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The document discusses wind energy and wind power. It begins by explaining how wind is formed from uneven heating of the Earth's surface and temperature differences between the equator and poles. This creates global winds. It then discusses the history of wind power use dating back thousands of years, modern wind turbine development, the largest current wind farms, and the worldwide capacity of wind power. It covers topics like siting wind farms, how wind turbines extract energy and convert it to electricity, integrating wind power into electrical grids, and environmental impacts and future prospects of wind energy.Read less
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	1. CHAPTER 15 –Wind  Energy
Introduction
In a technical sense, wind can be defined as air in motion. It can be produced by
the uneven heating of the Earth’s surface by energy from the sun. Since the
Earth’s surface is made of very different types of land and water, it absorbs the
sun’s radiant energy at different rates. Much of this energy is converted into
heat as it is absorbed by land areas, bodies of water, and the air over these
formations.
As noted, the Earth is not uniformly heated by the sun, in that the poles receive
less energy from the sun than the equator. Along with this, dry land heats up
(and cools down) more quickly than do the seas.
 


	2. Introduction
Solar insolation causes  temperature difference driving forces between the
equator and the poles. These create a global atmospheric convection system
reaching from the Earth’s surface to the stratosphere, which acts as a virtual
ceiling. On a local scale, the warm air over the land expands and rises, and the
heavier, cooler air over the water rushes in to take its place, creating winds.
Wind power is the conversion of wind energy into a useful form of energy.
Wind energy is perhaps the most prominent and fastest growing source of
renewable energy. And while there are some limitations and constraints, wind
power is expected to grow worldwide in this century.
 


	3. Early History
People have  harnessed the wind in many ways throughout history. Over 5,000
years ago, the Egyptians used wind power to sail ships along the Nile River.
Globally, the capacity of wind turbines grew at an annual rate of 25 percent per
year between 1996 and 2006, generating approximately 74,000 MW in 2006.
The country with the largest total installed wind capacity in 2006 was Germany
(28 percent), followed by Spain and the United States, each with 16 percent.
The so- called modern wind power industry began in 1979 with the production
of wind turbines by Danish manufacturers. These early turbines were small by
today’s standards, with capacities of 20 to 30 kW each.
The wind turbine production has expanded to additional countries this century.
 


	4. Availability/Distribution
Many of the  largest operational onshore wind farms are in the United States. As
of 2010, the Roscoe Wind Farm (Texas) is the largest onshore wind farm in the
world at 781 MW, followed by the Horse Hollow Wind Energy Center (Texas) at
735 MW.
The wind power classes range from class 1 (for winds containing the least
energy) to class 7 (for winds containing the greatest energy)
 


	5. At the end  of 2010, worldwide capacity of wind-powered generators was 197 gigawatts (GW). Wind
power now has the capacity to generate 430 terrawatt hours (TWh) annually, which is about 2.5 percent of
worldwide electricity usage.
 


	6. Characterization
It is important  to know how fast the wind is blowing. Wind velocity is
important because the amount of electricity that wind turbines can generate is
determined in large part by wind velocity.
A doubling of wind velocity from the low range to optimal range of a turbine
can result in eight times the amount of power produced.
This is a huge difference and assists wind companies in deciding where to site
wind turbines.
Wind velocity can be measured with wind gauges and anemometers. One type
of anemometer is a device with three arms that spin on top of a shaft.
 


	7. Characterization
Wind direction is  reported as the direction from which the wind blows, not the
direction toward which the wind moves. Thus, a north wind blows from the
north toward the south. Electricity generated from wind power can be highly
variable at several different timescales (i.e., from hour to hour, day to day, and
season to season). Annual variation
Also exists but is not as significant. The wind velocity at a given location is also
a function of time.
Most wind data are collected at heights of 10, 30, and 50 m. At greater heights,
the wind velocity increases; in addition, the winds become more constant.
 


	8. Characterization
If wind velocity  data are not available at a particular height (e.g., the turbine),
wind velocity can be estimated from some reference height:
The exponent is often assigned a value of 0.143. Thus, this equation has been
defined as the 1/7 power law.
 


	9. Characterization
Wind energy is  the kinetic energy of air in motion. Therefore, wind energy
flowing through an (imaginary) area A during the time interval Δt is:
Power is energy per unit time. The wind power incident on A (e.g., equal to the
rotor area of a wind turbine) is:
 


	10. Extraction
Energy is extracted  from the wind using turbines called wind turbines.
The amount of electricity that a turbine produces depends on its size and the
speed of the wind.
All wind turbines have the same basic parts: blades, a tower, and a gearbox.
These parts work together to convert the wind’s kinetic energy into mechanical
energy that generates electricity.
 


	11. Extraction
  


	12. Extraction
Higher velocities generate  more electricity. High above-ground winds are
almost always stronger and steadier, so wind turbines should be placed on top
of towers that are at least 30 m (100 ft) tall.
There are many different types of wind turbines with different blade shapes.
Different types of turbines operate most efficiently at different wind speeds.
While one turbine might operate efficiently in winds as low as 5 mph, another
may need winds up to 45 mph for optimum operation.
 


