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Abstract: 

After the necessary technological and infrastructure improvements are made, renewable energy 
has the potential to become extremely cost-effective in addition to being dependable and 
abundant. Renewable energy sources include the sun, wind, biomass, hydropower, geothermal, 
and tidal energy. Shagaya Renewable Energy Park has been created in the desert around 100 
kilometres west of Kuwait City in order to help Kuwait meet its national goal of generating 15% 
of its energy from renewable sources by the year 2030. This goal was stated as part of Kuwait's 
national strategy. In accordance with these plans, the purpose of this paper is to announce the 
potential installation of a wind turbine system at American University of the Middle East 
(AUM) University, which is one of the most significant locations in Kuwait. A comprehensive 
wind power system with a capacity of up to 273,800 KW/month that would assist power AUM 
buildings is the target of this investigation on the practicability of putting such a system in 
place. While the payback period of the project is considerable as it reaches 18 years, the profits 
are exceptionally good with a savings in utilising electricity at the AUM site. The results 
showed that it is applicable to establish such a wind power system in the AUM site. 
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I. INTRODUCTION 

The excessive consumption of fossil fuels has brought about climate change, contamination of 
the environment, and a lack of energy, all of which are primary obstacles to the socially 
sustainable growth of communities. A significant number of commercial organizations all over 
the world continue to generate power by burning fossil fuels. These fuels are certainly effective 
in terms of the quality of power generation; nevertheless, using them for an extended period of 
time is not sustainable. Because fossil fuels will eventually be depleted, the commercial sector 
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must make the transition to renewable energy sources as soon as possible. In addition, the use of 
these fossil fuels upsets the natural balance of the environment and is the cause of a number of 
environmental hazards. [1] 

As a qualitative component, understanding of energy management is challenging to quantify. 
The majority of people's knowledge originates from questionable resources. For the most part, 
the vendors of particular energy sources are unable to provide sufficient information on the 
possibilities for the user, and instead focus on providing simply the technical specs. Knowledge 
sharing in the field of energy management requires a transparent and reliable information 
infrastructure. [2]   

Approximately 14% of worldwide primary energy demand is predicted to be met by renewable 
sources by 2040, according to the British Petroleum (BP) Energy Outlook 2018. [3] The negative 
effects of using fossil fuels are becoming better known as mass communication technology 
improves. Reliable access to renewable energy sources is essential. Due to its pristine and long-
lasting nature, it has been taken seriously by humankind. Scientists and engineers from all over 
the world are constantly working and researching in this area. Improved methods of extracting 
energy from these sources are the subject of current investigation. Consumption of fossil fuels 
including coal, oil, and natural gas are major contributors to climate change. It poses a serious 
threat to the health of the planet and all its inhabitants. In addition, as was already mentioned, 
fossil fuels have been the root cause of a number of major catastrophes in the past. [4] 

There is yet time to escape disaster by making the transition to renewable energy. This is due to 
the fact that they produce no harmful or hazardous byproducts and are therefore cleaner. In 
addition, there is a finite amount of fossil fuels. Without a doubt, there will be a time when they 
are no longer. [5] 
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In order to completely replace traditional energy sources, renewable energy technologies must 
undergo significant research and development this century. The sum is larger than previous 
investments in traditional energy sources. More than 11 million people were employed in the 
renewable sector worldwide in 2018, as shown in Figure(1). [6] 

This has led to a dramatic rise, from only six in 2005 to more than sixty-seven this year, in the 
number of auctions for renewable energy systems. (Renewable Energy Policy Institute) (2017). 
Global investment in renewable energy sources has topped USD 289 billion, with wind energy 
receiving USD 134.1 billion. [7] 

Kuwait has set a national target of producing 15% of its energy from renewable sources by the 
year 2030 [8], and numerous projects have been formed to help achieve this objective. One such 
project is the Shagaya Renewable Energy Park, which was built in the desert about 100 
kilometres west of Kuwait City. 

Another project in this category is the proposed topic in this paper which announce for 
establishing a wind power system in AUM University site in Kuwait. The paper's stated 
objective is to publicise the possible installation of a wind turbine system at AUM University, 
one of Kuwait's most pivotal institutions. The purpose of this study is to determine whether or 
not it is feasible to install a large-scale wind power system capable of producing up to 273,800 
KW/month to help power AUM buildings. 

