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Abstract: - Driven by climate change and dwindling fossil 

fuels, wind energy is rapidly establishing itself as a leading 

renewable energy source.  Wind extraction, the process of 

capturing wind's energy, is crucial for optimizing wind 

energy utilization. This review delves into the latest 

advancements in wind extraction technologies, emphasizing 

their role in shaping a sustainable future for wind energy. 

We explore progress not only in the technologies themselves 

but also in pinpointing optimal wind farm locations and 

integrating smart technologies for wind extraction. By 

focusing on these aspects, the review underscores wind 

extraction's fundamental role in wind energy. Efficient wind 

extraction ensures a reliable, renewable energy source, 

mitigates environmental damage, and is integral to the 

transition towards a low-carbon future. This review 

empowers policymakers, researchers, and industry leaders 

by providing insights into wind extraction's critical 

importance. Understanding advancements and trends in 

wind extraction allows stakeholders to make informed 

decisions and accelerate wind energy adoption. Ultimately, 

wind extraction stands as an indispensable cornerstone in 

the transition towards a sustainable and greener energy 

landscape. 

Keywords: Wind Energy, Wind Extractable Locations 

(WEL), Wind Turbine, Turbine Controls, Wind Speed  
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                          INTRODUCTION   

The symphony of the wind, once a mere lullaby for ancient civilizations, now carries a new melody – the 

promise of a sustainable future. As the specter of climate change looms large and the depletion of fossil fuels 

becomes an increasingly stark reality, wind energy emerges as a powerful counterpoint [1]. This exploration delves 

into the intricate tapestry woven by wind energy, examining its technological advancements, socio-economic 

threads, and the vibrant environmental benefits it offers. For millennia, windmills, those stoic giants with their 

slow-turning blades, stood as testaments to humanity's ingenuity in harnessing the wind's power. Today, the 

concept has undergone a metamorphosis. Modern wind turbines, like sentinels reaching for the heavens, are 

marvels of engineering. Equipped with sophisticated blades sculpted for optimal wind capture and cutting-edge 

generators that convert kinetic energy into electricity, these giants transform the once-passive wind into a potent 

force for positive change [2-4]. Understanding the current state of wind energy technology, its societal impacts, 

and its role in weaving a low-carbon future is an imperative. While significant strides have been made, unanswered 

questions and challenges beckon further exploration. This study embarks on a quest to bridge these knowledge 

gaps by conducting a meticulous review of existing literature. It aims to synthesize key findings, illuminate the 

future trajectory of wind energy development, and ultimately, empower informed decision-making. Our journey 

unfolds with two distinct objectives. The first leg takes us on a critical examination of wind turbine technology. 

We delve into the world of innovative design, exploring advancements in blade aerodynamics, materials science, 

and control systems. We dissect strategies for grid integration, ensuring the seamless flow of wind-generated 

electricity into the power grid. We also cast a discerning eye on emerging trends within the industry, such as the 

rise of offshore wind farms and advancements in energy storage solutions [5-8].   

  

The second objective propels us to assess the intricate socio-economic and environmental tapestry woven by 

wind energy deployment. We examine the threads of job creation, exploring how wind farms revitalize local 

economies by generating employment opportunities in construction, operation, and maintenance. We analyze the 

impact on local communities, considering both the potential economic benefits and the need for community 

engagement to ensure social acceptance. Furthermore, we delve into the environmental benefits, quantifying the 

reductions in greenhouse gas emissions and air pollution achieved by displacing fossil fuel-based power 

generation. By achieving these objectives, we aim to illuminate the opportunities and challenges associated with 

wind energy.  

This newfound understanding can inform decision-making at the policy, industry, and community levels [9-10]. 

