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WIND
Wind is a source of energy. It is one of the oldest forms of energy used by humankind and it is free and inexhaustible. Since the beginning of recorded history, people have used the wind to move ships on the sea and for centuries, windmills have per​formed mechanical work such as grinding grain into feed and flour, as well as moving water. For many centuries, wind power was both practical and cost-competitive with other forms of energy. 
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Above - Wind farms are now a common sight worldwide.
What is wind energy?

Air is a low-density fluid. Air in motion is wind and wind contains kinetic energy (in fact, wind energy is a form of motion energy, which is the movement of objects and substances from one place to another). Water is another, more dense fluid that also contains kinetic energy when it is in motion. Wind is fundamentally an indirect form of solar energy. About two per cent of the solar radiation that the earth receives is converted to wind energy in the atmosphere. Winds are created when air moves. When air is heated, it becomes lighter in weight and moves upwards. Cooler air, which is heavier and therefore closer to the ground, moves into the space left by the rising warmer air and the wind is formed.

However, the air in the atmosphere is not heated directly by the sun's rays. Heat from the sun is first absorbed by the earth’s surface and the heated surface warms the air above it. As the surface of our planet varies (land, water, desert, forests, etc.) the amount of absorbed heat varies. This creates temperature differ​ences causing the air to move from one place to another place.
The amount of sunshine received in a region depends on its geographical location, the season and the time of day. For example, in any given year the tropical regions receive an excess of heat energy, while the polar regions don’t receive enough heat energy. However, the tropics do not get hotter from year to year nor do the poles get colder with time. This is because there is an exchange of heat – through wind breezes - across the latitudes. Breezes also occur between areas of land and water. Land and water along a coastline absorb heat differ​ently (so do valleys and mountains). This creates the breezes.

The land surface becomes hotter more quickly during the day than the water body of the earth. During the daytime, the sea’s temperature does not rise as rapidly as that of the land surface because much of the solar radiation is either absorbed by the water-body or con​sumed by evaporation. As a result, the lower layers of air above the land surface become warmer than the layers over the sea. 
The heated air above the landmass expands, becomes lighter in weight, and rises while the comparatively cooler, heavier air over the water moves in to replace it. This process creates an on-shore or “sea” breeze. At night the breeze reverses direc​tion. This is because at night the land surface cools more quickly than the water body, as the water holds heat from the sun longer and becomes the warmer surface. This in turn creates a warmer body of air above the water than over the landmass, causing a land or offshore breeze to form.

In the tropics the contrast between land and sea temperatures is quite marked. Consequently tropical sea breezes tend to be stronger. (Anyone who has experienced sea breezes up in the north of Western Australia will be aware of the force of winds in that region.)

A local and well-known example of a sea breeze is the refreshing wind welcomed by Perth people during the long, hot summer days. This is popularly known as the "Fremantle Doctor" and brings much relief to Perth people, particularly those working in the open, during the summer. This strong thermal breeze arrives in Perth most afternoons during the summer months. The good “Freo Doctor” reaches wind speeds up to 15 knots to 25 knots from October until March.

The advantages of wind energy
· Wind energy can offset the use of fossil fuels. 

· It is available over a greater area than occurs with fossil fuels. 

· There is no air pollution after manufacture. 

· There is low environmental impact. 

· Modern wind energy converter systems can be set up for individual houses, or as part of an electricity grid system interconnected with other types of generating plant. 

· These are well proven and occupy a relatively small amount of land in proportion to their electrical output. 

The disadvantages of wind energy
· Modern wind energy converter systems are expensive to set up. 

· They can be rather ugly, especially the larger ones, depending on the choice of location and style of construction. 

· The noise of the rotor could be annoying if the installation is located close to homes or workplaces. 

· The wind does not blow all the time and many areas of Australia do not get enough total wind. 

· Maintenance costs for large plant may be high. 

· They are not suitable for mobile needs, such as construction camps. 

· Wind-driven generators linked to diesel generators can reduce the efficiency of the diesel plant. 

· Batteries are sometimes neces​sary for a back-up supply. 

· Potential TV interference caused by rotor. 

· A possible hazard to bird life. (Although, monitoring to date suggests that the rotating blades make them more visible to birds than other high structures.) 