II. Methodology 

As soon as we had reached this stage in the development of the project, we contacted 
ELECNOR to ask them to supply us with all of the components of our wind turbine along with 

Figure 1 Jobs in renewable energy 2018 (Darwish & Al-Dabbagh, 2020). 
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Figure 2 between Business and Library buildings 

its installation. In the following paragraphs, we will conduct a review of the phases involved in 
the implementation process, during which we will calculate the amount of time needed for each 
stage up until the point where the installation of the project is finished and our turbine is put 
into service. 

Paving the roads that lead to the installation area should be taken into consideration as part 
of the preparation of the work site, which was selected at our university to be in the middle 
between the Business and library buildings as shown in Figure 2. This preparation of the work 
site should be done so that the installation area can be supplied with the necessary equipment 
and parts. 

The first step in the process of preparing the site for the turbine is laying the foundation. In 
order to accomplish this, fill the base with concrete and distribute it in an even manner. On a 
surface whose diameter is expected to be 16.6 metres, in order for it to mature properly and be 
able to withstand intense pressure and winds, as illustrated in figure 15. Following this step, the 
concrete is reinforced with steel, and the gaps between the steel rods are filled with additional 
concrete, as depicted in Figures 16 and 17, respectively. The final step is to cover the 
foundation with sand until the only part of the base that can be seen is the opening through 
which the tower will be inserted, as illustrated in figures 18 and 19. 

After the concrete has been poured, this step lasts for close to 28 days so that it can set. 
At this point in the process, a length of thirty metres' worth of copper cables, which will 

later be used to connect the control tower with the grid and send information there, are buried 
underground. Getting to this stage can take up to ninety-nine percent of a day. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
W

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 25, Issue 01, January - 2023 118



hen compared to other renewable energy sources like solar, which is not available for an 
extended length of time at night, wind energy is the best option for today. [9]Wind turbines use 
the aerodynamic force of the rotor blades, which work similarly to an aeroplane wing or a 
helicopter rotor blade, to turn wind energy into electricity. When wind moves across the blade, 
the air pressure on one side drops. The difference in air pressure between the two sides of the 
blade is what makes lift and drag. The rotor spins because the lift force is bigger than the drag 
force. If it is a direct drive turbine, the rotor is connected to the generator directly. If it is not, 
the rotor is connected to the generator through a shaft and a set of gears (a gearbox), which 
speeds up the rotation and lets the generator be smaller. By turning the aerodynamic force into 
generator rotation, electricity is made. [10]  

The Global Wind Energy Council showed several possible futures in which wind energy 
systems could provide 20% of the world's electricity needs by 2030. As the Paris Agreement 
calls for all carbon to be taken out of the electricity supply by 2050, wind energy will be a big 
part of getting there. By 2030, there could be 2110 GW of generating capacity, which is equal 
to 20% of the world's needs. Wind is not only a huge and never-ending resource, but it can also 
be used to make electricity without any fuel or damage to the environment. In some countries, 
like the United States, wind power is still the most important source of renewable energy. This 
makes us less dependent on fossil fuels. In the next sections, we'll look at some of the reasons 
why wind energy is better than other types of renewable energy. [6] Figure 3 shows Expected 
cumulative generated capacity in 2030 In GW.  

 
Figure 3 Expected cumulative generated capacity in 2030 In GW. 

Materials used for wind turbines. 
In a wind turbine, the tower, the nacelle, and the rotor blades are the three most important 

parts. The tower is tubular in shape and made of steel so that it can withstand the stresses 
caused by the rotor and nacelle weights and the air pressure acting on the tower. Composite 
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material, more especially reinforced fibreglass, is used to construct the nacelle and the rotor 
since it is a high strength and low weight material that can support loads while still being light 
enough to initiate motion. Steel and copper make up the bulk of the gearbox and generator. 

 
Choice of the Company. 

