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energy
What is Energy?

Energy is the ability or the potential of something to “do work”. Therefore, all matter is considered to be a potential form of energy.
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Above - A young Albert Einstein while working for a Swiss patents office.
What are the Forms of Energy?

Energy is found in many forms, such as light, heat, sound and motion. All energy forms can be classified into two categories, kinetic energy and potential energy.
1. Kinetic energy is energy in motion, such as waves, electrons, atoms, molecules, substances and objects. Different kinds of kinetic energy include: 

Electrical energy is the movement of electrical charges. Everything is made of tiny particles called atoms. Atoms are made of smaller particles, known as electrons, protons and neutrons. Applying a force can make these electrons move. Electrical charges moving through a wire is called electricity. Lightning is another example of electrical energy.

Radiant energy is electromagnetic energy that travels in transverse waves. Radiant energy includes visible light, x-rays, gamma rays and radio waves. Light is one type of radiant energy. Solar energy is an example of radiant energy.

Thermal energy, or heat, is the internal energy in substances – the vibration and the movement of atoms and molecules within substances. Geothermal energy is an example of thermal energy.

Motion energy is the movement of objects and substances from one place to another. Objects and substances move when a force is applied to them, according to Isaac Newton’s Laws of Motion. Wind is an example of motion energy.

Sound is the movement of energy through substances in longitudinal waves. Sound is produced when a force causes an object or substance to vibrate – the energy is transferred through the substance in a wave. 
2. Potential energy is stored energy and the energy of position, known as gravitational energy. There are several forms of potential energy: 

Chemical energy is energy stored in the bonds of atoms and molecules. It is the energy that holds these particles together. Biomass, petroleum, natural gas, and propane are examples of stored chemical energy.

Stored mechanical energy is energy stored in objects by the application of a force. Compressed springs and stretched rubber bands are examples of stored mechanical energy.

Nuclear energy is energy stored in the nucleus of an atom – the energy that holds the nucleus together. The energy can be released when the nuclei are combined or split apart. Nuclear power plants split the nuclei of uranium atoms in a process called fission. The sun combines the nuclei of hydrogen atoms in a process known as fusion.
Gravitational energy is the energy of position or place. A rock resting at the top of a hill contains gravitational potential energy. Hydropower, such as water in a reservoir behind a dam, is an example of gravitational potential energy. One of the best gravitational wave detectors in the world was built at the University of Western Australia in the 1980s. 
The above forms of kinetic and potential energy are governed by the law of conservation of energy (the first law of thermodynamics). Under this law, energy cannot be created or destroyed. When we use energy, it doesn’t disappear. We can change energy from one form to another form, but the total energy remains the same.

Sources of Energy
We use many different energy sources to do work for us. On average, every person in the industrialised world uses about six times the amount of energy as every person in the developing world. Primary energy sources are classified into two groups - non-renewable and renewable.
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Above – Main energy sources used in electricity generation today.
Non-renewable energy sources include coal, natural gas, petroleum (the three fossil fuels), uranium (a source of nuclear energy) and propane. These energy sources are called non-renewable because their supplies are limited; they draw on finite resources that will eventually dwindle. Petroleum, for example, was formed millions of years ago from the remains of sea plants and animals.

We cannot make petroleum in a short time. These non-renewable energy sources are used to make electricity, to heat our homes, to move our cars and to manufacture all kinds of products. 

Renewable energy sources include solar power, solar thermal, wind turbines, hydro power, wave and tidal power, biomass-derived liquid fuels, biomass-fired generation and geothermal energy. These energy sources are called renewable because they are constantly replenished and they do not run out. 

Day after day, the sun shines, the wind blows, and the rivers flow. We mainly use renewable energy sources to make electricity. 

Australia’s Energy Industry
 Our national wealth depends upon reliable, safe and high-quality energy supplies in Australia. The energy sector encompasses the identification and development of primary energy sources such as coal, gas, oil and uranium, as well as renewables like hydro-electricity, wind, solar and biomass. 
Australians spend about $57 billion on energy a year. Energy exports - including coal, natural gas, oil, petroleum products and uranium - earn about $43 billion a year.

Energy is a significant input for major industries such as aluminium, steel, cement and pulp and paper; their international competitiveness relies on access to competitively priced, reliable energy. The energy sector directly employs about 90,000 Australians while energy-intensive industries employ hundreds of thousands more people. The aluminium, cement and paper industries alone employ 30,000 people.
Australians continue to demand more energy to meet our electricity needs. Over the past 30 years, Australian energy consumption has more than doubled from 2,700 petajoules (PJ) to more than 5,770 PJ a year. One petajoule (PJ) of energy approximates to 278 gigawatt hours (GWh). Energy consumption in Western Australia has risen by an average rate of four per cent each year. 

