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 An experimental setup is constructed to harvest energy from wind by means of oscillating of a body, structure or 
even trees. A vertical stem which can oscillate or bend is connected with a rack and pinion and finally pinion is 
connected with generator to harvest the electrical energy. Once the force is applied on the top of the stem, the 
connecting wire pulls the rack and pinion is in rotary motion and generates the power. The experiments are carried 
out for both applied static force and wind assist dynamic force. The experimental results show that the forces 
exerted on the stem are very much influenced by the stem height, the rack length for power generation. The results 
from wind assist experiments reveals that the sail size and the materials of both stem and sails play vital role on 
power generation. The constructed setup shows a good prospect on power generation from wind specially the 
places like highways, urban areas or any other places where the tree or any other object or structure oscillate. 
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INTRODUCTION 

Now-a-days, there are so many technologies that are used for energy harvesting. Some of them are - Piezo-electric energy 
harvesting, Hydro power (Deane et al. 2010), Wind power (Howell et al., 2010; Lewis, 2007), Solar cells 
(https://www.nrel.gov/solar/, http://energy.mit.edu/research/) RF energy harvesting (https://www.rfpage.com/, 
https://www.arrow.com/en/research-and-events/) and so on. Researchers and scientists made a huge investment in recent years 
for harvesting energies. Due to some drawbacks and high production cost, everyone is trying to replace the conventional energy 
production with the renewable energy. Hydro power is one of the largest renewable energy sources in the world. The power 
generation by hydro power is increased significantly for past 50-60 years. Deane et al. (2010), Han et al. (2014), Molarius et al. 
(2010), Lehner et al. (2005), Kumar and Katoch (2014) had done some empirical research about power generation by hydro power 
technology. But the major drawback of hydropower is that the constructed damsare permanent which cannot be removed. In 
addition, the local resident needs to relocate for hydropower. These types of huge projects can damage fish population and also 
can impact water quality and flow. Meanwhile, the production of solar power technologies is developed a lot in industrial countries 
like Japan & Germany for last few decades. Some research institutes like NREL (National Renewable Energy Laboratory) and MIT 
Energy Initiative are working very hard to develop new design, materials, manufacturing process and also minimize environmental 
impacts. Though solar energy has become a trending topic, it has been widely criticized for being expensive as well as for its 
weather dependency. Moreover, it requires a lot of spaces. In fact, to produce more electricity, it needs more solar panels to collect 
as much sunlight as possible. So these reasons discourage people to use the solar system. However, RF energy harvesting has no 
problem like solar cells. But dependency on external sources limits its usage all over the world. It looks so simple at first glance. 
The reduction of the system efficiency over the time is another limitation of this technology. On the other hand, piezo-electric 
energy harvesting is a hot topic over the years. Li et al. (2014), Mak et al. (2012), Qiu and Ji (2011), Xu et al. (2012) and many 
researchers had given much efforts about Piezo-electric energy harvesting to generate power. The possible disadvantages of using 
piezo-electric energy harvesting technology are very small amount of power generated & cannot be used for truly static 
measurements. The technology uses to harness the power of wind has progressed a lot over the last few years. Now each wind 
turbine could generate much electricity as a conventional power plant does. Researchers like Strom et al. (2017), Howell et al. 
(2010), Lewis (2007) had tried to take this technology to another level. But there are some limitations of wind turbines like turbines 
are noisy, threatening to Wildlife, higher installation Costs and so on. 

Despite of different disadvantages of different renewable sources, the mankind is still hoping for upgrading and inventing new 
energy sources. There are few works are found in literature related to energy harvest from tree. McGarry and Knight (2011) 
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investigated to generate power from the tree movement. They showed that the movement of the tree can lift the weight and hence 
produce the power. Later in 2012, McGarry and Knight (2012) further reported that a 6m tall tree can drive the electromagnetic 
generator and that recharge a nickel metal hydride battery. They experimentally showed that the electromagnetic drag may 
produce up to 12 N for the particular tree and setup. Souza et al. (2016) reported that the energy can harvest from the tree trunk 
as the tree trunk has different isothermal zone and can generate electrical power by Peltier cell. Xu and Feng (2012) were interested 
in the electrical potential difference (EPD) of a tree. Therefore, they investigated three kinds of trees and recorded the bioelectric 
current and voltage difference for a year. They reported that there is a voltage difference and electric current in the trees and the 
amount of energy is influenced by temperature, humidity. 

