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We all share a vision of a better world, one in which economic activity and environmental sustainability work
together to drive social prosperity. This is the vision of sustainable development. The potential impact of
climate change and the need to reduce greenhouse gas emissions is a reminder of the many challenges still
to be faced in realising this vision. 

Responding to the challenge of climate change will require fundamental changes in the way we go about
generating our wealth and prosperity, and necessitate technological change on a large scale.

Our use of fossil fuels for energy purposes is largely responsible for the build-up of greenhouse gases in the
atmosphere over the past century. But the explosion of economic growth and prosperity that has taken place
since the Industrial Revolution was built on fossil energy. The global economy, including Australia’s, continues
to be heavily reliant on coal, oil and gas. 

The search for more sustainable energy sources capable of replacing fossil fuels but still meeting our huge
and ever expanding energy needs is gaining momentum. But the scale of the technological and economic
challenge is enormous. Any substantial transition away from fossil fuels is likely to take many decades.
Technologies that are capable of reducing greenhouse gas emissions from fossil fuels must therefore play a
vital role during that long transition. 

Coal plays a major role in the Australian economy. It is our most abundant energy resource and the lowest cost fuel
for power generation, supplying around 80 per cent of the nation’s power. Its use is also responsible for nearly a third
of our greenhouse gas emissions. 

Fortunately, a number of emerging technologies provide realistic prospects of economically reducing or
eventually even eliminating the emissions that result from the use of coal. COAL21 is an important multi-
stakeholder process aimed at positioning Australia to take full advantage of these technologies, and to play a
leading role in their development and deployment.

The first phase of COAL21 is the development of a national plan of action for reducing greenhouse gas
emissions from the use of coal in electric power generation. This Issues Paper is aimed at helping participants
in the COAL21 process to identify the key issues that need to be addressed in the plan. It also provides all
stakeholders with an opportunity to have input. Further information can be found in the Preface.

The energy choices Australia makes over the next few decades will affect everyone in the community, whether
through the prices they pay directly or through the wider impacts on the economy.  The affordability,
reliability and security of our electricity supply will continue to be vital to national prosperity. The choices
Australia and the rest of the world make about energy may also affect every Australian if those choices
cannot deliver a significant and timely reduction in emissions of greenhouse gases.

M A (Tim) Besley AC
Chairman
COAL21 Steering Committee
August 2003
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Background to COAL21
COAL21 is a partnership between the coal and electricity industries, federal and state governments and the

research community. It commenced in March 2003 when the Australian Coal Association issued invitations

to participate in a process aimed at first identifying, and then realising, the potential for reducing or

eliminating greenhouse gas emissions that arise from the use of coal in electricity generation in Australia.

The formal objectives of COAL21, adopted by the participants, are to:

1. Create a national plan to scope, develop, demonstrate and implement near zero
emissions coal-based electricity generation that will achieve major reductions 
in greenhouse gas emissions over time and maintain Australia’s low cost 
electricity advantage.

2. Use the plan to inform governments and industry as an input to policy 
development.

3. Facilitate the demonstration, commercialisation and early uptake of 
technologies identified in the plan.

4. Promote relevant Australian RD&D so that it can both build upon and make a 
unique contribution to international RD&D in the area.

5. Foster greater public awareness of the role of coal and the potential for near 
zero emissions coal-based electricity generation to significantly reduce or 
eliminate greenhouse gas emissions and other environmental impacts 
associated with its use.

6. Provide a mechanism for effective interaction and integration with other 
international zero-emission coal initiatives.

P R E F A C EP R E F A C E
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2.1 National policy context
The core objective of COAL21 - to reduce

greenhouse gas emissions while maintaining

Australia’s energy and industry competitiveness - is

consistent with a number of important national

policy objectives, including greenhouse and broader

environmental policies, national energy policy, and

the principles of sustainable development.

2.1.1 National greenhouse policy
Australia’s current efforts to reduce greenhouse gas

emissions are consistent with its obligations under

the United Nations Framework Convention on

Climate Change (FCCC) which it ratified in 1992,

and the Kyoto Protocol. The ultimate objective of

the FCCC is to achieve stabilisation of greenhouse

gas concentrations in the atmosphere at a level

that would prevent the possibility of human-

induced interference with the climate system

(within a timeframe sufficient to enable economic

development to proceed in a sustainable manner).

Under the Kyoto Protocol, Australia negotiated an

emissions target of 108 per cent of 1990 levels to

be achieved in the period 2008-12. While Australia

has not ratified the Protocol (which is yet to enter

into force), the Commonwealth Government has

committed to continue to develop and fund

domestic programs to meet the target, with a focus

on the longer term.

In 1992 all Australian governments adopted the

National Greenhouse Response Strategy (NGRS)

as a first step towards meeting Australia’s

obligations under the FCCC. The NGRS was

replaced by the National Greenhouse Strategy

(NGS) in 1998 following a review.

The three goals set out in the NGS are:

1. To limit net greenhouse gas emissions, in 

particular to meet our international 

commitments

2. To foster knowledge and understanding of 

greenhouse issues

3. To lay the foundations for adaptation to climate 

change

The NGS also recognised a number of important

principles that should guide action on greenhouse

including:

* The need for a comprehensive greenhouse 

response that recognises Australia’s national 

interests and circumstances

* The need to integrate greenhouse considerations

with other government commitments

* The pursuit of greenhouse action, consistent 

with equity and cost effectiveness, and with 

multiple benefits

* Recognition of the importance of partnerships 

between governments, industry and the 

community

* The need for action to be informed by research

The objectives of COAL21 are consistent with all of

these principles. The NGS also specifically

recognises the need to pursue opportunities to

reduce the greenhouse intensity of Australia’s

energy supply wherever practicable. The Strategy

does not set specific targets for this, and is not

prescriptive about how it should be pursued. 

2 .  P O L I C Y  C O N T E X T2 .  P O L I C Y  C O N T E X T
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2.1.2 National energy policy
While Australia does not currently have a formal

national energy policy, COAG has agreed the

following set of objectives in developing a National

Energy Policy Framework: 

1. Competitive Energy:  Encouraging efficient 

provision of reliable, competitively priced energy 

services, underpinning wealth and job creation 

and improved quality of life, taking into account 

the needs of regional, rural and remote areas

2. Energy Security:  Encouraging responsible 

development of Australia’s energy resources, 

technology and expertise, their efficient use by 

industries and households and their exploitation 

in export markets

3. Environmental Sustainability:  Mitigating local 

and global environmental impacts, notably 

greenhouse impacts of energy production, 

transformation, supply and use

The central role coal plays in Australia’s energy

system means that any technologies or strategies

that reduce coal’s environmental impacts without

an undue impact on competitiveness can make an

important contribution to meeting all three

objectives.

COAL21 is also consistent with a number of

important principles COAG has endorsed to support

the objectives, including:

1. Recognise the importance of competitive and 
sustainable energy markets

2. Continually improve Australia’s national energy 
markets

3. Enhance the security and reliability of energy 
supply

4. Stimulate sustained energy efficiency 

improvements

5. Recognise and enhance Australia’s 

competitiveness in world energy markets

6. Consider the social and economic impacts on 

regional and remote areas

7. Facilitate effective inter-jurisdictional             

co-operation and productive international 

collaboration on energy matters

2.1.3 COAL21 and sustainable 
development

Governments in Australia and most other countries

have committed to the principles of sustainable

development, most commonly defined as

development that meets the needs of the present

generation, without compromising the ability of

future generations to meet their own needs.

The use of fossil fuels is by definition

unsustainable because reserves are finite (although

in the case of coal they are also very large). The

potential environmental impact of greenhouse gas

emissions currently associated with all fossil fuels

is also unsustainable. However the world has not

yet developed alternatives that are capable of

effecting a rapid transition away from dependence

on fossil energy. Technologies that can reduce the

adverse environmental impacts of fossil fuels are

therefore a crucial bridge to sustainable

alternatives that may emerge in the longer term,

including hydrogen. The objectives of COAL21 can

be seen as delivering benefits during this

transition, and, through technologies like coal

gasification which produces hydrogen, ultimately

contributing to the development of future

hydrogen based energy systems.
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The role of coal in sustainable development was

explicitly recognised by the Executive Director of

the International Energy Agency (IEA), Mr Robert

Priddle, in his statement to world leaders at the

2002 World Summit on Sustainable Development

held in Johannesburg:

“.... renewables alone do not offer us a

path to a sustainable future within our

present span of vision.  Economic

development and poverty eradication

depend on secure, affordable energy

supplies.  These supplies will come in

many forms.  Fossil fuels, though

environmentally-challenged, can meet

the criteria of security and affordability.

