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GREENHOUSE EFFECT 
 

 
 
Description 

The greenhouse effec t is the rise in temperature that the Earth experiences because certain 
gases in the atmosphere (e.g. water vapour, carbon dioxide, nitrous oxide, and methane) trap 
energy from the sun. Without these gases, heat would escape back into space and Earth’s 
average temperature would be about 15ºC colder. Because of how they warm our world, 
these gases are referred to as greenhouse gases. 
 
Climate change represents a change in these long-term weather patterns. For example 
becoming warmer or colder, and increasing or decreasing annual rainfall or snowfall.   
Global warming  refers to an average increase in the Earth's temperature, which in turn 
causes changes in climate.  
Ozone depletion refers to the destruction of the ozone layer, the part of the atmosphere 
about 20-30km above the earth, which is caused by chlorofluorocarbons (CFCs) and halons.   
 

Contributing Factors 

As shown in the table below, the main greenhouse gases are produced from both natural and 
anthropogenic (man made) sources.  
 

Gas Sources  

Water vapour H2O Natural & 
anthropogenic 

clouds formed from atmospheric water 
vapour;  

Carbon Dioxide CO2 Natural & 
anthropogenic 

naturally being constantly exchanged 
between the biosphere (trees, animals), 
atmosphere, oceans and earth’s crust; 
Fossil fuels combustion 

Methane CH4 Natural & 
anthropogenic 

decomposition of landfill waste; Digestion in 
animals (cattle); Production of coal, natural 
gas and oil; Rice growing 

Nitrous oxide  N2O Natural & 
anthropogenic 

Soil cultivation practices (use of fertilisers); 
fossil-fuel combustion; nitric acid production; 
biomass burning  

Perfluorocarbon PFC Anthropogenic by-products of aluminium smelting and 
uranium enrichment 

Hydrofluorocarbon HFC Anthropogenic used in refrigeration and semiconductor 
manufacturing 

Sulphur 
hexafluoride 

SF6 Anthropogenic largely used in heavy industry to insulate 
high–voltage equipment  
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Concentrations of carbon dioxide in the atmosphere are naturally regulated by numerous 
processes collectively known as the “carbon cycle” as shown below (in billion metric ton of 
carbon).  The movement of carbon between the atmosphere and the land and oceans is 
dominated by natural processes, such as plant photosynthesis.  While these natural 
processes can absorb some of the net 6.1 billion metric tons of anthropogenic carbon dioxide 
emissions produced each year, an estimated 3.2 billion metric tons is added to the 
atmosphere annually.   

 
 

 
 
 

One of the main greenhouse gases is CO2, and reducing CO2 emissions can be achieved 
through:  

·  Improved energy efficiency  
·  Fuel switching (low carbon fuels)  
·  Use of renewable energy sources,  
·  Increase in natural sinks (eg increase amount of forests) 
·  Capture and storage of CO2 
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IMPACT OF HUMAN ACTIVITY 
 

 
 
 

Description 

Increasingly there is evidence that the anthropogenic (human induced) changes to the 
atmosphere are producing readily observable impacts around the globe.  These effects 
include: 

·  Changes in long term rain patterns (SW Australia); 
·  Loss of Polar Ice Cap; 
·  Global temperature rise; 
·  Increasing frequency/intensity of extreme weather events; 
·  Global sea level rise; 
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FUTURE IMPACTS 
 

 
 
 

Description 

As the temperature rises we will see increasingly greater impacts as follows: 
·  1°C above 1990 – loss of the world’s coral reefs 
·  2°C above 1990 – disintegration of Western Antarct ic Ice Sheet 
·  3°C above 1990 – breakdown of thermohaline circula tion (ocean conveyor belt) 

 
At 2°C scientists predict mass extinction of specie s, acute water shortages, ice sheets melt, 
ocean levels rise, inundation of lowlands, refugee flows.  Bangladesh may face 17% of its 
land mass being inundated with a one meter rise in the sea level.  
 
