.27±0.19 2.99±0.31 3.49±0.24 

DO (mg/L) 5.49±0.28 5.19±0.78 4.99±0.46 4.66±0.26 

COD (mg/L) 7.37±0.37 6.47±0.41 6.04±0.55 6.63±0.63 

 

Table 3: Polarization data for 5kg with 10000Ω resistor. 
 

Experimental days Current (A) Voltage (V) Current density (A/m2) Power (W) Power density (W/m2) 

1 1.6 1.9 789.34 3.04 1499.75 

2 1.3 1.4 641.34 1.82 879.88 

3 1.1 1.1 542.67 1.21 596.94 

4 0.9 0.8 444.01 0.72 355.20 

5 0.6 0.7 296.00 0.42 207.20 

6 0.3 0.2 148.00 0.06 29.60 

7 0.1 0.2 49.33 0.02 9.87 

 

Table 4: Polarization data for 10kg with 10000Ω resistor. 
 

Experimental days Current (A) Voltage (V) Current density (A/m2) Power (W) Power density (W/m2) 

1 2.7 2.9 1332.02 7.83 3862.85 

2 2.4 2.7 1184.02 6.48 3196.84 

3 1.9 2.5 937.35 4.75 2343.36 

4 1.4 2.1 690.68 2.94 1450.42 

5 1.2 1.7 592.01 2.04 1006.41 

6 0.7 1.1 345.34 0.77 379.87 

7 0.2 0.4 98.67 0.08 39.47 

 

Table 5: Polarization data for 15kg with 10000Ω resistor. 
 

Experimental days Current (A) Voltage (V) Current density (A/m2) Power (W) Power density (W/m2) 

1 3.6 3.1 1776.00 11.16 5505.67 

2 3.5 2.9 1726.69 10.15 5180.07 

3 3.4 2.8 1677.36 9.52 4696.60 

4 2.5 2.7 1233.35 6.75 3330.04 

5 2.1 2.5 1036.01 5.25 2590.03 

6 1.5 2.2 740.01 3.30 1628.02 

7 1.2 1.8 592.01 2.16 1065.61 

 

Table 6: Polarization data for 20kg with 10000Ω resistor. 
 

Experimental days Current (A) Voltage (V) Current density (A/m2) Power (W) Power density (W/m2) 

1 4.2 4.5 2072.03 18.90 9324.12 

2 3.8 4.1 1874.70 15.58 7686.24 

3 3.5 3.6 1726.69 12.60 6216.08 

4 3.3 3.1 1628.02 10.23 5036.88 

5 2.9 2.8 1430.69 8.12 4005.92 

6 2.5 2.4 1233.35 6.00 2960.04 

7 2.0 2.3 986.68 4.60 2269.36 
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Figure 2: The bioelectricity lights up a 2V bulb. 

 

Figure 3: Polarization curve of voltage against current for SMFC with a 10000Ω resistor for 5kg. 
 

Figure 4: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 5kg. 
 

Figure 5: Polarization curve of voltage against power density for SMFC with a 10000Ω resistor for 5kg. 
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Figure 6: Polarization curve of voltage against current for SMFC with a 10000Ω resistor for 10kg. 

 

Figure 7: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 10kg. 
 

Figure 8: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 10kg. 
 

Figure 9: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 15kg. 
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Figure 13: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 20kg. 
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Figure 10: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 15kg. 

 

Figure 11: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 15kg. 
 

Figure 12: Polarization curve of voltage against current for SMFC with a 10000Ω resistor for 20kg. 
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Figure 14: Polarization curve of voltage against current density for SMFC with a 10000Ω resistor for 20kg. 

 

conducting electricity. This is confirmed in the voltage output 
recorded in which a 2V bulb was lit from day 1 to day 4, day 6 and 
day 7 from the10kg, 15kg and 20kg substrates respectively. 

BOD, DO and COD 

The average biochemical oxygen demand(BOD) for 5kg, 15kgand 
20kg paw-paw waste was 3.61 ± 0.26 mg/L, 3.27 ± 0.19 mg/L, 
2.99 ± 0.31 mg/Land 3.49 ± 0.24 mg/L respectively. The 15kg 
substrate had the lowest BOD values of 3.4 – 2.6 mg/L as well as 
the lowest mean values. This decrease in the BOD values shows 
that the microorganisms were able to decompose the paw-paw 
waste efficiently thereby releasing enough electrons to sustain the 
generation of the bioelectricity. A decreasing trend was observed 
in the results obtained for dissolved oxygen (DO).The mean values 
recorded for 5kg, 10kg, 15kg and 20kg substrates were 5.49 ± 0.28 
mg/L, 5.19 ± 0.78 mg/L, 4.99 ± 0.46 mg/L and 4.66 ± 0.26 mg/L 
respectively. A similar trend of decrease in values was also observed 
for chemical oxygen demand (COD) with average values of 7.37 ± 
0.37 mg/L, 6.47 ± 0.41 mg/L, 6.04 ± 0.55 mg/L and 6.63 ± 0.63 
mg/L for 5kg, 10kg, 15kg and 20kg paw-paw waste respectively are 
shown in Figures 7-14. 

CONCLUSION 

The bioelectricity generated from paw-paw fruits and peels waste 
using the single microbial fuel cells (SMFC) was capable of 
powering a 2V bulb. We have been able to achieve the conversion 
of paw- paw fruit and peels waste that cause environmental 
pollution into bioenergy. The real potential of MFCs in electricity 
generation has not been fully practiced in Nigeria and this is an 
opportunity to explore. It is therefore recommended that green 
chemistry technology be employed to boost the generation of 
bioelectricity through the use of single chamber microbial fuel 
cells (SMFC) which is a simple and cheap source. We recommend 
that more study be carried out on a large scale for bio-energy 
production from other fruit wastes. 
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