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Extract of Green Chili—A New Source of 
Electricity 

Md. Ohiduzzaman, K. A. Khan, Shahinul Islam, Md. Sayed Hossain, 
and Salman Rahman Rasel 

Abstract Green chili is abundantly available for everywhere in the world. It is 
cultivating for cooking in curry. It can be used a green source of energy. Previously, 
it has been generated electricity from different vegetative and fruits. Electrochemistry 
is the responsible of mechanism for electricity generation from vegetative and fruits. 
In this paper, it has been used as a source of electricity using electrochemical cell. The 
Zn/Cu-based electrodes were used, and the extract of the green chili was used as an 
electrolyte. The green-electrochemical systems achieve the reduction reaction with 
a certain voltage for which electrons transfer between the cathode and anode. Here, 
cathode means gain of electron, and anode means loss of electrons. In this research 
paper, zinc is used as an anode, and copper is used as a cathode. The electrons react 
with Cu2+ and H+. The  Cu2+ and H+ eventually convert into Cu and H2 atoms. Finally, 
it is shown that Cu atoms were deposited onto the copper plate, and H2 releases from 
the green chili electrochemical cell. The experimental results were observed with 
and without adding copper sulfate solution CuSO4 · 5H2O as a secondary salt. The 
outcome of the research work improvises a better understanding on the electricity 
generation technology of the system. 

Keywords Green chili · Extract · Electrochemical cell · Electricity generation ·
Performance · Zn/Cu electrodes
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1 Introduction 

Renewable energy is the safeguard of our future and the Earth [1]. From the power 
production point of view, renewable energy sources will be the beneficiary manage-
ment strategies for electricity production [2]. Renewable energy sources will be the 
environment-friendly and eco-friendly [3]. Renewable energy sources means that 
does not have a limited source; it can be generated again and again and will never 
run out [4]. The examples of renewable energy sources are as follows: solar energy, 
wind energy, biogas energy, geothermal energy, biomass energy, water energy, tidal 
energy, wave energy, and OTEC [5, 6]. Fruits-based energy means electricity gener-
ation from fruits [7]. The production of electricity from fruits is cost-effective, 
environment-friendly, and locally abundant [8, 9]. The renewable energy sources are 
inexhaustible and literally around us may be converted into usable power produc-
tion [10, 11]. The traditional energy sources like oil, gas, and coal are exhaustible 
and diminishing day by day rapidly [12]. Researchers expected that nuclear power 
could be the alternative sources of energy [13]. But, due to the high cost and risk 
point of view, it is not feasible and viable for practical utilization [15]. Recently, a 
group of researchers have developed electricity generation mechanism from various 
vegetative and fruits under the leadership of Prof. Dr. Md. Kamrul Alam Khan [16]. 
It is found that electrochemistry is the responsible of the origin of power produc-
tion. It converts chemical energy to electrical energy by immerging of electrodes 
into the green chili extract [17]. This electrochemical cell is called fuel cell because 
H2 gas is released from this cell. This idea will create a new era and revolution for 
electricity production from vegetative and fruits [18]. The finding of the research 
suggests that the origin of the power production followed as per the rules of elec-
trochemistry. Green chili extract as an electrolyte succeeded in producing electricity 
through the working principle of voltaic cell [19]. To enhance the performance of the 
system, copper sulfate solution (CuSO4 · 5H2O) was added [20]. The performances 
of the parameters like open circuit voltage, load voltage, short circuit current, load 
current do not increase. The maximum power, load power is decreased. The internal 
resistance showed a higher value than the ideal value. During 27 h of conducting 
the experiment, the parameters varied after short intervals. But, after the addition of 
copper sulfate solution (CuSO4 · 5H2O), the performance of the parameters did not 
develop like PKL electricity [21]. It will be needed more R & D work for practical 
utilization. This work may the guide line for further study. 

2 Methods and Materials 

The necessary materials for electricity production using green chili are given: green 
chili (Capsicum annuum) extract, CuSO4 solution, 4 falcon tubes, 8 Zn plates, 8 Cu 
plates, LED bulb, copper wires, crocodile clips, ammeter, voltmeter.
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Fig. 1 Steps diagram of LED bulb lighting system using Capsicum annuum extract 

Figure 1 shows the electricity production using green chili. It is shown that the 
outcomes of the findings of the research work from the starting. It acts as a graphical 
abstract. 

