
Wind power plant

[image: Main components of a horizontal axis wind turbine | Download Scientific  Diagram]


[image: Vertical Axis Wind Turbines(VAWT): Schematic Structure, Advantage,  Disadvantages]

	[image: Different kinds of vertical axis wind turbines (VAWT): (a) Savonius;... |  Download Scientific Diagram]
Wind Turbine Parts and Functions

The drivetrain is comprised of the 
1. rotor, 
2. main bearing, 
3. main shaft, 
4. gearbox, 
5. generator. 
The drivetrain converts the low-speed, high-torque rotation of the turbine's rotor (blades and hub assembly) into electrical energy.
Parts of the nacelle: 
1, transformer; 
2, alternator; 
3, gearbox;
 4, hydraulic equipment: 
5, blade pitch regulation system; 
6, weather sensors;
 7, yaw system. 


Foundation
The foundation is under the ground for the onshore turbines; it cannot be seen because it is covered by soil. It is a large and heavy structured block of concrete that must hold the whole turbine and the forces that affect it.

For offshore turbines, the base is under the water and cannot be seen. In offshore turbines that are well into the sea the base is floating, but it is of sufficient mass to support the turbine weight and all the forces exerted on it and to hold it upright.

Tower
The tower in most modern turbines is round tubular steel of a diameter of 3–4 m (10–13 ft), with a height of 75–110 m (250–370 ft), depending on the size of the turbine and its location. The rule of thumb for a turbine tower is that it has the same height as the diameter of the circle its blades make when rotating. Normally, the taller a turbine is, it is subject to more of the wind with higher speed. This is because the farther we are from the ground, the faster the wind (wind does not have the same speed at various distances from the ground).
Rotor
The rotor is the rotating part of a turbine; it consists of (mostly) three blades and the central part that the blades are attached to, the hub. A turbine does not necessarily have to have three blades; it can have two, four, or another number of blades. But the three-blade rotor has the best efficiency and other advantages.
Blades are not solid; they are hollow and are made of composite material to be light and strong. The trend is to make them larger (for more power), lighter, and stronger. The blades have the form of an airfoil (same as the wings of an airplane) to be aerodynamic. As well, they are not flat and have a twist between their root and their tip. The blades can rotate up to 90° about their axes. This motion is called blade pitch.
Hub
The function of the hub is to hold the blades and make it possible for them to rotate with respect to the rest of the turbine body.
Nacelle
The nacelle is housing on top of the tower that accommodates all the components that need to be on a turbine top. There are quite a number of components for the proper and healthy operation of a complicated electromechanical system that a turbine is. A major turbine part among these components is the generator and the turbine shaft that transfers the harvested power from wind to the generator through a gearbox.
The gearbox is a vital component of wind turbines; it resides in the nacelle. A gearbox increases the main shaft speed from around 12–25 rpm* (for most of today’s turbines) to a speed suitable for its generator. For this reason, the shaft on the generator side is called “high-speed shaft.”
Because a turbine must follow the wind and adjust its orientation to the wind direction, its rotor needs to rotate with respect to the tower. This rotation is called yaw motion in which the nacelle and the rotor revolve about the tower axis.
Generator
The generator is the component that converts the mechanical energy of the rotor, harnessed from wind to electrical energy. A generator has the same structure as an electric motor.
At the commercial production level, all electricity generation is in the three-phase alternative current. In general, the choice of generator, therefore, is synchronous or asynchronous (induction) generator. Nevertheless, the generator associated with wind turbines, thus far, is the induction generator because a synchronous generator must turn at a tightly controlled constant speed (to maintain a constant frequency). Some of a wind turbine’s principal components are depicted in Figure 1.
Because a generator must be rotated at a speed corresponding to the frequency of the electric network (50 or 60 Hz in most countries), it must be rotated faster than the turbine rotor. Most generators need to be turned at 1500 rpm (for 50 Hz) and 1800 rpm (for 60 Hz). In no way, it is feasible for a turbine rotor to move that fast. A gearbox, therefore, must increase the turbine rotor (main shaft) rotational speed to a speed that can be used by the generator.
Experience has shown that the gearbox in a turbine is a problematic component. This is due to the fact that the energy in the wind does not remain constant for a relatively acceptable length of time. It continuously fluctuates, because of the nature of wind. This causes the gear teeth to undergo overload and hammering stress that leads to fatigue and failure. In addition, the gearbox is a heavy item in the nacelle on the top of a turbine.
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Figure 1. Wind Turbine Parts/Components: tower, rotor, nacelle, and foundation (underground).
A wind turbine is a complex system to control because the source of power (wind) is not in our control. Wind speed can continuously change, even from one second to the next. The power output from a turbine, therefore, must be adjusted to the variation of wind at all times.
All new turbines are equipped with pitch control, which implies that their blades’ pitch angle can be adjusted so that the power output from a turbine is maximized at all times, while it does not overload the generator and mechanical structures of the blades, tower, and the rotor shaft.




