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ABSTRACT 

The fundamental and primary concepts of wind energy are presented in this article, as well as the physics and 

mechanics of operation. It details the process of converting wind energy into turbine rotation, as well as the 
critical parameters that influence conversion efficiency. The association with the electrical grid, the status of 

wind energy around the globe used for electricity production, cost situation, and research and development 

needs are further aspects that will be considered. Wind energy is now a major and rapidly expanding source of 

renewable energy. 

As its level of grid penetration has begun to increase drastically, wind power is starting to have a notable 

impact on the operation of the modern grid system. Advanced power electronics technologies are being 

introduced to improve the characteristics of wind turbines and make them more appropriate for integration into 

the power grid. This paper also provides an outline, overview and discusses some trends in the power 

electronics technologies used for wind power generation. 
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I. INTRODUCTION 

 Wind energy is extraordinary amongst the most appealing sustainable power source advancements on 

account of its high proficiency and low contamination. Be that as it may, since the energy created by wind 

energy transformation frameworks changes with environmental meteorology and wind speed, surprising 

varieties in WECS energy generation may increase the working expenses of the electrical structure considering 

the fact that the stores will be developed and the potential perils will be put for the steady quality of the power 

supply. Even though the presume precision of the breeze energy figure is lower than the predicted exactness of 

the heap gauge. Wind energy gauges still plays a pivotal part in handling the issues of misusing power supply. 

lately, a couple of techniques have been utilized for the forecast of wind energy. Several written works 
by analysts with extensive experience in field preliminaries have been dedicated to improving wind vitality 

anticipating approaches. On wind farms, a few techniques for estimating wind vitality have been developed and 

tested 

 

II. WIND ENERGY CALCULATION FORMULA: 

WIND ENERGY EQUATION:  P=1/2ρAV^3                                   

1. Wind Speed- The measure of vibrancy in the breeze shifts with the solid shape of the breeze speed by 

the day's end, if the breeze speed duplicates, there is eight times more energy in the breeze. Little diversity in 

wind speed mostly affects the measure of energy accessible in the breeze. 

2. The Density of the Air- The denser the sky, the more imperativeness the turbine gets. The thickness of 

air varies with height and temperature. The atmosphere is less thick at high elevation than adrift level and warm 
air is less compressed than chilly air. Every single other thing being same, turbines will deliver more power at 

bringing down heights and in places where average temperature are colder. 

3. The Swept area of the turbine- The greater the region cleared (the measure of the rotational part of the 

rotor), the more significant the power that the turbine can get from the breeze. Since the cleared territory is the 

place span of the rotor, a little increment in edge length brings about a more notable increase in the accessible 

power for the turbine. 

 

III. STATUS OF WIND ENERGY 

WIND ENERGY IN INDIA  

The Department of Non-conventional Energy Sources came into existence in the early 1980's with the 

objective to reduce the dependence on primary energy sources like coal, oil etc. and so on taking into account 

the Country’s energy security. In 1992, the DNES was renamed Ministry of Non-Conventional Energy Sources, 
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and in 2006, it was renamed Ministry of New and Renewable Energy. The Indian Government has announced a 
noteworthy Renewable Energy target of 175GW by 2023 out of which 60GW will be obtained from wind 

power. The National Institute of Wind Energy first estimated The Wind Potential in India at 50m hub-height i.e. 

Also, unlike all other sources of energy, wind energy does not require any water-which in itself will become a 

scarce asset. In general, the future of Wind Energy in India is as bright as energy security and self-sufficiency is 

identified as the major driver. With the time tested legal and financial system and India as a rapid growing and 

developing economy is considered as a preferred destination for industrial activity.  

 

 
 

The transition from retail market to the IPP market with crucial investors like Goldman Sachs, Black 

Stone, IDFC and others is a proven illustration of the interest of the private sector in India. Capital expenses in 

India is maybe minimal in the world and India is emerging as the fastest growing supply chain hub with 
numerous industries opting for in-house production of towers, blades, generators, convertors etc. The 

commercial strength of MNRE, IREDA and other monetary and banking institutions has upholded the industry 

as a stable market where there is guaranteed off take and no marketing challenges. 

 The Government devotion to promotional tax, incentivizing generation, plans to re-energize the REC 

market through RPO obligation will definitely make this market vibrant and self-sustaining. 

 

GLOBAL VIEW ON WIND ENERGY 

One of the fastest-growing renewable energy technologies is wind power. Wind electricity production 

doubled between 2009 and 2013, and in 2016 wind energy accounted for 17% of the electricity generated by 

renewables. Following the innovation of the electric generator in the 1840s, engineers began harnessing wind 

energy to produce electricity. Wind energy production took place in the United Kingdom and the United States 

in 1888 and 1889, but modern wind energy is considered to have been first developed in Denmark, where 
horizontal-axis wind turbines were built in 1892 and a 22.9-metre wind turbine began operation in 1898. 