Recent developments 

The primary obstacle to the development of wind turbines is that they are more expensive to install than conventional generating plant. Therefore, recent research has concentrated on ways of making wind turbines more cost effective. It is not good enough for them simply to work - they must be able to produce electricity at prices competitive with fossil fuels, hydro and nuclear generating plants.

Clearly there are many environmental benefits from supplying electricity through a combination of wind turbines and main electricity generating plant. But this method can be highly inefficient. Another challenge for renewable energy scientists is that wind power is not always available when it is needed. Over a short period, wind is unreliable and difficult to predict, but there are still ways of using the energy to our advantage. An average wind speed of only 11 kilometres per hour is needed to convert wind energy into electricity, although renewable energy developers seek locations that have an average wind speed of over 27 kilometres per hour.

A popular solution is the wind farm, which consists of several wind turbines in a central location. Wind farms usually feed their electricity into a main electricity grid system. The wind turbines need to be kept at a clear distance from each other, otherwise air turbulence results in energy losses and greater fatigue on the downstream wind turbines. But as more wind turbines appear along the world’s coastlines, there is a growing concern about their visual appearance. However, wind energy has been flourishing partly because turbines are becoming larger and more efficient and therefore they are capable of delivering cleaner, green energy to local Australian communities.
Wind turbine systems
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Above – The blades for modern wind turbines are as large as possible to minimise the cost of installation compared to the energy potential.
There are three aspects to wind tur​bine systems, namely, size, type, and suitability for particular sites. Large turbines have been continually plagued with a variety of problems. These include the rotor weight, their complexity, very high initial capital costs and uncertain structural life. There are also dif​ficulties in transporting, installing and maintaining wind turbines with rotor sizes around 60 metres in diameter. 

Consequently the more promising wind turbine sizes appear to be those up to 600kW rather than the larger machines. Even so, the latest large turbines are much more sophisticated than their predecessors and so far, they are proving to be even more efficient than they were designed to be.

Ocean-based wind farms are another type of wind turbine system. Offshore wind energy installations are not new; a floating wind-powered sawmill was used as early as the late fourteenth century. Ocean-based wind farms could become an interesting development in the near future.
Types of wind turbine
Basically there are two main types of wind turbine: the horizontal​ axis (HAWT) and the vertical axis (VAWT).
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Above - Early Persian example of a vertical-axis windmill.
The early windmills were vertical-axis machines, but they were later found to be inefficient. The technological advancement of the odd-shaped, vertical-axis machine came about in the 1930s, when a Frenchman named G.J.M. Darrieus invented a wind turbine built on an “egg-beater” design (picture below). In the early 1970s, his idea was refined by re​searchers who called their device a vertical-axis wind turbine (VAWT). Unlike turbines with big propellers that turn on a horizontal axis, its blades spin in a vertical-axis - the main advantage is that it accepts winds from all directions.
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Above – The Darrieus vertical-axis rotor.
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Above - The Savonius wind turbine which is a vertical-axis turbine.
Propeller-style turbines have to be pointed into the wind and therefore need equipment to sense wind direc​tion and to turn the propellers to face the right way. However, the egg-beater style turbine has its generator and control devices on the ground which makes them easy to reach.

The main disadvantages of the VAWT turbines are that they are not self-starting and they do not generate electricity at a constant rate. Also, for the same area of land, less electricity is generated by a VAWT than a HAWT.
[image: image6.jpg]



Above - The large vertical-axis wind turbine, originally installed on Rottnest Island off the coast of Western Australia.
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Above - A horizontal-axis modern wind turbine - utilising a propeller blade.
These machines are commonly known as propeller-type turbines. The rotors (or blades) are usual​ly made of wood composite or fibreglass. Nearly all of the current wind turbines (and windmills) are the horizontal-axis type. However, there are a number of constraints to their design. Studies and experience have shown that issues such as telecommunication interference, noise, shadow flicker and bird impacts all need to be considered in the location of these wind turbines.

