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WATER
Water is the most abundant substance on the surface of the planet. It’s in constant motion due to the actions of the sun and the moon. The sun drives the water evaporation cycle while the moon is largely responsible for the ocean tides. When we talk of water energy, we tend to think of using the mechanical energy in stored or moving water. Water also possesses kinetic energy (which is the energy possessed by moving masses) as well as thermal energy (which is energy pertaining to heat or temperature) when the water has been warmed by the sun or the earth.

The total energy generating potential of waves breaking on the world’s coastline is estimated to be about 2 to 3 million megawatts (MW), according to the U.S. Department of Energy. Renewable energy analysts believe there is enough energy in the ocean waves to provide up to two terawatts of electricity. A terawatt is equal to a trillion watts. 
Electricity can be generated from water energy, whether the source is ocean-based or river-based. Worldwide, water is the most commonly used renewable energy resource, providing enough power to meet the needs of 1 billion customers. Ocean-based sources include wave energy, tidal energy and thermal energy. River sources are primarily hydro-electric schemes of varying sizes, many of them associated with irrigation or flood mitigation schemes. About 24 per cent of the world’s electricity is generated through the use of water, according to the Hydro Research Foundation.  

Another significant challenge is that the practical development of water energy is still relatively costly. A balanced mix of non-renewable and renewable energy sources is needed to supply our electricity needs in Australia. Hydro sources accounted for 6.1 per cent of Australia’s electricity generation in 2006/2007, according to the Energy Supply Association of Australia. 
Modern hydro-electric power stations
About 20 per cent of the world’s electricity is generated through the use of water. Today’s hydro-electric power station has a simpler design than a conventional coal-fired station. Basically, the hydro-electric plant consists of a water turbine which converts the energy from flowing water into mechanical energy. 



Then, an electric generator converts this mechanical energy into electrical energy. (See figure below – Source Pacific Power.)
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Above - Itaipu Dam, built in 1983 in Brazil/Paraguay
While a water turbine is much more sophisticated than the old water wheel, it is similar in operation. In both cases, blades are attached to a shaft and when flowing water presses against the blades, the shaft rotates. The effect is the same as wind pressing against the blades of a windmill. After the water has given up its energy to the turbine, it is discharged through drainage pipes or channels. These drainage pipes are known as the “tailrace” of the power station. The remaining water is used for irrigation or water supply purposes or, in some parts of the world, the water flows back into the ocean. 
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Hydro-electricity is a renewable resource because it is continually produced by the movement of fresh water from rivers and lakes. Hydro-electric power stations are situated where they can take advantage of the greatest fall of a large quantity of water. This is normally at the bottom of a deep and steep-sided valley or gorge, or near the base of a dam. As discussed earlier, the amount of electrical energy that can be generated from a water source depends on two things; the distance that the water has to fall (the head) and the quantity of water flowing. 
Hydro-electric power stations usually require water storage schemes. It is necessary to store water to ensure a reliable supply of electricity can be generated from water energy whenever it is needed. These hydro-electric schemes address a basic problem with electricity: once it’s generated, it has to be used immediately and it can’t be stored. In hydro-electric schemes, the potential energy of water can be stored in dams or river systems and released to generate electricity as and when it’s required.

Originally, hydro-electric power stations were of a small size and they were set up at waterfalls in the vicinity of towns because it was not possible at that time to transmit electrical energy over great distances. The main reason why there is now a large-scale use of hydro-electric power is because it can now be transmitted inexpensively over hundreds of kilometres to its required destination, making hydro-power economically viable. Transmission over long distances is carried out by means of high voltage, overhead power lines. They are known as transmission lines and the electricity that can be transmitted is either alternating current or low-voltage direct current (DC).

