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░ ABSTRACT- The turbulent airflow caused by vehicular movement on highways is a source of kinetic energy for wind 

energy (WE) that can be utilized to power highway lighting and communications. The purpose of the current work is to design, 

install and measure the extent of benefit from small wind turbines along a Highway (HW) in one of the governorates of Iraq - Dohuk. 

In this investigation, wind speed measurements are close to a significant HW on the Dohuk-Zakho-Iraq (DZI) Road. The three 

positional characteristics are examined for the wind turbines' optimal position. These factors are heights above ground level, lateral 

distances from the road shoulder, and the wind turbines' highway-facing orientation. It is possible to supply electrical power for side 

lighting of external roads via vertical axis wind turbines (VAWT), which are produced from disturbances in air movement. In 

addition, a battery pack has been used to store energy to sustain fluctuations caused by stopped vehicle traffic and to ensure load 

operation in the event of a wind turbine stop.  A 500W capacity vertical axis windmill is being worked on. The suggested landscaping 

technique has generated exceptional and long-lasting effects for a price of under 350 US dollars. 
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░ 1. INTRODUCTION   
The global energy demand is increasing rapidly, and there is a 

growing need to explore alternative power generation sources 

[1]. One promising avenue is using vehicles passing on 

highways as a source of electrical energy [2]. This concept 

involves capturing the kinetic energy generated by moving 

vehicles and converting it into usable electricity [3]. By 

integrating this technology into our existing transportation 

infrastructure, we can potentially reduce our reliance on 

traditional power sources and contribute to a more sustainable 

future. The need for energy in modern life is significantly 

greater than the cost of producing it. Since people first 

understood that natural resources would eventually run out and 

a substitute would need to be found, this has been one of the 

largest problems. In addition, fossil fuels significantly 

contribute to pollution, global warming, and greenhouse gas 

emissions [4]. In the twenty-first century, it is imperative to 

include additional renewable energy sources, such as solar, 

wind, and biomass, to address these issues. The growth of every 

country depends largely on its access to energy [5]. Due to a 

rapid increase in population and industrialization, as well as the 

quick depletion of energy resources, the world's energy 

consumption is accelerating. Currently, thermal power stations 

that use fossil fuels like coal, diesel, etc. provide more than 68 

percent of the world's electrical energy [6].  
 

Other researchers used a similar method through the movement 

of trains, where the air moves quickly when the train passes, so 

the movement of the wind was used to generate electrical 

energy [7]. Also, other researchers used the compression 

method for land transportation to generate and produce direct 

current electricity [8]. Some of them used the Harvesting 

Technologies method to generate electrical energy in public and 

highways [9]. Others used the method (vibrations in the roads 

through the movement of wheels on the roads) to generate 

electrical energy on public roads and highways [10].  
 

The fastest-growing source of sustainable energy is thought to 

be wind energy. However, due to its erratic nature, it is 

constrained. Due to heavy traffic, HW may generate a sizable 

quantity of wind to power a turbine. Wind will be produced due 

to the pressure differential in the air next to the vehicle. The 

most effective way to obtain this energy is the goal of this 

project [11] VAWT; Perpendicular to the revolving center are 

the mounting surface and the wind direction. The Basic feature 

is that since the engine is on the earth, accessing them is simpler 

and a yaw system is unnecessary. Due to its proximity to the 

Earth, the possible wind speeds are decreased [12]. It is a 

vertical axis machine, which is physically and practically rather 

simple. In addition to being simple, it has the benefit of being 

fairly robust and having a robust initial torque, making it simple 

to start even with moderate wind. The turbine operates well in 

mild winds, but its yield declines in severe gusts and even 

becomes brittle, limiting its size [13]. Fixed-pitch rotor designs 
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allow for yaw mechanism-free designs. VAWTs have slower 

wind start-up speeds than HAWTs do. Usually, they start to 

generate electricity at about 6 MPH (10 km/h). VAWTs' noise 

characteristics might be reduced [14]. Most VAWTs only 

generate energy at 50% of HAWTs' efficiency because of the 

additional drag that occurs when their blades rotate in the wind 

direction [15]. Even if the VAWT parts are on the ground, the 

weight of the structure above them still bears down on them. If 

this structure is not built correctly, replacing portions without 

demolishing the entire thing can be almost impossible. Because 

VAWTs have rotors close to the earth, where wind speed is 

reduced due to wind shear, they cannot produce as much energy 

at a given place as a HAWT [16]. 