There are few more efforts can be found in literature to harness the energy from tree leaves like ‘leaf generator’ from PZT 
nanofiber (Zhang et al., 2014), plastic leaves containing polyvinylidene fluoride (PVDF) (Han et al., 2010), piezo-leaf with a “vertical 
flapping stalk” (Li et al., 2014). However, McCloskey et al. (2017) investigated the vertical flapping stalk with piezo-electric leave to 
harvest the energy and reported that the piezo-electric botanic mimic may not be good to generate mid-range of power. 

Wind energy can be used to generate electricity in small scale for the daily life as well. For example, the divider in the highway 
or beside the highway there are lots of wind energy due to the rapid movement of the vehicles. In fact, once the vehicles move 
with a high velocity, leave the number of vortices which contain much energy. Quinn et al. (2001) showed that the road signs and 
pedestrian barrier experience high wind force due to the vehicle movements. With the general experience, the small trees in the 
divider or beside the highway oscillate or swing randomly. These oscillations or swings of the small tree are due to wind energy 
and can be converted to electrical energy. There can be found numerous examples of oscillation or swing to the body or structure 
in different situation and location for the wind energy where the wind energy is being wasted. In fact, there is a good potential of 
harvesting energy from wind at high rise building areas (Glumac et al., 2018). In fact, build spacing and high rise buildings in the 
urban area cause to flow strong wind at base (pedestrian level at the ground) and also at the top of the buildings (Blocken and 
Stathopoulos, 2013; Blocken et al., 2016; Ricci et al., 2018; Sheng et al., 2018; Stathopoulos, 1985; Zheng et al., 2018).  

The main concept is to find a way to use or store this wasted wind energy. Therefore, a setup is constructed with simple rack 
and pinion mechanism to convert the wind energy to mechanical energy and hence the electrical energy. To extract more power 
the experiments are carried out with different flexible stem, rack movement or displacement, placing a sail at the top of the stem, 
sail size, sail materials etc. 

From the literature it has been found that the researchers put much effort on harvesting energy by many means like 
piezoelectric materials, RF, micro hydropower etc. Most of the efforts are limited to certain conditions or accessibility of the 
sources. Most of the energy harvesting devices (low scale output) is generally constructed with the mechanism of electromagnetic, 
piezoelectric or triboelectric (Khalid et al., 2019) and faces lots of problems in installation, performance, efficiency, durability and 
robustness (Xu et al., 2019; Zhou et al., 2019). Here, it has been tried to present a conceptual design to harvest energy from wind 
within our daily activities. In fact, the wind is forced to flow once a vehicle drives on the highway. Usually, there are always vortices 
behind the vehicle and become a gust wind once the vehicle speed increases specially for the heavy vehicles. Indeed, the efforts 
are made to introduce a new conceptual design which is cost efficient, very minimal maintenance cost, environment friendly, 
doesn’t require larger space as well as the mechanism is very easy and simple. Therefore, the concept of energy harvest on the 
highways may open huge prospects to meet the energy demand as there are thousands of kilometer roads around the world and 
millions of vehicles move each day. 

EXPERIMENTAL SET UP 

Tree, bamboo or any other thing which can oscillate or swing due to wind flow is replaced as flexible stem. A T-joint is placed 
at the top of the stem and a sail is mounted on the T-joint. A wire is tied at the top portion of the sail and other end of the wire is 
connected to a rack which is placed at the base. Figure 1 shows the SolidWork design of this experimental setup. Two sets of rack 
and pinion with generator are placed on the two opposite sides of the setup. The photographic view of the setup with labeling is 
also shown in Figure 2. It should mention here that the stem is placed in a stem holder, which is 1 inch (2.5 cm) height and larger 
than stem diameter. Once the force applied or wind flows over the sail, the stem bend and therefore the wire which is at the 
upstream position of the wind flow or applied force creates a tension force to pull the rack. A pinion is placed at a particular 
position and the due to the movement of the rack, the pinion rotates which is meshed with a generator to produce the electricity. 
The present constructed setup is 5 ft (153 cm) in length and 3 ft (92 cm) in height. The major parts or components for the setup are 
rack, pinion with lock bearing, nylon roller, generator and so on. The lock bearing is used to allow the rotation in one direction. 
However, nylon roller guides the linear motion of the rack and helps the rack to move in the right direction and also prevents the 
lifting of the rack from its position. 
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WORKING PROCEDURE 