Types of water turbines 

As water sources vary, water turbines have been designed to suit the different locations. The three main types are Pelton wheels, Francis turbines, and Kaplan or propeller type turbines (named after their inventors). All can be mounted vertically or horizontally. The Kaplan or propeller type turbines can be mounted at almost any angle, but this is usually vertical or horizontal. 
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Above - The Pelton wheel from the hydro power station in Walchensee, Germany.
The Pelton wheel is used where a small flow of water is available with a “large head”. It resembles the waterwheels used at water mills in the past. The Pelton wheel has small “buckets” all around its rim. Water from the dam is fed through nozzles at very high speed, hitting the buckets and pushing the wheel around.
The Francis turbine is used where a large flow and a high or medium head of water is involved. The Francis turbine is also similar to a waterwheel in that it looks like a spinning wheel with fixed blades in between two rims. This wheel is called a “runner”. A circle of guide vanes surrounds the runner and controls the amount of water driving it. Water is fed to the runner from all sides by these vanes causing it to spin.
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Above - The Francis turbine at the Francis Inlet Scroll, Grand Coulee Dam, in Washington USA.
Propeller type turbines are designed to operate where a small head of water is involved. These turbines resemble ship’s propellers. However, with some of these (such as Kaplan turbines) the angle (pitch) of the blades can be altered to suit the water flow. The variable pitch feature permits the machine to operate efficiently over a range of heads, to allow for the seasonal variation of water levels in a dam. 
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Above - A propeller-type runner rated 28,000hp or horsepower, which is the equivalent of 20.880 kilowatts.
The advantages and disadvantages of hydro-electric power 

Advantages of hydro-electric power include:

1. A hydro-electric power scheme uses a renewable source of energy and therefore does not consume limited fossil fuels or pollute the atmosphere with combustion gases.

2. Unlike conventional coal-fired power stations, which take hours to start up, hydro-electric power stations can begin generating electricity very speedily. So hydro-electric plants are particularly useful for responding to sudden increases in the demand for electricity by customers.

3. These stations need only a small staff to operate and maintain them and are not subject to fluctuations in fuel prices. 

Disadvantages of hydro-electric power include:

1. Hydro-electric generation often requires the construction of dams, which may result in serious environmental damage. It may involve the serious inundation of large areas of land and the loss of wildlife habitat; an impact on fish breeding; changes in water flow and the river eco-system; changes in sediment and salt contents; and so on.

2. Water storage schemes are very costly to build. 

Hydro-electricity in Australia 

Large-scale hydro-electric power systems have been installed throughout the world. Each of these large-scale systems requires a very large dam, or a series of dams, to store the enormous quantities of water required by the power stations. 

Australia has only a fraction of the hydro-electric potential that many other countries of comparable size and population have. With the exception of Tasmania, Australia does not have enough rainfall or the right topography to provide sufficient hydro-electric potential to fulfil all its needs.

Tasmania is the only state that uses hydro-electric power as the main means of electricity generation. In Tasmania, the hydro-electric potential is around 50 per cent due to the state’s high rainfall and mountainous terrain. 

The first hydroelectric plant in Australia was built in Launceston Tasmania in 1895. New South Wales’ first plant was built in Dorrigo in 1922, followed by the Nymboida plant in 1924. Today, the two most significant hydro-electric power schemes are: 

1. The Snowy Mountains hydro-electric power scheme. This is the largest in Australia, with a generation capacity of nearly 3,800MW. 

2. Tasmania’s Hydro-Electric Corporation - with a generating capacity of 2,568MW it is the second largest hydro generator in Australia. 

Western Australia’s hydro-electric plants 

The first hydro-electric generating system in Western Australia began operating in Pemberton in the mid-1930s. It was a small 55 kilowatt hydro-electric plant and it ceased operating in Pemberton many years ago. A larger hydro-electric power station was commissioned at Wellington Dam near Collie in 1956.

[image: image6.jpg]‘Wmmum@mﬁ
L Al g e





Above - the Wellington Dam hydro-electric turbine.
Even so, its generating capacity was still very small (only 2MW compared to Verve Energy's neighbouring 1,040MW coal-fired facility, Muja Power Station). The Wellington Dam plant was used to generate electricity for the interconnected grid system on a seasonal basis, during the months of November to April when there was a high discharge of water. The Wellington Dam hydro-electric station still works but only generates electricity when the water level in the dam is high enough and this is not very often. The station is virtually redundant now.

