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Abstract: Wind charge is produced naturally in space. Knowing the nature of space charge is
important for various purposes. If the charge is received for the whole year long by an antenna, then,
in this process, the charge can be used as electric power. In the present work, the nature of wind
charge in space in the cities of Dhaka and Narayanganj was observed. A net-type antenna was used
to receive the wind charge. The results show that the power decreased with the antenna gaps. The
output power increased with the antenna’s gross area and the speed of air. The overall output power
was increased with humidity. It was shown that wind with a higher distance from the ground carries
more electric charge. This research reveals that electric charge is inhomogeneous in wind, and it is
collectable as electric power. The nature of the results is similar in both cities, but the output power
is larger in Dhaka than in Narayanganj. This alternative power source is environmentally friendly,
and it reduces thunder and lighting due to charge being taken from wind. Thus, this creates a more
danger-free environment.

Keywords: wind charge; renewable energy; thunder and lighting; electric power

1. Introduction

Electricity is mainly produced by burning fuel, and burning fuel produces dangerous
pollutants, such as oxides of sulfur and nitrogen, CO, hydrocarbons, and most significantly,
CO2 [1,2]. These pollutants are alarmingly increasingwith the increase in electricity con-
sumption day by day. Alternative energy sources may solve this problem. Windmills [3]
can produce a large amount of electric power anywhere globally, but they require particular
locations and climates. Hydroelectric power [4] is a conventional pollution-free power
source, and it also produces huge amounts of electric power, but its use requires suitable
surroundings. Tidal [5], sea wave [6], and solar cell [7] sources are expensive compared
to other conventional power sources. The thermoelectric [8,9] process does not produce a
huge amount of electric power. The harvesting of space and cloud charge can be an energy
source, which is environmentally friendly since it is pollution-free.

Clouds and space contain huge amounts of electric charge, which is produced natu-
rally. Recently, the use of electromagnetic microwaves for communications has increased
remarkably [10–13]. This radiation may also influence the production of charge in air
particles. On the other hand, thousands of people and livestock are killed by thunder
and lighting all over the world every year [14–16]. To protect people and livestock from
lighting, and to make the wind charge usable as energy, it is important to know the nature
of wind charge. Some research has been carried out on the nature of space charge. Michael
Faraday noted the peculiarities of the creation and discharge of electric charges during
sandstorms [17] in 1850, an observable fact repeatedly revived over the prevailing century
and a half [18]. Correspondingly, sand becomes strongly electrified by helicopter move-
ment in desert surroundings, causing spark and detonation hazards. Many observers have

Energies 2022, 15, 6997. https://doi.org/10.3390/en15196997 https://www.mdpi.com/journal/energies

https://doi.org/10.3390/en15196997
https://doi.org/10.3390/en15196997
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-6601-9586
https://orcid.org/0000-0002-9407-1795
https://doi.org/10.3390/en15196997
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en15196997?type=check_update&version=2


Energies 2022, 15, 6997 2 of 12

observed mechanisms by which similar particles may charge one another [19], differences
in contact area [20] or particle size [21], the inductive charging of isolated particles [22], or
aqueous ion transfer on particle surfaces [23].

The above research reveals the nature of space and cloud charge in local areas (outside
Bangladesh). There is no example of the collection of space charges so far. Moreover, the
nature of space charge depends on the natural environment in a local region, because the
generation and flow of space charge is related to the local environment. The amount of
space charge would not be the same in deserts and rainy regions. There is no report on
the nature of wind charge in Bangladesh. In the present research, the wind charge in the
cities of Dhaka and Narayanganj in Bangladesh was characterized in the summer season. A
net-type antenna was used to collect the wind charge near space in various environments.
The variable parameters were wind speed, the geometry of the antenna, humidity, and
height of the antenna from the ground.

2. Basis of Principle

Electric charge appears in the air or clouds through multiple actions of nature, and it
separates through natural electric fields. The charge is created from the radiolysis of air by
cosmic rays, radioactivity, and other natural activities. Recently, the use of electromagnetic
radiation for communications has increased remarkably. This radiation may influence the
production of air particle charge. A charge partition carries a potential difference between
ionic regions of the upper atmosphere and the Earth’s surface, which causes a leakage of
current to flow vertically [24–26]. A type of microphysical friction exchanges charge with a
magnitude of tens of femto-Coulombs, but the very small magnitude and polarity are very
much influenced by the water content and temperature.