The blocks will take in one direction of the wind at the ends of 

the rod, while the blocks in the center should take in both 

directions of wind—Varying lateral separations from the paved 

shoulder [17]. Measuring wind intensity and speed on highways 

is very important so that designers can determine the required 

size and specifications for wind turbines [18]. Simultaneously, 

the three anemometers were positioned on the ground plane. For 

producing power, these turbines can be put on express HWs and 

other locations with fast speeds traffic [19]. The turbine should 

be able to provide street lamps and other public infrastructure 

with limitless electricity worldwide [20]. 

By mounting a VAWT on the HW's partition so that it can 

collect wind from both directions and have wind speeds greater 

than at one side of the road, it is possible to produce power in 

HWs [21]. Batteries have been used to keep the power 

generated so that the HW may be lit at night [22]. Furthermore, 

other elements like the efficiency of the wind turbine are 

significantly influenced by wind speed, blade length and form, 

tower height and design, which is surface treatment, and tip 

speed ratio (TSR). Additionally, blocks should be positioned on 

the partition area and at the two verges of the HWs to generate 

extra power [22, 24]. The blades design process is based on the 

wind direction in the middle of the road, in contrast to the blocks 

at the sides, which will only get wind from one direction [25]—

varying lateral separations from the paved shoulder. Wind 

speed assessments at lateral positions from the road will be 

conducted to determine the amount of vehicle-induced turbulent 

wind at these distances. Simultaneously, the three anemones 

were positioned at ground level [26, 27]. These turbines can be 

deployed on express highways and other high-speed traffic 

locations to generate power. In an ideal world, the turbine might 

provide a limitless source of electricity for street lighting and 

other public utilities worldwide 

The contribution of the current work is that it used vertical axis 

wind turbines with an electrical power generator on one of the 

roads in Iraq at a suitable cost compared to the other designer 

work. It is considered the first experience in Iraq. The project's 

manufacture also used simple materials such as water pipes and 

an iron object. It is also considered a means of measurement for 

building larger projects in the future by building simple, low-

cost smart meters such as (Arduino Uno type and SD- card 

Reader for data storage). 

 

In this current work has been designed the VAWT from simple 

components like Mechanical energy are transformed into 

electrical energy by a DC motor half blades.  Blades have been 

designed from 8ing half pipe to designing vertical blades 

according to suitable values. The charger control is used to keep 

the generated power level and control the DC energy from the 

wind and battery energy storage. The Arduino type Uno and the 

two sensors (voltage sensor and SD card reader) have been used 

to control and take the suitable read and write results. The iron 

body is shaped to provide solid support and to resist weather 

fluctuations as shown in figure 1. 

 

Figure 1: The current design of real work 

 

░ 2. METHODOLOGY OF REAL 

DESIGN WORK 
Figure 2 shows the stages of the air conversion produced by the 

velocity of moving cars into the DC load. Each of the stages has 

been designed practically according to the standard world. The 

major goal is to collect and recover as much wind energy from 

the cars using the HWs as possible [28]. The vertical wind 

turbine is propelled by a large, unused amount of wind, which 

will utilize the wind's kinetic energy to generate electricity. 

More turbulence causes the wind to change direction and speed 

more often. Vertical axis wind turbines, unlike conventional 

VAWT, are effective at capturing turbulent winds common in 

urban environments. A 500W capacity vertical axis windmill is 

being worked on. 
 

 

Figure 2: Simple block diagram for current design 
 

By positioning the turbine at the ideal location and height, we 

want to maximize wind generation in all directions while 

considering system cost and safety. This technique may provide 

http://www.ijeer.forexjournal.co.in/
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a significant quantity of usable electrical energy when 

employed in large quantities. The idea of design prompts us to 

consider many factors like production, noise, and cost, which 

brings us to our secondary goal of studying the system to fix 

common technical issues. The project aims to create a tiny wind 

turbine that can be mass-produced and installed on every HW 

median to help people use less electricity [29]. 