Technology, driven by the right

incentives, offers possible answers to

the environmental problems - clean

coal technology, and technologies to

safely capture and store carbon.  The

right mix of fuels must be determined

by economic criteria, taking full

account of costs and benefits not fully

reflected in market prices.”

2.2 The international context
The transition to more sustainable energy systems

is likely to be a lengthy process. Every credible

projection of likely future energy demand sees

fossil fuels continuing to account for around 90 per

cent of world primary energy demand for the next

few decades at least.  According to the IEA 5, coal’s

share of both total primary energy demand (26 per

cent) and electricity generation (40 per cent) is

likely to decline very slowly over time, but the total

amount of coal used is expected to continue

growing, in line with rapidly growing energy

demand. An additional 1400 gigawatts of coal-

based generation capacity (more than 50 times

Australia’s current coal-based capacity) is expected

to be installed world-wide in the period 2000-30.

Growth in coal use for electric power generation in

developing countries is expected to be particularly

strong, almost tripling over the next three decades. 

Recognising the implications of this growth for

greenhouse gas emissions, and the importance of

coal in their own energy supply, a number of

countries are now turning serious attention towards

developing lower or zero emission technologies for

coal. COAL21 will help Australia to define the role it

can play in contributing to this global effort. That

fossil fuels will remain the mainstays of Australia’s

energy for the foreseeable future must be

accomodated in any greenhouse response.
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3.1 Introduction
As with most other areas of human endeavour, the

technologies associated with both the production

and use of coal have been constantly evolving. They

are dynamic, not static. 

The efficiency with which the energy locked in coal

can be extracted and transformed into useful

energy has improved dramatically. The amount of

electricity that can be generated from a tonne of

coal today would have required over four tonnes a

hundred years ago. Higher efficiency (known as

thermal efficiency) means less coal is used and less

pollution created for every unit of electricity

generated.

Major advances have also been made in reducing

the environmental impacts of coal use. Local

pollution from emissions of sulphur dioxide (not an

issue in Australia because of our low sulphur

coals), nitrous oxide and particulates can be

virtually eliminated from modern power stations.

The technologies that make this possible have

emerged over recent decades in response to

problems like acid rain in the Northern

Hemisphere, community demands for cleaner air in

populated areas, and regulatory requirements.

The need to reduce greenhouse gas emissions,

particularly CO2, the main greenhouse gas, poses a

new challenge. Major programs aimed at meeting

this challenge are now underway in a number of

countries and international collaboration is

increasing. 

3.2 Summary of abatement 
opportunities

Greenhouse gas emissions occur at a number of

stages in the coal life cycle including the mining

process, however the release of CO2 when coal is

combusted in power stations typically accounts for

more than 95 per cent of the total for both black

and brown coal6. It is not possible to combust coal

or any other carbon containing material without

generating CO2 in direct proportion to the carbon

content of the fuel. Opportunities to reduce

emissions from coal over the full coal life cycle are

briefly described and their relative abatement

potential assessed in Table 1.

3 .  R E D U C I N G  G R E E N H O U S E  G A S  E M I S S I O N S  F R O M  T H E  U S E  O F  C O A L  3 .  R E D U C I N G  G R E E N H O U S E  G A S  E M I S S I O N S  F R O M  T H E  U S E  O F  C O A L  
I N  E L E C T R I C I T Y  G E N E R AI N  E L E C T R I C I T Y  G E N E R A T I O N :  T E C H N O L O G Y  O P T I O N S  A N D  I S S U E ST I O N :  T E C H N O L O G Y  O P T I O N S  A N D  I S S U E S
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Option Description Relative abatement 
potential

Greater energy Improving the energy efficiency of all processes associated with the extraction, Low
efficiency in handling and transportation of coal prior to its use in power plants means that 
mining operations less fuel is used and less greenhouse gases emitted for each tonne of coal mined 

and delivered to the point of use.

Preventing methane Methane, a potent greenhouse gas, is released from some coal seams during Low
release mining operations. Common practice has been to vent this potentially explosive 

gas to the surface to reduce the serious safety hazard it poses in underground 
operations. Alternatives to venting include capturing the methane for use as a
valuable energy source for power generation, or flaring the gas to produce 
carbon dioxide. The technology for extracting and utilising coal seam methane 
is well developed and is being progressively implemented in a number of 
underground coal mining operations. Absolute abatement potential from 
methane management is significant, although it is low in relative terms given 
that more than 95 per cent of emissions from coal-based power generation 
occur at the point of combustion.

Improved coal With black coal, preparation (or ‘beneficiation’) reduces ash content, sulphur, Low for black coal,
preparation nitrogen and other contaminants of raw coal. Cleaner feedstock results in moderate for brown

reduced emissions of greenhouse gases and other pollutants when the coal is coal
used. The crushing and grading of coal to meet specific end-use requirements 
also results in greater thermal efficiency, fewer post-combustion wastes and 
fewer greenhouse gas emissions. Lignites such as the soft brown coals found 
in Victoria have a much higher moisture content than black coals. Lowering the 
moisture content prior to combustion can significantly reduce emissions from 
these wet coals provided it can be done efficiently.

Greater utilisation Fly ash from coal-fired power stations (and slag from steel making and smelting) Low
of coal by-products can be utilised by other industries, for example cement manufacturing, replacing 
and wastes the need to mine or obtain raw materials from other sources that would result 

in additional emissions.

Linking coal plants Combining coal with some renewable energy technologies (biomass, solar Low to moderate
with renewable thermal and grid-connected wind and photovoltaics) can significantly reduce 
energy and total emissions and may be the most cost-effective way to increase the use of 
co-firing with certain renewable energy sources. Co-firing with natural gas is another option 
natural gas for improving efficiency and reducing emissions.

Efficiency Thermal efficiency is a measure of how much useful energy can be extracted 
improvements in from a given amount of fuel. In the case of coal fired generation, every one per cent
power stations increase in thermal efficiency results in a 2–3 per cent decrease in greenhouse gas 

emissions. Many incremental improvements can be made but the gain in 
efficiency may be small and probably not cost effective compared to new coal 
technologies (note that the replacement of existing lowest efficiency plants 
with high efficiency new plants would result in substantial abatement).

Substantial abatement may also be achieved in lignite plants if coal was 
dewatered prior to combustion without significant energy required for the 
dewatering process. Mechanical Thermal Expression (MTE) is a promising new 
technology being developed by the Cooperative Research Centre for Clean Power
from Lignite for dewatering Victorian brown coal.

Advanced power Advanced power generation systems for coal include Ultra-supercritical (USC), Moderate-high 
generation systems Pressurised Fluidised Bed Combustion (PFBC), Integrated Gasification Combined 

Cycle (IGCC), Ultra Clean Coal (UCC) and a range of ‘novel’ concepts at various 
stages of development. Advanced power generation systems of the future could 
also include fuel cells powered by hydrogen from coal.

Capture and storage of The capture and long term underground storage (sequestration) of carbon Very high
carbon dioxide from dioxide is emerging as a real option for radically reducing or even nearly 
power plant gas streams eliminating emissions from coal-based power generation plants of the future. 

Low to moderate
(depending on the
efficiency of the
existing station and
the degree of
enhancement.
Replacing old plants
with new ones may
result in high
relative abatement)

Table1.  Relative Potential of Abatement Options 
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3.3.1 Australia’s existing 
coal-based 
generating capacity

Australia has 39 existing coal-fired power stations in

five states. Twenty-eight of these are powered by

black coal, (including five sub-bituminous plants in

Western Australia), nine by lignites (soft brown coal)

in Victoria and two by sub-bituminous coal (hard

brown coal) in South Australia. The total installed

coal generating capacity is 27,370 megawatts (MW).

The capacity of individual power stations ranges

from 11.5 MW to 2640 MW.