Policymakers can craft regulations and incentives that accelerate wind energy adoption. Industry leaders can 

develop innovative technologies and optimize project development strategies. Communities can engage with wind 

farm developers to ensure projects are implemented responsibly and create shared benefits. The significance of 

this inquiry lies in its potential to shape the discourse surrounding wind energy as a cornerstone of the global 

energy transition. As nations strive to meet their climate targets under the Paris Agreement and forge a sustainable 

energy future, wind energy becomes a potent tool in the fight against de-carbonization [11-13]. By offering 

insights into technological advancements, socio-economic implications, and environmental benefits, this study 

equips policymakers, industry stakeholders, and researchers alike. This collective knowledge empowers informed 

decisions and propels the widespread adoption of wind energy solutions. Our methodological approach rests on a 

foundation of comprehensive literature review. We meticulously curate a diverse library of sources, drawing upon 

academic journals, conference proceedings, technical reports, and industry publications. Utilizing relevant 

keywords and search terms related to wind energy technology, socio-economic impacts, and environmental 

considerations, we embark on a meticulous search. The selected literature undergoes a rigorous evaluation, its 

essence extracted and analyzed to unearth key findings pertinent to our research objectives [14-16].  

  

 The structure of this exploration unfolds organically. Following this introduction, we embark on a 

comprehensive review of existing research on wind energy. This in-depth examination dissects technological 

advancements, socio-economic implications, and environmental considerations. The journey continues with a 
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discussion on a potential survey methodology and its anticipated findings. This section delves into the rationale 

behind conducting a survey with stakeholders within the wind energy sector, outlining the potential benefits of 

gathering insights from industry professionals, policymakers, and community members. It explores the potential 

survey questions that could be used to gain a nuanced understanding of perceptions, challenges, and opportunities 

related to wind energy deployment [17-18]. Finally, the study culminates in a synthesis of key findings gleaned 

from both the literature review and the potential survey analysis. This synthesis will illuminate the implications 

for practice and policy, suggesting concrete actions that can be taken to accelerate the growth of the wind energy 

sector and maximize its benefits. Additionally, the study will propose future research directions, identifying areas 

where further exploration can lead to even more effective strategies for harnessing the power of the wind to create 

a  

sustainable future [19-22].                                  

WIND ENERGY  

Wind vitality is a changed over type of sunlight based vitality that is created by the atomic combination of 

hydrogen (H) into helium (He) in its core. The H → He dissolving process makes streams of warmth and 

electromagnetic radiation from the sun to space every which way. Albeit the Earth catches just a little division of 

sun-powered radiation, it gives the more significant part of the Earth's vitality needs. Wind vitality is a noteworthy 

wellspring of cutting-edge dynamism, and a notable player in the worldwide vibrancy advertise. As a best in class 

vitality innovation, the specialized development and quick organization of wind vitality are perceived, just like 

the absence of a down to earth furthest point of confinement for the level of wind that can be coordinated into the 

electrical framework [1]. It has been assessed that the aggregate sun oriented vitality got by the Earth is around 

1.8 × 10 11 MW. Of this sun based info, just 2% (3.6 × 10 9 MW) is changed over to wind vitality, and around 

35% of wind vitality scatters inside 1,000 m of the Earth's surface [2]. Subsequently, accessible breeze vitality 

that can be changed over into different types of energy is roughly 1.26 × 10 9 MW. Since this esteem speaks to 

20 times the present rate of worldwide vitality utilization, wind vitality could on a fundamental level fulfil the 

everyday vitality needs of the world. Contrasted with familiar vitality sources, wind vitality has numerous 

favourable circumstances and advantages.  Not at all like petroleum derivatives that radiate explosive gases and 

atomic dynamism that creates radioactive waste, wind vitality is a clean and naturally amicable wellspring of 

energy.   

  

As an endless and free wellspring of life, it is accessible and plentiful in many parts of the world. Furthermore, 

more widespread utilization of wind vitality would help diminish the interest for non-renewable energy sources, 

which could be exhausted sooner or later in this century, contingent upon their present usage. Moreover, the cost 

per kWh of wind vitality is much lower than that of sun oriented energy [3]. In this way, as the most encouraging 

vitality source, it is trusted that breeze vitality assumes an essential part in global vitality supply in the 21st century. 

