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Abstract 

In this era of increasing demand for energy, the perspective of generating electrical power has become a very important 

innovation under the premise of not producing carbon dioxide. This paper presents the development and performance 

evaluation of a systematic banana pith waste battery (BPWB), as improving the lives of rural undeveloped areas through an 

available, renewable, simple to use low power electrical energy source which would be a major innovation to the development 

of the people’s life quality. BPWBs as an electrochemical cell was evaluated by the effect of three treatment methods, mass 

loading, cell separation distance and moisture content preservation method on the cell. All boiled banana pith waste sample 

(BBPWS for 10, 20, 40, 60 minutes) had an average voltage, current, and power of 0.4V, 0.58A and 13.4kWh while fresh 

banana pith waste sample (FBPWS) performed at an average of 0.3V, 0.45A and 6 kWh which was the lowest. No effect of 

boiling or microwaving of the pith was observed for any changes in the organic but in the inorganic component of the banana 

pith when compared from the FTIR analytical tests of the treatment methods. From the results obtained, it is evident that 

BBPWS generated higher voltage and current than FBPWS. The peak mass loading voltage was from the 50g loading of 

banana pith and for the cell separation distance, the peak voltage was from the 1.5cm. Regulated addition of water per time 

could elongate the cell life before corrosion occurs. The peak open circuit voltage (OCV) observed for BPWB in comparison to 

that of potato battery of 0.76V gave a higher value of 1.216V. Total Power generated by BPWB for 20 days was 71kWh. The 

use of BPWBs for electricity generation is a unique technology capable of offering a solution for both sustainable energy and 

waste utilization. 
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1. Introduction 

Energy is an important factor, if not the most critical factor in 

the developmental activities of any nation. Energy 

consumption is one major key that affects the rate of social-

economic growth and standard of living of the people of any 

nation [1]. Development and technological advancement 

have brought about increased demand for energy generation. 

The world’s energy production depends solely on the fossil-

derived fuels whose reserves are limited. Due to 

technological advancement, the global energy demand would 

be higher by 50% in 2025, the major part of this increase 

coming from fast-developing countries [2]. Therefore, there 

must be an immediate solution from an alternative source of 

energy, which must not only be renewable but must be safe 
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for both humans and ecology [3]. 

The effect of agricultural waste on the environment is not only 

dependant on the quantity of waste but on methods of disposal 

used. Some of the disposal practices pollute the environment 

[4]. Batteries are combinations of cells filled with heavy 

metals. Improper disposal of batteries after use can be harmful 

to the health of the people. When considering long term 

electrical energy supplies, batteries are very expensive to use 

and due to this, there has been ongoing research to develop 

battery cell which makes use of inorganic reactions. Lemon 

Zn/Cu galvanic cell showed the possibility of powering low 

applications. A Potato was tested and resulted in the ability to 

function as a galvanic cell. However, potato for power 

generation would not be cheap as it is a food in many 

countries. It is of importance that the electrolytic material to be 

used for this battery must be available, free and does not affect 

food consummation. Freely available plantain pith is an 

environment-friendly electrolytic material for Zn/Cu galvanic 

cells [5]. The distance between the electrode and boiling was 

used to investigate the performance of the cell but it would be 

advantageous to consider the performances of banana pith at 

different treatments such as boiling at different times and 

microwaving it which has not been considered before. Also, an 

analytical test to check the pith composition 

(organic/inorganic) in response to electrochemical reaction 

should be considered. 

The present invention makes use of plants to generate 

electricity and to decrease the quantity of carbon dioxide on 

earth, so as to attain a double advantage through renewable 

resources. Banana pseudostem wastes are abundant, organic 

in nature and commonly available in Nigeria especially the 

southwest region where it runs into several tons generated in 

the farm each year. Agro wastes disposal that is not handled 

well create a series of problems that poses various risk 

towards our environment. The banana plant is special 

because it germinates in whatever soil it is planted. 

