Reducing Australia’s
Greenhouse Gas Emissions—
Targets and Progress Review
final Report

February
2014

Published by the Climate Change Authority
www.climatechangeauthority.gov.au
ISBN: 978-0-9873828-6-3
This work is licensed under the Creative Commons Attribution 3.0 Australia Licence.
To view a copy of this license, visit http://creativecommons.org/licenses/by/3.0/au
The Climate Change Authority asserts the right to be recognised as author of the original material in
the following manner:
or
© Commonwealth of Australia (Climate Change Authority) 2014.
IMPORTANT NOTICE—PLEASE READ

This document is produced for general information only and does not represent a statement of the
policy of the Commonwealth of Australia. The Commonwealth of Australia and all persons acting
for the Commonwealth preparing this report accept no liability for the accuracy of or inferences from
the material contained in this publication, or for any action as a result of any person’s or group’s
interpretations, deductions, conclusions or actions in relying on this material.

Cover image courtesy of NASA

acknowledgements
The Authority would like to thank the many people and organisations that contributed time and
expertise to the Targets and Progress Review. These contributions have included climate science
advice, assistance with economic modelling and analysis, and international and domestic policy
expertise. These contributions have enhanced the quality of the Review and provided evidence to
inform the Authority’s recommendations.
A number of government departments and public agencies have supported the work of the Authority
during the course of the Review. They include: the Department of the Environment, the Treasury,
the Australian Energy Markets Commission, the Australian Energy Market Operator, the Australian
Embassy in China, the Commonwealth Scientific and Industrial Research Organisation (CSIRO) and
the Bureau of Resources and Energy Economics.
The Authority consulted extensively across a range of industry, academic and non-government
stakeholders. The Authority is particularly grateful to the support and assistance provided by:
Dr Josep Canadell (CSIRO), Associate Professor Peter Christoff (University of Melbourne),
Dr Ian Enting (University of Melbourne), Dr Roger Gifford (CSIRO), Dr Helen Hughes (CSIRO),
Professor Lesley Hughes (Macquarie University), Dr Malte Meinshausen (University of Melbourne),
Professor Michael Raupach (CSIRO), Dr Luke Reedman (CSIRO), Professor Will Steffen (Australian
National University), Dr Penny Whetton (CSIRO), Alex Wonhas (CSIRO), the staff at ClimateWorks
Australia, the Global Carbon Capture and Storage Institute, the US Department of State and
World Resources Institute.
Finally, the Authority would like to thank the many stakeholders who provided submissions
throughout the Review.

targets and progress review final REPORT february 2014

5

Contents
Summary
Recommendations

7
15

Part A | Introduction and context
1 About this Review
2 Science and impacts of climate change
3 A global emissions budget for 2 degrees or less
4 Global action and Australia’s role

17
19
27
43
53

Part B | Australia’s policies and progress to date
5 Australia’s policies on climate change
6 Australia’s progress to date in reducing emissions

75
77
85

Part C | Australia’s emissions reduction goals
7 Form and scope of goals
8 Australia’s emissions budget to 2050
9 Australia’s 2020 and 2030 goals
10 Economic implications of Australia’s emissions reduction goals

99
101
113
119
127

Part D | Reducing Australia’s emissions—Opportunities and challenges
11 Australia’s emissions outlook
12 Using international emissions reductions to help meet Australia’s goals

147
149
177

Part E | Implementation issues under the carbon pricing mechanism
13 Caps for the carbon pricing mechanism

187
189

Appendices
A Public consultation
B Global action to reduce greenhouse gas emissions
C Sharing the global emissions budget
D Progress towards Australia’s emissions reduction goals
E Calculating caps—Assumptions, methods and tests
F How economic modelling is used in this Review

201
203
207
225
233
321
329

List of recommendations and conclusions
List of boxes, figures and tables
Glossary
Abbreviations and acronyms
References
Index

339
343
349
353
355
379

6

targets and progress review final REPORT february 2014

7

SUmmary
This is the final report
of the Climate Change
Authority on its
Targets and Progress
Review.