A number of scientists and commentators believe that steps must be taken to ensure that the 
global mean temperature change should not exceed 2°C (a position supported by EU).  Since 
1860 the earth has warmed 0.6°C and there is anothe r 0.5°C in the pipeline that we can’t turn 
back.  
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REDUCING FUTURE IMPACTS 
 

 
 
 
Description 

The major cause of future global warming will be the increase in the concentration of carbon 
dioxide (CO2) in the atmosphere.  In order to limit the temperature rise to about 2oC it is 
necessary to limit these concentrations to about 450 ppmv. 
 
 

 
 
 
In order to limit the concentration of carbon dioxide in the atmosphere to about 450 ppmv it 
will be necessary to substantially reduce atmospheric carbon emissions; ultimately by over 
80% from current levels over the next century or so.  The growing demand for energy, 
particularly in the developing world, could see emissions double unless major changes in 
energy use are implemented across the globe. 
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The currently available options to reduce carbon dioxide emissions include;  
·  Re-establish forests 
·  Reduce carbon dioxide and other greenhouse gas emissions to atmosphere 

o Improve energy efficiency 
o Increase use of renewables  

�  hydro, wind, solar, biomass 
�  Challenges; intermittent, diffuse, costly 

o Apply new technology to fossil fuel use 
�  Geosequestration, hydrogen as energy carrier 
�  Challenges; public acceptance, costly 

o Nuclear 
 
In reality we need to use combinations of all options to stabilise atmospheric CO2 at required 
levels. 
 
The atmosphere is a shared global resource and it is only by taking action across the globe 
that global warming can be stabilised.  Australia represents about 1.4% of global emissions 
and, outside of a leadership role, can only contribute 1.4% to the solution. 
 
Availability and economics of mitigation options varies globally due to differences in climate, 
location and geology; 

·  Climate; affects hydro, wind, solar 
·  Location; affects wave, offshore wind 
·  Geology; affects geosequestration, fossil fuel cost 

 
As an example Victoria has options which are different to NSW e.g. access to nearby carbon 
sinks. 
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COAL AND GAS COMBUSTION  
 

 
 
 

Description 

The combustion (or burning) of fossil fuels is a chemical reaction. The carbon and 
hydrogen contained in fossil fuels react with oxygen in air to produce heat, carbon 
dioxide (CO2) and water (H2O) respectively. Heat is produced because combustion is 
an exothermic (heat producing) reaction. Coal and natural gas are two fossil fuels 
that are widely used for combustion in power plants that produce electricity. The 
process of combustion for each type of fuel differs due to the fact that one fuel starts 
the process as a solid and the other as a gas. 
 
Natural Gas: 
 
Natural gas consists mainly of methane (CH4, 80% - 90%) with the remainder being 
made up of ethane (C2H6, 5% - 6%), propane (C3H8, 1% - 2%), butane (C4H10, <1%) 
and pentane (CH3(CH2)3CH3, <1%). Natural gas also contains some nitrogen and 
carbon dioxide. The chemical formula for the combustion of methane is: 

 
This formula means that when one molecule of methane is reacted with 2 molecules 
of oxygen, one molecule of carbon dioxide and 2 molecules of water with 891 kJ of 
heat being released. Natural gas has a lower carbon ratio than most other fossil fuels 
because it is made up of compounds that have higher ratios of hydrogen (refer to 
chemical formula for each constituent above), which forms water vapour when it is 
combusted.  

Typically natural gas has an energy content of around 40 MJ/m3. This means that a 
cubic meter of natural gas will give off 40 MJ of heat when it is fully combusted. The 
density of natural gas under standard atmospheric conditions is typically 0.76 kg/m3 
which make it lighter than air. 