 

░ 3. Implementation and Description 

Hardware System 

Practical parts used in the current work are explained as follows: 

3.1 DC Generator (12V) 

Currently employed in design work is (an automobile vehicle 

alternator), which is also a well-liked option for usage as a low-

voltage DC generator for wind turbines by many do-it-

yourselfers. However, they aren't proficient because they 

frequently use combustion engines or automobile alternators 

fastened to the side to generate electricity. An external power 

supply voltage is also required to power the electromagnetic 

magnets that create the inner magnetic field in automobile 

alternators [30]. 
 

3.2 Battery (12V-150Ah) 

The battery or bunk of batteries stores energy to continue 

electrical power demand for a long time. 
 

3.3 Charge Controller 

Batteries are often used in wind energy applications like solar 

systems to store excess power and energy for low- and medium-

power loads. Due to deep discharge and overloading problems, 

the power sources are weak. This shortens the battery life and 

is a weakness for renewable energy sources. A controller should 

be utilized to safeguard the batteries and increase their lifespan. 

The basic idea of photovoltaic controllers is to cut the batteries' 

power from the PV generator. When the batteries are 

completely charged or severely drained, this disconnect 

happens. The same theory does not apply to wind turbine 

applications. Keeping the turbine in a vacuum and 

disconnecting it from the batteries would raise the chance of its 

overspending annihilation, which we cannot afford. This 

restriction must be considered in the control strategy used for 

wind system battery charge/discharge. The batteries and other 

charges (usage, discharge resistors) must always be used to load 

the wind turbine [31]. 

 

3.4 Blades design and Mathematical of wind 

turbine  
A two- or three-bladed propeller moving around a horizontal 

axis has traditionally been the basic component of wind turbines 

intended to generate power. A wind turbine's blades are formed 

like an airplane wing, with one side (the rear) being much more 

curled than the other (the front). A wing allows air to flow over 

the top more quickly, which lowers pressure and creates the lift 

an aircraft needs to fly. To function, turbine blades also rely on 

pressure differences brought on by variations in airspeed. The 

air behind the blade starts moving faster than the air in front as 

the wind blows and passes over it. The front edge's rounded 

corner experiences the most velocity, which generates a pocket 

of low pressure. 
 

The essential mathematical equations of the design of Wind 

turbines and blades in the present work are clarified from 

equations (1) to (6) [32].  

ke = ½mV2                                                                                  (1) 

Where  

ke: is kinetic energy. 

m: is equals Mass. 

V: is velocity. 

 M = ρ av                                                                                (2) 

Where 

ρ: is the density of air (1.2250kg/ m3). 

v: wind velocity. 

a: is the wipe area of the turbine. 

By substituting into the equations (1) and (2). 

ke =  ½ρav^3                                                                              (3) 

Let's use 120 watts as the maximum power generation of the 

current work, and considering the efficiency of the turbine, 

which is 30%, we can say the power generation is 80%.  

P= 120/ (0.30*0.8) = 500 W. 

The wind velocity is (6.67 m/s) and the values are applied in the 

equation (3). 

500 = ½*1.1225*a*(6.67)3 

a = 2.75 Sq.m 

a = d ∗ h                                                                                      (4) 

d: is the blade diameter 

The diameter has been taken as 2 meters, and from equation (4) 

is find the height and equal (1.375) m. The design of the blade 

is taken from equations (5) and (6). 

 

fly − width =  d ∗ 0.14                                                                         (5) 

        =   2*0.14 

                    =    0.28m = 280 mm 

 

fly chord =  circumference ∗ .09                                                 (6) 

                = π*2*0.9 

                = 0.565m = 5652mm 

 

As a result, the blade is pushed forward, and the rotation begins. 

As seen in figure 3. Once the blades move, they produce 

headwinds (similar to what we experience on our faces when 

riding) [32]. 

http://www.ijeer.forexjournal.co.in/
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Figure: 3 Wind turbine blades 

3.5 Arduino Uno 

It has considered the open loop control (microcontroller) board 

created by Arduino and based on the Microchip Atmega328P 

microprocessor. As seen in the figure 4 [18]. The board has 

several analog input/output pins and digital input/output pins 

that may be used to communicate with other extension boards 

and devices. 

