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MAGMA AS A HEAT SOURCE.



GEOTHERMAL
“Geothermal” derives from two Greek words – “geo” means the earth and “therme” means heat. “Energy” also originates from a Greek word - “ergon” - which means work. Geothermal energy is a form of thermal energy, which is the internal energy in substances – the vibration and movement of atoms and molecules within substances. 
Geothermal heat originates from the earth’s fiery consolidation of dust and gas more than four billion years ago. At the earth’s core, which is 6,400 kilometres deep, the temperatures may reach more than 4,982 degrees Celsius. This geothermal heat is continuously flowing outwards from the earth’s core. The heat transfers (conducts) to the surrounding layer of rock, known as the mantle. When temperatures and pressures become high enough, some mantle rock melts, becoming magma.
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The magma is lighter than the surrounding rock and it rises up towards the earth’s crust, carrying the heat from below. When the magma reaches all the way to the earth’s surface, it becomes lava. When the magma remains below the earth’s crust, it heats the nearby rocks and water, which reach up to 371 degrees Celsius. Some of this hot water rises through faults and cracks and reaches the earth’s surface as hot springs and geysers (which discharge jets of steam and water intermittently). Otherwise, the hot water stays deep underground, trapped in cracks and porous rock. This natural collection of hot water is known as a geothermal reservoir.
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Above – Geyser and hot spring formation

We can make use of the hot water and steam originating from the earth’s core, and turn them into practical energy, known as geothermal energy. The ancient Romans used hot springs to heat their baths and homes. This “magic water” was also used for medicine and cooking purposes. In 1864, a hotel in Oregon, USA, heated rooms using geothermal energy from underground hot springs.

Geothermal “hot spots” in the world
The hottest underground reservoirs are always in parts of the world where the earthquake activity (or seismic activity) is greatest. 
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The seismic belt runs around the edge of the Pacific Ocean (known as the “Pacific Ring of Fire”). Countries along the belt include New Zealand, the Philippines, Japan, Russia (Siberia) and the countries of the western seaboards of North and South America.
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Above - Map showing the Pacific Ring of Fire.
Australia is found on the Indo-Australian tectonic plate, which is also subject to seismic activity. The Tsunami disaster of 26 December 2004 was caused by a massive earthquake which occurred about 150 kilometres off the west coast of northern Sumatra Island in Indonesia.  The earthquake happened when the Indo-Australian tectonic plate collided with the Burma sub-plate, which forms part of the Eurasian plate. 

There is another major area for geothermal energy and this is the Atlantic rift valley, which runs down the Atlantic Oceans from Iceland to the Antarctic. Within this region, a giant split in the earth’s crust oozes molten lava in many places and there are numerous active volcanoes. 
Geothermal energy resources
There are four types of geothermal resources: 
· Hydrothermal resources. 

· Geopressured resources. 

· Hot dry rock (HDR). 

· Magma. 
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Above - A 10 meter high lava fountain - an unlimited amount of power and energy.
Of the four types, only hydrothermal resources are currently commercially viable. 
Hydrothermal resources
are created when hot water and/or steam is formed in fractured or porous rock. These rocks are located at shallow to moderate depths - between 100 metres to 4.5 kilometres - underneath the earth’s surface. The hydrothermal resources come in the form of either 

steam or hot water, depending on the temperatures and pressures involved. Some hydrothermal resources are heated by hot molten rock to temperatures between 180 degrees Celsius and 350 degrees Celsius. 

There are three basic components of hydrothermal resources – a heat source (such as the hot molten rock), an aquifer containing accessible water and above this, an impermeable rock that “seals” the aquifer. We can capture geothermal energy from this resource by drilling into the aquifer and extracting the hot water or steam. High-grade hydrothermal resources are usually used for electricity generation, while low-grade resources are used in direct heating applications.
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Geopressured resources
Are resources consisting of hot brine saturated with methane deep inside the earth’s interior. They are found in large, deep aquifers under high pressure. The water and methane are trapped in sedimentary formations at a depth of about 3km-6km. The temperature of the water is in the range of 90 degrees Celsius to 200 degrees Celsius. The major region of geopressured reservoirs discovered to date is in the northern Gulf of Mexico. 

Hot Dry Rock (HDR)
is a heated geological formation that does not contain any water. This resource is virtually limitless and it is more accessible than other geothermal resources. There is a large potential for hot dry rock technologies to be used for energy production in the eastern states of Australia. 

Magma
Magma or molten rock is the largest geothermal resource. .However, magma is not an easily accessible resource because it is found at depths of 3km-10km and deeper under the earth’s surface. It has a temperature which ranges from 700 to 1,200 degrees Celsius. The resource has not been well explored to date. 