Coal: 

Coal is a black porous solid consisting mainly of combustible carbon combined with 
varying amounts of hydrogen, oxygen, nitrogen, sulphur, traces of other elements 
and incombustible mineral matter. It was formed millions of years ago when 
vegetable matter from trees and other plants sank into swamps and was buried 
under sediment. The pressure and heat below the earth’s surface gradually 
transformed this matter into coal through a process know as coalification. During this 
process the plant matter changes to peat, then lignite (brown coal), and then finally to 
bituminous coal (black coal) as shown in the diagram below: 
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The Coalification Process 

 

Coal is a complex multiphase mixture of carbon based compounds, mineral matter 
and voids (which are generally filled with water). It is a more complex type of fossil 
fuel than natural gas and has a higher ratio of carbon to hydrogen. A typical ultimate 
analysis of an export quality coal that is used for combustion in electrical power 
plants is: 

Carbon 80% 

Hydrogen 5% 

Nitrogen 2% 

Sulphur 0.5% 

Oxygen 10% 

 

The combustion of coal differs from natural gas in that it starts the combustion 
process as a solid particle. Coal is ground into very fine particles that are around 75 
microns in size (about the same fineness as talcum powder). The combustion of coal 
involves a three step process: 

 

1. Release and combustion of volatile matter (devolatisation) 

2. Residual char combustion, and 

3. Release of coal mineral matter 

The diagram below represents what happens to each coal particle when it undergoes 
combustion: 
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During the first stage of combustion, called devolatisation, the coal particle 
decomposes as heating takes place, releasing volatile matter. These gaseous 
volatiles contain a variety of gases including carbon dioxide, nitrogen, water vapour, 
carbon monoxide, hydrogen and many other different hydrocarbons. These are 
mixed with the surrounding air and are rapidly burnt. 

 

Following devolatisation, a solid char particle remains which reacts with the oxygen 
on its surface. This remaining particle consists of near pure carbon and the remaining 
mineral matter. Char combustion is a much slower process than devolatisation and it 
determines the time for complete combustion of the coal particle. This time is usually 
number of seconds in a conventional coal fired boiler. 

 

In the final stage of combustion, the char particle burns out (i.e. the carbon fully 
reacts with oxygen to form carbon dioxide) and the mineral matter in the coal is 
released forming either residual fly ash or agglomerated ash (known as slag). 
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CONVENTIONAL POWER PLANT OPERATION  

 
Description 

Conventional power plants utilise steam as a working fluid to drive steam turbines. 
These turbines are coupled to electrical generators that in turn produce electricity for 
supply to the electricity network. 
 
All conventional power plants require high purity water to minimise corrosion and 
scaling of high temperature components when the water is converted to steam. 
Water purification plants are utilised to remove chlorine, water hardness, suspended 
particles, entrained oxygen and other undesirable elements for supply of make-up 
water to the power plant. This water is called make-up water as it is used replace 
water that has been lost during use in the steam cycle. 
 
Water is turned into steam within the boilers of a power plant. A boiler consists of a 
furnace where a fuel is combusted (typically coal, gas or oil) to create heat. Gas and 
oil are supplied to burners within the boiler via pipes whereas coal needs to be 
pulverised to a very fine powder (about the same fineness as talcum powder). Coal is 
pulverised in coal mills and then is blown into the boiler where it is combusted. 
 
A boiler is a furnace that is surrounded by metal tubes that have water flowing 
through them. This water is first converted to saturated steam (still having water 
droplets in it) and then into superheated steam that is basically a very hot, dry gas 
(temperature >450 oC) at very high pressure (typically 16,000 kPa). 
 
This superheated steam then is transported through steel pipes to the inlet of the 
steam turbines. These turbines convert the kinetic energy of the steam into electricity 
through an electrical generator. Steam turbines consist of a series of rows of blades 
fixed to a shaft through which the entering steam expands (going from high pressure 
to low pressure), causing the turbine shaft to rotate at high speed (3000 r.p.m). The 
turbine shaft is directly bolted to the rotor of the electrical generator. The electricity 
that is produced from the generator is converted to a higher voltage through a 
transformer to allow more efficient transmission through the electricity network. 
 