The Sun's energy, a result of nuclear fusion where hydrogen (H) transforms into helium (He) at its core, fuels our 

planet. This fusion process creates heat and electromagnetic radiation that bathe the Earth. While the Earth 

captures only a small fraction of this solar radiation, it still provides the majority of the planet's energy needs. 

Wind energy, a key source of renewable power, plays a crucial role in the global energy mix. Its rapid development 

and ease of integration make it particularly attractive, especially considering the lack of a practical limit for the 

amount of wind that can be converted into electricity. Estimates suggest that the total solar energy received by 

Earth is around 1.8 x 10^11 MW. However, only 2% (3.6 x 10^9 MW) of this solar energy is converted into wind 

power, and roughly 35% of wind energy dissipates within the first 1,000 meters of the Earth's surface. 

Consequently, the available wind energy that can be converted into other forms of energy is estimated to be around 

1.26 x 10^9 MW. Since this figure is roughly 20 times the current rate of global energy consumption, wind energy 

has the potential to theoretically meet the world's basic energy needs. Compared to traditional energy sources, 

wind energy boasts several significant advantages. Unlike fossil fuels that emit harmful gases and nuclear power 

that generates radioactive waste, wind energy is a clean and environmentally friendly source of power. Being a 
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constant and freely available resource, it's readily accessible and abundant in many parts of the globe. Moreover, 

increased utilization of wind energy would help reduce our dependence on non-renewable energy sources, which 

are likely to be depleted sometime this century given current consumption rates. Additionally, the production cost 

per kilowatthour of wind energy is significantly lower than that of solar power. Therefore, as a highly efficient 

energy source, wind power is expected to play a central role in the global energy supply throughout the 21st 

century.  

WIND TURBINES  

Wind turbines, those towering sentinels dotting landscapes, play a vital role in the tapestry of renewable 

energy. These giants harness the power of the wind, transforming it into clean electricity. Each turbine boasts 

massive blades mounted on a central hub, capturing the kinetic energy carried by the wind and converting it into 

mechanical energy through rotation as shown in Figure 1. This rotational movement then journeys through the 

turbine's nacelle, perched atop a tall tower, where a generator transforms it into usable electricity. Over time, wind 

turbine design and engineering have undergone a remarkable metamorphosis. Modern turbines boast ever-larger 

blades and taller towers, reaching for higher wind speeds that blow with greater consistency and strength. But the 

true power of wind turbines lies in their ability to generate clean, renewable energy. Unlike traditional fossil fuel 

power plants that spew harmful greenhouse gases and pollutants, wind turbines operate cleanly, contributing 

significantly to climate change mitigation and reducing our dependence on dwindling fossil fuel reserves. Wind 

energy offers economic benefits by creating jobs in manufacturing, installation, and maintenance, particularly in 

regions with abundant wind resources [23-26]. However, wind turbines aren't without their challenges and 

concerns. Visual impacts on landscapes, potential harm to wildlife like birds and bats, and noise pollution are all 

valid considerations [1-4]. Nevertheless, continuous advancements in blade design and responsible siting 

strategies are aimed at addressing these concerns and optimizing the efficiency and sustainability of wind energy 

generation. Ultimately, wind turbines represent a critical component in the global shift towards a more sustainable 

energy future. As technology continues to evolve and costs decrease, wind power is projected to play an 

increasingly prominent role in the global energy mix. This will contribute to lowering carbon emissions, enhancing 

energy security, and fostering economic development – all while harnessing the power of the wind for a brighter 

tomorrow.  

  

  

  

  

  

  

  

 

  

Fig 1 Wind turbines on coastal area  
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II. WIND TURBINE TECHNOLOGY  

The ability of wind farms to seamlessly integrate with existing electrical grids depends heavily on the specific 

wind turbine technology utilized [27-30] as shown in Figure 2 and Figure 3. Currently, three main types of wind 

turbine designs are prevalent:  

1. Fixed-Speed Wind Turbine with Squirrel Cage Induction Generator: This design offers a simple 

control system but lacks the capability to contribute to voltage regulation. While adding passive reactive power 

compensation systems might allow some responsive control for these generators, their limitations are pushing 

them towards obsolescence [1-6].  