Figure 2 shows an experimental setup of an LED bulb lighting system using green 
chili extract. It is shown that there are 4 unit cells. Each cell has one copper plate and 
one zinc plate. There are 4 unit cells where 4 copper and 4 zinc plates. The unit cells 
are connected by copper wire in series combination. As a result, electrons can flow 
easily through the circuit. It was bought newly Zn and Cu plates those were used as 
electrodes. Calibrated digital multimeter was used for accurate measurement. It was 
ensured the same amount of filtered extract among the 4 falcon tubes. The quantity 
of the equipments is given below:

(a) 500 g of fresh green chili were collected from the garden and then washed 
thoroughly with clean water, and a fine extract was made using a grinding 
stone. 

(b) The extract was kept in a bottle for about a week being sealed. 
(c) A Zn/Cu bio-electrochemical cell is designed where Zn and Cu plates were used 

as electrodes, green chili (Capsicum annuum) extract as electrolyte. 
(d) An LED bulb was attached to ensure that the bio-electrochemical cell is 

functional. 
(e) Each of the four falcon tubes was filled with green chili extract of 30 ml 
(f) Readings of different parameters such as open circuit voltage, load voltage, 

short circuit current, and load current were taken at an interval of 3 h using an 
ammeter and voltmeter. 

(g) Again after adding 1 ml CuSO4 · 5H2O in the tubes, readings of the same 
parameters were taken at an interval of 3 h using an ammeter and voltmeter.
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Fig. 2 An experimental setup of an LED bulb lighting system using green chili extract

In this experiment, CuSO4, 5H2O was used as a secondary salt. Figure 3 shows 
the methods of the measurement of the current and voltage collection for both use 
of with and without CuSO4, 5H2O. A digital multimeter has been used to take the 
reading. 

Chemical reactions: According to electrochemistry, a few typical standard electrode 
potentials are given below:

Fig. 3 Experimental setup of a unit cell for both with and without CuSO4 solution 
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Metal/Metal ion combination E°(V) 

Mg2+/Mg 2.37 

Zn2+/Zn − 0.76 
Cu2+/Cu + 0.34  

Ag+/Ag + 0.80  

The potential at Zn, EZn = −0 .76 V and the potential at Cu, ECu = +  0.34 V. 
So that the cell potential, Ecell = ECu−EZn = +  0.34−(− 0.76) = 1.10 V, which is 
considered as an ideal value. But practically, it is fluctuated due to various reasons 
like due to impurity of the Zn and Cu materials, distance between two electrodes, 
concentration of the extract, temperature of the extract, pH of the extract, area of the 
electrodes, density of the electrodes, etc. 

3 Results and Discussion 

III. A Graphical analysis of LED bulb lighting system using Green Chili 
(Capsicum annuum) extract without CuSO4. 

Table 1 shows the collected data for LED bulb lighting system using green 
chili (Capsicum annuum) extract without CuSO4. It has been collected different 
parameters like open circuit voltage, load voltage, short circuit current, load current, 
maximum power, load power, and internal resistance using a calibrated multimeter. 

Figure 4 shows the open circuit voltage versus time duration curve. It is shown 
that the maximum open circuit voltage was 3.60 V, and the minimum open circuit

Table 1 Data for LED bulb lighting system using green chili (Capsicum annuum) extract without 
CuSO4 

Time 
duration 
(hr) 

Voc( Open 
circuit 
voltage) 
(V) 

VL (Load 
voltage) 
(V) 

Isc(Short 
circuit 
current) 
(mA) 

IL (Load 
current) 
(mA) 

Maximum 
power 
Pmax = 
Voc Isc(mW) 

Load power 
PL = 
VL IL (mW) 

Internal 
resistance, 

rin = Voc Isc 
(Ω) 