 

Figure 4: Arduino Uno 

 

3.6 Voltage sensor 
Voltage Sensor 0-25 for Arduino. This module lets you measure 

voltages between 0 and 25V by supplying a lower voltage to the 

Arduino for measurement. Once you have this value, you can 

easily calculate your real voltage using basic arithmetic, as 

shown in figure 5 [33]. 

 

Figure 5: Voltage sensor 
 

3.7 SD-card Reader 
Devices like the Arduino Ethernet Shield may read from and 

write to SD cards with the SD library. The library supports the 

FAT16 and FAT32 file systems on regular SD and SDHC cards. 

Figure 6 [34]. Illustrates the usage of digital inputs 11, 12, and 

13 (on most Arduino boards) or 50, 51, and 52 (Arduino Mega) 

for SPI communication between the microcontroller and the SD 

card. 

 

Figure 6: Real-time clock 

3.8 Real-time Clock 

A real-time clock may schedule actions for a certain time and 

keep track of the current time. As seen in Figure 7, most RTCs 

employ a crystal oscillator with a frequency of 32.768 kHz (the 

same frequency as quartz clocks and watches), similar to the 

Arduino Zero. 

 

Figure 7: SD card 

░ 4. Control And Protection Circuit Of 

Wind Turbine 
Figure 8 shows the connection between a voltage sensor and the 

real-time clock with the Arduino Uno for collecting and saving 

data in the SD card. We also connected a battery as the power 

supply for the Arduino. Then, we connected all components to 

the charge controller to balance the voltage and protect the wind 

turbine [35]. 
 

 

Figure 8: The control and protection real-time circuit 

 

░ 5. PROGRAMMING 
Programming has been used in current work to collect data like 

date, time, and voltage that the DC generator gave us, by this it 

made a program to read the output voltage of the generator and 

http://www.ijeer.forexjournal.co.in/
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to get the date and time from RTC (real-time clock), and finally 

save those data in a micro-SD card that can be used to view the 

data as an excel file or in notepad. The flow chart below in 

figure 9 shows that the program is used to know the results and 

states of current work. 

 

Figure 9: Flowchart of the read and write the voltage vs time in the 

SD 

 

░ 6. Choose The Suitable Place of (VAWT) 
For the measurements of the suitable place VAWT, 

Anemometers have been positioned side-by-side at various 

distances measured from the road shoulder, all at the same level 

for the earth. The chosen separations from the road were 0.5, 

1.0, and 1.5 meters. For various measurements, the height levels 

from the ground were varied to 1.5 m, 1.0 m, and 0.5 m [36]. A  

measuring device's heights were adjusted while maintaining 

these separations from the road, as seen in figure 10. 
 

 

Figure 10: An illustration of the anemometer's location next to the 

road 

According to an evaluation of the information, the turbine 

should be positioned at a height of 1.5 meters to accommodate 

large vehicles like buses and lorries that pass by the 

anemometers. To calculate the optimal place to height from the 

earth where the (WT) could be positioned, three wind intensity 

meters have been installed at this lateral distance from the road, 

as illustrated in figure 11. This choice was informed by the 

assessment of cross space, which revealed that 1.0 m is the best 

space to position the wind turbine. 

 

Figure 11: Set up anemometer in various orientations. 

 

Figure 12 shows the finishing design and places the VAWT 

on the Dohuk-Zakho-Iraq road, which is the perfect place to 

test current work as it is an HW that includes all types of 

vehicles. 

 

 

 

Figure 12: VAWT on DZI 

 

░ 7. Results of Current Design Work 

Figure 13 shows the results have been taken from the Arduino 

sensor's voltage vs time, where it has been worked the VAWT 

from time (1:31 pm) minute into (16:7 pm) minute, during 

which the period of operation the system (3 Hour:39 minute) 

the peak voltage reached in the (13:41 P.M) and equal (5.78V), 

and from (2:00 pm) into the (14: 3) the highway road don't have 

any vehicles, so the voltage measurement (0 V), and after the 

time (14:4 pm) Cars were noticed passing by, so the voltage 

began to increase again till the last time in take from the sensor 

(16:7pm) where the voltage is became(0.32 v). From the results, 

voltage have been produced at different times of the day and 

analyzed the times when the traffic hours hit the peak. These 

data showed that on average the turbine can generate electricity 

for about 17 street lights each with a 0.5A, which proves the 

proposal design. 