A wind power plant, also known as a wind farm or wind energy facility, is a large-scale installation designed to generate electricity from the kinetic energy of the wind. Wind power plants consist of multiple wind turbines strategically placed across an area with consistent and strong wind conditions. These turbines work together to harness the wind's energy and convert it into electrical power for distribution to the electrical grid or local consumers.
Here's how a typical wind power plant operates:
1. Turbines: The primary component of a wind power plant is the wind turbine. Each turbine consists of a tower, which elevates the turbine above ground level, and a rotor with two or more blades. The rotor is connected to a generator housed in the nacelle, which sits atop the tower.
2. Wind Capture: When the wind blows, it causes the turbine's blades to rotate. The design of the blades is aerodynamic, allowing them to capture as much wind energy as possible.
3. Electricity Generation: As the blades rotate, they turn the shaft connected to the generator inside the nacelle. This rotational motion within the generator creates an electromagnetic field, inducing the generation of electricity.
4. Power Conversion and Transmission: The electricity generated by each turbine is typically in the form of alternating current (AC). Power electronics inside the nacelle convert this AC electricity into direct current (DC), which is then converted back to AC at the desired voltage and frequency for distribution.
5. Collection System: A collection system, often an underground network of cables, gathers the electricity from multiple turbines and routes it to a central location called a substation.
6. Substation: At the substation, the voltage of the electricity is increased through transformers to minimize transmission losses. The electricity is then fed into the main power grid for distribution to consumers.
7. Wind Resource Monitoring and Management: Wind power plants require careful planning and siting to ensure they are located in areas with sufficient and consistent wind resources. Sophisticated meteorological equipment and monitoring systems are employed to assess wind patterns and optimize turbine placement.
Advantages of Wind Power Plants:
· Renewable and Clean Energy: Wind power is a clean and renewable energy source, producing no greenhouse gas emissions or air pollutants during electricity generation.
· Abundant Resource: Wind energy is an abundant resource available in many regions worldwide, making it a promising energy solution.
· Reduced Carbon Footprint: Wind power plants help reduce carbon emissions, contributing to mitigating climate change and promoting environmental sustainability.
· Energy Independence: Harnessing wind power reduces reliance on fossil fuels, promoting energy security and independence.
· Scalability: Wind power plants can vary in size and capacity, from small community-based installations to large utility-scale farms, providing flexibility in meeting different energy needs.
However, wind power also has some challenges, including potential visual and environmental impacts, intermittency (as wind energy relies on wind availability), and the need for suitable wind conditions for efficient operation. Despite these challenges, wind power has grown significantly in recent years and continues to be a crucial component of the global transition towards renewable energy.