After constructing the setup, a force is applied on the sail either by manually or wind flow. A spring guage is connected with 
the sail for manual applied force (sail is made of mild steel plate 4 inch × 6 inch or approx. 10 cm × 15 cm)) or wind flow to make 
sufficient pressure on sail to bend the stem. Once the stem bends in one direction, the wire on the opposite side is in tension force 
and hence the rack moves and pinion rotates in one direction. With the rotation of the pinion the shaft of the generator produces 
electricity. Two multimeters (VICTOR 86B, ±0.5% ~1.0% accuracy)) are used to measure voltage and ampere and calculate the 
power in watt. 

 
Figure 1. Schematic view of the experimental setup 

 
Figure 2. Photographic view of the experimental setup 
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For manual applied force, different types of specimen like PVC pipe, acrylic, MS rod and tree stem are used to obtain the power. 
The experimental study continues with different height of the stem for different stem material and also for different rack length. 
As the two sets of rack-pinion and DC generator are placed on two sides of the setup, the experiments are continued for both side 
as Side-1 and Side-2. Similar procedures are also applied for wind flow cases where the sail is changed with different materials, 
areas and also the stems with different heights for different air velocities. It should mention here that anemometer (CEM DT-618, 
±3% ±0.1) and tachometer with 0.02% accuracy (VA8030 of aTEL electronics) are used to measure the air velocity and rpm of the 
pinion respectively. 

RESULTS AND DISCUSSIONS 

Manual Applied Force 

First, the experiments are carried out to generate power by manual force. Numbers of experiments are conducted with 
different stem height and different rack length. Different types of stems are used in this experiment like PVC pipe, tree stem, acrylic 
& MS rod. Spring gauge is used to generate manual force by tying up it at the top end of the stem. The 13 inch or 33 cm rack length 
is divided into five sections. Before taking any readings, the desired rack length has been set. As there are two sets of rack and 
pinion of the experimental setup, therefore, readings are taken for the both Side-1 and Side-2. In the following sections the 
experimental results will show the power generation for different stem height and materials for both Side-1 and Side-2. It should 
be noted that the rack length is indicated as LR in this article. It should mention here that each reading of the experiments are taken 
multiple times and take the average value. 

PVC Pipe (Side-1) 

At first, PVC pipe with 0.5 inch or1.25 cm outer diameter is used as a stem for five different heights ranging from18 inch to 30 
inch (46 cm to 76 cm). Rack length varies from 2.6 inch to 13 inch (6.6 cm to 33 cm) for different applied manual force by spring 
gauge. In Figure 3 (a), it is observed that for the stem height of PVC pipe with 18 inch (46 cm) height, the produced power increases 
with the increase of applied manual force. It is also evident from the figure that the longer rack length leads to have more rpm and 

 

 
Figure 3. Power generation for PVC pipe at 18 inch height for different rack length in Side-1 for the variation of (a) force and (b) 
RPM 
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hence the higher generated power. In fact, the power generation is much higher for the maximum rack length (LR = 13 inch (33 cm)) 
because of travelling maximum distance which causes more rotation of the shaft. Inertia of motion among all the parts is also 
responsible for the increasing of power. Actually, once the higher manual force applied at one end of the stem causes more bend 
and leads to move far distance of the rack which means rack length increases. Therefore, pinion rotates more due to longer rack 
length movement and leads to generate more power which is clearly shown in Figure 3 (b). However, there is a lag between 2.6 
inch (6.6 cm) rack length and other rack lengths. The reason behind is that the inertia of the rest among the connecting parts. 
Initially all the parts like wire, rack, pinion, shaft are at rest, therefore, once a certain amount of force is applied, generator does 
not get the exact force to rotate. The stem, connecting wire, rack, pinion utilize some force to move from their resting position. In 
addition, rotation of the pinion and generator shaft is very few in number because of the shortest rack length and causes to have 
the lowest power output. Therefore, a clear conclusion may draw from Figure 3 is that the increase of applied manual force leads 
to increase the rack length and leads to rotate the pinion at higher rpm and ultimately increases the power generation. From the 
experimental setup, it can also easily understand that rpm is totally dependent on applied force. The more force will create more 
rpm, thus, the maximum rpm is for the longest rack length 13 inch and minimum for the shortest rack length 2.6 inch.So, the 
maximum rack length 13 inch is considered for rest of the experiment. 