The Climate Change Authority is required by legislation to review
Australia’s greenhouse gas emissions reduction goals and report on
progress towards them. The Targets and Progress Review fulfils these
requirements and recommends emissions reduction goals that would
provide a clear course for action to 2020, and guidance beyond.
The Authority was established as an independent statutory agency to
provide advice to government and parliament. In developing this report,
the Authority has assessed an extensive evidence base, along with
significant input from stakeholders.

Why is this Review important?

Climate change
science indicates the
world is warming and
human activities are
the dominant cause.

Climate change science is clear—the world is warming and human
activities are the dominant cause.

Global action to limit
warming to below
2 degrees will benefit
Australia.

The international community has made a commitment to keeping global
warming below 2 degrees. To meet this shared goal, Australia and other
countries need to strengthen their emissions reduction efforts.

Climate change poses major risks for Australia’s people, economy and
environment. A warmer climate is predicted to increase the frequency
and intensity of weather extremes, such as heatwaves, droughts, floods
and bushfires, and to cause rises in sea levels. Australia is likely to better
adapt to projected impacts if global warming is limited to less than
2 degrees above pre-industrial levels. With larger increases, adaptation
can be expected to become increasingly costly and challenging.

Australia stands to benefit from stronger global action, but it must also
be prepared to do its part to meet the global goal. In this Review, the
Authority outlines its views on what a reasonable contribution from
Australia would be.
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Summary

This Review is timely
as Australia considers
its emissions reduction
goals …

A review of Australia’s emissions reduction goals is especially relevant
at this time.
Australia has a formal international undertaking to reduce emissions
by at least 5 per cent by 2020, compared with 2000 levels, and has
indicated it might do more under certain circumstances. As part of
international negotiations, Australia has committed to reviewing its
minimum 5 per cent offer and to advising, by 30 April 2014, whether
it proposes to increase its 2020 target. (This is not the last
opportunity—governments can strengthen their targets at any time.)
A new international agreement, covering emissions reduction goals
beyond 2020, is scheduled to be negotiated by the end of 2015. This
agreement is intended to cover all major emitting economies; Australia
will be expected to indicate its post-2020 targets by the first quarter
of 2015.

… and develops its
climate policies.

The government is currently revising Australia’s climate policies. The
Authority’s Review examines the latest evidence on climate science and
the impacts of climate change, international action to reduce emissions,
and economic and social implications for Australia. It also reports
on where Australia has successfully reduced emissions, where there
are gaps and opportunities for greater reductions, and how a suite of
policies might help to realise those opportunities in a cost-effective way.

Where are we now?

Australia’s emissions
intensity has halved
since 1990 …

Australian governments—Commonwealth, state and local—have
implemented a range of policies to reduce greenhouse gas emissions
over the past two decades.
Australia’s emissions were broadly the same in 2012 as in 1990,
notwithstanding a doubling in the size of the economy. This means
that the emissions intensity of the economy has halved over that
period. While broader economic forces have accounted for some of this
reduction in emissions intensity, policy has also contributed.
Further, Australia’s emissions over the period 2008–2012 averaged
104 per cent of 1990 levels, less than its 108 per cent target under the
Kyoto Protocol. As a result, Australia has 116 Mt CO2-e of emissions
rights to carryover to its 2013–2020 Kyoto commitment.

… but more needs to
be done.

Further efforts are, however, necessary to achieve absolute reductions
in emissions. In 2012, Australia’s greenhouse gas emissions totalled
600 Mt CO2-e, 2.5 per cent above 2000 levels. In the absence of a
carbon price or other effective policies, emissions are projected to
grow to 685 Mt CO2-e in 2020, 17 per cent above 2000 levels.
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What does the Authority recommend?