Advantages of geothermal energy 

· Geothermal energy is an abundant source of energy.

· Geothermal technologies have minimal environmental impact. A geothermal power plant emits no nitrogen oxides, very few sulphur dioxides and between 1,000 and 2,000 times less carbon dioxide than a fossil fuel plant.

· Geothermal power stations are highly reliable and they are designed to operate 24 hours a day.

· Geothermal resources reduce the need for fuel imports, a highly important factor for developing countries. 

· Geothermal plants require less investment in infrastructure, equipment and employment than conventional power stations.

· Geothermal power stations also have a very low land area requirement. 

Disadvantages of geothermal energy
· Geothermal energy produces some pollutants, mainly carbon dioxide, hydrogen sulphide, sulphur dioxide and methane. However, modern technology reduces these emissions to a minimum. It is believed that modern geothermal plants release only 0.2 per cent of the carbon dioxide and less than 1 per cent of the sulphur dioxide that would be produced from the cleanest fossil fuel plant.

· There is the potential for geothermal production to cause ground subsidence.

· Geothermal energy production has been associated with induced seismic activity. However, this is a debatable issue because most geothermal operations are located in regions already prone to earthquakes.

· Geothermal energy is not a renewable resource because it relies on hot water from the earth’s interior.

· Geothermal plants produce noise pollution during construction. However, sound levels are not significant during the plant’s operation. 

Potential barriers to overcome 

The development of geothermal energy is much more complicated than just boring a hole in the ground. Long and careful studies must be conducted to give governments and business people the information upon which they can make decisions about developing a geothermal resource – or not developing it. Some key issues to be considered are:

· To what depth will bores have to be sunk to reach hot water and steam? How extensive is the geothermal field? How many bores can be drilled without taking too much hot water and steam out of the ground too soon? What will it cost?

· How hot is the water? How much of the energy can be converted directly to power generation? How much can be used in other ways, to heat houses or provide hot water for industry?

· How “clean” is the water and steam? What will it cost to remove the salt and other minerals? Can waste water be pumped back into the earth to avoid pollution of the environment on the earth’s surface? Will the bores need to be lined with non-corrosive metals?

· Can the power be sold? Is there enough population, or industry, to make the venture profitable? If there isn’t, none of the other questions need be answered. There will be no project. 
The development of geothermal electricity 

Geothermal energy can be used directly for heating purposes, or it can be converted into electricity.

For heating buildings

Hydrothermal resources of low to moderate temperature (20 to 150 degrees Celsius) are utilised to provide direct heating for a range of applications in the residential, commercial and industrial sectors. These applications include space heating, water heating, greenhouse heating, heating for aquaculture, food dehydration, laundries, and textile processes. Such applications are common in Iceland, the United States, Japan and France, as well as in many other countries. 
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Above - Prince Piero Ginori Conti established the world's first geothermal power station with a 10kW generator.
Direct-use geothermal systems usually consist of a production facility (e.g. a well) to convey the heated water to the surface, a mechanical system (e.g. piping, a heat exchanger, pump, controls) to convey the heat energy to where it is required, and a disposal system (e.g. injection well or storage pond) to receive the cooled fluid. Heat exchangers are generally required due to the salt and solids content of the geothermal fluid. Heat pumps are often used to deliver the heat energy. Geothermal heat pumps are devices which operate on the same principle as the refrigerator, but can move heat in either direction. The devices can therefore take advantage of the relatively constant temperature of the earth's interior for both heating and cooling. In summer, heat is extracted from a building and dissipated into the earth. In winter, heat is removed from the earth and pumped into the building. Such systems are used widely in Switzerland and the Scandinavian countries. Through the use of geothermal heat pumps, marginal geothermal resources with temperatures as low as 20 degrees Celsius can be utilised.

Professor Carl Nielsen at Ohio State University invented the first geothermal heating system in 1948. In Iceland, most of the residential houses are heated by geothermal district heating systems.
The direct use of geothermal resources is a proven, mature technology and is commercially viable for many applications. The use of this resource can result in a net saving in energy costs for consumers in homes and commercial operations.

For electricity generation
High temperature geothermal resources can be used for electricity production. The first attempt to convert geothermal energy into electricity was conducted in Larderello, Italy, in 1904. The first geothermal power plant was opened in California in 1921. In many parts of the world, geothermal electricity is competitive with conventional energy sources. By the end of 2003, the installed generating capacity of geothermal power plants had grown to 8,402MW e in 25 countries. At this time, the countries with the most installed generating capacity included USA, the Philippines, Indonesia and Mexico but geothermal energy is also being used in many other countries. 
The Australian outlook 

In recent times, scientists have discovered that Australia is an abundant source of hot dry rock (HDR) resources. Australia has several thousand cubic kilometres of identified, high heat-producing granite rocks, as well as buried low-grade uranium-bearing mineralisation. These hot dry rock resources have the potential heat energy to meet Australia’s total electricity demand for hundreds of years. 