Banana plantation covers about 26,000 hectares with a total 

production of 530,000 metric tons per year [6]. A banana uses 

an average of a year from planting to harvesting to be made 

and once it is harvested a banana tree will not reproduce, so it 

has to be cut down as another banana tree can germinate 

alongside. The cutting down of the banana pseudostem 

brings about an agro waste generation in form of leaves, 

rhizome, pseudostem, peel, fruit bunch stem. Banana 

plantation is very visible but with poor disposal methods, the 

impact on the environment is not suitable. The aim of this 

research was to develop and evaluate the performances of 

electrochemical cells made from banana pith waste. 

Parameters such as different treatment methods, cell 

separation distance, mass loaded, and moisture conservation 

techniques might influence the cell performance. 

Transforming these wastes into energy should be a good 

consideration for banana culture in Nigeria. It will be of 

environmental value for banana pith waste to be used for 

energy generation as it will help in alleviating technical 

challenges encountered in the disposal of agricultural wastes. 

2. Materials and Methods 

2.1. Materials 

Banana pseudo stem piths were collected from the farm in 

Zion Estate, Federal University of Technology Akure (FUTA) 

Ondo state, Nigeria. Zinc electrode (plates) and Copper 

electrodes (plates), Plastics bowls with cover, Mercury-in-

glass thermometer, Digital Multi meter, a 1.5V White Light 

emitting diode (LED), Polyvinyl chloride copper/aluminum 

wires, Campbell CR800 measurement and control data 

logger. 

2.2. Battery Cell Set up 

 

Figure 1. Battery systematic set up: (1) Plastic bowl with cover (2) Plastic 

rubber waste used to separate the cells (3) Copper cathode and its circuit 

connection (4) Zinc anode and its circuit connection (5) Grinded banana pith 

waste. 

Banana pseudo stem piths White iholene (AAB) Musa 

Acuminate Species was used throughout this research. 

Banana pith waste batteries (BPWBs) (Figure 1) were 

uniquely constructed by assembling a plastic plate with a 

rectangular shape with width of 110 cm by height 10 cm 

which took four cells. The cell was fabricated by 

sandwiching the banana pith between parallel Zinc (Zn) and 

Copper (Cu) plates of area of 5 x 9 x 2.4cm
2
 and discharged 

through a 680Ω external load. Electrodes were cleaned with 

fine steel wool to remove any corrosion on the surface 

thereby increasing its conductivity. Each cell was separated 

with neatly cut plastics waste at one per cell to disengage 

contact between cells. The banana pith was weighed, grinded 
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and place in between the electrodes. On the top each 

electrode, iron nail was used to make a hole through which 

PVC wire either negative or positive was passed. The PVC 

wires were used to secure good electrode connections and 

were connected through an external circuit across a resistor 

and the cell voltage was monitored every 10 minutes using a 

Campbell CR800 measurement and control data logger. 

2.3. Phytochemical and Spectroscopic 

Analysis 

After extracting the pith, the samples were air-dried, grinded 

and sieved. 50 grams of samples were collected for Fourier 

Transform infrared spectroscopy (FTIR) at University of 

Ibadan multipurpose laboratory. Atomic absorption 

spectroscopy (AAS) and proximate analysis were carried out 

in postgraduate central laboratory in Federal University of 

Technology, Akure. 

Phytochemicals are the chemicals that present naturally in 

plants. The phytate and phytic acid [7], oxalate, glycosides 

and alkaloid content [8] and the micronutrient elements 

content (Iron, Zinc, Copper, Magnesium, and Phosphorus) of 

the sample were determined [9]. 

2.4. Electrochemical Monitoring of the 

Systematic BPWB Set up for Its 
Performance Evaluation 

 

Figure 2. Set up showing voltage recording from the banana pith waste 

treatment methods sample (1) fresh (untreated) banana pith waste (2) boiled 

for different minutes banana pith waste (3) Microwaved banana pith waste. 