ELECNOR and KISR's partnership in constructing the Al-Shagaya 10 MW-wind turbines 
at a competitive cost of nearly USD 2.4 Million per unit of MW has been so fruitful that it is 
recommended that the two companies continue working together to supply us with the 
necessary capacity. There is also a maintenance contract in place between Elecnor and KISR, 
which will make it easier to perform any future maintenance on our project. 

 
Footprint of the wind turbine. 

It's possible that we may use an approximate estimate of 0.375 acres per megawatt (MW) to 
establish the necessary land area. 

 
Design of the wind turbine. 

ELECNOR and KISR's partnership in constructing the Al-Shagaya 10 MW-wind turbines 
at a competitive cost of nearly USD 2.4 Million per unit of MW has been so fruitful that it is 
recommended that the two companies continue working together to supply us with the 
necessary capacity. There is also a maintenance contract in place between Elecnor and KISR, 
which will make it easier to perform any future maintenance on our project. For the remaining 
components of wind turbines, like the blades, Elecnor will outsource the manufacturing to other 
businesses in exchange for a carbon nano-tube material with ultra-high performance indices in 
terms of specific stiffness, specific strength, and other extraordinary physico-chemical 
properties like thermal and electrical conductivity. In comparison to regular carbon fibres, for 
instance, the strength of these can be multiplied by a large factor while the weight is reduced 
dramatically. Because of their superior properties, CNT fibres are a promising option for 
reinforcing wind turbine blades, which would pave the way for the development of ultra-mega 
renewable energy sources. In addition, Elecnor will hire a third party to supply us with the 
tower. Since the tower is not a moving part, it is normally constructed of steel, a high-strength 
material that does not require a low-density substance. Finally, the nacelle and hub can be 
chosen from the Gamesa Company, a pioneer in the design of nacelles and all its entire parts, 
including a Gearbox made of steel and a Generator with its coils made of copper, and will be 
connected to the government grid to reduce project costs by not using any batteries. 

 
The rotor blades, the tower, and the gearbox are the most expensive parts of the turbine. 

These three parts make up between half and two thirds of the total price of the turbine. A 
tower's rotor hub, cables, and rotor shaft are examples of "other" costs that contribute to the 
overall turbine price tag. The generator, transformer, and power converter account for the 
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remaining 8%. While grid connection, civil works, and other costs make up the rest, the turbine 
alone contributes for 64-84% of the total installed price. Agency for Renewable Energy (2012) 

 
Power wind turbine = 1

2
 𝐶𝑝 𝜌 𝐴 𝑉3 

Where:  

𝐶𝑝: Capacity Factor  

 𝜌 : Density of Air (kg/m3) 

A: Swept Area (m2) 

V: Velocity of the Wind (m/s) 

Shagaya wind farms in Kuwait have a capacity factor (the average power output divided by 
its maximum power potential) in the range of 24% to 56%. It's equivalent to 40 percent (Al-
Nassar et al., 2021). 

Average density of air can be taken as 1.13 kg/m3. 

 Velocity of our region in AUM can be taken as the average of air velocities in Kuwait 

Depending on Meteorological Department of Directorate General of Civil Aviation. In Kuwait 

and equals to 4.7 m/s. 

 the wind turbine is designed to give a sufficient amount of energy per month required to 

supply nearly 30% of the university which is equal to 82140 kWh/month which is nearly equal to 

114 kW power required to feed this energy capacity. 

 

As: Power wind turbine = 1
2

 𝐶𝑝 𝜌 𝐴 𝑉3 

Then, A= Power
 12 𝐶𝑝 𝜌 𝑉3

= 114∗103

0.5∗0.4∗1.13∗(4.7)3
= 4858.5 𝑚2

   

A=𝜋 𝑟2       >>>>   r ≈ 40 m  

which means a rotor diameter ≈ 80 m 
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The hub height of the wind turbine should be close to 60 metres, and it should be placed at 

least 30 metres from any nearby buildings. 
 

 
 

III. Economic Analysis 

Wind Turbine Cost 

As was previously noted, the initial cost for a unit of electricity in MW from the ELECNOR 
Company is USD 2.4 Million, which indicates that the cost for a unit of power in Kw will be 
approximately USD 2400. 