All of Australia’s coal-fired power stations are of

the pulverised fuel (PF) type. In PF power stations,

coal is first pulverised then blown into a furnace

where it is combusted at high temperature. The

resulting heat is used to raise steam which drives a

steam turbine and generator. 

Most of Australia’s installed capacity is ‘subcritical’,

which refers to the temperature and pressure of

the steam in the turbine.  Australia also has three

new ‘supercritical’ stations, all in Queensland with a

total capacity in excess of 2000 MW. Supercritical

units operate at higher steam temperatures and

pressures, which can increase the thermal efficiency

of the plant.  

The age of the stations ranges from 45 years to one

year. The average age, excluding those less than five

years old is 27 years. 

The average thermal efficiency of Australia’s

existing coal-based generation is around 33 per

cent (on a sent-out power, higher heating value

(HHV) basis)* with a higher average efficiency for

black coal than for brown coal plants due to the

high moisture content of brown coal (thermal

efficiency is a measure of the amount of the energy

locked in the coal that is transformed into useful

electrical energy). 

3.3.2 Options for reducing 
emissions

The two main options for reducing CO2 emissions

from PF plants are by increasing thermal efficiency

and by CO2 capture and storage (also known as

sequestration).

Efficiency can be increased through a range of

measures from boiler and steam turbine

enhancements to full retrofit and re-powering with

an advanced system such as Integrated Gasification

Combined Cycle (IGCC). In the case of high

moisture brown coal, dewatering technologies such

as Mechanical Thermal Expression (MTE) can

potentially offer significant improvement.

It is also technically possible to capture CO2 from

existing sub-critical and supercritical PF plants,

although this is still inefficient and costly. The

technologies and issues associated with CO2

capture and storage are described in 3.4 and 3.5.

It should be noted that, while the potential

abatement that can be achieved from increasing

the efficiency of existing capacity may be relatively

modest, the replacement of existing low efficiency

plants with new supercritical or ultra supercritical

plants would result in significant abatement.

3.3 Reducing emissions from 
existing generating capacity

*All power generation efficiency figures quoted in this document
are on a sent-out power, higher heating value (HHV) basis unless
otherwise specified.
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Advanced power generation technologies are able

to generate electricity at significantly higher

efficiencies than conventional sub-critical coal

plants. Several of these are either at or nearing

commercial availability. Others are expected to be

available for demonstration and/or deployment

within a decade. 

A number of technologies are of particular interest

because of their existing availability or significant

promise of future availability with further

development:

• Pulverised Fuel (PF) combustion with 
supercritical (SC) and ultra-supercritical (USC) 
steam (including oxygen fired systems)

• Oxygen combustion (oxy-fuel) with SC or USC

• Pressurised Fluidised Bed Combustion (PFBC)

• Integrated Gasification Combined Cycle (IGCC)

• Hybrid systems for gasification, fuel cells and 
combined cycle turbines (the United States 
Department of Energy’s (DOE) Vision 21 Cycle)

• Direct fired coal combined cycle gas turbines 
(using clean, highly pulverised coal such as 
Ultra Clean Coal)

3.4.1 Supercritical (SC) and Ultra 
supercritical (USC) PF

Supercritical PF units operate at higher steam
temperatures and pressures and therefore higher
efficiencies than conventional subcritical PF units.
They are now the standard in many parts of the
world. The three most recent coal-fired plants built
in Australia (Callide C, Millmerran and Tarong
North) are all rated supercritical.

Ultra supercritical PF units can operate at even
higher efficiencies (up to 50 per cent). A number
are now either operating or under construction in

Europe and Japan. Both supercritical and ultra
supercritical plants have been made possible by the
development of new, high-temperature alloys.

3.4.2 Oxygen Combustion
Oxygen Combustion (also referred to as Oxy-Fuel,

Oxycyle Boiler, O2/CO2 Recycle or Flue Gas Recycle)

can be used with conventional PF technology

including both SC and USC units as a way of

increasing the concentration of CO2 in the flue gas.

While this technology has not yet been

demonstrated, it has the potential advantage of

making CO2 much less costly to capture from

conventional plants and could provide a viable

retrofit option for existing capacity, or a

‘sequestration ready’ option for new capacity. 

In oxygen combustion, flue gas is recycled with the

use of a relatively pure oxygen feed. This reduces

nitrogen concentrations and increases CO2

concentrations. The major challenge to be

overcome is that the production of oxygen using

conventional cryogenic air separation plants is

expensive, both in terms of capital cost and energy

consumption.

3.4.3 Fluidised Beds
In fluidised beds, coal is burned in a reactor comprised

of a bed through which gas is fed to keep the fuel in a

turbulent state which inproves conbustion, heat

transfer and recovery of waste products.

The advantages of fluidised beds are that they

produce less nitrogen oxides and less sulphur

dioxide and can also use lower grade coal than

conventional systems. Pressurised fluidised beds

(PFBC) can theoretically achieve efficiencies of up

to 45 per cent. A number of PFBC plants are now in

commercial operation elsewhere in the world, but

remain unproven at large scale.

3.4 Technologies for new capacity
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3.4.4 Integrated Gasification 
Combined Cycle (IGCC)

IGCC has the potential to deliver the lowest emissions

of all of the advanced coal technologies. In the IGCC

process, coal is not combusted directly, but reacted

with oxygen and steam to produce a ‘syngas’

composed mainly of hydrogen and carbon monoxide.

The syngas is cleaned of impurities and then burned

in a gas turbine to generate electricity and to produce

steam for a steam power cycle.  If carbon capture is

required, the syngas can be further reacted with

steam to produce a highly concentrated stream of

CO2 for capture and storage. 

IGCC with back-end shift reaction is widely

considered the most promising technology in the

longer term if significant reductions in CO2 emissions

are required. This is because CO2 can be captured at

far lower cost when it is in a concentrated form than

it can be from the less concentrated stream normally

found in the flue gas of a conventional PF power

station. IGCC also has the added advantage of

producing hydrogen as part of the gas stream which

may be used for purposes other than electricity

generation, for example in the manufacture of

chemicals and liquid fuels and upgrading of refinery

and petrochemical feedstock. These products have

the potential to offset the cost of electricity

generation using IGCC. 

Coal gasification has been identified as one of

Australia’s main options for producing hydrogen on

the scale required for a possible transition to a

hydrogen based economy7.

While IGCC has been successfully demonstrated at full

commercial scale over the past decade, a number of

challenges remain including long-term reliability and

availability, higher capital and operating costs

(compared with conventional PF systems), and

efficiency. IGCC with back-end shift reaction (to

facilitate CO2 capture) has not yet been demonstrated

on a commercial basis and larger scale hydrogen-fired

gas turbines are still under development.

3.4.5 US Department of Energy 
Vision 21 Cycle

The objective of the US DOE’s Vision 21 program is to

effectively remove, at affordable costs, environmental

concerns associated with fossil fuel use for producing

electricity and transportation fuels.

Like IGCC, the Vision 21 Cycle is based on coal

gasification rather than direct combustion. The main

difference is that instead of burning the gas in

turbines, the hydrogen is used to generate electricity

in a fuel cell. The theoretical efficiency of the Vision

21 Cycle is 60 per cent and the system can achieve

near zero emissions with CO2 capture and storage

(although the capture process will reduce efficiency).

Several advanced concepts, including an Integrated

Gasification Fuel Cell, are also being investigated as

part of Vision 21. DOE estimates that 63 per cent

efficiency is achievable by 2010 when it is

anticipated that the technology will be ready for

demonstration8.

3.4.6 Direct fired coal combined cycle 
gas turbines (Ultra Clean Coal)

Whereas the IGCC process seeks to convert the coal

into gas in order to remove impurities, the Australian

developed Ultra Clean Coal (UCC) process removes

the impurities prior to combustion while not

changing the form of the coal. Originally developed

by CSIRO, this technology has now been developed

to an advanced stage by UCC Energy Pty Limited.