0 3.27 2.5 0.7 0.6 2.3 1.5 4.67 

3 3.14 2.4 0.8 0.6 2.5 1.44 3.93 

6 3.22 2.5 0.7 0.5 2.2 1.25 4.60 

9 3.30 2.2 0.8 0.5 2.6 1.1 4.12 

12 3.40 2.3 0.7 0.6 2.4 1.38 4.85 

15 3.50 2.4 0.8 0.4 2.8 0.96 4.38 

18 3.40 2.4 0.9 0.6 3.0 1.44 3.70 

21 3.40 1.9 0.8 0.5 2.7 0.95 4.25 

24 3.60 1.9 0.7 0.6 2.5 1.14 5.14 

27 3.40 2.1 0.8 0.4 2.7 0.84 4.25 
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Fig. 4 Open circuit voltage 
versus time duration curve 
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voltage was 3.14 V. The difference between two cases was 0.46 V. It was also shown 
that the open circuit voltage change was in almost sinusoidal up to 27 h. 

Figure 5 shows the load voltage versus time duration curve. It is shown that the 
maximum load voltage was 2.50 V, and the minimum load voltage was 1.90 V. The 
difference between two cases was 1.60 V. It was also shown that the load voltage 
change was in almost sinusoidal up to 27 h. 

Figure 6 shows the short circuit current versus time duration curve. It is shown 
that the maximum short circuit current was 0.9 mA, and the minimum short circuit 
current was 0.7 mA. The difference between two cases was 0.2 mA. It was also 
shown that the short circuit current change was in almost sinusoidal up to 27 h. 

Figure 7 shows the load current versus time duration curve. It is shown that the 
maximum load current was 0.60 mA, and the minimum load current was 0.40 mA. 
The difference between two cases was 0.2 mA. It was also shown that the load current 
change was in almost sinusoidal up to 27 h.

Fig. 5 Load circuit voltage 
versus time duration curve 
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Fig. 6 Short circuit current 
versus time duration curve 
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Fig. 7 Load current versus 
time duration curve 
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Fig. 8 Maximum power 
versus time duration curve 
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Figure 8 shows the maximum power versus time duration curve. It is shown that 
the maximum power was 3.00 mW and the minimum maximum power was 2.30 mW. 
The difference between two cases was 0.70 mW. It was also shown that the maximum 
power change was in almost sinusoidal up to 27 h. 

Figure 9 shows the load power versus time duration curve. It is shown that the 
maximum load power was 1.50 mW, and the minimum load power was 0.84 mW. 
The difference between two cases was 0.66 mW. It was also shown that the load 
power change was in almost sinusoidal up to 27 h. 

Figure 10 shows the internal resistance versus time duration curve. It is shown that 
the maximum internal resistance was 5.14 Ω, and the minimum internal resistance 
was 3.70Ω. The difference between two cases was 1.44Ω. It was also shown that the 
internal resistance change was in almost sinusoidal up to 27 h. But, this sinusoidal 
behavior is in opposite phase to open circuit voltage, short circuit current, load 
current, maximum power, load power. But also, this sinusoidal behavior is in same 
phase to load voltage.

Table 2 shows the collected data for LED bulb lighting system using green chili 
(Capsicum annuum) extract with CuSO4. It has been collected different parameters

Fig. 9 Load power versus 
time duration curve 
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Fig. 10 Internal resistance 
versus time duration curve
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Table 2: Data for LED bulb lighting system using green chili (Capsicum annuum) extract with 
CuSO4 

Time 
duration 
(h) 

Voc(Open 
circuit 
voltage) 
(V) 

VL (Load 
voltage) 
(V) 

Isc(Short 
circuit 
current)(mA) 

IL (Load 
current) 
(mA) 

Maximum 
power 
Pmax = 
Voc Isc (mW) 

Load power 
PL = VL IL 
(mW) 

Internal 
resistance, 

rin = Voc Isc 
(Ω) 