The space or cloud charge in an area tries to discharge with the opposite charge in
another area or with the ground via a short path. Usually, a lighting-protected rod is used to
protect people and livestock from lighting [27]. This easy technique was taken to collect the
moving charge of wind from space in this work. In this way, we could characterize the wind
charge. This antenna receives a charge (+ve or −ve) from space, and the charge goes through
a primary coil of a transformer (T) to the ground, as shown in Figure 1. Since the charge is
not distributed homogeneously in space, an inhomogeneous direct current flows through the
primary coil as a pulsating direct current; then, AC power is generated to the secondary coil.
We collected the power generated in this process to characterize the wind charge.
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3. Experimental Details

The antenna was connected with an end of the primary coil of a transformer T, and the
other end of the transformer was grounded (see Figure 1). The bridge rectifier (D) rectified
the output. The produced power of the secondary coil of the transformer was characterized.
The variation in output with different parameters was observed. When one parameter
was changed, other parameters remained unchanged. The parameters were antenna gap,
antenna length (size), wire diameter, speed of air, humidity, and antenna height from the
ground. The output of the secondary coil was observed using a digital multimeter (D M)
for an antenna with different heights in certain environments of a place, and the experiment
was repeated indifferent environments. The experiment was conducted in both the cities of
Dhaka and Narayanganj in Bangladesh at the beginning of the summer season. To reduce
the research costs, the work was carried out on a 24 m high building in Dhaka city and
a 20 m high building in Narayanganj city. Three rods (around 1.15 cm in diameter) were
grounded (around 50 cm deep) in the ground with 10 cm distances from each other near
the buildings. The rods were connected in parallel. A copper (22-gauge, 3-piece cable) wire
was used to connect the rods and the antenna via a transformer in series. The charge flowed
via the primary coil of the transformer. The transformer was very small (it is usually used
as a low-voltage dc source), and the wire of the transformer was very narrow, at around
30 gauges. The model of the rectifier diode was In4007. The speed of the air, humidity, and
temperature were measured instantly in each experiment. The power and current were
measured with a CD800a digital multimeter from Sanwa Electric Instrument Company
Limited, Japan. The humidity was measured by a hygrometer which is made by Anymetre
of ROHS, China; model: TH101B. The speed of air was measured where the antenna was
placed using an anemometer. The model of the meter is AR836+, which is made by Smart
Sensor Intelli Instrument Pro, China.

Seven types of observations were made in this research. A description of each obser-
vation is given below:

1. The output power was recorded with different antenna gaps. Other parameters
were almost constant in these observations. It was difficult to maintain constant
environment for long periods of time, so the work had to be carried out as rapidly as
possible. Galvanized iron (GI) wires were used to make the antennas. Five antennas
were used in this observation. The gross antenna size was 72 × 72 cm2, and the wire
diameter was 1.6 mm. The sizes of the gaps were 6 × 6 cm2, 12 × 12 cm2, 24 × 24 cm2,
36 × 36 cm2, and 72 × 72 cm2, as shown in Figure 2.

2. Output power was recorded with different humidity levels, and other parameters
were constant in these observations. The antenna size was 72 × 72 cm2, the gap size
was 24 × 24 cm2, and the wire diameter was 3.0 mm. It was difficult to take readings
with constant air speeds and temperatures. We have done the experiment several
times to get suitable meaning for the presentable data.

3. Output power was recorded using different diameters of the antenna wire. Other
parameters were constant during these experiments. Five antennas were used in this
observation. The antenna size was 72 × 72 cm2, and the gap size was 24 × 24 cm2.
The variations in the diameters were 0.5 mm, 1.2 mm, 2.4 mm, 2.6 mm, and 3.0 mm,
as shown in Figure 3.
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4. Output power was recorded with different air speeds. Other parameters were constant
in these observations. The antenna size was 72 × 72 cm2, the gap size was 24 × 24 cm2,
and the wire diameter was 1.2 mm.

5. Output power was recorded with different antenna lengths. Other parameters were
constant in these observations. Five antennas were used in this observation. The gap
size was 24 × 24 cm2, the width of the antenna was 72 cm, and the wire diameter was
3.0 mm. The lengths of the antenna were 48 cm, 96 cm, 144 cm, 192 cm, and 240 cm,
as shown in Figure 4.

6. Output power was recorded with different heights from the ground. Other parameters
were constant during these observations. The antenna size was 72 × 72 cm2, the gap
size was 24 × 24 cm2, and the wire diameter was 3.0 mm in these observations.