Western Australia’s main hydro-electric power station is located along the Ord River in the east Kimberley region. The Ord River hydro-electric power station is the largest contributor to renewable energy electricity generation in Western Australia. This power station was first envisaged in 1963. However, due to various difficulties with the agricultural development of the region, the construction of the power station was left until 30 years later. 
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Above - The Ord River dam and hydro-electricity- with Lake Argyle behind.
The project became the nation’s biggest non-government renewable energy project and it commenced operations in 1997. It is based on the huge amount of energy provided by the damming of the Ord River, which formed Lake Argyle in 1972. Lake Argyle holds up to 18 times the volume of water in Sydney Harbour and it has a catchment area of more than 46,000 square kilometres.
The 30MW power station was constructed by Pacific Hydro Limited and Lend Lease Development Capital Limited. It is estimated to produce some 210 gigawatt hours (GWhr) of electricity per year. This is enough to power 40,000 homes. The Ord River Hydro Project provides electricity to Argyle Diamond Mine and the nearby towns of Wyndham and Kununurra. It is estimated that the power station saves about 190,000 tonnes of greenhouse gas emissions per year.

Pumped storage
[image: image8.jpg]PUMPED STORAGE SYSTEMS





Source: Pacific Power.
Pumped storage schemes have been developed to store and release excess water for hydro-electricity. Water is moved between two reservoirs at different elevations. During times of low electricity demand, water is pumped and stored in the higher reservoir. When electricity demand increases again, water is released back into the lower reservoir through a turbine, generating hydro-electricity. Some facilities use abandoned mines as the lower reservoir, but many use the height difference between two natural bodies of water or artificial reservoirs. 
Pumped storage schemes are viable economic propositions if they are cheaper to build and operate than alternative peak load sources, such as gas turbine plants. The savings over the project’s lifetime must offset the capital cost and make allowances for the losses within the pumped storage cycle. Low cost off-peak electricity must be available for pumping, together with adequate water supplies and suitable locations for the reservoirs. 

Ocean-based energy 

Wave Energy
Oceans cover a little more than 70 per cent of the earth’s surface. They are the largest collectors of solar energy or sunlight, according to the National Renewable Energy Laboratory (NREL) in the United States. The NREL has calculated that if less than one-tenth of 1 per cent of this stored solar energy could be converted into electric power, it would supply more than 20 times the total amount of electricity used in the USA on any given day. As well as being a destructive force, the kinetic energy from waves can be turned into electrical energy. As wind blows across the surface of the ocean, it creates waves. Wave motion in deep water is up-and-down; near the shore, a surge of water results. Consequently, waves represent a large renewable flow of energy and no greenhouse gas emissions.
The strongest winds create the highest waves and the higher waves contain more energy. Long, uninterrupted distances are needed to get waves of good length and force. The strongest winds and consequently, the greatest wave energy potential are found in areas that are mainly between the 40 degree and 60 degree latitudes which exclude Australia. 
The use of waves as a source of power is a recent occurrence. In 1909, the California Wave Power Company used wave energy to produce electricity for lamps on wharves. At about the same time, an “electric” ball was installed near Sorrento, south of Melbourne. Little else is known about its operation. This device generated electricity as it rose and fell on incoming waves. In the 1970s, research into wave power was mainly being conducted in the United Kingdom with other programs in Japan, Norway, Sweden and the USA. The vertical motion of deep water waves can be captured by mechanical devices such as Cockerell’s rafts (which create a store of compressed air which drives a generator) or Salter’s ducks (which impart a twisting motion to a mechanical drive).
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The wind-generated waves off the Western Australian coast have a high concentration of energy, creating opportunities to generate electricity.  Western Australia’s southern coast has attracted the attention of renewable energy scientists and engineers. The State Energy Commission of Western Australia (the SEC of WA) began researching wave energy in the state in 1982. It was identified that possible locations for a wave energy generator include Esperance, Yanchep and Fremantle. Research into efficiently harnessing wave energy is increasing in response to the escalating demand for emissions-free renewable energy.

An innovative wave energy system has been developed by Western Australian company Seapower Pacific Pty Ltd. Seapower installed a new wave energy generator in the Fremantle Harbour in May 2005. The CETO wave energy generator is situated about 250 metres from the shore off Rous Head, North Fremantle. This generator pumps high-pressure seawater through a small diameter pipe to the shore. It is intended that the wave energy will drive a turbine to produce 100 kilowatts of electricity, enough for 100 homes. The system also includes a desalinisation process, converting seawater into fresh water. It is expected to produce about 300,000 litres of fresh water a day. It is believed that the CETO system is the first wave power converter to sit on the seabed, where it is invisible, safe from storms and ocean forces, and self contained. The company that owns the technology is Renewable Energy Holdings (REH), a company listed on the London Stock Exchange specifically to invest in cutting-edge renewable energy technology.