The external circuits of the BPWB cells were connected in 

parallel to a 680Ω load as shown in Figure 2. Campbell 

CR800 measurement and control data logger was connected 

to a laptop for electrochemical data collection. Battery 

performance in terms of voltage output, current profile and 

cell capacity energy were measured by discharging over a 

constant 680 external resistance for twenty days. 

Polarization, power density, current density curves of the 

BPWBs were recorded by varying the external resistance 

from 100Ω - 10000Ω and the voltage across each resistance 

was recorded. The electrochemical potential or voltage was 

calculated according to Ohm's law as shown in equation (1). 

Current flowing across each resistance and electrical power 

were determined using equations (2) and (3). 

� � ��                                   (1) 

� � �/�                                  (2) 

� � ��                                   (3) 

Where P is the symbol for electrical power with units of 

watts (mW), I is the current flowing across the circuit (mA), 

V is the voltage or potential (mV), and R the resistance 

(ohms) or Ω. 

2.5. Experimental Design 

2.5.1. Effect of Heat Pretreatment on Cell 

Performance 

Electrochemical performances from the cells of fresh 

(untreated or raw) banana pith, boiled and microwaved 

banana pith were compared. Twelve cells were setup (in 

total) using fresh, boiled and microwaved pith as electrolyte. 

The first two cells were filled with fresh banana pith waste 

sample (FBPWS). Eight cells were setup for the boiled 

banana pith waste samples (BBPWS) while two cells were 

setup for the microwaved banana pith waste samples 

(MBPWS). The boiled banana pith was prepared by pouring 

the fresh banana piths were into Pyrex erlenmeyer beaker, 

this beaker was then placed in a pot filled with three liters of 

boiling water which has been previously heated to 100 º C. 

From the eight cells, each two cells were setup for the piths 

boiled for 10, 20, 40 and 60 minutes respectively. 

The microwaved samples were also prepared by transferring 

500g of Fresh banana pith into a plastic container and the 

plastic container containing the fresh pith was subsequently 

placed in a microwave for 20 minutes at 800W. 

The setups were operated for a period of five days with the 

data logger connected to an uninterrupted power supply 

source so as to ensure continuous data logging throughout the 

experimental period. 

Samples were taken at the end of the experiment and were 

sent for FTIR, AAS and Phytochemical analyses. Maximum 

open circuit voltage (OCV) were observed and recorded. 

Power density measurement, voltage, time and polarization 

readings were taken at peak voltage for all samples. 

2.5.2. Effect of Different Mass Loading of 

the Pith on Cell Performances 

The effect of mass loading in between the electrodes of the 
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cell on electrochemical performance was investigated by 

placing using 100g, 80g, and 50g of banana pith in between 

each cell (i.e. sandwiched between the cathode and the 

anode). Two cells were set up for each mass loading, thus 

summing up to a total of six cells for this experimental set 

up. This experiment was operated continuously for five days 

and samples were taken for analysis. Each cell was connected 

to the data logger for voltage measurement with respect to 

time across a (680 Ω) resistor. 

2.5.3. Effect of Distance Between the 

Electrodes on Cell Performances 

The distances between the electrodes (i.e. cathode and the 

anode) were also examined by varying their distances apart 

from 1.0cm to 2.5cm. This experiment was set-up in 

duplicates making a total of six cells which was subsequently 

ran for five days. A fixed mass loading of the banana pith 

(i.e. 50 g) was maintained in all the six cells. Each cell was 

connected to the data logger for voltage measurement with 

respect to time across a (680 Ω) resistor. 

2.5.4. Effect of Moisture Conservation 

Techniques 

Two rectangular plates were set up with each rectangular 

plates consisting of six cells. Exactly 50g mass of banana 

pith was used while keeping the electrode distance at 2.5cm 

for all cells. A rectangular plate was filled with cells covered 

on the top surface with nylon while in the other rectangular 

box has no nylon covering the top surface. The nylon covered 

cell (NCC) was covered all through and 1 ml of water per 

cell was added to the water added cell (WAC) every two 

weeks. The moisture content in the cell was observed for 

eight weeks. Voltages were measured by a digital multimeter. 