UCC is chemically purified and then finely pulverised

for direct feeding into a gas-turbine combined cycle

power plant at conversion efficiencies better than 52

per cent. This represents a potential 25 per cent

reduction in greenhouse gas emissions when

compared to a conventional coal fired plant running

at 38 per cent efficiency. UCC Energy is currently

working with Mitsubishi Heavy Industries in Japan to

advance the technology to large scale

demonstration. Modifications to the basic process to

produce a concentrated CO2 stream suitable for

capture and storage without the need for complex

separation technologies are also being investigated.
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3.5 CO2 capture and storage

The capture and permanent underground storage

of CO2 is emerging as a realistic option for radically

reducing and in some cases virtually eliminating

emissions from coal-based power generation. The

main barriers to deployment in power generation

include the amount of energy used in the process

(the energy penalty) and cost of capture, proving

the reliability of storage, and the need to fully

assess long-term environmental impacts and safety

issues. A number of countries have major research

programs in capture and storage and there is

increasing international collaboration. 

3.5.1 CO2 capture

There are three main approaches to CO2 capture:

1. Flue gas approach: CO2 is captured from 

combustion products in power plant flue gas 

(technically feasible but may not be economic)

2. Oxygen combustion approach: Oxygen and 

recycled flue gas is used to increase CO2

concentrations in flue gas prior to capture (still 

experimental but promises to become more 

economic with further development)

3. Hydrogen/syngas approach: Coal is first gasified 

to produce synthesis gas (syngas) mainly 

comprising carbon monoxide and hydrogen. 

Syngas is then processed in a shift reactor to 

produce hydrogen (which is used to generate 

power or other products) and a concentrated 

stream of CO2 for capture and storage (expected

to be the most economic method of capture)

3.5.2 CO2 storage

Large volumes of CO2 can potentially be stored

long-term in a variety of geological structures to

prevent leakage to the atmosphere, including saline

formations, depleted oil and gas reservoirs, and

unmineable coal seams. Research is being

conducted in a number of countries to assess the

viability and acceptability of each of these options.

Australian researchers have identified saline

geological formations as the most prospective

option for large scale CO2 storage in this country.

The potential storage capacity of these formations

appears to be very large, however their

geographical distribution may limit the potential for

CO2 storage in some areas.

While capture and geological storage of CO2 has

not yet been demonstrated for the specific purpose

of abating emissions from power stations, CO2

separation is common in natural gas production

and the injection of CO2 into geological formations

is being carried out routinely in more than 70 active

enhanced oil recovery (EOR) operations, primarily in

North America and North Africa. 
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Reducing emissions from non-power
plant (life cycle) sources
• What is the potential for reducing emissions 

from coal from non-power plant sources in 

Australia (for example methane emissions arising

from mining)?

• What would the likely cost of abatement be in 

each case, and how does it compare with other 

abatement opportunities ?

Reducing emissions from existing
generating capacity
Increasing efficiency

• What potential exists to increase the overall 
efficiency of existing generating capacity?

• Are there any barriers and how might these be 

overcome?

• How cost-effective would this be as an 

abatement measure?

• What impact would this have on the cost of 

electricity?

Synergies with renewable energy and gas

• What potential exists to reduce emissions 

through synergies with renewable energy  

technologies and gas at existing coal-fired 

power plants in Australia?

• Are there any barriers and how might these be 

overcome?

• How much would the various options cost and 

how cost-effective would they be as an 

abatement measure?

• What impact would this have on the cost of 

electricity?

Technologies for new capacity
• Which technology options for new generating 

capacity are most suited for deployment in 

Australia?

• What are the barriers to deployment and how 

might they be overcome?

• What is the technology roadmap for these?

• What is the potential to utilise hydrogen from 

coal syngas as a fuel for future power 

generation and/or as a transport fuel?

Carbon dioxide capture and storage
• What is the potential for CO2 capture and 

storage from existing and new generating 

capacity in Australia?

• What are the barriers and how might they 

be overcome?

• What is the technology roadmap for CO2

capture and storage and when might it become 

a viable option for Australia?

Issues
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4.1 Determining objectives for 
the COAL21 Action Plan

The COAL21 Action Plan will establish aspirational
targets for emissions abatement for coal-based
electricity generation, and for the cost of
abatement. Abatement targets need to be ambitious
in order to drive change, but they must also be
realistic enough to be potentially achievable. This
applies to both the targets themselves and the
timeframes in which they are set. Assessing how
realistic a particular target might be is an integral
part of any target setting exercise.

4.1.1 Emission abatement targets
Targets for abating emissions of greenhouse gases
from coal-based power generation can be based on
either relative (emissions intensity) or absolute (the
actual quantity of emissions) measures of emissions. 

Emissions intensity targets: Emissions intensity is a
measure of emissions generated per unit of
production. The emissions intensity of the economy
as a whole is usually measured as the quantity of
emissions per unit of GDP. In the case of electricity
generation, emissions intensity is the quantity of
emissions per unit of electricity generated. This is
usually expressed as kilograms (or tonnes) of CO2

per megawatt hour (Kg CO2/MWh). 

Emissions intensity targets could be established for
individual power stations, or for different categories
of power stations (e.g. one for black coal and one
for brown coal, or one for all existing plants and
another for new plants, or even for different types
of plants). A more useful approach might be to
establish overall targets for Australia’s coal-based
capacity as a whole.

Targets for emissions intensity could be expressed
as either a particular level to be achieved (e.g. a
defined number of tonnes of CO2 per unit of

electricity generated), or as a reduction target
against a baseline (e.g. a defined per centage
reduction in intensity compared to 2003 levels).

Actual emissions targets: An alternative set of

targets could relate to actual emission reduction

rather than intensity. For example, if total

greenhouse gas emissions from coal-based capacity

in Australia were 180 million tonnes a year, a target

could be to reduce this by a set amount, or to limit

its growth to a particular level. As with emissions

intensity type targets, this approach could be

applied to individual power stations, different

categories of stations, or to the system overall.

Combinations of targets: Combinations of targets

(i.e. emissions intensity and actual emissions) could

also be considered. This approach would depend on

whether different types of targets were considered

more appropriate in different circumstances. 

Regardless of what types of targets are chosen,

they must be set within an appropriate timeframe.

Some of the factors to be considered when

identifying appropriate timeframes include the long

operating lives of electricity generation plants, the

developmental status of any technology that needs

to be deployed, the likely cost of measures, the

availability of resources and timelines for

implementation. Timeframes must also be flexible

when they depend on the anticipated development

and application of new technology.

4.1.2 Abatement cost targets
The cost of abatement is a key consideration for

COAL21. Because coal is the most cost effective

way to generate electricity, almost any measures

taken to reduce emissions will inevitably increase

generation costs and therefore the price of

electricity for consumers. This applies whether the

measure is based on fuel switching or improved

technologies for coal.

It is logical to aim to reduce emissions with least cost

to the economy and with least impact on

competitiveness. In the electricity sector, measures to

improve end-use efficiency and energy conservation

4 .4 . E S TE S T A B L I S H I N G  O B J E C T I V E SA B L I S H I N G  O B J E C T I V E S
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may be far more cost effective than changes to the

processes by which power is generated. Nevertheless,

the large contribution made by the generation sector

to overall emissions means that it will continue to be

the focus of abatement efforts, especially over the

longer term.

Targets for cost of abatement for electricity

generation may be expressed as the cost of

greenhouse gases avoided ($/t CO2-e), or expressed

in terms of the impact on the actual cost of

electricity ($/MWh). COAL21 cost targets will also

need to relate to the comparative cost of

alternative approaches, in particular fuel switching.

In the case of new and developing technologies,

COAL21 abatement cost targets would represent

cost hurdles to be overcome through RD&D.

4.1.3 Assessing the potential of 
abatement options

Assessing the potential of abatement options for

coal has a number of dimensions: potential

abatement versus a baseline case (representing

business as usual), the availability of a particular

technology, economic achievability, and the timeline

for deployment on any given scale.

Assessing each of these dimensions is a complex

task. Assessing technological availability involves

consideration of not just the current developmental

status of the option, but also the expected

‘experience curve’ in cases where a technology is

still at the developmental stage. Economic

achievability also involves projections of future cost

trajectories for existing and new technologies.

Setting realistic timelines for deployment involves

consideration of not only technological and cost

factors, but also policy and regulatory issues, the

availability of capital, investment cycles, and so on.

Meeting targets and timelines in the real world will

also depend substantially on community

acceptance of the technologies concerned.