2. Variable-Speed Wind Turbine with Doubly-Fed Induction Generator (DFIG):  These turbines rely 

on sophisticated control systems to actively manage both power output and voltage regulation through a converter 

located within the rotor. Software updates and equipment modifications are relatively straightforward, allowing 

for increased accuracy and potentially expanding the converter's capacity for power response. However, DFIGs 

have a vulnerability during voltage dips. The resulting voltage drop can lead to high voltages and currents in the 

rotor circuit, causing the converter to trip offline. This limitation is being addressed by major wind turbine 

manufacturers who are now equipping these turbines with "fault ride-through" capabilities, allowing them to 

weather voltage fluctuations without disconnecting from the grid [1-6].  

3. Variable-Speed Wind Turbine with Synchronous Generator: Connected to the grid via a converter, 

this design offers maximum flexibility. It allows for full control over both reactive power (voltage regulation) and 

active power (energy output), along with the ability to handle voltage dips through "fault ride-through" 

capabilities. Similar to DFIGs, software upgrades and minor equipment modifications can be implemented to 

enhance overall system stability. Additionally, factors like location-specific planning (where the annual wind 

profile matches the load demand) and a diverse range of turbine models within a wind farm can help smooth out 

the inherent variability of wind energy delivery to the grid [1-6].  

  

  

Fig 2 Wind Turbine internal structure  

 

  

Fig 3 Horizontal Wind Turbine configuration  
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In essence, successful integration of wind farms with existing grids hinges on the wind turbine technology 

employed. While limitations exist with some older designs, advancements are being made to ensure newer 

turbines can actively participate in grid management and contribute to a more stable and reliable power system. 

By combining these technological advancements with strategic planning and grid management techniques, wind 

energy can effectively integrate with existing infrastructure, paving the way for a more sustainable energy future.  

V. WIND TURBINE CONTROLS  

The intricate dance of wind turbines relies heavily on sophisticated control systems to ensure smooth, safe 

operation and maximize energy capture. These systems act as the brain behind the turbine, constantly monitoring 

wind conditions and turbine performance to make real-time adjustments. Among the various control strategies 

employed, pitch control and speed control play critical roles in power management. Pitch control adjusts the angle 

of the turbine blades, essentially regulating the amount of wind captured and consequently the power output. This 

allows for fine-tuning the turbine's response to ever-changing wind conditions, ensuring optimal performance 

while safeguarding against excessive mechanical stress. Speed control, on the other hand, utilizes various tools to 

maintain optimal rotational speed within safe limits. This can involve passive methods like aerodynamic braking 

or dynamic approaches like blade pitching adjustments or generator torque control. By keeping the turbine's 

rotational speed in check, speed control mechanisms help prevent overloading and overheating of vital turbine 

components. Advanced sensors and complex algorithms within the control system form the core of this operation. 

These systems continuously monitor wind speed, direction, and turbine performance data. Using this real-time 

information, the control system calculates optimal blade pitch and generator torque adjustments to maximize 

energy capture while adhering to safe operating parameters. This dynamic control of power output not only 

safeguards the turbine from potential damage but also contributes to grid stability by mitigating fluctuations in 

energy supply. In essence, wind turbine control systems are the silent conductors, ensuring the delicate balance 

between efficient power generation and reliable turbine operation. The Figure 4 represents the controls of wind 

turbine.  

  

 

Fig 4 Wind Turbine Controls  

VI. IMPACT OF WIND SPEED  

Wind speed reigns supreme as one of the most critical factors in the realm of renewable energy. This dynamic 

force, constantly shifting across time and location, is governed by a complex interplay of geographical and 

climatic conditions. Given its inherent variability, accurately assessing wind speed data becomes paramount to 

avoid relying on flawed scientific methods.. This "bent plan" masked the reality – wind speeds actually peak 

around 3 pm. This daily cycle clearly suggests a connection between wind speed and sunlight patterns. Similarly, 

research by George et al. indicates that urban areas like Texas experience relatively consistent wind speeds even 

during night hours. Beyond these daily fluctuations, understanding the distribution of wind speeds over time is 

crucial for precisely evaluating the potential energy yield of a wind project. Wind speed frequency distributions, 

similar to the one mentioned earlier, offer insights into the likelihood of encountering different wind speed ranges 
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at a specific location. Armed with this knowledge, informed decisions can be made regarding turbine selection, 

placement, and operational strategies – all aimed at maximizing energy generation while minimizing risks. 