How modern wind turbines work 

One wind turbine can produce enough electricity to power up to 1,500 homes. All wind turbines work the same way.
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Above - A modern wind turbine and its internal workings.
Air moving around the surface of the blades creates a lift, just as it does on the wings of an aircraft. The lift on the blade of the wind turbine pulls it in a circular motion. The central shaft attached to the blades turns and drives a generator. Windmills work the same way, except that the shaft turns millstones instead of a generator. In wind-driven water pumps, the shaft enters a gearbox which drives a long vertical rod up and down in a reciprocating action. The rod is connected to a pump that is submerged. As the rod moves up and down, it operates a piston which pumps the water to the surface.
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Individual designs use this principle in different ways. However, wind-turbine electricity generators share many common components. The generator components include:

· Tower - the tower raises the turbine assembly well above the tur​bulent air currents near the ground. Wind strength also in​creases with the height above the ground. The tower must be sturdy and able to withstand high wind speeds. It also needs to be easy to climb so maintenance can be performed.

· Rotor - this is the propeller, which as the word indicates is propelled by the wind, converting the wind energy into mechanical energy. The rotor is connected to the nacelle.

· Nacelle – located on the top of the tower, this is the capsule that contains the components of the wind turbine that convert the mechanical energy from the rotor into electrical energy.

· Gearbox - increases the slow rota​tional speed to a suitable speed for the generation of electricity.

· Turbine generator - this converts the mechanical energy into electrical energy. The electrical energy is then taken away by electrical cables for direct use or storage in the banks of batteries.

· Directional system - horizontal ​axis machines require a device which swings the machine into the wind. This is usually a tail as​sembly.

· Supporting facilities - include the connection with the power line net​work, service roads, fences and telephone link. 
Western Australia is a wind energy pioneer
During the early years of Australia’s renewable energy industry, Western Australia was a leader in the development of wind energy. In WA, wind power has always been the cheapest renewable energy option (compared with solar, hydro and biomass energy). The western and southern coasts of this state, with their consistent winds and isolated electricity needs, are specially suited to wind energy use.

Interest in new sources of renewable energy really took off with the sharp price increases during the major oil crisis in the 1970s. In WA, the price of oil had quadrupled by 1974. The world oil price for a barrel of “Saudi Light” was a mere $2.59 in January 1973 but it had risen to the princely sum of $11.65 by January 1974. 

When the State Energy Commission of Western Australia (the SEC of WA) was created in mid-1975, one of its first tasks was to find alternatives to oil for this generation of electricity. All householders paid the same electricity prices, regardless of whether they were located in remote WA or metropolitan Perth. For the SEC of WA, the challenge was to find ways to reduce the cost of supplying electricity to the state’s remote 

areas. That included investigating the possibility of local renewable energy systems. Wind turbines quickly emerged as a promising alternative to diesel oil. Wind monitoring stations appeared around the state to record information about the speed, reliability and duration of winds.
Capturing Rottnest Island’s wind power
[image: image12.jpg]



Above - the installation of a horizontal-axis wind turbine on Rottnest Island - 1980.
In the early 1980s, three wind turbines were installed on Rottnest Island as part of the SEC of WA’s “Project RAPSI” (the Remote Area Power Supply Investigation). A 55kW vertical-axis Canadian machine was installed in December 1980, but it was plagued with mechanical and operational difficulties. It was also noisy, provoking complaints from the nearby Geordie Bay settlement 3km away. During a test in July 1983, the turbine spun out of control. With smoke and flames shooting out of the brake just above their heads, the two surprised operators in the cabin below the wildly-spinning rotor ran for it! The machine was subsequently dismantled and removed from the island in 1984.
Fortunately, better results were achieved with a 55kW horizontal-axis turbine, supplied by “Nordtank”, from Denmark. Of the three wind turbines tested there, only the most successful - the Danish Nordtank - remained on the island. Now an innovative wind-diesel system is operating on Rottnest Island.
WA’s first wind farm 

At Salmon Beach a few kilometres west of Esperance, the State Energy Commission of Western Australia (the SEC of WA) opened Australia’s first wind farm in 1987. The Salmon Beach test site was chosen because research showed that the average wind speed over a 12-month period was seven metres per second (25 km/h). The SEC of WA’s research also showed that only some coastal regions, such as Esperance, were suitable for wind energy.
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Above - Salmon Beach Wind Farm in Esperance, Western Australia.
The Salmon Beach Wind Farm had six, 60kW Westwind turbines (aerogenerators), which were connected together by two groups of underground cables. These cables were connected to two transformers, which increased the supply to 6,600 volts. From there, the electricity was fed into the local electricity supply system by overhead cables. Each one of the machines was remotely controlled from Esperance’s diesel power station some 6km away by means of a UHF radio link.