3. Result and Discussion 

3.1. Lighting Application 

During this research the ability of banana pith waste battery 

to power low electrical energy needs were demonstrated in 

the laboratory through experimentation with boiled banana 

pith waste sample Figure 3a. One white Light Emitting Diode 

(LED) requiring a minimum forward voltage of 3V current of 

1.14mA and twenty five LEDs were connected to seven 

sample cells at different times Figure 3b. This lighting was 

observed for more than 170 hours. This implies that if more 

cells are involves, cellular phone, bulb can be powered 

provided the electrolyte is prevented from drying. 

 

Figure 3. Lighting application of the BPWBs. 

3.2. BPWB Electrochemical Characterization 

The electrochemical performances of banana pith waste battery 

are shown in Figures 4-6 for open circuit voltage, voltage, 

polarization and power density. The application of treatment 

methods is to evaluate the effect of heat changes by microwave 

and boiling on the moisture content organic and inorganic 

composition of the banana pith as it is mostly made up of water. 

Boiling is different from microwaving, so also the cell 

performances will differ. From previous work the effects of 

heating on organic tissues during irreversible electroporation 

were reported [10]. The comparison of the cells properties were 

made for untreated potatoes with those of both irreversible 

electroporated and boiled potato tissues. It was also reported that 

boiled potato tissues enhance the performances of Zn/Cu potato 

galvanic cells. Zn/Cu plantain pith galvanic cells was studied 

under untreated, boiled and chopped after boiling (CAB) 

plantain pith and results showed that the CAB gave the highest 

electrochemical performances [5]. Hence, boiling of the 

electrolyte could contribute to increase in cell electrochemical 

performances as observed from the findings in this study. 

The peak open circuit voltage of 1.22V was obtained from 

banana pith boiled (BBPWS) for 10 mins. The maximum 
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OCV measured for the rest of the samples varied from 0.9V 

to 1.2V as shown in Figure 4a. Upon loading all boiled 

banana pith waste sample (BBPWS for 10, 20, 40, 60 

minutes) had an average voltage and current of 0.4V and 

0.58A, followed by MBPWS of 0.31V and 0.46A while 

FBPWS performed at an average of 0.3V and 0.45A which 

was the lowest under 680Ω (Figure 5). It is evident that 

BBPWS generated higher voltages and current than FBPWS 

and MBPWS. In order to be able to observe the effect of the 

boiled sample for different minutes in an hour, the peak of 

the voltages was interpolated to get 30 and 50 minutes 

boiling result which are 0.46V and 0.5V. Figure 4b. 

 

Figure 4. (a) Open Circuit Voltages for the Different Treatments Methods which ranges between 0.9V and 1.2V (b) Voltage Generated for Different BBPWS 

within an hour. 

The peak open circuit voltage of 1.22V was obtained from 

banana pith boiled (BBPWS) for 10 mins. The maximum 

OCV measured for the rest of the samples varied from 0.9V 

to 1.2V as shown in Figure 4a. Upon loading all boiled 

banana pith waste sample (BBPWS for 10, 20, 40, 60 

minutes) had an average voltage and current of 0.4V and 

0.58A, followed by MBPWS of 0.31V and 0.46A while 

FBPWS performed at an average of 0.3V and 0.45A which 

was the lowest under 680Ω (Figure 5). It is evident that 

BBPWS generated higher voltages and currents than FBPWS 

and MBPWS. In order to be able to observe the effect of the 

boiled sample for different minutes in an hour, the peak of 

the voltages was interpolated to get 30 and 50 minutes 

boiling result which are 0.46V and 0.5V (Figure 4b.). 