Table (1) shows the values of the results drawn in figure (13) 

accurately, as all the real values were taken through the sensor 

group to be drawn in figure (13). Due to the large amount of 

data, it was briefly presented for the period from (13.31) to 

http://www.ijeer.forexjournal.co.in/
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(14:7), that is, the table was drawn up to clarify the values in 

figure (13). 

Figure 13: The data of result VAWT (Volts vs Time) 

░ Table 1.  The data of result VAWT (Volts vs Time) 

Volt (V) Time (pm) Date 

3.44 13:31  

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

17/5/  2022 Date: 

4.5 13:32 

5.6 13:33 

5.3 13:34 

5.65 13:35 

4.98 13:36 

4.76 13:37 

5.23 13:38 

5.45 13:39 

5.34 13:40 

5.78 13:41 

5.12 13:42 

5.03 13:43 

5.22 13:44 

4.65 13:45 

4.12 13:46 

4.04 13:47 

3.6 13:48 

3.42 13:49 

3.51 13:50 

3.65 13:51 

3.19 13:52 

2.99 13:53 

2.6 13:54 

2.4 13:55 

2.3 13:56 

2.34 13:57 

1.87 13:58 

1.59 13:59 

1 14:00 

0 14:1 

0 14:2 

0 14:3 

1.34 14:4 

1.49 14:5 

1.98 14:6 

2.5 14:7 

Table 2 below shows the details of the cost from the current 

design proposal work; it shows the total cost (345$) compared 

with the produced, which is good. 

░ Table 2. Cost of the current design work 
 

Item Quantity Item Cost ($) Total cost ($) 

Blades (type PVC) 6 4.8$ 29$ 

Steel Shaft (di=10mm) 1 17$ 17$ 

Poly (fits the shaft) 2 5$ 10$ 

Base (iron) 1 90$ 90$ 

Blades arm (iron) 12 2$ 24$ 

Gearbox (135) notch 1 9$ 9$ 

Gearbox (11) notch 1 3$ 3$ 

Generator base (iron) 1 14$ 14$ 

Generator (12v DC) 1 34$ 34$ 

Charge controller 

(12/24v DC) 

1 6$ 6$ 

Gel battery (12v-55Ah) 1 85$ 85$ 

Wires (2.5mm flexible)-

20m 

6 0.7$ 4.2$ 

Arduino 
microcontroller 

1 6$ 6$ 

RTC (Real time clock) 1 1.5$ 1.5$ 

Micro SD card reader 1 2$ 2$ 

Voltage sensor 1 1$ 1$ 

Arduino battery 2 1.5$ 3$ 

Arduino wires 18 0.2$ 3.6$ 

Total cost of proposal 
design 

 345.3$ 

 

░ 8. CONCLUSION 
In conclusion, the current design proposal was first started with 

the measurements and design of the wind turbine. We picked a 

vertical axis wind turbine because it is the most suitable type for 

use on highways as it can receive wind from both sides and 

doesn’t take up much space. Much information about the wind 

patterns caused by moving cars has been gathered on both sides 

of the HW. The data gathered has created, designated, and 

installed a wind turbine on the HW middles. Even though one 

turbine might not be able to generate enough power, a group of 

turbines on a long stretch of HW has the potential to generate a 

significant amount of energy that could be used to power 

lighting and other public facilities or even earn money by selling 

the electricity back to the grid. This architectural movement 

strives for sustainability and ecological responsibility. Used 

iron has been reshaped for the structure; water pipes are blades 

of PVC type to withstand high temperatures and a smart 

electronic circuit that is low-cost and practical to store data so 

that the researcher can know the appropriate places to install 

wind regulators. Theoretically, any moving device such as a 

theme park ride may power the turbine. Any city with a lot of 

traffic may use the HW wind turbine to generate electricity. The 

current  proposal work is considered good from the low cost 

with high performance, and the power produced is an 

Acceptable card. 

http://www.ijeer.forexjournal.co.in/
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