SECWA personnel at the Esperance Power Station investigated the output and status of the wind farm by means of a visual display. The WA designed and made machines were tested in South Fremantle by SECWA over two years. The Salmon Beach test site provided an excellent opportunity to assess the viability of wind turbines as producers of energy.

However, the Salmon Beach Wind Farm was decommissioned in mid-2002 due to urban encroachment and the age of the machines. Four of the six turbines from Salmon Beach were sold to a Queensland company. The remaining two turbines were donated to the Esperance community by Verve Energy. One turbine remains on site as a monument for the town and the other is on display near the Esperance Museum. 
Current wind generated energy in Western Australia
The Alinta Walkaway wind farm, 25km south east of Geraldton is currently the largest wind farm in Western 
Australia.  With 78m towers and blades 41m long, a total capacity of 90MV is expected from its 54 1650KW turbines. The wind farm is capable of suppling power to approximately 60,000 homes as well as reducing carbon emissions by an expected 300,000 tonnes per year. 

Emu Downs, 30 km east of Cervantes is the home of the most recently constructed wind farm in Western Australia. The Emu Downs wind farm commenced electrical generation in 2006. The 48 1650KW turbines have the capacity to produce 80MW of energy. Enough electricity is generated to power 50,000 homes and reduce carbon dioxide emission by 280,000 tonnes per year.

The Albany wind farm was officially opened in October 2001. This wind farm consists of twelve 1800KW wind turbines atop 65 m towers with blades 35m long. Carbon dioxide reductions are expected to be 76,000 tonnes per year.

Located at Denham in Shark Bay are three 230KW variable speed wind turbines. These have been connected to two low load diesel systems to maximize wind energy usage. With this dual system approach it is possible at time to generate 90% of Denham’s electrical needs from wind generated power.

The first commercial sized wind farm in Australia is located at Ten Mile Lagoon near Esperance. Nine 225KW Vestas variable pitch wind turbines are connected to Esperance’s gas fire power station via a 33KV power line. Also contributing to the use of wind energy in the Esperance area is the Nine Mile Beach wind farm consisting of of six 600kW Enercon wind turbines.

Hopetoun, Bremar Bay and Rottnest Island have systems incorporating single 600kW Enercon wind turbines and low load diesels.
Useful references
Verve Energy 
http://www.verveenergy.com.au 

The ResFiles
http://www.rise.org.au/info/Res/wind/index.html 
http://www.rise.org.au/info/Tech/index.html 

The Australian Academy of Technological Sciences and Engineering
http://www.atse.org.au/ 

The Australian Antarctic Division
http://www.aad.gov.au/ 
The European Wind Energy Association
http://www.ewea.org/ 

Alliant Energy Kids Website
http://www.alliantenergykids.com 

Westwind Wind Turbines
http://www.westwindturbines.com/

Alinta
http://www.alinta.net.au 

Stanwell Corporation Limited 
http://www.stanwell.com 

Pacific Hydro Limited 
http://www.pacifichydro.com.au 

Hydro Tasmania
http://www.hydro.com.au/home 

Flinders University - Wind Mill Technology http://www.es.flinders.edu.au/~mattom/science+society 

The “Shipley Windmill”
 http://www.shipleywindmill.org.uk/sec.htm 

“The Illustrated History of Wind Power Development”
http://telosnet.com/wind/early.html 

List of Windmills in Australia
http://au.geocities.com/ozwindmills/company.htm 

The Department of Energy, Utilities and Sustainability
http://www.deus.nsw.gov.au/ 

Powercorp
http://www.pcorp.com.au/ 

W.D. Moore & Co.
http://www.wdmoore.com.au/ 
Sustainable Energy Development Office

ttp://www.sedo.wa.gov.au/pages/solar_schools
Country Energy
http://www.countryenergy.com.au/ 

EnergyAustralia http://www.energy.com.au/energy/ea.nsf/Content/Splash 

Centre for Energy - “Wind Energy Timeline” http://www.centreforenergy.com/silos/wind/windEnvironment 

For information about other wind power installations in WA
http://www.verveenergy.com.au/mainContent/sustainableEnergy/Sustainable_Energy.html

http://www.daws.com.au/projects/index.html

http://en.wikipedia.org/wiki/Emu_Downs_Wind_Farm

http://en.wikipedia.org/wiki/Alinta_Wind_Farm,_Western_Australia
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