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COAL
Coal is a special kind of rock. It is the world’s most common fossil fuel. Coal was formed by the accumulation and decomposition of plant material millions of years ago. (See figure below.)

The earliest stage in the formation of coal was “peat”, a very soft and spongy substance that can be dug with a shovel. Peat was formed from dead plant materials and it became more compact as water was squeezed out of the bottom layers (rather like squeezing water out of a piece of bread with your hand). Gases in the peat layers were lost as the plant matter continued decaying. The peat gradually became coal and this took place tens of millions of years after the original plants had died.
Australian “black coal” is usually between 70 million years old and 300 million years old. “Brown coal” is generally between 25 million years old and 70 million years old. This is a non-renewable energy source because coal supplies are limited and they draw on finite resources that will eventually dwindle.

Chemical energy is stored in the bonds of atoms and molecules within coal. This fossil fuel is largely composed of carbon atoms (50 to 70 per cent) linked together with some hydrogen (3 to 13 per cent), oxygen and smaller amounts of nitrogen, sulphur and other elements. It also contains a little water and grains of inorganic matter that remain as a residue known as ash when coal is burnt.

Many countries benefit immensely from the reliable, affordable energy produced by coal. The consensus among forecasters is that this contribution will continue into the future. Coal is stable and hence the safest fossil fuel to transport, store and use. With current technologies, coal can now be burnt cleanly throughout the world.

Coal is the main fuel of choice for electricity generation, producing around 41 per cent of the world’s electricity in 2009. Coal is an essential input to 70 per cent of the world’s steel industry and it is also a source of energy in the cement industry. In Australia, coal produces 80 per cent of the nation’s electricity needs. Each of us will use the energy from 200 tonnes of coal in our lifetime. Mostly, this will be used as electricity and in the production of material such as steel and aluminium.
What kind of coal?

There are 4 main coal types.
Lignite: Also known as brown coal. “Ligneous” also means “woody”. This is an apt name because small pieces of wood and leaves are often visible in the lignite or brown coal. This type of coal is almost exclusively used as fuel for steam-electric power generation.



Sub-bituminous coal: Under greater pressure and heat, brown coal continued to lose moisture. The carbon content of coal increased as water was lost. The properties of sub-bituminous coal range from those of “lignite” (with a lower carbon content) to those of “bituminous coal” (with a higher carbon content). Sub-bituminous coal is primarily used for steam-electric power generation.
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Bituminous coal: This is a dense coal which is sometimes black and sometimes dark brown. You can often see well-defined bands of bright and dull material within bituminous coal. It is mainly used for steam-electric power generation. Bituminous coal is also useful for heat and power applications in manufacturing and to make coke.
Anthracite: This is the coal with the highest carbon content of all. It is used primarily for residential and commercial space heating. Coal is extracted from the ground by underground mining, open-pit mining or strip mining.
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When fossil fuels are burnt to generate electricity, they release both energy and carbon dioxide emissions (CO2). The use of coal in electric power generation is the largest contributor to Australia’s greenhouse gas emissions, accounting for about 37 per cent of total greenhouse gas emissions.
The world scene – history
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Above -The Industrial Revolution, the birth of the new era for energy production on a large scale.
Coal has been used as a fuel since the beginning of civilisation. The international coal trade was operating as long ago as the Roman Empire. In ancient Greece, the “blacksmiths” would burn a “black stone” that is believed to be coal, while the Chinese are said to have used coal for fuel since about 100 BC.

In Europe, the coal industry dates back to AD 1200. As the population of European countries grew rapidly in the fifteenth century, the forests became depleted and coal began to replace wood as a domestic fuel for heat and energy. Local coal supplies provided excellent conditions for the development and expansion of industry. 

The Industrial Revolution occurred in Europe because there were abundant coal sources near large manufacturing centres. The Industrial Revolution was the major social, economic and technological change in the late eighteenth century and early nineteenth century. 