The voltage output observed in this study which is 1.216V is 

higher compared to the voltage output of potato battery of 

0.76V [11] and 0.95V (OCV) of plantain battery voltage 

output [5]. In view of the results above BBPWS samples 

from the treatment methods might have probably exhibited 

high electron transfer as the cell membrane were opened 

which results in increased ionic conductivity though its 

reduction rate varied with time. 

 

Figure 5. Voltage generated for treatment methods showing their variation with time. 
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The polarization readings show that as voltage decreases 

current density increases base on the external resistance 

reduction from 10000Ω - 100Ω. Polarization is the potential 

shifts from the equilibrium cell potential; the extent of this 

shift is called over potential. BBPWS for 10minutes have the 

maximum current density of 215.6 mA/m 
2
 while the lowest 

is the MBPWS of 128.8 mA/m 
2
 and then similarly it occurs 

to the other samples as they all react linearly till the end of 

the load changed in the system. BBPWS for 10minutes gave 

the optimum voltage generation in relation to current density 

but shows reaction rate loss due to its increased current 

density. BBPWS samples possess smaller mass transfer zones 

in comparison to the fresh (raw) samples; however heating 

improves its electrical conductivity and so also its ohmic 

zone increases. FBPWS low response shows a limited 

movement of electrons and larger activation barrier. Ohmic 

losses occur due to internal resistance of the electrolyte and 

through the electrode materials especially the anode. 

 

Figure 6. Effect of sample Treatment Methods on Polarization Curve of the BPWBs. 

All the boiled samples showed quick response to 

electrochemical reaction by generating optimum power in 

less than 10 minutes upon loading. Maximum Power was 

generated when the external load matches the internal 

resistance of the cell. From the graph, the external load shifts 

to the left for optimum power production. Figure 7 showed a 

little bit linear performance indicating a correlation between 

current densities and external resistance. This linear result 

shows the conductance between the electrolyte and 

electrodes during the electrochemical process. 

 

Figure 7. Relationship of current density of BPWBs with external load. 



 International Journal of Energy Science and Engineering Vol. 5, No. 1, 2019, pp. 1-11 7 

 

 
3.3. Effect of Mass Loading on System 

Performance 

The mass loading of the electrolyte within the electrodes was 

varied in each cell. The result observed from loading each 

cell of BPWB by 50 g for five days compare to the mass 

loading of 100g and 80g gave a peak voltage output of 

0.374V at 4650 minutes as shown in Figure 8. Increasing the 

loading from 50g to 100g per cell could have effects 

including the limited movement of cations and anions to each 

other thereby increasing the internal resistance as electron 

could not move freely due to condense pore spaces in the 

pith, thereby reducing the energy generated which could have 

affected 80g and 100g loading. Mass transport issue affects 

ionic conductivity in which the higher the mass the lower the 

conductivity. Stable power output could be reached using 50g 

per cell in a BPWB battery. 

 

Figure 8. Effect of different mass loading (50g, 80g, and 100g) on voltage with time on cell performances. 

3.4. Effect of Distance Between Electrodes 
on System Performance 

Result indicated that cell separating distance of 1.5 cm gave 

the highest voltage of 0.310V Figure 9. Reducing the 

distance between electrodes leads to decrease in the 

resistivity of the cell and thereby reflecting high conductivity 

and high strength field between electrodes which makes cell 

spacing of 1.5 cm better than 2.0 cm used in previous 

research [11]. Cell spacing of 1.5cm was used for the later 

designs in this study. 

 

Figure 9. Effect of Cell separation distance on system performances. 
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3.5. Effect of Moisture Conservation 

Techniques on System Performance 

Water is needed in a galvanic cell for free movement of 

electron and ionic conductivity, if water evaporates it will 

limit energy production and too much water causes 

galvanization. From the OCV the nylon covered cell (NCC) 

had 1.449V while the water introduced cell (WIC) had 

0.342V. The weakness of the zinc electrode used overtime in 

this test could have caused the reduction in the initial OCV of 

WICs which later picked up to 0.9V after 24 hours. It was 

observed that the moisture content of the NCC reduced with 

time till the termination of the test whereas the WIC 

increased after the first addition of water and was stable and 

was above the NCC till the end of the test Figure 10. The 

reaction from NCC may be due to inadequate water 

management that can cause an imbalance between water 

movement and evaporation within the cell. 