Cost of wind turbine = Installed Power * cost of unit power (kW) 

        = 114 * 2400 = 273800 USD = 85020.57 KWD 

Average maintenance percentage through lifetime from total cost can be nearly 5%  

= 4269KWD 

It is used a cable of type 3kv 4/0 AWG Wind Turbine Copper Power Cable to minimize the 

current as much as possible which decreases the losses. Its cost nearly 2 USD/meter and as our 

cables will be 30 meters length so. 

The total cost of cables = 30 * 2 = 60 USD ≈ 20 KWD 

The total cost of the project = Cost of wind turbine+ total cost of cables+ maintenance cost 

    = 85020.75 + 4251 + 20 = 89290.23 KWD  

The lifetime of the project is nearly 25 years 

Conventional Energy Cost 

Cost of unit energy for business = 5 fills / kWh  (Central Statistical Bereau, 2020) 

Cost of energy in month with the conventional electricity =0.005* 273800=1369 KWD/month 

Cost of energy in month with the conventional electricity that wind turbine will produce  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 25, Issue 01, January - 2023 122



=0.005* 82140 = 410.7 KWD/month  

Money saving per month = 410.7 KWD/month  

Money saving per year = Money saving per month * 12 = 410.7 * 12 =4928.4 KWD  

Payback Period (years) = 𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑠𝑡 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑗𝑒𝑐𝑡
𝑀𝑜𝑛𝑒𝑦 𝑠𝑎𝑣𝑖𝑛𝑔 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟

 = 89290.23
4928.4

= 18.11 𝑦𝑒𝑎𝑟𝑠 = 18 𝑦𝑒𝑎𝑟𝑠 𝑎𝑛𝑑 41 𝑑𝑎𝑦𝑠 

Profits = (Project lifetime (years) - Payback Period (years)) * money saving per year 

 = (25 - 18.11) * 4928.4 = 33919.77  KWD  

Days of cut off per year = 25 days   (Windfinders, 2022)                                                                                                     
Cost of energy consumed in days of cut off /year 

=  𝑛𝑜.𝑜𝑓 𝑑𝑎𝑦𝑠
𝑑𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑚𝑜𝑛𝑡ℎ

∗  𝐶𝑜𝑠𝑡 𝑜𝑓 𝑒𝑛𝑒𝑟𝑔𝑦 𝑖𝑛 𝑚𝑜𝑛𝑡ℎ 𝑤𝑖𝑡ℎ 𝑡ℎ𝑒 𝑐𝑜𝑛𝑣𝑒𝑛𝑡𝑖𝑜𝑛𝑎𝑙 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 = 25
30
∗ 410.7 = 342.25 𝐾𝑊𝐷/𝑦𝑒𝑎𝑟   

 

IV. Results and Discussion 

According to the given data and calculation, our results can be summarized in table 1 showing 
that the project achieves a n excellent profit, energy saving besides it is environmentally 
friendly. 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 25, Issue 01, January - 2023 123



Table 1 Final Results 

Givens
Coefficient of performance 0.4

Density of air 1.13
Velocity of the air 4.7

Cost of unit energy for buisness (KWD/kWh) 0.005
Cables Cost (KWD/meter) 0.621144

Lifetime of the project 25
Total Energy for the university consumed per month (kWh/month) 273800

Days of cut off per year 25
Results

Swept Area (m2) 4862.059
Blade Length (m) 39.31313

Energy required to produce (kWh/month) 82140
Wind Turbine Power (kW) 114.0833

Price of the Wind Turbine (USD thousands) 273800
Price of the Wind Turbine (KWD thousands) 85020.57

O/M Cost (KWD thousands) 4269.663
Total Cost of the wind turbine (KWD) 89290.23

Cost of energy in month with the conventional electricity that wind turbine will produce (KWD) 410.7
Money saving per month (KWD) 410.7
Money saving per year (KWD) 4928.4

Payback period (year) 18.117
Profits 33919.77

Cost of energy consumed in days of cut off /year 342.25  
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V. Conclusion 

In this work it has been showed that our project makes the most of its financial resources. In the 
introduction, it was stated that wind energy is competitive when compared to other sources of 
renewable and conventional energy. Because of this, our project is taking into consideration the 
vision of Kuwait 2030, which is to meet 15% of our demand for electricity with the help of 
alternative energy sources that are friendly to the environment and do not produce pollution. As a 
result of this, we decided to take the initiative to design a wind turbine at our campus so that it 
can supply roughly thirty percent of the demand for electricity at the university, with the 
intention of increasing this percentage in the future. In addition, the methodology of 
commissioning and installation was examined in previous portions on a step-by-step basis in 
order to arrive at the point where our wind turbine was successfully put into service. This study 
has also thought about the various ways in which a turbine could break down and how to handle 
those situations when they arise. 