4.1.4 National and community 
objectives 

Australia’s current national objective for
greenhouse gas emissions is consistent with its
target agreed to under the Kyoto Protocol, that is
to constrain emissions to 108 per cent of 1990
levels for the period 2008-12 (the first Kyoto
commitment period). While there have been no
formal targets established for beyond 2012, the
International Panel on Climate Change (IPCC) has
estimated that stabilising atmospheric
concentrations of greenhouse gases at a level that
would prevent potential adverse changes to the
climate system may require up to a 60 per cent
reduction in global emissions this century. The
Commonwealth government is currently examining
measures that go ‘beyond Kyoto’ and set Australia
on course for more substantial emission reductions
in the longer term.

It is difficult to infer any objectives the wider
community may share over climate change. However
there is increasing awareness that emissions may
need to be reduced substantially in the longer term,
and an expectation that government will lead the
way. The community also has a strong expectation
that governments will deliver the policy framework
required to maintain healthy economic growth, low
inflation and low unemployment. COAL21 can make
an important contribution to the challenging task of
reconciling these expectations. 

Issues

• What types of abatement targets are most 
appropriate for coal-based greenhouse gas 
emissions and at what levels should they be set?

• What cost of abatement targets are appropriate 
and at what level should they be set?

• Should other types of targets (e.g. cost of 
electricity) be considered?

• What is an appropriate timeframe for 
abatement objectives for the COAL21   
Action Plan? 

• How should COAL21 targets be used as an 
input to policy making by governments?
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5.1 Avoiding overlap: The 
importance of international 
collaboration and 
technology partnerships

Achieving major emission reductions or even zero

emissions will require the development and

deployment of advanced technologies. A

considerable RD&D effort is already underway

internationally, and Australia also has a number of

programs. Given the scale of the effort required, and

limitations on Australia’s ability to fund RD&D, it is

essential that domestic activity is carefully targeted

and complements rather than replicates

international activity. International collaboration will

be critical if Australia is to leverage its own efforts

and derive maximum benefit from the abatement

and commercial opportunities now emerging. The

fact that Australia’s research capability in coal

utilisation and related areas is already highly

regarded internationally is an advantage.

5.2 International activity in 
coal-related RD&D aimed at
reducing emissions

The United States, Canada, the European Union and

Japan all have major RD&D programs with the US

being the main centre of global activity. Most US

programs are funded through the Department of

Energy (DOE), and its implementation arm, the

National Energy Technologies Laboratory (NETL).

Many also involve industry funding and participation.

Major US DOE programs include the Clean Coal

Power Initiative, the Vision 21 Program, the Carbon

Sequestration R&D Program, and FutureGen (see

box). There are also a number of privately funded

initiatives, for example the Zero Emission Coal

Alliance (ZECA) which involves private sector

participants from both the US and Canada. 

Canadian programs include the Canadian Clean

Power Coalition (CCPC), and a number run by

Natural Resources Canada/CANMET.

European Union activity includes a range of

projects on aspects of CO2 capture and storage,

including Saline Aquifer Carbon Dioxide Storage

(SACS), Carbon Dioxide Store, GESTCO and CO2NET.

Major programs in Japan include those run by the

Research Institute of Innovative Technology for the

Earth (RITE) into CO2 capture and storage, clean coal

technology programs run by the New Energy and

Industrial Technology Development Organization

(NEDO), the Centre for Coal Utilisation Japan (CCUJ),

and the Japanese Coal Energy Centre (JCOAL).

Further detail on these and other international

programs can be obtained through the links

provided at the end of this document.

FutureGen

FutureGen is a new US$1 billion initiative

of the US Government to build the world’s

first integrated sequestration and

hydrogen production research power plant

and the world’s first zero-emissions fossil

fuel plant. The prototype plant will

establish the technical and economic

feasibility of producing electricity and

hydrogen from coal, while capturing and

geologically storing the CO2 generated in

the process. The FutureGen objective is to

achieve zero emissions at a cost

representing less than a ten per cent

increase in the cost of electricity.

5 .5 . D E F I N I N G  A U S T R A L I AD E F I N I N G  A U S T R A L I A ’ S  R O L E’ S  R O L E
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The Carbon Sequestration
Leadership Forum (CSLF)
Established by the US in 2003, the CSLF

brings together a number of countries to

facilitate the development of improved,

cost-effective technologies for the

separation, capture, transport and long-

term safe storage of carbon dioxide, and

to make these technologies broadly

available internationally. With a

secretariat at the US Department of

Energy, current CSLF members include

Australia, Brazil, Canada, China, Columbia,

the European Community, India, Italy,

Japan, Mexico, Norway, Russian

Federation, United Kingdom and USA. 

5.3 Australian RD&D programs
Existing Australian programs centre on a number

of Cooperative Research Centres (CRCs), including

the CRC for Coal in Sustainable Development

(CCSD), the CRC for Clean Power from Lignite and

the new CRC for Greenhouse Gas Technologies

(CO2CRC).

CSIRO is active in all the CRCs and also runs a number

of other programs, including the new Energy

Transformed Flagship, and has recently entered into a

partnership with the Queensland Government to

establish a new energy research centre.  

A number of universities are also active through

their participation in CRCs, individual research

programs, and a number of state government

sponsored programs such as the new Queensland

centre and the Victorian Centre for Energy and

Greenhouse Technologies.

Examples of private research include HRL in

Victoria, which is focusing on the gasification of

wet, brown coals for power generation, UCC Energy

which has been developing Ultra Clean Coal (UCC)

in collaboration with CSIRO and Mitsubishi Heavy

Industries, and Linc Energy which has been

operating an underground coal gasification (UCG)

demonstration project near Chinchilla in

Queensland since late 1999.

Links to many of these organisations can be found

at the end of this document.

5.4 Existing international 
collaboration

There is growing collaboration of various forms

between Australia and the international community.

This activity covers Australian involvement in a

variety of programs, forums and projects. Examples

include:

• Clean coal and carbon capture and storage 

programs associated with the US-Australia 

Climate Action Partnership (CAP)

• The Carbon Sequestration Leadership Forum (see

box above)

• The APEC Energy Ministers Forum

• The IEA Clean Coal Centre and the IEA 

Greenhouse Gas R&D Program

• International Committee for Coal Research

• International collaboration between research 

groups (including the CRCs, CSIRO and private 

research organisations such as HRL)

• Private efforts aimed at specific products or 

projects (e.g. UCC, HRL and APEL projects) 

• The involvement of Australian based companies 

in overseas programs through subsidiaries
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5.5 Existing Australian major 
project proposals

A number of groups including utilities have been

investigating the feasibility of building Australia’s

first IGCC plant based on black coal, although there

are no firm project proposals as yet. Two brown

coal gasification projects have already been

proposed. The first, by Australian Power and Energy

Limited (APEL) consists of a combined power and

liquid fuel production facility based on the

gasification of Victorian (Latrobe Valley) brown coal,

with CO2 capture and geological storage. The other,

proposed by HRL Limited, aims to install 800MW of

combined cycle power driven by the patented HRL

integrated drying gasification process (IDGCC). Both

companies have been granted exploration licences

over appropriate brown coal resources and are

conducting detailed feasibility studies.

5.6 Australia’s role: Domestic 
opportunities and 
imperatives for Australia in 
technology development and
deployment

Australia’s future role in technology development

and deployment depends on a number of factors

including:

* What emissions abatement objectives and 

priorities are adopted

* The technology roadmaps for each technology 

of interest

* The extent of the existing international RD&D 

effort in each case

* The need to fill any gaps in the international effort

* Opportunities for complementing or assisting 

international efforts

* Opportunities for Australia to leverage off 

international research and adapt it to Australian 

conditions

* The existence of specific opportunities to make a

unique Australian contribution or for gaining 

commercial or other benefit

* The level/availability of Australian expertise in 

the relevant areas

* The need to pilot or demonstrate particular 

technologies under Australian conditions and to 

develop domestic expertise

Issues

* What areas of RD&D should Australia be 

pursuing domestically and why?

* How do these complement international 

programs?

* What opportunities are there to enhance 

international collaboration on advanced 

technologies for coal?

* What barriers are there to international 

collaboration and how might these be 

overcome?

* What issues might such collaborative efforts 

raise (e.g. intellectual property)?

* Are there opportunities to secure 

international assistance for Australian RD&D,

and/or demonstration projects?