Under certain conditions, these granite rocks can reach 250 degrees Celsius and higher when they are situated at depths of three to five kilometres beneath the earth’s surface. These granite rocks are hot for a number of reasons. They are relatively high in decaying radioactive elements. Also, heat is conducted to these rocks from very hot sources deep within the earth’s interior. 

In 1970, the first proposal was made to use the heat energy from these granite rock formations. This idea was developed by atomic physicists and technicians from the Los Alamos Scientific Laboratory (New Mexico). It was hoped that geothermal energy could be a possible alternative to the expensive oil resources resulting from the 1970s Mid-East crisis. However, more cost-effective energy sources, such as natural gas and wind power, were developed instead. An international conference was held in Canberra in 1993 to discuss the huge energy resources locked up in hot granite bodies in Australia. Since then, scientists have become increasingly interested in how we can tap these resources and identify the best sites in terms of connection to national electricity markets. 

The concept behind hot dry rock (HDR) geothermal energy is relatively simple. To extract this geothermal energy, bore holes are created and water is injected into the hot granite rock. 
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The water is circulated through the rocks in an engineered, artificial reservoir or underground heat exchanger. This hot water returns to the earth’s surface and it is pumped into a standard geothermal power plant. Inside the power plant, the hot water is converted into superheated steam, which drives a turbine and generator and produces electricity. Therefore, HDR geothermal energy relies on existing technologies and engineering processes such as drilling and hydraulic fracturing. These are techniques established by the oil and gas industry.

In Australia, Hot Dry Rock projects are located in the Cooper Basin in north-eastern South Australia and the Hunter Valley in New South Wales. In 1994, a Federal Government study concluded that Australia was probably the only country which had extensive HDR resources with the potential to generate electricity many times its current total annual electric power needs. The Cooper Basin was selected as one of the best sites for HDR development. Another possible site lies south of Muswellbrook in the Hunter Valley, New South Wales. The Hunter Valley region became the first place in Australia where a tenement was granted for the right to extract heat from hot dry rock. In February 1999, Pacific Power teamed up with researchers from the Department of Geology and the Australian National University to investigate the geothermal potential of this area. The researchers discovered that the Hunter Valley in New South Wales was highly prospective for geothermal energy.

The results of the Hunter Valley project stimulated commercial interest in Australia’s hot dry rock resources to such an extent that a new company, Geodynamics Limited, was registered as a public company in November 2000. This company has now acquired the Hunter Valley geothermal tenement from Pacific Power in addition to an adjoining site as well as two sites in the 
Cooper Basin. Geodynamics has also commenced an ambitious development program near Innamincka, South Australia that has seen the creation of the hottest borehole ever drilled in Australia. Temperatures of more than 270 degrees Celsius have been encountered at a depth of 4.3 km. 




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

Research Institute for Sustainable Energy 
http://www.rise.org.au/info/Res/geothermal/index.html 

The Geothermal Education Office
http://geothermal.marin.org/ 

Geodynamics Limited
http://www.geodynamics.com.au/IRM/content/home.html 

International Energy Agency
www.iea.org/ 

The Alliant Energy Kids
http://www.alliantenergykids.com/stellent2/groups/public/documents/pub/phk_ee_re_index.hcsp 
and search for the word “geothermal”. 

Wikipedi
http://en.wikipedia.org/wiki/Pacific_Ring_of_Fire
http://en.wikipedia.org/wiki/Indo-Australian_Plate 

The US Department of Energy –Geothermal Technologies
http://www1.eere.energy.gov/geothermal/

Geothermal Power Technology and Generation http://www.repp.org/geothermal/geothermal_brief_power_technologyandgeneration.html

For more information about the Indo-Australian tectonic plate
http://en.wikipedia.org/wiki/Indo-Australian_Plate
For more information about heat pumps 
http://www.eere.energy.gov
'How is electricity generated using geothermal energy?' 
http://geothermal.marin.org/pwrheat.html 
General Information
http://www.geodynamics.com.au/IRM/content/home.html 

http://venturebeat.com/2008/05/07/ustralian-geothermal-project-could-show-worldwide-potential/http://www.pir.sa.gov.au/geothermal/ageg
http://www.rise.org.au/info/Res/geothermal/index.html 

http://www.nrel.gov/docs/fy04osti/36316.pdf
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