Once the steam has passed through the steam turbine it is converted back to water 
in the power plant condensers. These condensers are heat exchangers that use 
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cooling water (sourced either from a dam or the ocean) to cool the steam exhausting 
from the turbine back to water. This condensed high purity water is then pumped 
back to the power plant boilers to be converted back into steam to start the cycle 
over.  
 
Cooling water that is used from a dam needs to be cooled down so that it can be re-
used in the power plant condensers. This water is sprayed into cooling towers and 
collected at the bottom for return as cooling water. The plume rising from these 
cooling towers is often mistaken as smoke when in fact it is only water vapour. 
 
The combustion of fossil fuels produces pollutants and by-products that can be 
removed by various technologies. The three principal pollutants produced are sulphur 
dioxide (produced from any sulphur in the fuel), oxides of nitrogen (produced from 
nitrogen contained in the fuel and the air used for combustion) and particulates (non-
combustible particles that pass through the boiler).  
 
Sulphur dioxide can be removed through the use of flue gas desulphurisation plant 
that utilises lime contained in water sprays that come into contact with the flue gas 
exiting the boiler. The lime reacts with and captures the sulphur which than can be 
removed from water collected from the plant. 
 
Oxides of nitrogen can be removed through the use of catalytic reduction plants that 
have a series of porous membranes that react with these oxides to capture them. 
Oxides of nitrogen can also be further reduced through the use of special burners 
that minimise their production during combustion. 
 
Particulates can either be removed through the use of electrostatic precipitators or 
fabric filters. Electrostatic precipitators consist of a series of electrically charged 
parallel plates that attract particles in the flue gas to them. Once a sufficient amount 
of particles have been collected, they are then removed from the plates by vibrating 
the plates. Fabric filters work in a similar fashion to vacuum cleaner bags as another 
way of collecting the particles in the flue gas exiting the boiler. The dust collected 
from either type of system is called fly ash. This ash is either beneficially used in 
applications such as in cement manufacture or is stored in ash dams. 
 
An aerial view of a conventional power plant: 
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COAL GASIFICATION AND INTEGRATED GASIFICATION COMBI NED 
CYCLE 

 

 
 
Description 

Coal gasification  is the process of converting coal to a gaseous fuel through partial 
oxidation.  The coal is fed into a high-temperature pressurized container along with steam and 
a limited amount of oxygen to produce a gas.  The gas is known as synthesis gas or syngas 
and mainly consists of carbon monoxide and hydrogen.  The gas is cooled and undesirable 
components, such as carbon dioxide and sulphur are removed.  The gas can be used as a 
fuel or further processed and concentrated into a chemical or liquid fuel. 
 
Integrated gasification combined-cycle  (IGCC) systems combine a coal gasification unit 
with a gas fired combined cycle power generation unit.  The first stage is the coal gasification 
process as mentioned above.  The second stage takes the cleaned gas and burns it in a 
conventional gas turbine to produce electrical energy, and the hot exhaust gas is recovered 
and used to boil water, creating steam for a steam turbine which also produces electrical 
energy.  In typical plants, about 65% of the electrical energy is produced by the gas turbine 
and 35% by the steam turbine.   
 
In general the advantages of IGCC are: 

·  It can achieve up to 50% thermal efficiency.  This is a higher efficiency compared to 
conventional coal power plants meaning there is less coal consumed to produce the 
same amount of energy, resulting in lower rates of carbon dioxide (CO2) emissions 

·  It produces about half the volume of solid wastes as a conventional coal power plant. 
·  It uses 20-50% less water compared to a conventional coal power station. 
·  It can utilise a variety of fuels, like heavy oils, petroleum cokes, and coals.  
·  Up to 100% of the carbon dioxide can be captured from IGCC, making the technology 

suitable for carbon dioxide storage. 
·  carbon capture is easier and costs less than capture from a pulverised coal plant 
·  A minimum of 95% of the sulphur is removed and this exceeds the performance of 

most advanced coal-fired generating units currently installed. 
·  Nitrogen oxides (NOx) emissions are below 50ppm. This is lower than many of 

today’s most advanced coal-fired generating units. 
·  The syngas produce from a gasifier unit can be burned in a gas turbine for electricity 

generation, or used as a fuel in other applications, such as hydrogen-powered fuel 
cell vehicles 
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Below is a picture of the IGCC Puertollano power station, in Spain.  The 335 MW 
demonstration plant have been designed to use a 50/50 mixture of high ash local coal and 
petroleum coke from a nearby refinery and has been operational since 1996. 
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GAS TO LIQUIDS 
 