In Figure 4 (a) & (b), five different heights 18, 21, 24, 27 & 30 inch (46, 54, 61, 68 & 76 cm) of PVC pipe have been taken with the 
maximum rack length 13 inch. The value of power generation increases with the increase of height of the PVC stem. The results 
show that the lowest output from the minimum height of 18 inch of the PVC pipe and highest output from the maximum height 30 
inch of the PVC pipe. The output power increases with the increase of the height of the stem which is due to the bending capability 
of the stem. As the height of the stem increases therefore, for certain applied manual force create more torque leads to do more 
work. In fact, with the evidence from Figure 4 (a) and (b) indicates that higher the stem length will be beneficial to produce more 
power and it also observed that power is increased with the increase of the force and as well as rpm. Anyway, 30 inch stem length 
is chosen for the rest of the experimental study. 

From the Figure 5 (a) & (b) show all the value of power generation from the five different heights of the PVC pipe by changing 
all the five rack lengths. By increasing the force and rpm, power generation is also increasing. Actually this figure shows the full 
scenario of the power generation for Side-1. 

 

 
Figure 4. Power generation for PVC stem at different height for 13 inch rack length in Side-1 for the variation of (a) force, (b) RPM 
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PVC Pipe (Side-2) 

Like Side-1, exactly same procedure has been followed for Side-2. Similarly, all the value of power generation from the five 
different heights of the PVC pipe by changing all the five different rack lengths has been shown for Side-2 in Figure 6 (a) & (b). 
These two graphs reflect the whole nature of the power generation and its dependency on applied force, stem length and rack 
length for Side-2. In comparison with Figure 5 (a) & (b), it is clearly seen that the power generation for Side-2 in Figure 6 (a) & (b) 
is little higher than Side-1. There would be some reasons and frictional loss is one of them. In addition, the mesh of pinion and 
rack may not as smooth as Side-2. Bad pinion seal, resistance in wires, eddy current loss etc. are also responsible. Therefore, the 
rest of the experiments are conducted in Side-2 for 13 inch rack length and 30 inch stem height. 

 

 
Figure 5. Full scenario of power generation for PVC stem at different height and rack length in Side-1 for the variation of (a) force 
and (b) RPM 

 

 
Figure 6. Full scenario of power generation for PVC stem at different height and rack length in Side-2 for the variation of (a) force 
and (b) RPM 
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As explained earlier that the bending or displacement of the top end of the stem influences the power generation, therefore 
different yield and flexural strength of materials are considered for further experiments in power generation. Four different 
materials like PVC pipe, MS rod, acrylic and tree stem are chosen for this investigation. The outer diameter of tree stem, acrylic & 
MS rod are 0.4, 0.4 and 0.5 inch (1, 1 and 1.25 cm) respectively. Figure 7 represents the power generation at Side-2 for different 
stem materials with stem height of 30 inch and rack length of 13 inch. Figure 7 (a) & (b) clearly show that PVC pipe has generated 
the maximum power among all the materials. In fact, the tree stem, acrylic & MS rod has generated less power than PVC pipe. The 
flexural strength plays a major role in this issue and Table 1 shows the flexural strength of different stem material. Among all the 
specimens (stems), PVC pipe shows and makes a difference with other stem in power generation. Moreover, the PVC pipe has 
minimum flexural strength than other known materials as shown in Table 1. The tree stem is selected in this experiment for the 
sake of justification in practical application and use of wind energy even though flexural strength of tree stem is unknown. One of 
the major goals of the study is to investigate the feasibility to extract power by constructing a setup and use in the divider on the 
highways or any windy area where stem or similar object or structure oscillate or swing. The results from Figure 7 (a) and (b) 
indicate that using the tree stem could produce equivalent amount of power as MS rod, acrylic and PVC pipe generated. Moreover, 
using tree stem of a tree may reduce the cost of the power generation. 