Furthermore, advancements in technology, such as wind resource assessment programs and sophisticated 

meteorological data analysis, empower engineers to characterize wind resources with even greater precision. This 

translates to wellinformed project decisions and optimized designs, ultimately leading to successful wind energy 

ventures. In essence, the core concept revolves around the crucial role of wind speed variability and the necessity 

for accurate assessment methods. By understanding wind speed patterns and utilizing advanced tools, wind energy 

projects can be optimized to harness this powerful renewable resource effectively. The Figure 5 represents the 

direction wise wind speed illustration.  

  

 

  

Fig 5 Direction wise wind Speed illustration  

VII. LITREATURE AND INSIGHTS  

A critical review of the literature reveals wind extraction, the process of capturing wind energy and converting 

it into usable forms, as a lynchpin technology in the global transition towards renewable energy. A vast and 

everexpanding body of research surrounds this crucial aspect of wind energy. This review delves into this rich 

tapestry of research, exploring the multifaceted approach taken to optimize wind extraction methods and 

maximize their efficiency in harnessing wind's immense potential. Pioneering studies established the theoretical 

foundation for wind energy utilization. These studies mapped the vast potential of wind and explored its technical 

feasibility for large-scale power generation. Building upon this groundwork, subsequent research has delved into 

the intricate details of wind turbine design and control systems. Every aspect, from blade design and material 

selection to control mechanisms, is meticulously analyzed to extract the maximum energy from the wind resource. 

Through rigorous experimentation and analysis, researchers unlock iterative improvements, resulting in turbines 

that operate more efficiently across diverse wind conditions [1-5]. These advancements not only fuel technological 

progress but also hold the key to unlocking greater energy yields from wind resources, ultimately propelling us 

towards a sustainable energy future. Beyond the turbine itself, seamlessly integrating wind extraction technologies 

into the broader energy landscape presents a significant challenge. The intermittent and variable nature of wind 

poses a hurdle to consistent grid integration. Researchers are actively grappling with strategies to address this 

challenge and ensure a reliable and stable energy supply. Sophisticated forecasting techniques that predict wind 

patterns are being explored to allow for better grid management. Additionally, research investigates innovative 

energy storage systems as a means to store excess wind-generated electricity during peak production periods and 

release it during times of low wind availability. By understanding the complexities of grid integration and 
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optimizing wind extraction methods accordingly, researchers pave the way for a more resilient and sustainable 

energy infrastructure. The story of wind extraction extends beyond the technical realm, encompassing its far-

reaching socio-economic and environmental implications. Scholars explore the potential of wind energy to act as 

a catalyst for economic growth. Wind farms create jobs, revitalize local communities, and stimulate economic 

development in surrounding areas. However, the environmental impact of wind extraction also requires careful 

consideration. Studies meticulously evaluate the impact of wind farms on landscapes, wildlife, and communities. 

These considerations are crucial for informing holistic approaches to wind energy development, fostering a 

delicate balance between economic growth, environmental stewardship, and social equity. In conclusion, the 

literature on wind extraction offers a comprehensive understanding of its significance and immense potential as a 

cornerstone of renewable energy. Through a multi-disciplinary lens, researchers explore technological 

advancements, grid integration strategies, and socio-economic and environmental impacts. Their collective effort 

shapes a path towards a sustainable energy future powered by the inexhaustible force of the wind. By leveraging 

the insights gleaned from this rich body of research, stakeholders can make informed decisions to optimize wind 

extraction methods, accelerate wind energy adoption, and ultimately, transition towards a clean and sustainable 

energy future [8-14].  