The industrialisation of Europe began with the introduction of the steam engine (fuelled primarily by coal). Early industrial steam engines were designed by Thomas Savery (an engineer from Devon, England) in 1698, Thomas Newcomen (an ironmonger from Dartmouth, England) in 1769 and James Watt (a mechanical engineer from Greenock, Scotland) in 1769. In 1807, Robert Fulton (an American inventor, engineer and painter born in Lancaster, Pennsylvania) used the steam engine to power the first commercially successful steamship.
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Above - A Watt Steam Engine - now a museum piece - but is still fully functional today.
A steam engine makes use of the thermal (heat) energy that exists in steam. This type of engine needs a boiler which boils water and produces steam under pressure. The steam expands and pushes against a turbine, where motion does the work to turn the wheels of a machine. Steam engines were used in pumps, locomotive trains and steam ships. 

The Industrial Revolution spread throughout the world with the development of steam-powered ships, boats and railways from the mid-nineteenth century.

Coal continued to be the world’s most common fuel source and it launched the electric era in the twentieth century.
Advantages and disadvantages of using coal
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Above - the dire working and living conditions of the new work force of the Industrial Revolution.
Despite the tremendous benefits of the Industrial Revolution, many environmental problems were exacerbated during this era. Prior to 1700, concentrations of carbon dioxide in the atmosphere were about 280 parts per million. But the rapid activity of the Industrial Revolution significantly increased the amount of carbon dioxide entering the atmosphere. Now, concentrations of carbon dioxide in the atmosphere are approaching 360 parts per million. 

The main sources of the rising carbon dioxide levels were the burning of fossil fuels (such as coal) for industry, transportation, space heating, electricity generation and cooking, as well as vegetation changes in natural prairie, woodland and forested ecosystems. The carbon dioxide emissions from the burning of fossil fuels now account for about 65 per cent of the extra carbon dioxide in our atmosphere.

In some parts of the world, acid rain has become a significant issue, although it is not a problem here in Western Australia. Fortunately, Western Australian coal has an extremely low sulphur content, which means there is a very low risk of acid rain in this state. Acid rain is basically rain that has a larger amount of acid in it than what is normal. Acid rain is caused by smoke and gases that are produced by factories and cars that run on fossil fuels. When these fossil fuels are burned to produce energy, the sulphur that is present in the fuel combines with oxygen and becomes sulphur dioxide. Through this process, some of the nitrogen in the air becomes nitrogen oxide. These pollutants go into the atmosphere and become acid. Sulphur dioxide and nitrogen oxide are produced especially when coal is burnt for fuel. Acid rain has increased dramatically in many parts of Europe and North America. 

However, there are many benefits associated with the use of coal to generate electricity. The main advantages include:


· Coal reserves are very large. While it is a non-renewable energy source, coal will be available in the foreseeable future without raising geopolitical or safety issues.

· Coal is relatively inexpensive and readily available from a wide variety of sources in a well-supplied worldwide market.

· Coal can be easily stored at power stations and stocks can be drawn on in emergencies.

· Coal-based power is not dependent on the weather and can be used as a backup for wind-powered and hydropower stations.

· Coal does not need high-pressure pipelines or dedicated supply routes.

· Coal supply routes do not need to be protected at enormous expense.

· Coal provides supply diversity and therefore provides security of electricity supply. 

The Australian scene
In Australia, coal was discovered near Newcastle by a gang of escaped convicts in 1791. The coal industry began in New South Wales in 1798 when ship owners gathered coal from the surface at Newcastle and brought it to Sydney for sale. Australia started to export coal in 1799, with the first shipment from Newcastle to India. The thickest “seam” of coal anywhere in the world is the 233 metres of brown coal which occurs at Loy Yang in Victoria. 
Today, the mining of black coal is one of Australia’s most important industries, creating significant employment in regional areas, fuel for electricity generation, steel-making and export income. In 2007, Australia maintained its position as the world’s biggest coal exporter (244Mt). Australia’s black coal exports were valued at more than $24 billion in 2007/08. Combined, black and brown coal accounted for 77 per cent of total principal electricity generation in 2006.


Black coal mining in Australia is an increasingly sophisticated, hi-tech activity. The continuous improvement of mining technology, occupational health and safety and environmental performance have ensured that Australia is the world’s most efficient producer of high quality coal for the international market.

The Western Australian scene
In Western Australia, coal was discovered along the banks of the Irwin River in Mingenew in 1846 by Assistant Surveyor General A.C. Gregory and his two brothers.