* What opportunities are there for Australian 

technology and expertise to be exported, 

especially within our own region?
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6.1 Identifying Australia’s 
priorities 

Prioritising between emissions abatement options for

coal will be important to ensure that maximum

abatement is achieved in the most cost effective way.

Factors that will need to be considered in setting

priorities include:

* The abatement potential of the option

* The size of any investment required

* Cost effectiveness

* The role of government and the policy 

environment

* The risks associated with different options

* Timescales for implementation

Options can be divided according to whether they

are available now or require further RD&D. Those

available immediately can be prioritised mainly on

the basis of their relative cost effectiveness. Those

involving RD&D can be prioritised according to

their abatement potential, the availability of

resources for RD&D activities, and whether or not

domestic programs can be justified in the context

of international efforts.

Issues

• What should Australia’s priorities be for 

abating greenhouse gas emissions from coal 

(including from non-power station sources, 

existing generating capacity, and new 

capacity)?

• How might these priorities change over time 

and why?

6 .6 . S E T T I N G  P R I O R I T I E SS E T T I N G  P R I O R I T I E S
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7.1 The role of government in 
technology development and
deployment

The role of government can encompass support for

RD&D, support of various kinds for initial

deployment, and ensuring that policy and

regulatory settings facilitate and encourage action. 

A mix of all these will be required to facilitate the

development and early uptake of advanced coal

technologies in Australia. In a recent report to the

US Energy Secretary, the National Coal Council9

identifies support for research and development,

cost-sharing by the federal government of first-of-

a-kind demonstration of new technology, and tax

incentives to encourage replicate deployment of

demonstration technologies as the three most

important aspects of federal support for the

development and deployment of new coal

technologies in the United States.

The issue of government support for demonstration

projects is one that is currently being considered in

Australia in relation to a range of technologies,

including UCC, lignite drying, IGCC and CO2 capture

and storage. Although IGCC and CO2 capture and

storage are being demonstrated elsewhere in the

world, it is argued that there is a need for

Australian demonstrations to build local expertise

and assess performance under Australian

conditions using local feedstocks. In the case of CO2

storage, there is a need to assess the fate of

injected CO2 in local geological formations. 

Australian demonstration projects could also make

a valuable contribution to the overall international

effort. Initial demonstration of new technologies is

obviously an essential step in the commercialisation

process, and for gaining community acceptance.

However it is also widely accepted internationally

that replicate demonstrations under a range of

conditions are necessary to give confidence to risk

averse financial institutions to lend for investment

in new power generation technologies. 

The risk profile attached to new technologies will

also be a major barrier to first-of-a-kind projects in

Australia, especially if they are unlikely to be

commercially viable in their own right.

Governments may therefore need to consider

various types of support, including direct funding

assistance, other forms of incentive, and

mechanisms for offsetting risk if private investors

are to be involved in demonstration projects.  

Government support for research and development

in Australia across a wide range of industries has a

long history. Support for initial demonstration of

new technologies has also been reasonably

common, but not on the scale required for new

large-scale power systems. Support for the

deployment of more mature technologies to

achieve environmental or industry development

objectives has been less common, although not

without precedent.

7.2 Policy and regulatory issues:
Barriers and incentives for 
technology development and
deployment

Government policy and regulation can have a

marked effect on the development and deployment

of new technologies. For example, the gasification

industry in the United States has warned that

uncertainty over if, when, and how future

environmental regulations are to be implemented

discourages the deployment of coal-based

gasification plants. It argues that unfavourable

changes in environmental regulations have the

potential to stall the development of gasification

before the technology has a chance to prove itself10. 

7 .7 . T H E  R O L E S  O F  G O V E R N M E N T  A N D  T H E         T H E  R O L E S  O F  G O V E R N M E N T  A N D  T H E         
P R I V AP R I V A T E  S E C TT E  S E C T O RO R
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The existing trend in Australian environmental

regulation, for example the Commonwealth

Government’s Generator Efficiency Standards (a

voluntary measure) or the NSW Benchmarks

Scheme (a mandatory scheme in NSW), could have

the opposite effect given the higher efficiencies and

lower emissions of new coal plants. However this

would clearly not be the case if, for example,

emissions limits for new generating capacity were

set at levels that were unachievable for new coal

technologies at their current state of development.

Similarly, in the absence of other measures, policies

that mandate shares for non-coal technologies or

fuels could theoretically limit interest in the further

development of coal-based solutions if it meant

investment was allocated only towards meeting the

mandatory requirement. 

The use of market based mechanisms or other

forms of emissions constraints imposed by

government is often cited as a means of driving

technological change. This may be true in relation

to mature technologies, however regardless of what

form they take, emissions constraints may not in

themselves drive the further development or

deployment of technologies that are still at the

development or demonstration stage. As noted in

7.1 financial institutions may be reluctant to lend

for projects based on what they may regard as

unproven or higher risk technologies. Therefore

some other forms of government intervention or

assistance are likely to be required in order to help

move new technologies along the experience curve

towards eventual technical and commercial

maturity at which point they should compete in the

marketplace with other available technologies.

Another important issue is the need to develop

appropriate regulatory frameworks to govern the

deployment of new technologies. This is most

relevant in the case of CO2 capture and storage

which may require new regulation, particularly in

the areas of safety and long-term responsibility for

stored CO2.

7.3 The role of the private 
sector and public/private 
partnerships

Australia’s coal-based generation sector is a mix of
privately owned and state owned generators that
have been corporatised. Investment decisions by
both are driven by commercial considerations and
the need to respond to regulatory requirements. 

A number of private generators are already involved
in RD&D in the area of advanced coal technologies
either independently or through their participation
in the CRC for Clean Power from Lignite. However
their capacity to fund major investments in
demonstration stage technologies is limited by the
need to produce a commercial rate of return on
investment within a reasonable timeframe, and by
the business environment the generation industry
finds itself in. It may be difficult to build a business
case for such an investment without government
support as outlined in 7.1.

The state-owned generators also operate as
commercial enterprises, but may have greater
flexibility and at least some requirement to reflect
government priorities and strategic directions.
Many are already involved in RD&D through
participation in CRCs and in-house programs. Some
have also been examining the commercial and
technical feasibility of new coal technologies for
future capacity additions. 

While not directly involved in the electricity
business, the black coal industry itself funds RD&D
in the area of advanced coal technologies and CO2

capture and storage. This is done through individual
companies and the Australian Coal Association
Research Program’s (ACARP) participation in the
CRC for Coal in Sustainable Development (CCSD)
and the CRC for Greenhouse Gas Technologies
(CO2CRC). The conditions under which the industry
would consider investing in demonstration projects
for power generation are unclear, although one
company has already become involved in the
Victorian APEL project and others are becoming
involved in overseas demonstration projects
through international subsidiaries.
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In the United States, public-private consortia have

emerged as a mechanism to provide the resources

needed for technology development because they

allow for ‘front loading’ the R&D processes, as well

as the early stages of pilot and full-scale

demonstration. The principle followed by the DOE is

that the government’s cost share is higher for high-

risk technology development and lower for

commercialisation activities. The Clean Coal Power

Initiative, Vision 21 and FutureGen have all been

based on this model.

Public-private partnerships for technology

development are not new in Australia. A good coal-

related example is the development of Ultra Clean

Coal. The Cooperative Research Centre program is

also based on this concept. However the extent to

which the US model is directly transferable in the

coal and power generation arena is debatable, due

mainly to the sheer scale of the investment

required to develop, demonstrate and

commercialise large scale power generation

technologies.

While the public-private partnership model is likely

to underpin any serious Australian commitment to

RD&D in this area, the nature and scale of that

commitment will be determined by the availability

of resources. For governments this will be

determined by how this rates with competing

budget priorities. Private sector participants

(including corporatised government entities in the

utility sector) and investors will be driven by

commercial considerations, either directly in terms

of future profits, or indirectly through a desire to

comply with future environmental regulation.

Constraints on the availability of both public

funding and private investment capital that exist in

Australia mean it will be especially important to

identify the most appropriate RD&D priorities, avoid

duplicating work being done elsewhere, and focus

on opportunities for international collaboration. 

Issues

• What role will governments have to 

play to facilitate the development and 

deployment of new coal-based power 

technologies and systems in Australia?