 

Synthesis
Gas

Production

Fischer
Tropsch
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Product
Refining

Limited
Oxygen

Natural Gas
OR Coal

Steam
Syngas

Liquid
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Definition  

Gas to Liquid  (GTL) technology is converting natural gas to liquids.    
 
There are two broad gas to liquid technologies that can produce a synthetic petroleum 
product:  

·  direct conversion from natural gas  
·  indirect conversion via synthesis gas (syngas) 

 
The direct conversion of methane, (typically 85 to 90% of natural gas), eliminates the cost of 
producing synthesis gas but is difficult to control.  Several direct conversion processes have 
been developed but none have been commercialised due to the high costs involved.   
 
Indirect conversion can be carried out via Fischer-Tropsch synthesis, as shown in the above 
diagram.  This technology has been proven and commercialized.   
 
Process Description 

The gas to liquid process is based on 3 primary steps: 
·  The production of synthesis gas  – the natural gas or coal is reacted with oxygen 

and steam to produce synthesis gases, which consist mainly of carbon monoxide and 
hydrogen.  Synthesis gas can be obtained from reforming of natural gas with either 
steam or carbon dioxide, or by partial oxidation.  Another method to produce syngas 
is from coal gasification.  

·  The conversion of synthesis gas  to liquid hydrocarbons – the synthesis gas 
flows into a reactor containing a catalyst (iron- or cobalt-based) that converts it into 
liquid hydrogen.  The temperature, pressure and catalyst are varied to produce the 
different products.  

·  The refining of liquid hydrocarbons to products – the hydrocracking, 
isomerisation, catalytic reforming, alkylation and refining of hydrocarbon into the 
various products like, diesel, naphtha and wax.  These conversion processes use 
similar equipment to that operating in many oil refineries.   

 
Potential Benefits  

GTL technology has the potential to offer a number of benefits, including: 
·  to convert gas considered “stranded” (too far from consumer and difficult to transport) 

into liquid petroleum that is easier and more economical to transport    
·  to increase future supplies of liquid hydrocarbons  
·  to eliminate the need for flaring natural gas to the atmosphere 
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CARBON CAPTURE AND STORAGE  
 

 
 
 

Description 

Carbon capture and storage is the terminology given to a number of processes and 
technologies that are involved with the capture, beneficial use and permanent 
storage of carbon dioxide. The beneficial uses for carbon dioxide include enhanced 
oil recovery (1) and extraction of coal bed methane (2). Both these processes involve 
the injection of carbon dioxide into underground oil fields and coal beds that assists 
in forcing out more oil or methane gas from the respective types of reservoirs. 

 

Carbon Storage: 

There are a number of potential options available for the permanent storage of 
carbon dioxide underground (a process also known as geo-sequestration). Some 
these options include: 

·  Injection into depleted oil and gas reservoirs (3) 

·  Injection into deep un-minable coal seams (4) 

·  Injection into large subterranean voids and cavities (5) 

·  Injection into deep saline aquifers (6) 

 

 All of these processes involve the use of compressors to increase the pressure of 
the carbon dioxide stream to a sufficient level to enable deep injection into a suitable 
reservoir. The further development of these processes is of importance to both the oil 
& gas industry and the electricity industry as they offer a way of reducing the amount 
of carbon dioxide emitted to atmosphere. Significant research and development work 
is currently underway across the world that is aimed at modelling and demonstrating 
the permanence and safety of underground carbon dioxide storage. 