Young stockman George Marsh is credited with finding Western Australia’s first commercial coalfield, located in Collie. According to legend, George was minding sheep along the banks of the Collie River in October 1883. While preparing to cook his evening meal, he picked up some dark-coloured stones and placed them beside his fire to support some cooking utensils. To his surprise, the stones caught fire. Exploration and development of this early Collie coalfield received enthusiastic support from the Government because railways and other consumers at the time depended entirely on imported coal and local wood for steam raising. Commercial mining began in the Collie area with the establishment of the Wallsend Colliery in December 1898.
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Above - A coal stack at Wesfarmers Premier Mine in Collie.
Coal has become Western Australia’s most abundant fossil fuel. Coal accounts for about half of the identified fossil fuel resources of the state. Western Australia's total coal resources are estimated at 6,840 Mega tonnes (Mt). Coal provided about 35 per cent of all electricity used in Western Australia during 2006/2007, according to the Office of Energy. 
The state’s only producing coalfield is located at Collie. Two companies – Griffin Coal Mining Company and Wesfarmers Premier Coal – mine coal at Collie. The Collie coal is relatively clean due to its low ash and sulphur content. This means that very little sulphur dioxide is released into the atmosphere. 

Most of this Collie coal is used by Verve Energy to generate power to customers throughout the South West Interconnected System (SWIS). There are several other coal deposits in WA but they are currently not being worked. They include:
· The Hill River coalfield between Jurien and Eneabba. 

· The Vasse River coalfield near Dunsborough. 

· The Wilga and Boyup coalfields, south of Collie. 
· The Esperance region. 

The environment
The challenge for Western Australian energy companies is to ensure that the coal-fired power stations meet all of the objectives of sustainable development. Coal-fired power plants release about one tonne of carbon dioxide per megawatt-hour. 

Western Australian electricity utilities are committed to continuously improving their environmental performances. For example, ageing technology is replaced with environmentally improved equipment that helps to reduce greenhouse gas emissions. 

At Muja Power Station, Verve Energy has adopted many programs to ensure the responsible care of their working environment. This includes extensive tree planting programs, as well as the installation of new equipment to reduce pollution and greenhouse gas emissions. 

Vigorous efforts have also been made to protect the environment at the Kwinana Power Station. Like Muja, the Kwinana Power Station includes precipitators that trap 99.93 per cent of the ash from emissions. To protect the nearby Cockburn Sound, all oil waste drains are fully contained within the station site and waste is disposed off site. The release of chemicals from the plant is strictly controlled.

In March 2003, a national program commenced to reduce greenhouse gas emissions from coal-fired power stations. The “Coal21” initiative was developed by the Australian Coal Association. It is a partnership between Australia’s coal and electricity industries, unions, federal and state governments and the research community. The partnership groups are working together to identify and find opportunities to reduce or eliminate greenhouse gas emissions from coal-based electricity generation in Australia. 
Wesfarmers Premier Coal has been selected to supply low ash coal to three Verve Energy stations – the Kwinana, Muja (Stages C and D) and Collie Power Stations - until 2030. Using current technologies, coal can now be burnt cleanly throughout the world. Coal is still the most abundant, widely distributed, safe and economical fossil fuel available to meet the world’s escalating electricity demand. The Western Australian Government is committed to developing environmentally efficient coal-fired power stations. At the same time, Verve Energy is working to maintain a balanced mix of energy sources, which include natural gas and renewable energy.
Useful references
Verve Energy
 http://www.verveenergy.com.au 

World Energy Congress
http://www.worldenergy.org/wec-geis/ 

The World Coal Institute
http://www.worldcoal.org/ 

The Australian Coal Association
http://www.australiancoal.com.au/ 

Griffin Coal Mining Company
http://www.griffincoal.com.au/ 

Wesfarmers Premier Coal Limited
http://www1.premiercoal.com.au/ 

International Energy Agency Website
http://www.iea.org/ 

Wikipedia – The Industrial Revolution
http://en.wikipedia.org/wiki/Industrial_Revolution 

Geocities - “Acid Rain – A Contemporary World Problem
http://www.geocities.com/narilily/acidrain.html 
The “PhysicalGeography.net” website about “Introduction to the atmosphere” http://www.physicalgeography.net/fundamentals/7h.htm 

Loy Yang Power
http://www.loyyangpower.com.au/ 

Coal21
http://www.coal21.com.au/index.php 
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