• What policy and regulatory settings are 

needed to encourage the development and

eventual deployment of immature 

technologies that have the potential to 

play a major role in the abatement of 

emissions in the future? What policy or 

regulatory settings could mitigate 

against this?

• What role can the private sector (including 

corporatised entities) in Australia be 

expected to play? What barriers to private 

sector investment are there and how might

they be overcome?

• What is the potential for public/private 

partnerships in Australia, and how might 

these be structured?
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G L O S S A R Y  O F  T E R M SG L O S S A R Y  O F  T E R M SR E F E R E N C E S  C I T E DR E F E R E N C E S  C I T E D

ABARE
Australian Bureau of Agricultural and Resource
Economics (also called abareconomics).

Abatement
Reduction in greenhouse gas emissions.

ACARP
The Australian Coal Association Research Program.

Acid rain
Precipitation containing harmful levels of nitric and
sulphuric acids formed mostly from nitrogen oxides and
sulphur oxide emissions derived from combustion of
fossil fuels.

Ash
Post-combustion impurities consisting of silica, iron, alumina
and other non-combustible matter contained in coal.

Australian Coal Association
The Australian Coal Association (ACA) is an industry body
representing Australian black coal producers.

Base load
The generating equipment normally operated to serve
electricity demand loads on an around-the-clock basis.

Beneficiation
Coal beneficiation, also known as coal preparation, is the
cleaning process in which mineral matter is removed
from mined coal in order to produce cleaner coal.  The
main function of this process is to increase the heating
value and the quality of the coal which is achieved by
lowering the level of sulphur and mineral constituents.

Capacity
The maximum amount of electricity that a generating
unit, power plant or utility can produce under specified
conditions. Capacity is usually measured in megawatts
(MW).

Capacity factor 
The electricity produced from a power station compared
to the theoretical maximum - usually on a per cent per
annum basis.

Carbon dioxide
Carbon dioxide (CO2) is a colourless, odourless, non-
poisonous gas that is a normal part of the atmosphere
where it is found in trace amounts (around 350 parts per
million by volume, or 0.035%). CO2 is exhaled by humans
and animals during respiration, and is absorbed by plants
during photosynthesis. It is the major by-product of
fossil fuel combustion.

1 Council of Australian Governments - Towards a 
Truly National and Efficient Energy Market - Council 
of Australian Governments Energy Market Review 
Final Report, December 2002.

2, 3 Dickson, A., Akmal, M and Thorpe, S. 2003, 
Australian Energy: National and State Projections to 
2019-20, ABARE eReport 03.10 for the Ministerial 
Council on Energy, Canberra, June.

4, 7 ACIL Tasman - National Hydrogen Study - Issues 
Paper May 2003

5 International Energy Agency, World Energy Outlook
2002

6 Nunn, J., Cottrell, A., Searles, M., Urfer, A., Scaife, P. 
and Wibberly, L., Coal in a Sustainable Society,
ACARP Report C9058, Australian Coal Association, 
2000

8, 9 The National Coal Council - Coal-related 
Greenhouse Gas Management Issues, May 2003 

10 U.S. Department of Energy 2002 - Gasification 
Markets and Technologies - Present and Future. An 
Industry Perspective, July 2002



3 2 C O A L 2 1  I S S U E S  P A P E R A U G U S T  2 0 0 3

Carbon dioxide capture and storage
The process whereby CO2 from combustion or other
gases is removed (captured) and then stored
(sequestered) long term (usually +1000 years) in
geological structures.

Clean coal technologies
Technologies that improve the environmental
performance of coal.

CO2

See carbon dioxide.

COAG 
See Council of Australian Governments.

Coal
General name for a carbonaceous mineral formed from
ancient plant matter. Coal is composed largely of carbon
with smaller amounts of hydrogen, nitrogen, oxygen and
sulphur. It is formed in various geological ages and under
varying conditions and occurs in several distinct forms.
The stages in the development of coal from youngest to
oldest are peat, lignite (brown coal), bituminous (black
coal) and anthracite. Peat and lignite are relatively soft
and moist, while bituminous coals and anthracite have a
very low moisture content and are harder. 

Combined cycle
A combination gas/steam turbine plant. Exhaust gases
from the gas turbine raise steam in a heat recovery boiler
that drives a steam turbine.

Council of Australian Governments (COAG)
The peak inter-governmental forum in Australia. COAG
comprises the Prime Minister, State Premiers, Territory
Chief Ministers and the President of the Australian Local
Government Association (ALGA). The Prime Minister
chairs COAG.

CRC
Cooperative Research Centre.

Demand
The rate at which electricity or natural gas is delivered
to or by a system, part of a system, or piece of
equipment e.g. to end users, at a given instant or
averaged over any designated period of time. Electricity
demand is typically expressed in kilowatts (kW).

Demand side management
The planning, implementation, and monitoring of utility
activities designed to encourage consumers to modify
patterns of electricity usage, including the timing and
level of electricity demand. 

Demonstration 
The first-of-kind deployment of new technologies that
are not yet proven for commercial application.

DOE
United States Department of Energy.

Energy efficiency
The ratio of the energy produced over the energy
consumed during production, usually expressed as a
percentage.

End use efficiency
The ratio of the useful energy delivered by a dynamic
system (such as a machine, engine, or motor) to the
energy supplied to it over the same period or cycle of
operation. The ratio is usually determined under specific
test conditions.

Emissions
The release or discharge of a substance into the
environment; generally refers to the release of waste
products (solids, liquids or gases) into the air, water or
soil.

Emissions intensity
The ratio of the quantity of emissions relative to output
from a particular activity.

Energy intensive industries
Industries in which energy is a major input in the
production process.

EOR
Enhanced oil recovery.

Enhanced oil recovery
Process where a gas or liquid is injected into oil wells to
force oil to the surface.

Experience curve
Trend based on historical cost/production data used for
forecasting future costs and performance of
technologies.

Feedstock
The raw material used as a fuel to produce energy or
other economic outputs.

Flue gas
Gas that is left over after fuel is burned and which is
disposed of through a pipe or stack to the outer air.

Fossil fuels
Any naturally occurring hydrocarbon deposit such as
petroleum, coal, peat, and natural gas, or their by-
products, formed in prehistoric times from remains of
living organisms.

Fuel cells
One or more cells capable of generating an electrical
current by converting the chemical energy of a fuel (e.g.
hydrogen) directly into electrical energy.
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Full coal life cycle
Refers to the total life of coal from extraction through to
end use and disposal of wastes and by-products.

Gasification
Solid fuel is first partially oxidised with air at elevated
pressure, converting the fuel to a raw fuel gas called
synthesis gas (syngas).

GDP
See gross domestic product.

Geological storage (sequestration)
Injection of CO2 under pressure into geological
structures for long term storage to prevent its release to
the atmosphere.

Greenhouse gas emissions
Emissions of greenhouse gases into the earth’s
atmosphere.  There are six gases regulated under the
Kyoto Protocol, determined to be the main contributors
to the greenhouse effect.  The three principle gases are
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O).
In addition there are other gases that are engineered
chemicals which occur on a very limited basis in nature:
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and
sulphur hexafluoride (SF6).

Greenhouse intensity
The quantity of greenhouse gas emissions produced in
an activity relative to the economic output from that
activity.

Gross domestic product
The total value of goods and services produced by labour
and property located in a country.

HHV
Higher heating value (same as gross calorific value).

Hydro-electricity
Electricity generated by an electric power plant whose
turbines are driven by falling water.

Hydrogen
A colourless, odourless, highly flammable gaseous
element, hydrogen is the lightest of all gases and the
most abundant element in the universe, occurring chiefly
in combination with oxygen in water and also in acids,
bases, alcohols, petroleum and other hydrocarbons. It
does not occur naturally except in combination with
other elements.

Hydrogen economy
An economy where the main energy carrier is hydrogen,
which can be used for central power generation,
distributed generation, combined heat and power,
transportation and chemicals. 

IGCC 
See Integrated Gasification Combined Cycle.

Installed capacity
The amount of generating capacity available in current
generating plants.