Fossil fuels are the primary sources for supplying our energy needs. The electricity generation sector accounts for about 31 per cent of total energy consumption. Coal provides about 50% of Australia’s electricity needs. Renewable energy sources contribute five per cent of energy used in electricity generation in 2006/2007.  However, the use of natural gas and renewable energy is increasing significantly throughout Australia.
Our energy demand is projected to increase by 50 per cent by 2020. The energy industry has estimated that at least $72 billion in energy investments will be required by 2020 to meet the nation's energy needs. Western Australian electricity utilities are confident they will meet the growing energy demands in an environmentally safe way, while working to minimise greenhouse gas emissions. 

Fossil fuels contain carbon and when these fuels are burned, the carbon is released into the atmosphere and combines with oxygen to make carbon dioxide, one of our main greenhouse gases. Energy production and energy use contributed to 68 per cent of Australia’s greenhouse gas emissions in 2003. This is expected to rise to 72 per cent by 2020.  

Due to the growing focus on the environmental impact of energy use and the depletion of increasingly expensive fossil fuel resources, the use of renewable energy will continue to rise in Western Australia. In 2005/2006, renewable energy accounted for 3.2 per cent of the state’s electricity generation, nearly half of which is produced by wind power. Western Australian electricity businesses have been actively working to significantly reduce greenhouse gas emissions and there are a number of State and Federal Government programs to meet this goal.

As part of these programs, state electricity businesses have been committed to meeting stringent government requirements to generate additional electricity from renewable energy sources. Both State and Federal Government grants have assisted Western Australian energy utilities and other local industry members to research and develop renewable energy technologies. 
Energy Figures

Units:
	Symbols
	Name of Unit

	g
	gram

	j
	joule

	L
	litre

	m
	metre

	Pa
	pascal

	t
	tonne

	V
	volt

	W
	watt

	Wh
	watt-hour


Prefixes: 

	milli (m)
	10-3
	.001

	kilo (k)
	103
	1,000

	mega (M)
	106
	1,000,000

	giga (G)
	109
	1,000,000,000

	tera (T)
	1012
	1,000,000,000,000

	peta (P)
	1015
	1,000,000,000,000,000

	exa (E)
	1018
	1,000,000,000,000,000,000


Energy conversions:

Here are some interesting energy facts and figures from the “Energy Western Australia” booklet, published by the Office of Energy in 2003.
	Solid fuels 
	Energy content
	Carbon dioxide
produced by combustion 

	 
	(GJ/t)
	kg of CO2/GJ
	kg of CO2/t

	Coal (Collie) 
	19.7
	93.8
	1,847.9

	Wood
	16.2
	91.0*
	1,474.2


Estimate of the emissions resulting from the combustion of wood. Assumes dry wood with a carbon content of 40 per cent and specific gravity of 16.2 GJ/t. Does not take into account regrowth of timber and the net impact of the wood industry on emissions.
	Gaseous fuels 
	Energy content
	Carbon dioxide
produced by combustion 

	 
	MJ/m3
	kg of CO2/GJ
	kg of CO2/m3

	Natural gas 
	38.2
	52.4
	2.0


	Liquid fuels 
	Energy content
	Carbon dioxide
produced by combustion 

	 
	MJ/L
	kg of CO2/GJ
	kg of CO2/L

	Automotive distillate
	38.6
	70.1
	2.7

	Aviation gasoline 
	33.0
	68.0
	2.2

	Aviation turbine fuel 
	36.8
	70.1
	2.6

	Condensate
	32.0
	68.2
	2.2

	Crude oil 
	37
	68.2
	2.5

	Fuel oil 
	39.7
	72.9
	2.9

	Heating oil 
	37.3
	70.1
	2.6

	Industrial distillate 
	39.6
	70.1
	2.8

	Kerosene
	36.6
	70.1
	2.6

	LNG
	25.0
	52.4
	1.3

	LPG
	25.7
	59.4
	1.5

	Motor spirit
(petrol)
	34.2
	66.0
	2.3


Useful References
Horizon Energy
http://www.horizonpower.com.au/
Verve Energy
http://www.verveenergy.com.au/

Synergy
http://www.synergy.net.au/index.html

Western Power
http://www.westernpower.com.au/

Kids’ Energy Sites
http://www.eia.doe.gov/kids/index.html 
http://www.energyquest.ca.gov/

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

Securing Australia’s Energy Future http://www.efa.com.au/Library/CthEnergyWhitePaper.pdf
General Information

http://adl.brs.gov.au/forestsaustralia/publications/sofr2008.html

http://www.abare.gov.au/

http://www.ibisworld.com.au/

http://www.world-aluminium.org/Statistics
http://www.ihkkoblenz.de/produktmarken/international/anhaengsel/australien/aktuelles/AusTrade.pdf
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