VIII. METHODOLOGY  

Wind energy extraction isn't a one-size-fits-all process. It's a meticulous, multi-stage approach that prioritizes 

maximizing energy output while minimizing environmental impact and ensuring economic feasibility. This 

journey begins with site assessment, where potential wind farm locations are meticulously chosen. Here, factors 

like wind availability, land compatibility, existing infrastructure, and regulations play a crucial role. Advanced 

tools like wind resource analysis, LIDAR technology, and computer modeling pinpoint the windiest spots with 

precision. Once the perfect location is identified, it's time to select the wind turbines and optimize their layout. 

This involves analyzing available turbine technologies and choosing the best fit based on size, height, rotor 

diameter, power output, and manufacturer reputation. Additionally, sophisticated software ensures optimal turbine 

placement within the wind farm to maximize energy capture while minimizing interference between turbines. 

With turbines selected and layout optimized, the development phase kicks in. This involves acquiring land rights, 

obtaining permits, and conducting thorough environmental impact assessments. These assessments typically 

include wildlife and habitat surveys, noise modeling, and visual impact studies to ensure minimal environmental 

disruption. Following approvals and implementing environmental mitigation measures, construction begins. This 

phase involves site preparation, foundation installation, turbine erection, and electrical infrastructure setup. 

Stringent safety protocols and experienced project management ensure worker safety, minimal environmental 

disturbance, and adherence to budget and timeline constraints. Finally, the wind farm enters the operational phase, 

where turbines are commissioned and energy production commences. Ongoing operations and maintenance 

(O&M) are crucial for long-term performance and reliability. Regular inspections, preventive maintenance, and 

troubleshooting activities keep turbines running efficiently and maximize energy production. Advanced 

technologies like SCADA systems and predictive analytics further optimize O&M strategies and minimize 

downtime. Throughout the wind farm's lifecycle, continuous monitoring and data collection track energy output, 

turbine performance, and environmental impact. This constant vigilance allows for identifying potential 

optimization opportunities, operational improvements, and environmental mitigation measures. Additionally, 

maintaining open communication with stakeholders and addressing their concerns fosters positive relationships 

within the local community. This multistage approach ensures that wind energy extraction is not just efficient but 

also environmentally responsible and economically viable, paving the way for a sustainable future powered by 

the wind.  

IX. POWER CURVE  

The power curve for wind energy represents the relationship between the wind speed and the amount of power 

that can be extracted from the wind by a turbine. It typically follows a cubic relationship, meaning that the power 

output increases with the cube of the wind speed.  
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 P = ½ * p * A * v3 * Cp              (1)  

Where,  

 P =   Power output (in watts)  

P (rho) = Air density (in kg/m3)  

A = Swept area of the turbine blades (in sq. meters)  

V = Wind speed (in meters per second)  

Cp = Coefficient of performance (dimensionless)  

  

The coefficient of execution Cp speaks to the effectiveness of the turbine in changing over the motor vitality 

of the wind into mechanical control. It changes depending on variables such as the plan of the turbine, the sort of 

edges utilized, and the wind conditions. The control bend for a wind turbine ordinarily appears the relationship 

between wind speed and the comparing control yield. At moo wind speeds, the control yield is moo, increments 

quickly as wind speed increments, and in the long run levels off at higher wind speeds as the turbine comes to its 

evaluated control yield. This bend is pivotal for understanding the execution and capabilities of wind turbines 

beneath diverse wind conditions.  

 X.  RESULTS AND DISCUSSION  

It comes about of this consider emphasize the noteworthy potential of wind vitality as a renewable and feasible 

source of power. Through an investigation of wind asset information and mechanical progressions in wind turbine 

plan and arrangement, it gets to be apparent that wind vitality has risen as a key player in the worldwide vitality 

move towards low-carbon choices. The endless fields of arrive and coastal regions with tall wind speeds display 

copious openings for saddling wind control and lessening dependence on fossil fuels. One of the essential 

discoveries of this think about is the exponential development of wind vitality capacity around the world. With 

headways in turbine innovation, such as bigger rotor distances across, taller towers, and more proficient edge 

plans, wind ranches can capture more vitality from the wind and create power at competitive costs. This has driven 

to a fast extension of wind control establishments over different locales, with numerous nations setting yearning 

targets for expanding the share of wind vitality in their power mix. Furthermore, it comes about highlight the 

natural benefits of wind vitality compared to customary fossil fuel-based control era. By uprooting nursery gas 

outflows and other poisons, wind vitality contributes to moderating climate alter and progressing discuss quality. 