Integrated Gasification Combined Cycle (IGCC)
Uses coal gasification as an alternative to coal
combustion. When coal is brought into contact with
steam and oxygen, thermochemical reactions produce a
fuel gas, largely carbon monoxide and hydrogen, which
when combusted, can be used to power gas turbines.
IGCC systems give increased efficiencies by using waste
heat from the product gas to produce steam to drive a
steam turbine, in addition to a gas turbine.

Lower carbon alternatives
Fuel sources or technologies for power generation that
contain or use less carbon than coal.

LHV
Lower heating value (the same as net calorific value).

Mechanical Thermal Expression
Efficient process for drying wet brown coals (lignites)
prior to combustion being developed in Victoria by the
CRC for Clean Power from Lignite.

Megawatt
A measurement of electric power - 1,000,000 watts
where 1 MW = 1 MJ/s.

Megawatt hour
A measurement of energy production or consumption -
equivalent to production power or consumption load of 1
MW for a period of 1 hour.

Methane
A hydrocarbon gas that is the principal constituent of
natural gas.

MRET
The Commonwealth Government’s Mandatory Renewable
Energy Target scheme.

MTE
Mechanical Thermal Expression.

MW 
See megawatt.

MWh
See megawatt hour.

Natural gas
A gaseous mixture of hydrocarbon compounds, primarily
methane.
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NETL
United States National Energy Technology Laboratory.

Nitrogen oxides  
Often formed from nitrogen in air when fossil fuels,
including oil, gas and coal, are burned at high
temperatures in air to generate electric power.  NOx are a
chief component of air pollution that contribute to the
formation of smog and a component of acid rain.

OECD
Organisation for Economic Co-operation and
Development.

Plant
A facility for converting mechanical, chemical, and/or
nuclear energy into electric energy.

Peak load
The highest electrical demand within a particular period
of time. Daily electric peaks on weekdays occur in late
afternoon and early evening. Annual peaks occur on hot
summer days.

PFBC
Pressurised Fluidised Bed Combustion.

Primary energy demand
The total amount of all forms of energy consumed.

Pulverised fuel
Pulverised Fuel (PF) combustion is the most widely used
method for burning coal for electricity generation. In PF
combustion, coal is milled to a powder and blown into
the boiler with air. As a powder, the coal has a large
surface area and is easily combusted in burners. This
provides the heat which is used to produce superheated
steam to drive turbines and hence generate electricity.  At
present, nearly all of the world’s coal-fired electricity is
produced using PF combustion systems.

RD&D
Research, development and demonstration.

Renewable energy
Energy sources that are not sourced from fossil fuels or
nuclear energy (i.e. hydroelectricity, wind, biomass, solar
thermal, photovoltaics, etc).

Renewables 
See renewable energy.

SC
Supercritical steam.

Sequestration
Originally referred only to the conversion of atmospheric
CO2 into plant matter through photosynthesis, but is
now also used to describe CO2 capture and storage.

Sequestration ready
Suitable for retrofitting to enable CO2 capture and
compression for storage.

Shift reaction
Refers to the water-gas shift reaction where effectively
carbon monoxide is converted to hydrogen (CO + H2O >
CO2 + H2), usually in the presence of a catalyst.

Stationary energy sector
Stationary energy sources include power plants, gas
stations, incinerators, houses etc.

Subcritical (steam)
Temperature and pressure generally in the range of 520-
550C and160-180 bar (i.e. below the critical point of
water).

Sulphur dioxide
A toxic, irritating gas, and an unwanted emission from
most combustion processes.

Supercritical (steam)
Steam temperature and pressure above the critical point
of water; generally refers to pressures of 230-300 bar
and steam temperatures of 550-566C. More extreme
conditions are called ultrasupercritial.

Syngas
Synthetic gas made from coal gasification (mainly carbon
monoxide and hydrogen).

Turbine
A machine for converting energy of a stream of fluid
(such as water, steam or hot gas) into rotating
mechanical energy.

UCC
Ultra Clean Coal.

Ultra-supercritical (steam)
Steam temperature and pressure above 566C and 300
bar (see also supercritical steam).

USC
Ultra-supercritical steam.

Venting
The process of supplying or removing air by natural or
mechanical means to or from any space. Such air may or
may not have been conditioned or treated.
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Federal and State Governments
• Commonwealth Department of Industry, Tourism & Resources

• Australian Greenhouse Office

• Department of Natural Resources and Mines (Qld)

• Department of Innovation & Information Economy (Qld)

• Department of Mineral Resources (NSW)

• Department of Primary Industries (Vic)

• Department of Primary Industries and Resources (SA)

Coal industry
• Anglo Coal

• BHP Billiton

• Rio Tinto

• Xstrata Coal

• Australian Coal Association

• Australian Coal Association Research Program (ACARP)

• NSW Minerals Council

• Queensland Mining Council

• Victorian Minerals and Energy Council

Electricity industry
• CS Energy

• Delta Electricity

• Edison Mission Energy

• Hazelwood Power

• Loy Yang Power

• Stanwell Corporation

• Tarong Energy

• HRL

• Electricity Supply Association of Australia

Research community
• Centre for Fuels and Energy, Curtin University of Technology

• Cooperative Research Centre for Clean Power from Lignite

• Cooperative Research Centre for Coal in Sustainable Development

• Cooperative Research Centre for Greenhouse Gas Technologies

• CSIRO

• UCC Energy 

C O A L 2C O A L 2 1  P1  P A R T I C I PA R T I C I P A N T S  A N T S  



3 6 C O A L 2 1  I S S U E S  P A P E R A U G U S T  2 0 0 3

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

Canadian Clean Power Coalition (CCPC)
http://www.canadiancleanpowercoalition.com 

CANMET Energy Technology Centre (CETC)
http://www.nrcan.gc.ca/es/etb/cetc/cetchome.htm

Carbon Sequestration Initiative (CSI)
MIT Laboratory for Energy and the Environment
http://sequestration.mit.edu/program/index.html

Carbon Sequestration Leadership Forum
www.fe.doe.gov/programs/sequestration/cslf/

CARNOT Online (European Union)
http://www.carnot-online.org/

Center for Coal Utilization, Japan 
http://www.ccuj.or.jp/index-e.htm

Clean Coal Technology - European Commission
http://europa.eu.int/comm/energy/en/cleancoal-
techno.html

CO2NET
www.co2net.com/

Combustion-Net
http://www.combustion-net.com

CRC for Clean Power from Lignite
http://www.cleanpower.com.au/

CRC for Coal in Sustainable Development (CCSD)
http://www.ccsd.biz

CRC for Greenhouse Gas Technologies - CO2CRC
http://www.co2crc.com.au/

CSIRO (Commonwealth Scientific & Industrial
Research Organisation)
http://www.csiro.au

Electric Power Research Institute
http://www.epri.com

Euro Clean Coal web site
http://www.euro-cleancoal.net

Gasification Technologies Council
http://www.gasification.org

U S E F U L  L I N K SU S E F U L  L I N K S

GESTCO
www.nitg.tno.nl/projects/eurogeosurveys/projects/Gest
coWeb/

IEA Clean Coal Centre
http://www.iea-coal.org.uk/

IEA Greenhouse Gas R&D Programme
http://www.ieagreen.org.uk/ and
http://www.co2sequestration.info/

International Flame Research Foundation 
http://www.ifrf.net 

International Test Centre for CO2 Capture

http://www.co2-research.ca/main.html

Japanese Coal Energy Centre
www.jcoal.or.jp

New Energy and Industrial Technology Development
Organisation (NEDO)
www.nedo.go.jp/./english/index.html

Research Institute of Innovative Technology for the
Earth (RITE)
www.rite.or.jp/English/E-home-frame.html

Saline Aquifer Carbon Dioxide Storage (SACS)
www.ieagreen.org.uk/sacshome.htm

UK Cleaner Coal Technology Programme 
http://www.dti.gov.uk/energy/coal/cfft/cct/

U.S. Department of Energy, Office of Fossil Energy 
http://www.fe.doe.gov 

US Clean Coal Technology Compendium
http://www.lanl.gov/projects/cctc/

US Coal Utilization Research Council 
http://www.coal.org

US National Energy Technology Laboratory
http://www.netl.doe.gov

World Coal Institute
http://www.wci-coal.com

ZECA Corporation - formerly the Zero Emission Coal
Alliance 
http://www.zeca.org