 

The injection of carbon dioxide deep underground is not new and has been utilised 
for some years within the oil and gas industry. The technologies developed in this 
industry are now being looked at being applied to the electricity industry as a carbon 
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dioxide reduction option. An example of an existing project that is already injecting 
carbon dioxide deep underground into a saline aquifer is the Sleipner project, located 
in the North Sea. This project has been injecting approximately one million tonnes of 
carbon dioxide a year since 1996 into a saline aquifer located 800 metres below the 
sea bed. The following diagram provides an overview of the Sleipner project: 

 

 

 

A number of other projects are currently being assessed and developed in different 
countries throughout the world. 

 

Carbon Capture: 

Carbon storage relies on the effective capture of carbon dioxide at a sufficient 
enough purity to make deep injection feasible and economic. There are a number of 
ways in carbon dioxide can be captured from electricity generation processes. The 
three main options for carbon dioxide capture from power generation are: 

·  Pre-combustion capture 

·  Post-combustion capture 

·  Oxyfuel combustion 

 

Pre-combustion capture involves the removal of carbon from fuel prior to complete 
combustion. This process relates to gasification based technologies such as coal 
gasification to produce a carbon monoxide and hydrogen stream that can be further 
split into carbon dioxide and hydrogen. The carbon dioxide is then available for 
compression and storage, and the hydrogen can be used as a combustion fuel. 

Post-combustion capture involves the removal of carbon dioxide after combustion by 
treating the exhaust gas stream in specifically designed plant that can chemically 
remove it. A number of separation and capture processes are being investigated 



Page 18 of 20 

such as absorption techniques (such as amine scrubbing), adsorption techniques 
(examples include temperature-swing and pressure swing adsorption) and the use of 
membranes. The most widely used technique at this stage is amine scrubbing. 

 

Oxyfuel combustion is a technique that alters the combustion environment within a 
boiler to produce an exhaust gas stream that is near pure carbon dioxide. In 
conventional boilers air is used to enable combustion of fossil fuels. Air contains 
nearly 80% nitrogen so the exhaust flue gas stream from a boiler using air has a 
large amount of nitrogen in it. The other significant component of the exhaust stream 
is carbon dioxide. Oxyfuel combustion replaces air with near pure oxygen to act as 
the oxidant in the combustion process (i.e. removing the nitrogen from the air prior to 
entry into the boiler). The carbon and hydrogen in the boiler fuel react with the 
oxygen to produce a relatively pure stream of carbon dioxide and water vapour 
exiting the boiler. The carbon dioxide stream can then be made available for 
compression and storage. 

 

Each of the three ways of capturing carbon dioxide capture are at different stages of 
technology development and research and development will continue for each. The 
diagrams below provide an overview of each of the carbon capture options available: 

 

 

Pre-Combustion Capture 
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Post-Combustion Capture 

 

 

 

Oxy-Fuel Combustion  
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Further sources of information 
 
 
Australian 

·  Australian Greenhouse Office (AGO) 
www.greenhouse.gov.au 

·  Cooperative Research Centre (CRC) for Clean Power from Lignite 
http://www.cleanpower.com.au/ 

·  Cooperative Research Centre for Coal in Sustainable Development (CCSD)  
www.ccsd.biz/ 

·  Cooperative Research Centre for Greenhouse Gas Technologies (CRC CO2) 
www.co2crc.com.au 

 
 
United States of America 

·  US Department of Energy (DOE), Office of Fossil Energy  
www.fe.doe.gov 

·  US Environmental Protection Agency (EPA) 
www.epa.gov 

 
 
International  

·  Carbon Sequestration Leadership Forum 
www.cslforum.org 

·  International Environmental Agency (IEA) Clean Coal Centre  
www.iea-coal.co.uk 

·  International Environmental Agency Greenhouse Gas R&D programme (IEA GHG)  
www.ieagreen.org.uk 

·  Intergovernmental Panel on Climate Change (IPCC)  
www.ipcc.ch/ 

·  Pew Centre on Global Climate Change  
www.pewclimate.org/ 

 
 