7. Output power was recorded in different cities. Other parameters were constant in
these observations. The antenna size was 72 × 72 cm2, the gap size was 24 × 24 cm2,
and the wire diameter was 3.0 mm in these observations. The speed of air was around
3.1 m/s, and the temperature was 33 ◦C.
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Figure 2. A set of antennas with different antenna gaps in which the wire diameter was 1.6 mm
and the gross area was 72 × 72 cm2. The areas of the gaps were (a) 6 × 6 cm2, (b) 12 × 12 cm2,
(c) 24 × 24 cm2, (d) 36 × 36 cm2, and (e) 72 × 72 cm2.
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(b) 1.2 mm, (c) 2.4 mm, (d) 2.6 mm, and (e) 3.0 mm.
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4. Results and Discussion

In this research, the nature of charge flow in space near the ground was observed. To
learn the nature of the output for a particular parameter, the values of other parameters
should be kept constant, but this work is difficult to carry out accurately. This is because
the values of airspeed, humidity, temperature, etc., are out of the control of human beings.
The experiment was carried out repeatedly with records of environmental conditions such
as the speed of the wind, humidity, and temperature. Using this trial-and-error method,
the required (adjusted) data were collected. In the period of research, the space charge was
very small, so a very small amount of power transferred from space to the ground.

Firstly, the output powers were observed to determine the nature of the space charge
without connecting the transformer. It was observed that the nature of the charge was
moderately negative. The positive charge appeared to be very rare with a relatively low
value. This matches with the report in [25,26], because the charge separation occurred
from the Earth to the ionosphere electric field, which indicates that the wind close to Earth
should carry a negative charge. The output varied rapidly, and the polarity of the charge
changed from time to time. After connecting the transformer in series, the output power
became more stable due to the effect of the rectification circuit.

The variation in output power with the lengths of the gaps between the antennas is
shown in Figure 5. The figure shows that the output powers zigzagged. The overall output
decreased with the area of the antenna gaps. The square-shaped antennas collected the
charge from the air. The antennas with smaller gaps were able to contact more air, so the
output decreased with the antenna gaps. The square-shaped antennas collected the charge
from the flowing air. The antennas with larger gaps were unable to collect the charge from
the air.
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Figure 5. Output power with the antenna gaps. Other parameters were constant. The speed of air
was around 4 m/s, temperature was 32 ◦C, gross area of each antenna was 72 × 72 cm2, and the wire
diameter was 2.5 mm.

The variation in output power with the humidity is shown in Figure 6. The figure
shows that the output was larger with higher humidity. Humidity is avital parameter of
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space charge. The output depends on the charge of the air, and conductivity depends on the
humidity of the air. With the increase inhumidity, the conductivity of the air is increased.
Thus, discharging is increased with humidity.
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Figure 6. Output power with the humidity. Other parameters were constant. The speed of air
was around 2.6 m/s, temperature was 34 ◦C, gross area of each antenna was 72 × 72 cm2, and the
square-shaped antenna gap was 24 × 24 cm2.

The output power was observed with the diameter of the antenna wire, and the result
is shown in Figure 7. The figure shows that the output power increased with the diameters
of the antenna wires. This is logical, because thicker wires are able to touch more air. The
output should change with the speed of air.

To verify this technique, the output power was observed with the speed of air. Other
parameters were constant during this observation. The results are shown in Figure 8. The
graph shows that the output power increased with the speed of air. More charge was
passed per second witha higher speed of air, so power increased with the speed of air.
The zigzag shape indicates that the experimental error or deviation values of all other
constant parameters or the charge of air were different in different places. The GI and
copper materials were also compared in this observation. The output power with the
copper wire antenna was larger than that of the GIantenna due to its better conductivity.

The variation in output power with the gross area of the antenna is shown in Figure 9.
All antennas were made of a square-shaped gap of galvanized iron wire. The width of the
antennas was constant (72 cm). Here, the varying parameter was the antenna length. The
figure shows that the output power increased with antenna length. The gross area of the
antenna increased with antenna length; therefore, the power increased. The effect of height
from the ground was studied. Figure 10 shows the output power with the height from
the ground.
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Figure 7. Output power with diameter of the antenna wire. Other parameters were constant. The
speed of air, temperature, humidity, antenna gap, and height of the antenna were constant. The
square-shaped antenna gap was 24 × 24 cm2.