Emissions (Mt CO2-e)

In this report, the Authority adopts a budget approach to develop
The Authority
CHAPTER 9 FIGURE 9.2 (NEW FIGURE)
emissions reduction goals for the short, medium and long term
recommends a
(Chapter 7). Setting a budget for emissions through to 2050 highlights
coordinated set of
700
the trade-offs involved between actions taken now and those made
goals that would
necessary later. In short, weaker action now imposes a greater
manageably spread
600
emissions reduction task on future generations.
future efforts over
time …
-15%
Setting longer term emissions reduction goals, in addition to shorter
500
-19%
term goals, is especially significant for investors (and their financiers)
in long-lived assets.
400
4% from

The Authority recommends a coordinated set of goals for Australia:
... comprising
carryover
300
National emissions
2020 goals, a
budget 2013–2020
•• 2020 goals, providing a clear course for short-term
action:
trajectory
range to
200
–– a minimum 2020 target of 15 per cent below 2000 levels
2030 and a budget
Historical emissions –– using Australia’s carryover under the Kyoto Protocol to raise the
to 2050.
100
First Kyoto commitment2020
period target
target by 4 percentage points, giving an effective target of
19
per
cent
0
1990

1995

2005
2010
2015
2020
–– an2000
indicative national
trajectory
consistent with
19 per cent
and
an emissions budget of 4,193 Mt CO2-e for the period 2013–2020.

•• Beyond 2020, guidance for longer term planning and investment,
subject to frequent review in light of new information:
–– a trajectory range for emissions reductions of between 40 and
60 per cent below 2000 levels by 2030
–– a national emissions budget for 2013–2050 of 10,100 Mt CO2‑e,
based on what might be considered Australia’s fair share of a global
emissions budget.
While different goals were canvassed and assessed, the Authority
believes its recommendations provide a credible set of goals for
Australia at this time.
CHAPTER 9 FIGURE 9.3 (FORMERLY 11.1)
Figure 1: Recommended emissions reduction goals
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Australia needs strong
and lasting policies
to reduce domestic
emissions.

Targeted and sustained emissions reduction policies, including marketbased and complementary measures, are needed now to drive a steady
transformation of the Australian economy. These can help Australia
stay competitive as the world moves to a low-emissions future. Climate
change policies should have regard to their distributional consequences
and, as appropriate, be coordinated with industry, trade and other
objectives.

International
emissions reductions
should complement
domestic efforts.

International emissions reductions can provide an environmentally
sound and cost‑effective complement to domestic actions. The
Authority recommends that Australia draw upon international
emissions reductions to help meet the proposed 2020 target, and
that the government establish a fund to purchase those reductions.

The reasoning underlying the Authority’s recommended goals

The Authority
recommends a
minimum 2020 target
of 15 per cent, rising
to 19 per cent with
carryover.

Based on all the evidence available to it, the Authority concludes that
Australia’s 5 per cent target is inadequate (Chapter 9) and recommends
a minimum target of 15 per cent, rising to 19 per cent with the carryover
from the Kyoto Protocol.

A 5 per cent target is
inconsistent with the
below 2 degree goal.

First, a 5 per cent target for 2020 would not be a credible start by
Australia towards achieving the below 2 degree goal. It would leave an
improbably large task for future Australians to make a fair contribution
to global efforts.

There are three key reasons why the Authority makes these
recommendations.

A target of 15 per cent (plus carryover) represents a more appropriate
response to the latest science and a more manageable spread of efforts
over the decades ahead. While emissions reduction efforts would still
have to accelerate in the future, significantly more of the projected
budget to 2050 would be available for future years compared with a
5 per cent target.
The pace of
international action
justifies Australia
going further ...
… with China and
the United States
stepping up their
efforts.

Second, the scale and pace of global action suggests Australia should
be moving beyond 5 per cent (Chapter 4).
The world’s two largest emitters, China and the United States, are
stepping up their efforts on climate change. Both countries have
emissions reduction targets and are investing heavily in renewable
energy—estimated at more than US$100 billion in 2012. China is
tightening its vehicle emissions standards, replacing inefficient coalfired power plants with more efficient plants, and has established five
sub-national pilot emissions trading schemes. In the United States,
a 2013 presidential action plan on climate change includes new
restrictions on emissions from coal-fired power plants, stronger vehicle
emission standards and additional energy efficiency measures. These
are intended to complement existing state-based market initiatives
to reduce emissions and increase the use of renewable energy.
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A 2020 target of
15 per cent plus
carryover is more
in line with other
countries.