WIND POWER advantages / BENEFITS
1. Renewable energy.
2. Inexhaustible.
3. Not pollutant.
4. Reduces the use of fossil fuels.
5. Reduces energy imports.
6. Creates wealth and local employment.
7. Contributes to sustainable development 
We have already done a lot of damage to our planet, with extensive usage of fossil fuels like the petrol and coal. Deforestation and rapid unplanned urbanization is making things worse. The good thing is that many countries have woken up to the need of curbing pollution, climate change, water scarcity, deforestation, and global warming.
Moving towards the renewable energy sources has become the need of the hour. If we don’t act now, then it might be too late down the line. In this post, we shall point out 10 different reasons why we should adopt wind energy, or wind power construction:
1. It’s free and green
To start with, wind energy is a free and green, or renewable resource of energy, which is generated from natural resources. This form of energy leaves very little carbon footprint, because no fossil fuel is burnt for the production of energy. It can be used for reducing the carbon emissions by millions of tons every year. Since wind is an inexhaustible resource, it is seen as the best potential resource for long-term energy production.
2. Great electricity generating solution
People living in the countryside or mountains of developed nations, can go completely off the grid, by adopting the wind energy resource. It is an excellent solution for generating electricity in isolated and remote places. Even the drought hit areas and deserts can be used for developing wind power plants. Enough energy can be generated from just one wind turbine to power up an entire house, which is why it is one of the best solutions for coping up with acute power shortage faced by almost all countries.
3. Minimal water use
The wind power generation plants use very minimal water for the production of electricity. Therefore, it will also go a long way in preserving the depleting supply of water. It does not produce any radioactive waste or greenhouse gases either. That is one of the reasons why countries are spending millions of dollars in wind energy construction projects. In fact, many countries have come together and have pledged to reduce the pollution levels and carbon emissions. It is the kind of initiative where everyone from across the globe has to participate in order to see a better tomorrow.
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4. Wind power plants require less space
Also, these power plants require less space, when compared to oilfields and petrol production factories. The land on which the windmills run, can also be used for crop cultivation and cattle rearing. Therefore, it helps to reduce the damages and impact caused on the environment.
5. They can function in dry areas
Wind power works quite efficiently even in the areas that are hit by draught. It can help the ranchers and farmers to become self-reliant from the dependency of grid power supply. It helps them in pumping the water to draught hit areas. Therefore, the impact of water shortage can be safely mediated with the help of energy that is generated from the wind turbines.
6. Reduce oil import / Less oil required
These days, many countries depend on other oil rich countries for the supply of petrol and coal. By adopting the wind energy power generation, countries can actually start importing less oil that can actually destroy their own land in the long run. It can also help them in sustaining the power crisis, caused due to the depletion of natural resources.
7. Long-term solution
Wind power generation can also be seen as a long-term solution, because the wind resource is never-ending, and will continue to be like that till the earth keeps spinning. Therefore, it makes sense to look at it as a long-term solution for managing the power requirements. When combined with other renewable energy resources like the solar, it can help nations in reducing the carbon emission to a very great extent. Many countries have also pledged to stop using vehicles which run on fossil fuel in the coming decades. Therefore it has become a necessity for them to tap the renewable energy resources to make it happen.
8. Boost employment
Another major reason why countries should encourage wind power is because it gives a great opportunity to provide employment to their own populace. Most of the governments are under the pressure of finding ways to increase local employment opportunities. By increasing the use of renewable resources, countries can actually create a lot of long-term employment opportunities to their people. Manufacturing is an important sector which decides the fate of any country’s economy. Promoting the manufacture of wind turbines will help countries in improving their economy in the long run.