0 3.0 1.5 0.7 0.6 2.10 0.90 4.29 

3 2.8 1.6 0.4 0.3 1.12 0.48 7.0 

6 3.0 1.5 0.5 0.3 1.50 0.45 6.0 

9 2.8 1.7 0.6 0.4 1.68 0.68 4.6 

12 2.8 1.5 0.4 0.3 1.12 0.45 7.0 

15 3.2 1.6 0.6 0.4 1.92 0.48 5.3 

18 3.0 1.6 0.5 0.4 1.50 0.48 6.0 

21 2.9 1.4 0.4 0.3 1.16 0.42 7.25 

24 3.0 1.5 0.6 0.4 1.80 0.60 5.0 

27 2.9 1.4 0.4 0.3 1.16 0.42 7.25 

like open circuit voltage, load voltage, short circuit current, load current, maximum 
power, load power, and internal resistance using a calibrated multimeter. 

Figure 11 shows the open circuit voltage versus time duration curve. It is shown 
that the maximum open circuit voltage was 3.00 V, and the minimum open circuit 
voltage was 2.80 V. The difference between two cases was 0.20 V. It was also shown 
that the open circuit voltage change was in almost sinusoidal up to 27 h. 

Fig. 11 Open circuit voltage 
versus time duration curve
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Fig. 12 Load voltage versus 
time duration curve 
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Figure 12 shows the load voltage versus time duration curve. It is shown that the 
maximum load voltage was 1.60 V, and the minimum load voltage was 1.40 V. The 
difference between two cases was 0.20 V. It was also shown that the load voltage 
change was in almost sinusoidal up to 27 h. But, the phase is opposite to the open 
circuit voltage. 

Figure 13 shows the short circuit current versus time duration curve. It is shown 
that the maximum short circuit current was 0.7 mA, and the minimum short circuit 
current was 0.4 mA. The difference between two cases was 0.5 mA. It was also 
shown that the short circuit current change was in almost sinusoidal up to 27 h. It is 
same phase to open circuit voltage but opposite to load voltage. 

Figure 14 shows the load current versus time duration curve. It is shown that the 
maximum load current was 0.60 mA, and the minimum load current was 0.30 mA. 
The difference between two cases was 0.3 mA. It was also shown that the load current 
change was in almost sinusoidal up to 27 h. It is same phase to open circuit voltage 
but opposite to load voltage. 

Figure 15 shows the maximum power versus time duration curve. It is shown that 
the maximum maximum power was 2.10 mW, and the minimum maximum power 
was 1.20 mW. The difference between two cases was 0.90 mW. It was also shown

Fig. 13 Short circuit current 
versus time duration curve 
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Fig. 14 Load current versus 
time duration curve 
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Fig. 15 Maximum power 
versus time duration curve 
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that the maximum power change was in almost sinusoidal up to 27 h. It is same phase 
to open circuit voltage but opposite to load voltage. 

Figure 16 shows the load power versus time duration curve. It is shown that the 
maximum load power was 0.90 mW, and the minimum load power was 0.42 mW. 
The difference between two cases was 0.48 mW. It was also shown that the load 
power change was in almost sinusoidal up to 27 h. It is same phase to open circuit 
voltage but opposite to load voltage. 

Figure 17 shows the internal resistance versus time duration curve. It is shown that 
the maximum internal resistance was 7.25 Ω, and the minimum internal resistance 
was 4.29Ω. The difference between two cases was 2.96Ω. It was also shown that the 
internal resistance change was in almost sinusoidal up to 27 h. But, this sinusoidal 
behavior is in opposite phase to open circuit voltage, short circuit current, load 
current, maximum power, load power. But also, this sinusoidal behavior is in same 
phase to load voltage. 

Fig. 16 Load power versus 
time duration curve 
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Fig. 17 Internal resistance 
versus time duration curve
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4 Conclusions 

In this research work, electricity is produced on the principle of mechanism of elec-
trochemistry. So that the electrochemistry is the responsible of the production of 
electricity green chili extract. Two electrodes have been immerged into the green 
chili extract and then connected it to the load by copper wire to flow the electrons 
in the circuit. Based on the obtained results, it is found that performances have been 
decreased after applying the copper sulfate as a secondary salt. When the load voltage 
is kept half of the source voltage, then the more conductive electrons can flow through 
the external load for making a non-saturated effect. It is found that oxidation has been 
occurred successfully. 
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