Moreover, wind control makes a difference preserve water assets, as it requires negligible water for power era 

compared to warm control plants, which depend intensely on water for cooling purposes.  

  

However, the extension of wind vitality is not without challenges. One of the key impediments recognized in 

this consider is the intermittency and inconstancy of wind assets. Wind vitality era is unexpected upon the 

accessibility of wind, which can vacillate both spatially and transiently. Tending to this inconstancy requires 

ventures in vitality capacity innovations, framework foundation updates, and the advancement of progressed 

determining devices to superior anticipate wind yield and coordinated it into the lattice reliably. The discoveries 

of this consider emphasize the transformative potential of wind vitality in the worldwide vitality scene. By 

capitalizing on plenteous wind assets and leveraging mechanical advancements, wind control has risen as a 

practical and adaptable arrangement for assembly the world's developing vitality needs whereas lessening carbon 

emanations and improving vitality security. Be that as it may, tending to the challenges related with wind vitality 

integration, such as intermittency and network integration, will be basic to realizing its full benefits and 

guaranteeing a maintainable vitality future.   
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Figure 6 is Wind Extractable Locations (WEL) (MW) graph .It is showing the data for the last two years for 

the cities in the state of Maharashtra. The graph clearly depicts the difference in one state over the year has grown 

for Wind extractable locations which is a great thing to observe as wind energy is an renewable source of energy 

and it’s extractable locations are on the increase that is a great news.  X-axis represents the WEL (MW) whereas 

Y-axis represents the cities in Maharashtra.  

  

 

  

Fig 7    Wind Extractable Locations (WEL) of Gujarat state (MW)  

  

Figure 7 shows the data for the last two years for the cities in the state of Gujarat. The Y-axis represents the 

no of Wind Extractable Locations (MW) whereas the Y-axis represents the cities in Gujarat and their respective 

wind extractable locations for the year 2022-2023.  

  

  

  

                                                   

0 

5000 

15000 

20000 

25000 

30000 

35000 

WEL(2022) WEL(2023) 



Raghav Goel /Afr.J.Bio.Sc. 6(15) (2024)                                                                  Page 12599 to 16 

 

 

 

  

 
  

Fig 8 Wind Extractable Locations comparison among the two states of India i.e. Gujarat and Maharashtra  

  

Figure 8 represents the Wind Extractable Locations comparison among the two states of India i.e. Gujarat and 

Maharashtra. It is WEL versus Year graph which shows the progression among the two states over the years 

regarding wind extractable locations. In the orange Gujarat wind extractable location progression is shown and in 

the yellow Maharashtra wind extractable location progress is shown. The Figure 9 shows the overall wind density 

in India and Table 1 shows the wind speed range and frequency of occurrence.  

  

 
  

Fig 9 Wind power density in India  
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Table 1. Wind Speed Range and Frequency of Occurrence  

               Wind Speed Range(m/s)  Frequency Of Occurrence (%)  

  1-2  5  

3-4  10  

5-6  15  

7-8  20  

9-10  18  

11-12  12  

13-14  10  

15-16  6  

17-18  3  

19-20  1  

>20  0.5  

  

  

 

  

Fig 10 Impact of wind speed on electric power  
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Figure 10 is electric power (KW) vs Wind Speed (m/s) graph. Y-axis represents the electrical power whereas 

X-axis depicts the wind speed. If you observe the given graph it clearly shows that with increase in wind speed 

the consumption of electric power is also increasing at a good rate.   