Australia’s 5 per cent target is weaker than that of many comparable
countries. For example, the United States has a 2020 target of
17 per cent below 2005 levels; the UK has a target of 34 per cent
below 1990 levels; Norway has a target of 30–40 per cent below
1990 levels. A target of 15 per cent plus carryover for Australia would
be more in line with the targets being pursued by such countries.

Stronger targets can
be achieved at a
manageable cost.

Third, the Authority believes the costs of meeting the recommended
target would be manageable.
The costs of delivering the recommended target depend very much
on the policies used to pursue it. At this time, the government is still
in the process of developing its policies and the Authority could not
therefore assess the costs of pursuing the recommended target with
such policies.
In these circumstances, the Authority has drawn on economic
modelling based on the current legislation to estimate the incremental
costs of moving from 5 per cent to a stronger target (Chapter 10). This
modelling suggests that adopting a 2020 target of 15 per cent plus
carryover would slow annual growth in average per person income by
0.02 per cent, compared with meeting the 5 per cent target.
One reason why the incremental costs are so low is that the current
legislation allows a mix of domestic and international reductions to
achieve the target. Australia could meet the whole of the incremental
emissions reduction task associated with moving from 5 per cent to the
recommended target through the carryover and the use of additional
international emissions reductions.
The government intends to implement different policies to achieve the
5 per cent target; these will have different costs from the approach
envisaged in the current legislation. The issue of costs (and their
distribution) will need to be revisited when the government finalises
its policies. The incremental costs of moving to a stronger target
would, however, be comparable to those estimated under the current
legislation so long as the stronger target was achieved through the use
of international emissions reductions.

The government’s
conditions for moving
beyond 5 per cent
have been met.

In 2009, the government set conditions for when Australia might move
beyond the unconditional 5 per cent target to a 15 or 25 per cent target.
In the Authority’s view, the conditions for moving beyond 5 per cent
have been met. Whether the conditions for 15 per cent have been met
is unclear—some elements have been met; others are marginal. The
conditions for a 25 per cent target have not been met.
The Authority’s charter requires it to examine considerations beyond
those accounted for in the conditions, including climate science,
international actions, economic impacts and equity. Taken together,
these broader considerations are believed to justify the Authority’s
recommended goals, including a minimum 2020 target of 15 per cent.
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The Authority
recommends a
medium-term
trajectory range
of 40–60 per cent
reductions by 2030 …

The Authority recommends a trajectory range for emissions reductions
from the 2020 target to a level between 40 and 60 per cent below
2000 levels in 2030. This range should be reviewed periodically as new
information emerges.
The middle of the trajectory range is consistent (on a straight-line basis)
with the recommended national emissions budget to 2050. Over time,
developments in climate science, international action and economic
factors can be expected to affect Australia’s appropriate medium- and
long-term goals. A trajectory range would give Australia the flexibility
to adjust its emissions reduction trajectory in response to changing
circumstances.
Climate change science suggests that to have a reasonable chance of
achieving the below 2 degree goal, global greenhouse gas emissions
need to be reduced substantially (Chapter 3). Keeping within a global
emissions budget of 1,700 Gt CO2-e between 2000 and 2050 is
calculated to give at least a likely (two-thirds) chance of staying below
2 degrees—emitting less would improve the odds; emitting more would
reduce them. A significant proportion of this global budget has been
used already.

… and a long-term
emissions budget of
10.1 Gt CO2-e to 2050.

The Authority believes an emissions budget of 10.1 Gt CO2-e for the
period 2013 to 2050 (or about one per cent of the remaining estimated
global budget) would represent an equitable share for Australia
(Chapter 8). Again, this budget should be kept under review and
adjusted for relevant developments.

What are the next practical steps for Australia?

Action can help
Australia stay
competitive as the
world acts to reduce
the risks of climate
change.