The kinetic energy produced by moving air is used to generate electricity in the wind. Wind turbines or 

wind energy transformation systems convert this into electrical energy. The cutting blades of a turbine are the 

first to be struck by the wind, which causes them to rotate and turn the turbine that is connected to them. By 

moving a shaft connected to a generator and thus producing electrical energy through electromagnetism, kinetic 

energy is converted to rotational energy.  

The size of the turbine and the length of its blades determine the amount of power that can be harvested 

from wind. The capacity of wind turbines has grown over time. Onshore turbine capacities of about 2 MW and 

offshore turbine capacities of 3–5 MW are available in today's new wind power projects. 

According to a latest report from the Global Wind Energy Council, the world's capacity to generate 

electricity from wind increased by 53% in 2020. (GWEC). During the year, a total of 93 gigawatts (GW) of 
capacity was installed. According to the Global Wind Report 2021, the world needs to install a minimum of 181 

GW of latest wind energy capacity every year. According to the report, this would necessitate three-fold faster 

growth in the next decade. 

The world's total wind energy capacity is currently 743 GW. According to the report, this has helped to 

avoid annual CO2 emissions of over 1.1 billion tones, which is equivalent to the amount of carbon South 

America emits in a year. 

According to the report, new onshore installations in Africa and the Middle East remained at 8.2 GW in 

2019. The number of new offshore wind installations fell slightly in 2019 compared to the previous year, owing 

to weak activity in the two largest European offshore markets: the UK and Germany. According to the report, 

onshore wind markets accounted for all of the 32.2 GW increase year over year: China, the United States, Latin 

America, and Europe. 
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IV. TECHNOLOGICAL TOOL FOR HARVESTING WIND ENERGY 

WIND TURBINES: Wind turbines produce electricity by passing wind via the turbine's blades. Wind turbines 

have undergone a radical transformation over the last few decades to become more relevant in today's energy 

sector, and they are now regarded as a top renewable source that can help reduce coal-fired gas emissions. Wind 

turbines have benefits, but they also have drawbacks, such as high costs, suboptimal durability, and constant 

service life in adverse weather conditions, which is especially true for offshore wind turbines. Even though 

maximizing wind turbine structural integrity and productivity are critical priorities for establishing wind energy 

as a top ranked source of renewable energy, cost and apportionment considerations, whether more installations 

in coastal areas or on mountains, are critical for assessing overall feasibility. 
 

 
 

CMSSP: In terms of offshore wind turbines, the CMSSP is a platform designed to serve as the foundation for 

offshore wind turbines that is rapidly evolving to allow these floating turbines to be durable and operate in deep 

waters. Lower costs than fixed-bottom configurations in deep waters, easier installation, easy part removal, and 

a broader range of installation sites are among the advantages. Furthermore, unlike TLPs or spar buoys, these 

foundations have several advantages over other commonly used foundations in that they can be installed on 

dock and transported to the sea. Other benefits include reduced mooring system installation costs when 

compared to other foundations, as well as better hydrodynamic behaviors due to longer draughts and less wave 

exciting forces acting on it. The model is capable of capturing all significant changes in vertical axis wind 
turbines with good quantitative evaluation of the flow field, acquiring the radial expansion deformation of the 

wake, and quickly calculating the aerodynamic performance of wind turbines under axial stable conditions.  

 

 
Figure. DeepCwind semisubmersible (CMSSP) 
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TLPs: Due to their favorable motion characteristics, TLPs are frequently utilized for deep water oil/gas 
developments, however they are more expensive than spar buoys and catenary tethered platforms. The majority 

of TLP's constructions are made up of a single column and three to four pontoons, which provide plenty of 

buoyancy. It has hollow circular pontoons and tendons, which is a unique design. The hull's primary goal in 

TLP wind turbines is to reduce electricity prices by increasing power conversion efficiency while lowering 

operational, manufacturing, and maintenance expenses.  

Although the second design had 60% of the displacement of the first, it was unstable for towing out since only 

30% of the displacement was on the 3-legged pontoons. 

They both had 70% of their displacement on the pontoons, which optimized the distribution of the TLP's total 

weight so that the remaining 30% of the hull could be used to house the wind turbines. Although it was more 

prone to damage due to its lower displacement than the other two designs, the expenses were substantially 

lower, and the small column in the hull made the turbine more transparent to waves. 

 

 
Figure. (a) shows a general TLP attached to a wind turbine and the possible wind directions. (b) displays the 

same TLP but with the parameters displayed (h1, D1, and D2 represent the hull, rp, hp, and wp show the 

pontoons, and the vertical bottom lines are the tension legs). (c) is a unique design that features hollow 

circular pontoons and tendons.  

 

PITCH BEARING: Pitch bearings connect the spinner to the blades and allow the blades to be adjusted to 

maximise wind capture. Corrosion, vibratory wear, and debris denting can all be caused by poor lubrication and 

grease deterioration. Both onshore and offshore wind turbines can use the improved pitch bearings. The H-

profile is comprised of thermoplastic polyurethane, which improves seal efficiency substantially. It is very 

responsive, performs well even when distorted, prevents oil leakage, and wears out far less quickly than a rubber 

seal. This increases pitch system responsiveness and efficiency while lowering maintenance expenses. To avoid 

contamination, deterioration, and corrosion-preventative coatings. Before mounting the bearings on the wind 
turbines, the bearings must still be wrapped because even a small amount of contamination might cause 

corrosion. 