	13. Extraction
Wind turbines also  come in different sizes, based on the amount of electrical
power they can generate. Small turbines may produce only enough electricity
to power one home.
Large turbines are often called utility scale because they generate enough
power for utilities, or electric companies.
The largest turbines in the United States produce 2.5 to 3.5 MW; this is enough
electricity to power 750 to 1,750 homes. Large turbines are grouped together
into wind farms, which provide bulk power to the electrical grid.
 


	14. Processing
Choosing the location  of a wind farm is known as siting a wind farm. To build a
wind farm, wind velocity and direction must be studied to determine where to
place the turbines.
Scientists usually measure the wind in an area for several years before choosing
a site.
The best sites for wind farms are on hilltops, the open plains, through mountain
passes, and near the coasts of oceans or large lakes.
 


	15. Processing
Wind farms also  need significant land. Each wind machine requires about 2
acres of land.
A wind power plant can cover hundreds of acres of land, depending on the
number of turbines. On the plus side, most of the land is usually still available
for other uses. Ranchers, for example, can grow grain or graze cattle around the
turbines once they have been installed.
Some wind farms are being constructed offshore in shallow water where there
is consistent wind speed most of the time. The wind blows stronger and
steadier over water than land, and there are no obstacles on the water to block
the wind.
 


	16. Processing
While offshore turbines  produce more electricity than turbines on land, they
cost more to build and operate. Offshore construction is difficult and expensive.
The cables that carry the electricity must be buried under the water.
An average wind speed of 13 mph is generally needed to convert wind energy
into electricity economically. The average wind speed in the United States is
approximately 10 mph.
In a typical wind farm, individual turbines are interconnected with a medium-
voltage (often 34.5 kV) power collection system and communications network.
At a substation, this medium-voltage electric current is increased in voltage
with a transformer for connection to the high-voltage electric power
transmission system.
 


	17. Processing
There are two  key terms to describe basic electricity production:
(1) efficiency, and
(2) capacity factor.
Efficiency refers to how much useful energy (electricity) one can obtain from an
energy source.
Interestingly, these wind turbines are just as efficient as most other plants (e.g.,
coal plants). Wind turbines generally convert 30 to 40 percent of the wind’s
kinetic energy into electricity.
 


	18. Processing
Capacity refers to  the capability of a power plant to produce electricity. A power
plant with a 100 percent capacity rating would run all day, every day, at full
power.
Coal plants typically have a 75 percent capacity rating since they can run day or
night, during any season of the year.
A wind turbine at a typical wind farm operates 65 to 80 percent of the time, but
usually at less than full capacity because the wind velocity is not at optimum
levels. Therefore, its capacity factor is typically in the 30 to 35 percent range.
 


	19. Processing
wind is the  fastest growing energy technology in the world today. In the last 3
years, wind capacity worldwide has more than doubled. Experts expect the
production from wind turbines to continue to rise in the next few years.
Small-scale wind power is the term employed to describe wind generation
systems with the capacity to produce up to 50 kW of electrical power.
Individuals may purchase these systems to reduce or eliminate their
dependence on grid electricity for economic or other rea- sons. Wind turbines
have been used for household electricity generation in conjunction with battery
storage over many decades in remote areas.
 


	20. Transportation/Transmission
In terms of  transmission, the surplus power produced by domestic micro-
generators can, in some areas, be fed into a network and sold to the utility
company.
Grid-connected wind turbines may use grid energy storage, displacing
purchased energy with local production when available.
Off-grid system users can either adapt to intermittent power or use batteries,
photovoltaic, or diesel systems to supplement the wind turbine.
 


	21. Environmental Issues
Compared to  the environmental impact of traditional energy sources, the
environmental impact of wind power is relatively minor.
A wind farm may cover a large area of land, many land uses such as agriculture
are compatible, with only small areas of turbine foundations and infrastructure
made unavailable for use
Some people would regard visual (aesthetic) pollution caused by wind
machines and transmission lines to feed a power network to be the severest
wind power system impact.
 


	22. Environmental Issues
Land use  may also be a problem because of the tremendous number of wind plants
that would be needed to make a significant contribution to the country’s energy
needs. Other potential environmental effects include rotor throw, bird collision,
and TV interference; in addition, light flickers from rotating blades may cause
psychological and physiological issues.
Although noise is an area of concern, newer turbines avoid the sound caused when
downwind blades flex as they pass behind their towers. In addition, newer blades
have improved aerodynamic characteristics that make them much quieter.
There has also been some token concern associated with the impact of wind
turbines on aviation crashes/collisions and the effect of tall buildings in and around
wind turbines.
 


	23. Future Prospects and  Concerns
Wind energy continues to receive government or other support to encourage its
development. Wind power in the United States receives a tax credit for each
kilowatt hour produced.
Many states also provide incentives, such as exemption from property tax,
mandated purchases, and additional markets for “green credits.” Countries
such as Canada and Germany also provide some credits. It is assumed that
these will continue or increase in the near future.
 


	24. Future Prospects and  Concerns
Future prospecting for wind energy development sites has much in common
with exploring for new fossil fuel deposits. The first step is to identify areas that
are likely to have good wind resources. More of the research and development
efforts need to be shared.
The United States is certain to put forth a considerable research and
development effort over the next several decades toward the development and
construction of new and/or improved prototype wind-generator units.
Offshore wind power studies may also be increased in the future.
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