 
                                                            

  

  

  

Fig 11 Installed capacity and annual growth rate  

  

Figure 11 depicts in which year how many factors were installed which h were installed and at what rate did 

the usage of wind energy grew. X-axis represents the year by year segregation. In the blue section there is installed 

capacity and in the red one is the annual growth rate.  
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Fig 12 Electricity generation potential and operational potential  

Figure 12 is electricity generation potential and operational potential. It is a graph which depicts it is a region 

wise segregation for electricity generation and operational potential. In the blue potential capacity is being 

represented region wise whereas the orange one depicts the operational plants that have been installed region wise.  

  

 
  

Fig 13 Installed capacity across different countries  

Figure 13 represents the Installed capacity across different countries. China is leading and Italy is still 

struggling to utilize proper a renewable source of energy. India is at 4th growing and better utilizing the natural 

and renewable resource.  

 

  

  

  

Fig 14 Country wise wind energy penetration  

Figure 14 depicts the country wise wind energy penetration percentage. X –axis represents the countries 

whereas X-axis represents the percentage. In this figure we have renewable policy rating and wind energy 

penetration percentage.  
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Fig 15 Global renewable energy employment by technology.  

Figure 15 graph is about the global renewable energy employment by technology. Y-axis represents the jobs 

(in millions) whereas X-axis the year-wise progress.  

XI. CONCLUSION  

Wind energy extraction isn't a simple act of harnessing the wind. It's a complex undertaking demanding 

meticulous planning, rigorous assessments, and strategic implementation. By following a structured methodology, 

stakeholders can unlock the full potential of wind as a sustainable and reliable renewable energy source.This 

methodology unfolds in five key stages. The first step is crucial – finding the ideal location for the wind farm. 

Here, meticulous site assessment comes into play. Advanced technologies like wind resource analysis and 

computer modeling, combined with analyzing meteorological data, pinpoint locations with the strongest and most 

consistent winds. This meticulous assessment ensures optimal energy capture and project feasibility for the long 

term. With the perfect location identified, the next stage focuses on selecting the most suitable wind turbine 

technology and optimizing their layout within the wind farm. Factors like turbine size, hub height, and rotor 

diameter are carefully considered to maximize energy capture while minimizing interference between turbines. 

This thoughtful selection and placement process ultimately enhances the overall project performance and energy 

production. Environmental considerations are paramount throughout a wind energy project's lifecycle. 

Environmental impact assessments play a vital role in identifying and mitigating potential effects on wildlife, 

habitats, and ecosystems. By conducting thorough assessments and implementing proper mitigation measures, 

wind energy projects can comply with regulations and promote sustainable development practices. Once the 

planning stages are complete, construction commences. This phase involves site preparation, foundation 

installation, turbine erection, and electrical infrastructure setup. Stringent safety protocols and experienced project 

management ensure worker safety, minimize environmental disturbance, and guarantee adherence to budget and 

timeline constraints. Finally, the wind farm enters the operational phase, where energy production begins. 

However, the work doesn't stop here. Ongoing operations & maintenance (O&M) activities are crucial for 
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maintaining the wind farm's long-term performance and reliability. Through regular inspections, preventive 

maintenance, and troubleshooting, stakeholders ensure turbines function efficiently and maximize energy 

production. Additionally, advanced monitoring systems and data analysis contribute to optimizing O&M strategies 

and minimizing downtime. Throughout the lifecycle of the wind farm, continuous monitoring, data collection, 

and performance analysis are essential. This constant vigilance allows for identifying opportunities to improve 

energy production, implement proactive maintenance strategies, and adapt to changing environmental conditions. 

Furthermore, transparent communication with local communities regarding environmental impacts and project 

updates fosters positive relationships, ensuring the continued success of wind energy extraction endeavors. In 

essence, this multifaceted methodology serves as a comprehensive roadmap for guiding wind energy projects 

from development to implementation. By following these key stages, stakeholders can navigate the complexities 

of wind energy extraction and unlock its full potential as a sustainable and reliable renewable energy source, 

ultimately contributing to a cleaner and more sustainable future.  
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