During the course of our investigation into the project, we conducted a cost analysis, which 
enlightened us regarding the profitability of the project for any company responsible for its 
implementation. During the project's lifetime, which is anticipated to last for 25 years, this 
endeavour is anticipated to generate a profit of 33919.77 KWD, according to the estimates. This 
is in addition to the environmental return that lessens the influence that CO2 gases have on the 
environment and lessens the incidence of the phenomenon known as global warming. When 
looking to borrow money to finance a project like this from one of Kuwait's many banks, the fact 
that it will have a positive impact on the environment is something that can be brought up as a 
selling point. According to our calculations, the amount of money that could be saved every 
month would be roughly 410.7 KWD. This amount of money is equivalent to the generation of 
82140 kWh of electricity, which implies that the amount of money that could be saved per year 
would be 4928.4 KWD. The total amount of capital required for the project is 89290.23 KWD. 
This amount is broken down as follows: the cost of constructing wind turbines is 85020.75 
KWD, the cost of cables to integrate with the government network equals 4251 KWD, and the 
cost of maintenance equals 20 KWD. This indicates that the payback period will be close to 18 
years and 41 days, and the remaining lifetime of the project, which is 6 years and 324 days, will 
be considered revenues from the project. 

Recommendations and future work 

It is also planned to monitor the performance of the wind turbine for approximately five 
years. If it is found that the wind turbine produces the amount of energy that was predicted 
and calculated, then we will propose to our university that they install two additional turbines 
so that they can supply 90% of the electricity demand for our university. One of the potential 
locations for these turbines is the left corner of the building that houses the cultural centre, as 
shown in Figure 4. 
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Figure 4 left corner of the cultural center building 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

[1]  W. Li, "Thermodynamic evaluation of electricity and hydrogen cogeneration from solar energy and 
fossil fuels," Energy Conversion and Management, vol. 256, 2022.  

[2]  J. Żywiołek, "Trust in Renewable Energy as Part of Energy-Saving Knowledge," Energies , vol. 15, 
no. 4, 2022.  

[3]  R. Zahedi, "Strategic Study for Renewable Energy Policy, Optimizations and Sustainability in Iran," 
Sustainability, vol. 14, no. 4, 2022.  

[4]  P. AlbergØstergaard, "Renewable energy for sustainable development," Renewable Energy, vol. 199, 
pp. 1145-1152, 2022.  

[5]  S. F. Santos, "Dynamic Distribution System Reconfiguration Considering Distributed Renewable 
Energy Sources and Energy Storage Systems," IEEE Systems Journal, vol. 16, no. 3, pp. 3723 - 
3733, 2022.  

[6]  A. S. Darwish, "Wind energy state of the art: present and future technology advancements.," 
Renewable Energy and Environmental Sustainability, 2020.  

[7]  "https://www.energy.gov/eere/renewable-energy".  

[8]  D. Alrukaibi, "A comparative analysis of the carbon dioxide emissions-energy profile in Kuwait: 
status quo versus 2030," Journal of Engineering Research, vol. 10, no. 3B, 2022.  

[9]  J.Jurasz, "A review on the complementarity of renewable energy sources: Concept, metrics, 
application and future research directions," Solar Energy, vol. 195, pp. 703-724, 2020.  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 25, Issue 01, January - 2023 126



I.  References 

 
 

 

[10]  MichalLipian, "Small wind turbine augmentation: Numerical investigations of shrouded- and twin-
rotor wind turbines," Energy, vol. 201, 2020.  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 25, Issue 01, January - 2023 127


	Materials used for wind turbines.
	Choice of the Company.
	Footprint of the wind turbine.
	Design of the wind turbine.
	Wind Turbine Cost
	Conventional Energy Cost