 
 

Tested in Wind Tunnel 

As mentioned earlier that the goal of the present study was to generate power from wind energy, especially at the windy area 
where the wind flow direction is not certain. Therefore, a vertical stem may oscillate and produce power. In that point of view, 
further experiments are carried out by means of wind flow. In such case the setup is installed at the outside of the wind tunnel 
where wind flow is controlled. In addition, a sail is placed at the top end of the vertical stem to capture the wind force. Knowing 
the velocity of the wind, force on the sail can be calculated by Bernoulli’s equation. Different height of the stem and different sail 
area has been used here. Similar to previous study, the experiments are carried out on Side-2 for 13 inch rack length.  

 

 
Figure 7. Comparison of power generation for different materials for Side-2 for the variation of (a) force and (b) RPM 

Table 1. Flexural strength of different stem materials 

Material Flexural Strength 
PVC pipe 88 MPa [https://www.curbellplastics.com/Research-Solutions/] 
Tree stem --------  
Acrylic 117 MPa [https://www.curbellplastics.com/Research-Solutions/] 
MS rod 2.76 GPa [Nurulhuda et al 2017] 
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For the initial experiments the sail area is set as 238 inch2 (1536 cm2) and the stem and sail material are used as PVC pipe and 
cement bag (polypropylene) respectively and the stem height varies from 21 inch to 30 inch (54 cm to 76 cm). Figure 8 (a) shows 
that the power generation increases with the increase of the stem height for different air velocities. The power generation is 
highest for the maximum height of the stem 30 inch (76 cm). Figure 8 (b) shows the power generation which has been obtained 
from the previous experiment i.e. manual applied force for different stem height at Side-2. It is evident from Figure 8 (a) and (b) 
that the value of power is much higher for air driven force experiment than the manually forced. There are many reasons for these 
higher values of the power, firstly, the sail area is much increased in wind assist experiment 238 inch2 (1536 cm2) for wind assist 
and 24 inch2 (155 cm2) for manual force test and helps to capture much air and hence the force on the sail. Secondly, the sail was 
flat and rigid in the previous experiment as the sail was made of MS sheet, however, in the wind assist experiments the sail 
materials are much flexible and have elasticity. Thirdly and most importantly, the force applied in manual case was not 
continuous, but in the wind assist case force applied continuously, in fact, once the stem bends in the downstream direction of 
the wind flow and wind pushes further the sail which may make advantageous of the setup to produce more power. Moreover, it 
should be noted here that the rpm for wind assist test much lower but continued for longer time, on other hand for manual applied 
force, rpm is higher but continued for short time and ultimately causes in the variation of power generation. Figure 8 (c) shows 
the generated power against wind speed for different stem height. It is evident from the results that the higher wind speed ensures 
higher power; moreover, stem height may give extra benefit in case of power generation for higher wind speed. 

 

 

 
Figure 8. Power generation at different height for Side-2, (a) RPM for wind assist experiments, (b) RPM for manually applied force 
and (c) air velocity (wind assist experiments) 
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Figure 9 shows the effect of sail area on power generation for the wind flow conditions. Four different sail area like 108, 208, 
238 and 304 inch2 (697, 1342, 1535 and 1961 cm2) are considered for this particular experiment. Figure 9 (a) and (b) show the 
power generation against the rpm and force. Force is here is calculated from Bernouilli’s equation and indicated that increase the 
force or rpm increases the power and at the same time larger sail area exhibits more power. Similarly, increase the velocity of the 
wind also indicates the sameresults as before. However, the finding is that sail area is much more influential than the stem length 
for power generation. 

 

  

 

 

 
Figure 9. Power generation at different sail areafor Side-2, (a) RPM (wind assist experiment), (b) Force (manually applied force) 
and (c) air velocity (wind assist experiments) 
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For the practical application of such device for power generation is one of the key objectives of this study. With this context 
the study is extended with different materials for sail which are locally available. Five different sail materials like plastic i.e. normal 
polythene (low density polyethylene, LDPE), advertisement banner (PVC banner), cement bag (polypropylene), tyre rubber 
(elastomer) and terpal or tarpaulin (high density polyethylene, HDPE) are considered. The materials for sails are chosen based on 
the concept of flexural strength and density and Figure 10 shows that the power generation by using different sail materials. 
Rubber has generated the maximum power among all the materials. Density and flexural strength of the sail materials play major 
roles here. Once the wind hits the sail, the flexible sail deforms in the wind flow direction as a part of work done by the wind which 
ultimately insist more wind to hit the sail. At the same time, with the deformation and the movement of the sail in the wind flow 
direction leads the density to play its part to move the sail and stem further downward. In fact, once the stem is tilted due to wind 
force the dense or heavy material of the sail gain further momentum and push further to bend the stem. The involvement of these 
two properties i.e. density and flexural strength are clearly visible in Figure 10. It should clearly state here that the volume (i.e. 
thickness) of the tyre rubber is much more as compared with the normal polyethylene i.e. plastic or other sail materials. The 
density and flexural strength of the different sail materials are shown in Table 2. Therefore, gravitational force along with density 
also plays a vital role to produce higher power. 