 

 
Figure. Pitch Bearings and other parts of wind turbine 

 

 
Figure. Labeled diagram of Pitch Bearing 
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V. TECHNOLOGICAL DEVELOPMENT 
Due to the growing population, economic growth, and socioeconomic development, energy is a vital 

need. Around the world, about 86.4% of energy is produced from fossil fuels. Globally, India ranks fourth 

among the nations which produce wind energy. In the past five years Indian wind energy market has grown by 

16%. This increasing Indian wind energy production is weighed against the world scenario along with the state 

of Maharashtra in India, which is at the second position in the country, backed up by detailed research. The 

research includes the information about Maharashtra’s wind energy progress in the last few years with forecasts 

of the future for some years, considering wind project installations, total capacity, declared wind sites, and wind 

power density at different times altitudes, and so forth. This research also captures the potential wind sites with 

monitoring stations and velocity. The importance of this work is that it surveys the wind potential and helps the 

reader to judge the future market in this region and also for possible investment in wind power production. It 

also looks at the scope of wind energy development and investment, as well as the policies that govern it. 

 

ROTOR SIZE AND BLADE SHAPE 

Scientists from the National Renewable Energy Laboratory (NREL) and Sandia National Laboratories 

(SNL) are collaborating together to manufacture 206-meter rotors for land-based turbines. With bigger blades, 

higher amount of kinetic energy from the wind can be channelized and used to manufacture electricity. 

However, shipment and production costs will increase in response to increased material mass and demand. The 

downward rotor configuration reduces the stiffness demand because the wind pushes the blades away from the 

tower, which makes lighter blades and ensures tower safety/clearance. Replacing the shape of conventional 

turbine blades allows lighter blades to be designed. Researchers from the NREL are presently working on 

developing lighter blades and reform spar cap placements on the blades without increasing the thickness. 

 

 
Figure. Shape of wind Rotor Blade 

 

ROBOTIC INSPECTION  

SNL, International Climbing Machines, and Dolphitech are collaborating to design an autonomous 

robot that can vertically attach itself to a wind turbine, move, and check for any external or internal problems 

with attached cameras and its «phased-array ultrasonic imaging» autonomously. The motive behind this 

development is to find turbine damage hastily to reduce maintenance costs and turbine downtime, which can 

increase turbine lifespan and efficiency. 

 

COLD WEATHER FUNCTIONALITY  
The harsh cold weather was responsible for wind turbines to freeze, consequently inducing more 

outages, as the state of Texas has nearly 15,000 wind turbines and wind energy is responsible for 23% of the 

state’s electricity in 2020. Even though fossil fuels are the major source of electricity production in Texas, the 

damage of wind turbines significantly increased energy shortages during the weather crisis, as energy demands 

increased drastically. The faulty cold capability and lack of cold temperature packages are the principle reasons 

for the freezing of Texas’ wind turbines. Generally, wind turbines deployed in colder regions are equipped with 

de-icing technology and integrated heating to save crucial turbines components, such as the pitch and yaw 

motors, gearbox, and battery, from harsh cold temperatures. 
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Cold weather and de-icing devices are designed to prevent ice from accumulating on turbines blades, as 

well as the diagnosis and elimination of ice in unpreventable conditions. Ice accumulation on the blades of wind 

turbines can negatively hamper their performance, as it increases weight and affects the aerodynamics of the 

blades, which can make the spinning blades go out of balance or stop blade rotation entirely.  

 

VI. CONCLUSION 
We deduce that wind has a lot of capability in it and if properly channelized then it can help avert the 

energy crises in the world. The power electronic circuitries have aided the idea of wind energy a lot. With the 

thyristors and converters being deployed not only the operations have been improved but also the efficiency has 

been enhanced drastically. The voltage stability analysis has showed that how a doubly fed induction generator 

has better characteristics than a simple induction generator. Characterizing the wind resource to aid dependable 

and cost-optimized technology. · In designing wind turbine technology for future uses such as large, highly 

reliable machines for overseas applications in shallow or deep waters. · In developing technology that helps the 

amalgation of this variable energy source into energy systems. · To improve present technology to predict 

electricity production from wind energy systems and to use wind power plants for best production and 

distribution of electricity. 

 Overall, focusing on these research issues will provide substantial improvements and explore far-

reaching concepts to further improve wind turbine technology. A viable solution is evident that the use of wind 
energy as a indefinite resolution to this world energy considerations may well be property. As a result, although 

the wind resource in its current state of technology is useful enough to support various developments within the 

business, achievements of vast technological opportunities might find yourself creating the resource unlimited. 

At the financial level, wind energy has proved to be not solely environmentally however additionally socially 

profitable to financially reinforce wind business whereas ceasing to price competition. 
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