A strong and coordinated suite of policies is essential for Australia to
achieve the recommended goals.
A continuing global trend towards stronger climate action and a
lower emissions global economy could make it difficult for Australia
to remain competitive as a high-emissions economy. To head off this
risk, Australia needs policies now to drive reductions in domestic
emissions, promote a steady transformation of the domestic economy,
capture low-emissions growth opportunities, encourage innovation and
stimulate new low-emissions investment.
Many of these initiatives have long lead times. In the meantime,
international emissions reductions can be used to complement
domestic efforts and assist Australia to make its contribution to
global action in a cost-effective way.
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Australia can achieve
substantial domestic
emissions reductions …
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Substantial emissions reductions are available domestically
(Chapter 11). The Authority has identified low- to medium-cost
emissions reduction opportunities across all sectors of the economy,
such as:
•• using less emissions-intensive energy sources such as renewables,
particularly for electricity generation
•• reducing fugitive emissions from energy resource extraction,
particularly the development of relatively lower emissions mines
and uptake of existing and new technologies to capture methane
•• modifying industrial processes; for example, using nitrous oxide
abatement technology
•• improving the efficiency of buildings, equipment and vehicles
•• increasing reforestation and afforestation, lowering rates of
deforestation and improving land management.
The electricity sector could offer the single largest opportunity for
emissions reductions in response to price incentives, through both a
reduction in the emissions intensity of generation and energy efficiency.

… if policies are put in
place now.

There can be lags between designing and implementing a policy to
reduce emissions and seeing tangible results—many of the potential
actions and investments have extended lead times, and long-lived
capital stock turns over slowly. If sustained and cost-effective policies
are put in place in the next few years, emissions can be reduced
substantially over the period to 2030.
Energy efficiency will be particularly important in the near term. Policies
that drive the transition to low-emissions technologies, buildings and
vehicles will contribute more to emissions reductions beyond 2020
as equipment and infrastructure is replaced. To be in line with other
developed countries and China, Australia should consider light vehicle
CO2 emissions standards. They are likely to be an effective complement
to a carbon price or baseline and credit scheme, and could deliver
significant, cost-effective emissions reductions and other benefits.

International
emissions reductions
are a cost-effective
and environmentally
sound way to help
meet Australia’s
goals …

Although it is important to drive domestic reductions, climate change
is a global phenomenon. As long as international reductions are real,
they have the same effect on climate outcomes as domestic reductions.
Over-reliance on international emissions reductions could delay
Australia’s domestic transition, increasing the risk of disruptive and
costly adjustment in future decades. Particularly in the period to 2020,
however, using international reductions to complement domestic efforts
could help Australia meet its emissions reduction goals at lower cost
and support broader trade and foreign policy objectives. In turn, these
benefits could encourage more ambitious action, both in Australia and
overseas.
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… complementing
domestic action.

The government
should establish a
fund to purchase
genuine international
emissions reductions
to move from
5 per cent to the
recommended
2020 goals.

The Authority recommends Australia use international emissions
reductions to bridge gaps between domestic reductions and the
recommended goals. The government has indicated it will achieve the
minimum 5 per cent target through domestic emissions reductions,
but the Authority believes international reductions could also have
a role to play in meeting that target.
There is currently a large supply of genuine emissions reductions
available in the global market at historically low prices. Moving from
5 per cent to the Authority’s recommended target of 15 per cent plus
carryover would require an additional 427 Mt CO2-e of emissions
reductions over the period to 2020. The cost of purchasing all these
reductions internationally is between $200 million and $900 million,
assuming average unit prices of between $0.50 and $2 per tonne
(current prices are less than $1).
The Authority recommends a government fund be established to
purchase sufficient genuine international emissions reductions to close
any gap between domestic reductions and the recommended 2020
target. This would provide time to implement policies for efficient
domestic emissions reductions, while enabling Australia to make
a reasonable contribution to global efforts in a cost-effective way.
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Recommendations
Recommendation

number page

Emissions reduction goals—short-term targets and longer term guidance
A minimum 2020 emissions reduction target of 15 per cent below 2000
levels.