Regulated addition of water per time could elongate the cell 

life for a while before the zinc electrode corrodes. 

 

Figure 10. Effect of Moisture Conservation Techniques on System Performance. 

Chemical characterization of banana pith 

The different phytochemical tested and present in the banana 

pith include: glycosides, oxalate, phytates, phytic acid while 

mineral are iron (2.0mg/kg), magnesium (5.4mg/kg), copper 

(0.1mg/kg), zinc (1.0mg/kg), phosphorus (2250.0mg/kg). 

The main constituent that was concluded by an Indian 

physicist that makes plantain pith battery to give energy was 

the phosphoric acid in form of phytic acid that it contains [5]. 

In view of this, analysis carried out showed a high difference 

between the results of the phosphorus and other minerals 

tested. Previous research reported the boiling of plantain 

tissues increases the electrochemical performances of the 

cell. 

The three spectral intensity increases and decreases majorly 

in the mid infrared region of 4000-400cm
-1 

and little in the 

far infrared region of 400-350cm
-1

. Thorough examinations 

of the three spectra feature reveal that the pith exhibits a 

similar identical pattern to each other. It was only some 

differences in the intensities and widths of the absorption 

bands that are observed Figure 11. Due to this observation, 

no effect of boiling or microwaving of the banana pith was 

observed for any changes in the organic component from the 

comparison of FBPWS, MBPWS, and BBPWS for 10mins 

results by FTIR. The BBPWS for 10mins was observed out 

of the boiled samples of the banana pith as it yielded the 

maximum voltage among the boiled samples. Figure 11a, b 

and c illustrates the variation of the FTIR spectra around 

3400cm
-1 

which represent the presence of an alcohol 

functional group. The intensity of this absorbance peaks at 

3405 cm
-1

, 3405 cm
-1

 and 3398 cm
-1

.
 

Absorption bands caused by stretching vibrations of carbonyl 

groups are located in the 1765 cm
-1

 -1615 cm
-1 

wavenumber 

range. The spectra of banana pith in Figure 11 shows peaks 

of 1629 cm
-1

 and 1627 cm
-1 

from which ketone functional 

group can be detected.
 
Absorbance peaks of 2155 cm

-1
 and 

2149 cm
-1 

shows the presence of cyano functional group 

while 1404 cm
-1

, 1395 cm
-1

 and 1319 cm
-1

 indicates the nitro 

functional group. The functional groups detected are all same 

for the three samples and are alcohol, cyano, and ketone and 

nitro group. 
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c. 

Figure 11. FTIR spectra at 4400- 350 cm -1 of Banana pith (a) BBPWS@20 minutes (b) FBPWS (c) MBPWS. 

4. Conclusion 

This study has evaluated the efficacy of banana pith as a 

source of renewable energy in the production of an 

electrochemical cell. The energy generated from the BBPWS 

samples were higher than those obtained from FBPWS and 

MBPWS. Boiling of the pith could have been responsible for 

an irreversible change in the tissue due to the heat as 

observed in this study. This brings higher productivity in its 

response to power generation as all the boiled samples 

showed higher voltages. 

Mass transportation, moisture content and cell separation 

distance all determine the output of the BPWBs. The 

effective mass loading for BPWB is 50g per 5 x 9 x 2.4cm
 

and cell separation distance of 1.5cm. The effect of heat does 

not disrupt the chemical processes but the physical (inorganic) 

component. Maximum OCV value that can be obtained from 

BPWBs is 1.2 V, which is closer to the value 1.5 V given by 

conventional (AAA) batteries. These satisfy the aim of 

generating power through Banana pith waste battery (BPWB) 

which is: sustainability, environmental friendly, affordable 

and does not affect food consummation. 
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