Energies 2022, 15, x FOR PEER REVIEW 8 of 12 
 

 

Figure 7. Output power with diameter of the antenna wire. Other parameters were constant. The 
speed of air, temperature, humidity, antenna gap, and height of the antenna were constant. The 
square-shaped antenna gap was 24 × 24 cm2. 

To verify this technique, the output power was observed with the speed of air. Other 
parameters were constant during this observation. The results are shown in Figure 8. The 
graph shows that the output power increased with the speed of air. More charge was 
passed per second witha higher speed of air, so power increased with the speed of air. 
The zigzag shape indicates that the experimental error or deviation values of all other 
constant parameters or the charge of air were different in different places. The GI and 
copper materials were also compared in this observation. The output power with the 
copper wire antenna was larger than that of the GIantenna due to its better conductivity.  

 
Figure 8. Output power with the speed of air. The square-shaped antenna gap was 24 × 24 cm2, 
temperature was 32 °C, humidity was 40%, gross area of each antenna was 72 × 72 cm2, the wire 
diameter was 2.5 mm, and the height of the antenna from the ground was 30 m. 

The variation in output power with the gross area of the antenna is shown in Figure 
9. All antennas were made of a square-shaped gap of galvanized iron wire. The width of 
the antennas was constant (72 cm). Here, the varying parameter was the antenna length. 
The figure shows that the output power increased with antenna length. The gross area of 
the antenna increased with antenna length; therefore, the power increased. The effect of 
height from the ground was studied. Figure 10 shows the output power with the height 
from the ground.  

4

6

8

10

12

1.25 1.75 2.25 2.75 3.25

O
ut

pu
t p

ow
er

 (μ
W

)

Air speed (m/s)

Copper

GI

Figure 8. Output power with the speed of air. The square-shaped antenna gap was 24 × 24 cm2,
temperature was 32 ◦C, humidity was 40%, gross area of each antenna was 72 × 72 cm2, the wire
diameter was 2.5 mm, and the height of the antenna from the ground was 30 m.
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Figure 9. Output power with length of antenna. Other parameters were constant. Speed of air
was around 3.5 m/s, and wire diameter was 3.0 mm. All other parameters were similar to those in
Figure 8.
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Figure 10. Output power with antenna height from ground. Other parameters were constant with
those in Figure 8.

From the figure, it can be concluded that a higher distance from the ground carries
more electric charge. Lower levels in the air have many discharging opportunities. Trees,
towers of transmitters, high-rise buildings, etc., are discharging media. So, the power in
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upper-level air is higher. In this system, the power will be collected from space using a
special technique during all seasons of a year; in this way, the charge in air will be reduced,
and then, the thunder and lighting will be reduced in the spring and summer seasons.
Therefore, the technique creates a suitable energy source, and in parallel, it may create a
danger-free environment.

The speed, temperature, pressure, and humidity in the wind differed in the different
locations. The natural and artificial causes of charge generation are different in each city.
This is why the results regarding the power received changed. To verify this point, we
observed the power in the cities of Dhaka and Narayanganj. We have tried to keep the
other parameters constant. The results (Figures 5–9) are similar in both cities, but the output
power is larger in Dhaka than in Narayanganj, as shown in Figure 11. The population and
industry are much larger in Dhaka than in Narayanganj; therefore, the artificial creation
of wind charge is greater in Dhaka. This may be a cause of the generation of more electric
power in Dhaka.
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Figure 11. Output power for two cities. Other parameters were constant with those in Figure 8.

5. Conclusions

In this research, the wind charge was characterized in the cities of Dhaka and Narayan-
ganj. The output power varied rapidly, and the polarity of the charge changed from time
to time. The graph of output power versus the length of the antenna gap shows that the
overall output decreased with the area of the antenna gap. After the transformer was
connected in series, the output power became smoother. The results show that the output
is significant under higher-humidity conditions. The output power increased with the
diameters of the antenna wire and the speed of the air. The variation in output power with
the gross area of the antenna shows that the output power increased with the area of the
antenna. The results show that higher distances from the ground carried more electric
charge, and copper wire is better than GI. More power is received in Dhaka city than that in
Narayanganj. The research reveals that an electric power source may be developed using
the process, although the cost of establishing such a system is expensive with respect to
the power received. However, alternative and environmentally friendly power sources are
important for sustainability, and in parallel, a danger-free atmosphere will help protect
people and livestock from lighting. The measurement of the absolute charge of the wind
will be carried out in our future research.
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