R.5

124

Australia’s carryover from the first commitment period of the Kyoto
Protocol be used to raise the 2020 emissions reduction target by
4 percentage points, giving a 2020 target of 19 per cent.

R.6

124

An indicative national trajectory for the period 2013–2020 that follows
a straight line to the 2020 target. This line starts at Australia’s first
commitment period target under the Kyoto Protocol (108 per cent of 1990
levels) in 2010, and ends at 19 per cent below 2000 levels in 2020.

R.7

124

A national carbon budget for the period 2013–2020 of 4,193 Mt CO2-e.

R.8

124

Beyond 2020, Australia continue to reduce emissions within a trajectory
range bounded by the paths to 40 and 60 per cent below 2000 levels in
2030.

R.9

126

A national carbon budget for the period 2013–2050 of 10.1 Gt CO2-e.

R.4

117

R.1
The trajectory range and the national budget to 2050 be reviewed at least
every five years. There could be additional reviews to take account of
major developments; for example, in 2016 to take account of international
developments on the post-2020 framework. As part of these reviews, the
trajectory range would be extended to maintain a similar period of guidance
over time, and short-term targets and trajectories would be set within the
existing range.

106

R.2
The periodic reviews of the trajectory range and the national budget to
2050 have particular regard to the following general criteria—changes in
or new information about climate science, the level and pace of international
action, and economic factors.

106

Periodic review of goals

15

16

Recommendations

Recommendation

number page

Actions to achieve goals
The government use international emissions reductions to bridge any gap
between domestic reductions achieved under the Direct Action Plan and
the recommended 2020 goals.

R.11

186

The government establish a fund to purchase Clean Development
Mechanism units to complement the Direct Action Plan and help
meet the recommended 2020 goals.

R.12

186

The government investigate the near-term introduction of fleet-average
CO2 emissions standards for light vehicles in Australia as a way to secure
significant, cost-effective emissions reductions and related co-benefits.

R.10

166

R.3

109

R.13

199

Implementation matters
The government recognise voluntary action by cancelling one Kyoto
Protocol unit for each tonne of emissions reductions achieved in the
period 2013–2020 through:
•• the voluntary cancellation of domestic units,
•• the voluntary cancellation of renewable energy certificates, and
•• GreenPower purchases.
Carbon pollution caps for each of the first five years of the flexible-price
period under the carbon pricing mechanism of:
Year
2015–16

Cap (Mt CO2-e)
234

2016–17

228

2017–18

222

2018–19

215

2019–20

209
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Part a

Part A introduces the Targets and Progress Review. In this Review, the Authority
makes recommendations to the parliament, through the Minister for the
Environment, about emissions reduction goals for Australia. The Authority also
reviews Australia’s progress towards meeting these goals, and identifies future
emissions reduction opportunities—both within Australia and internationally.
In developing its recommendations, and in drawing the conclusions set out in
this report, the Authority considered evidence and expert and stakeholder views
about a wide range of matters.
Part A examines the context for making decisions about Australia’s emissions
reductions goals. It presents evidence about climate science, the impacts of
climate change and what is required to meet the global goal to limit temperature
rises to below 2 degrees. It then considers global action to reduce greenhouse
gas emissions, how global action measures against the global goal and what this
means for Australian action.
Part A sets out:
•• the scope of the Targets and Progress Review and the Authority’s approach
(Chapter 1)
•• climate science and the likely impacts of climate change on Australia and
other countries (Chapter 2)
•• the amount of greenhouse gas emissions the world can emit while preserving
a likely chance of limiting global warming to below 2 degrees (Chapter 3)
•• global action to reduce greenhouse gas emissions and its implications for
Australia’s emissions reduction goals (Chapter 4).
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1

Climate change poses serious risks to the Australian community, economy and
environment. Effective policies that reduce Australia’s emissions and support a global
solution are in Australia’s interest.
The Climate Change Authority is an independent body established to provide expert
advice to the Commonwealth Government on Australian climate change policy. This
report fulfils the Authority’s legislative requirements to make recommendations about
Australia’s emissions reduction goals and report on progress in reducing its emissions.
The report recommends short-, medium- and long-term emissions reduction goals,
as well as the corresponding trajectory ranges and emissions budgets. This will help
inform government decision-making on future international commitments and the
design of new policy.
In the Targets and Progress Review, the Authority has considered the latest climate
science, international action, Australia’s progress in reducing emissions, international
and inter-generational equity, the economic costs of different targets and opportunities
for future emissions reductions. Australia’s existing international obligations and
undertakings were a starting point for the Review.