9. Protect the ecosystem
Let’s not forget about the biggest advantage that this planet will have by adopting the renewable energy resources. It will help us in preserving the ecosystem and our natural forest land. It is very important to make attempts to reverse the consequences that we are facing due to rapid urbanization and unplanned infrastructure developments. If we don’t start making the changes now, then our future generations will have to face the brunt of our wrong decisions. It is our moral responsibility to provide a better environment for our future generations.
10. Cost benefits
In addition to all the advantages that wind energy can provide for the mankind, the best motivation is definitely the cost benefits that we can get. With all the researches and advancements that are taking place in the wind turbine industry, it is poised to help us in reducing the costs of power consumption. The best thing about the energy from resources like wind and light is that they are available for free. Even if you have to invest money for the initial setup, you can expect to break-even, and actually start profiting in the long run. The governments of many countries are providing subsidies and incentives to encourage their citizens to adopt renewable energy resources.
8. 
· Wind power creates good-paying jobs. There are over 120,000 people working in the U.S. wind industry across all 50 states, and that number continues to grow. According to the U.S. Bureau of Labor Statistics, wind turbine service technicians are the second fastest growing U.S. job of the decade. Offering career opportunities ranging from blade fabricator to asset manager, the wind industry has the potential to support hundreds of thousands of more jobs by 2050.
· Wind power is a domestic resource that enables U.S. economic growth. In 2022, wind turbines operating in all 50 states generated more than 10% of the net total of the country’s energy. That same year, investments in new wind projects added $20 billion to the U.S. economy.
· Wind power is a clean and renewable energy source. Wind turbines harness energy from the wind using mechanical power to spin a generator and create electricity. Not only is wind an abundant and inexhaustible resource, but it also provides electricity without burning any fuel or polluting the air. Wind continues to be the largest source of renewable power in the United States, which helps reduce our reliance on fossil fuels. Wind energy helps avoid 329 million metric tons of carbon dioxide emissions annually – equivalent to 71 million cars worth of emissions that along with other atmospheric emissions cause acid rain, smog, and greenhouse gases.
· Wind power benefits local communities. Wind projects deliver an estimated $1.9 billion in state and local tax payments and land-lease payments each year. Communities that develop wind energy can use the extra revenue to put towards school budgets, reduce the tax burden on homeowners, and address local infrastructure projects.
· Wind power is cost-effective. Land-based, utility-scale wind turbines provide one of the lowest-priced energy sources available today. Furthermore, wind energy’s cost competitiveness continues to improve with advances in the science and technology of wind energy.
· Wind turbines work in different settings. Wind energy generation fits well in agricultural and multi-use working landscapes. Wind energy is easily integrated in rural or remote areas, such as farms and ranches or coastal and island communities, where high-quality wind resources are often found.
Challenges of Wind Power
· Wind power must compete with other low-cost energy sources. When comparing the cost of energy associated with new power plants, wind and solar projects are now more economically competitive than gas, geothermal, coal, or nuclear facilities. However, wind projects may not be cost-competitive in some locations that are not windy enough. Next-generation technology, manufacturing improvements, and a better understanding of wind plant physics can help bring costs down even more.
· Ideal wind sites are often in remote locations. Installation challenges must be overcome to bring electricity from wind farms to urban areas, where it is needed to meet demand. Upgrading the nation’s transmission network to connect areas with abundant wind resources to population centers could significantly reduce the costs of expanding land-based wind energy. In addition, offshore wind energy transmission and grid interconnection capabilities are improving.
· Turbines produce noise and 
· alter visual aesthetics. Wind farms have different impacts on the environment compared to conventional power plants, but similar concerns exist over both the noise produced by the turbine blades and the visual impacts on the landscape.
· [bookmark: _GoBack]Wind plants can impact local wildlife. Although wind projects rank lower than other energy developments in terms of wildlife impacts, research is still needed to minimize wind-wildlife interactions. Advancements in technologies, properly siting wind plants, and ongoing environmental research are working to reduce the impact of wind turbines on wildlife.


Wind Power plant in India
	Power plant
	Producer
	Location
	State
	Total capacity (MW)

	Muppandal windfarm
	Muppandal Wind
	Kanyakumari
	Tamil Nadu
	1500

	Jaisalmer Wind Park
	Suzlon Energy
	Jaisalmer
	Rajasthan
	1064

	Brahmanvel windfarm
	Parakh Agro Industries
	Dhule
	Maharashtra
	528

	Dhalgaon windfarm 
	Gadre Marine Exports
	Sangli
	Maharashtra
	278

	Vankusawade Wind Park
	Suzlon Energy Ltd.
	Satara District.
	Maharashtra
	259

	Damanjodi Wind Power Plant
	Suzlon Energy Ltd.
	Damanjodi
	Odisha
	99

	Acciona Tuppadahalli
	Tuppadahalli Energy India Private Limited
	Chitradurga District
	Karnataka
	56.1

	Dangiri Wind Farm
	Oil India Ltd.
	Jaisalmer
	Rajasthan
	54

	Cape Comorin
	Aban Loyd Chiles Offshore Ltd.
	Kanyakumari
	Tamil Nadu
	33

	Kayathar Subhash
	Subhash Ltd.
	Kayathar
	Tamil Nadu
	30
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