 
 

The study has been carried out with the concept to harvest energy from tree due to wind flow. The constructed setup enables 
to generate power due to the bending of the stem. Considering the tree, gusty wind assists to bend the stem of a tree and therefore, 
the bending moment of the tree is important. Niklas (2002a) showed that the bending moment of the tree stem depends on the 
tree height and age. He carried out experimental study on cherry tree (Prunusserotina Ehrh.) for different height ranging from 0.95 

 

 
Figure 10. Power generation at different materials for Side-2 for wind assist experiments (a) force and (b) air velocity 

Table 2. Density and flexural strength of different sail materials 

Material Specific Gravity Flexural Strength, MPa 
Rubber 0.9~0.92 135 [https://www.toray.jp/plastics/en/torelina/technical/] 
Banner 1.42 88 [https://www.curbellplastics.com/Research-Solutions/] 
Tripal 0.95 28.3-91 [http://www.matweb.com/] [https://www.plasticsintl.com/datasheets/HDPE.pdf] 
Cement bag 0.91 40 [http://www.matweb.com/reference/flexuralstrength.aspx] 
Plastic 0.92 8.1 [https://www.plasticsintl.com/datasheets/LDPE.pdf] 
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ft to 43 ft (29 cm to 1310 cm) and showed that smaller stems had higher stress capabilities due to flexible plant tissue than larger 
stems. He also added that older tree had higher probability of mechanical damage or fail as compared with the younger trees. He 
also showed that the bending moment of tree stem could be up to 3 MPa for the wind velocity of 50 m/s (Niklas 2002b). He also 
reported that the drag induced bending moment generated due to the presence of the branch at the point where they are attached 
near the trunk. Therefore, the roadside trees which are comparatively small in size in height may be expected as potential energy 
source to harvest energy from wind. In a normal day, the wind velocity may not sufficient enough to bend to stems or trees, 
however, once a vehicle moves at high speed creates vortices and generates two distinct regions. A weak wind region at the 
downstream directly at the rear of the vehicle and other one is a strong wind region at the downstream side surface of the vehicles 
(Tian et al., 2017). This strong wind velocity may increase up to 30 m/s and produce significant amount energy with the rotation of 
the rotor blade. Therefore, the strong wind region produces a gust and able to bend the tree depending on the vehicle speed, tree 
size and age and the distance of the tree from the moving vehicle. However, any other object or structure around us may also 
consider for the particular purpose. In the urban area the oscillating bodies or structures can be placed to harvest the energy 
where the wind velocities are relatively higher. Recently, Stathopoulos et al. (2018) and Micallef and Bussel (2018) showed that the 
suitable places for the devices to install in the urban areas and harvest the energy from the wind. 

CONCLUSIONS 

An experimental setup is constructed to harvest energy from wind by the means of oscillating the body or structure or even 
trees. The experiments are carried out for two different modes of applied force on stem i.e. manual force and wind assist force. 
The overall experimental results showed that the stem length, rack length, forces applied on the sail is the vital issue to increase 
the generated power. However, wind assist force reveals that sail area and materials of the sail and stem play major role on power 
generation. Considering the tree stem along with other stem of different materials showed that tree stem can be easily used in the 
constructed setup and able to produce similar amount of energy as compared with other stem materials.The conceptual design 
may be further improved with the numbers rack and pinion mechanisms, 360o rotation of the sail while the tree stem is fixed. If 
the top of the sail is heavier than its root, it will create more momentum while it hits by wind. Thus, it will generate power 
uninterruptedly with the zero safety hazards. An optimum model considering the height and material of the stem and the area of 
the sail and its material can make a difference to the renewable energy industry. Small and light scale of the setup along with the 
less frictional resistance among the moving parts can be installed at the roadside of a highway or any other windy area to extract 
energy from wind as there are thousands of kilometer roads around the world and millions of vehicles move each day. 
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