Energetech Australia Pty Ltd is building a demonstration wave energy system on the breakwater at Port Kembla on the New South Wales south coast. The demonstration system includes a revolutionary all-Australian designed turbine that always spins in the same direction, regardless of the flow direction. 

The Energetech Wave Energy System will provide sufficient power for about 150 households. The system will produce a maximum capacity of 500kW of electricity, which will save about 1,000 tonnes of greenhouse gas emissions annually. 
Tidal energy.
The tidal rise and fall of the oceans is caused by the varying gravitational pull of the sun and moon. Larger and smaller tidal ranges occur from season to season and from year to year. The coastline and sea floor topography can also affect the tidal range which can be 15 metres or more.
The potential of tidal power has been recognised for hundreds of years. There are records of tidal-powered mills in Ireland in the seventh century and in the lagoons of Venice before 1050. The mills, however, could only operate for a few hours a day and they were vulnerable to storm damage.

Electric power can be generated using tidal energy by trapping water in an enclosed basin during high tide and allowing it to pass through turbines while the basin is emptying at low tide.
[image: image10.jpg]Typical water-turbine generator arrangement for tidal situations
Where there is a low ‘head’ of water.




Because of the relatively small difference between the high and low tide level, special turbines are required which can operate with low head and flow. There are also significant variations in both the level of the tide and when it occurs from day to day, making tidal power a relatively unreliable source. 
As our knowledge of oceans and tides has increased, so have efforts by engineers to use tidal energy for generating electricity. The world’s first tidal power station was completed in St Malo on the Brittany coast in France in 1966. The St Malo power station is still operating. The second tidal power plant, a prototype, was built near Murmansk, Russia, between 1964 and 1968. It was known as the Kislogubskaya tidal power plant. The pilot plant was restored and put into operation in December 2004. 

The only potential for tidal power in Australia is along the north-west coast, near the Kimberley in Western Australia. The potential of Kimberley tidal power can be compared with the capacity at St Malo, France. However, there are no large requirements for electricity in this area and there would be a significant cost (including losses) in transmitting power long distances to more populated areas of Western Australia.

Thermal energy
Energy can be extracted from the temperature difference between the warmer and cooler layers of the ocean. This process is known as Ocean Thermal Energy Conversion (OTEC). 

Useful references
Verve Energy 
http://www.verveenergy.com.au 

Research Institute for Sustainable Energy 
www.rise.org.au/info/Tech/index.html 

CETO 
http://www.ceto.com.au/home.php  

“Energy Australia”, published by Office of Energy, Government of Western Australia, 2003
http://www.energy.wa.gov.au/2/3223/64/publications.pm

The Sustainable Development Office
www1.sedo.energy.wa.gov.au/ 

Angelfire– “Pond Lily Mill Restorations” - “The Water Wheel Album” http://www.angelfire.com/journal/millbuilder/album5.html  

WaterHistory.org - Water Wheels” 
http://www.waterhistory.org/histories/waterwheels/  

The Library of Congress - The World’s First Hydroelectric Power Plant
http://www.americaslibrary.gov/cgi-bin/page.cgi/jb/gilded/hydro_1  

The Tesla Memorial Society of New York
http://www.teslasociety.com/ac.htm  

Tesla – Life and Legacy
http://www.pbs.org/tesla/ll/ll_niagara.html  

NationMaster - Hydroelectricity http://www.nationmaster.com/encyclopedia/Hydroelectricity  NationMaster - Water turbine
http://www.nationmaster.com/encyclopedia/Water-turbine  

Snowy Hydro Limited
http://202.148.137.96/  

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

Pacific Hydro Limited – “River Hydro Project” and the “CETO Wave Energy Project”  http://www.pacifichydro.com.au/OurEnergy/HydroPower/OrdRiverHydro/tabid/123/Default.aspx 
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