This chapter introduces the Targets and Progress Review. It provides information about the Authority,
discusses the Review, and explains the Authority’s approach to its analysis and recommendations.

1.1 The Climate Change Authority
The Climate Change Authority is an independent statutory agency, established to provide expert
advice on Australian climate change policy, including through a scheduled series of reviews of
climate programs and legislation.
The Authority is chaired by Mr Bernie Fraser and comprises nine members with expertise in climate
science, economics, business and public policy. Its work is guided by a set of principles under the
Climate Change Authority Act 2011 (Cth). The Act states that, in conducting a review, the Authority
must have regard to the following matters:
•• economic efficiency
•• environmental effectiveness
•• equity

20
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•• the public interest
•• the impact on households, business, workers and communities
•• the development of an effective global response to climate change
•• Australia’s foreign policy and trade objectives
•• any additional principles the Authority considers relevant.
The Authority has taken these matters into account in the Targets and Progress Review.
The Authority is required to consult in conducting its reviews. Public consultation has been a key
part of the Targets and Progress Review. The Authority has engaged with a wide range of interested
parties, who have provided essential input to the review process.

1.2 Context
Climate change is an ongoing global problem that poses serious risks to the Australian community,
economy and environment. Effective policies that reduce Australia’s emissions and support a global
solution are in Australia’s interest.
This report can help inform the Commonwealth Government as it makes decisions in the near
future about Australia’s 2020 target and post-2020 emissions reduction goals (outlined in
Figure 1.1). Under the United Nations Framework Convention on Climate Change (UNFCCC) and
the Kyoto Protocol, countries are considering ways to increase global action to reduce emissions.
Australia has committed to reviewing its 2020 Kyoto target and advising whether it intends to
strengthen it from the minimum 5 per cent reduction (on 2000 levels) by April 2014. At the same
time, UNFCCC Parties are considering a post-2020 international climate framework and Australia
will be expected to indicate its post-2020 goals by the first quarter of 2015. The government is also
free to strengthen its emissions reduction efforts at any time.

Figure 1.1: The Authority’s Review and international climate change
CHAPTER 1 FIGURE 1.1 (NEW FIGURE)
milestones 2014–15
2014
February
Authority’s Targets and
Progress Review released

April
Australia to review its
2020 target and advise
the UNFCCC if it will
increase its target

September
World leaders summit
to discuss global action
on climate change hosted
by UN Secretary General

2015
First quarter
Australia expected
to put forward its
post-2020 goals

December
UNFCCC meeting
to negotiate a new
post-2020 agreement

This report can also inform government decision-making as it determines new policy settings to address
climate change. The government has announced it intends to repeal the carbon pricing mechanism and
replace it with a Direct Action Plan. In December 2013, the government released a Green Paper setting
out its preferred options for the design of an Emissions Reduction Fund, which is the centrepiece of the
Direct Action Plan. A White Paper outlining the fund’s final design is due in early 2014.
CHAPTER 1 FIGURE 1.2 (NEW FIGURE)

1.3 The Targets and Progress Review
The Targets and Progress Review covers two legislated reviews under the Clean Energy Act 2011 (Cth),
which require the Authority to:
•• make recommendations about Australia’s emissions reduction goals, including specifically an
Traje
indicative national emissions
ctor trajectory and a national carbon budget (referred to in this report
y
as an emissions budget) and carbon pollution caps (s. 289)

ns

Target
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•• report on Australia’s progress in achieving its medium- and long-term emissions reduction targets,
and progress in meeting a national emissions budget (s. 291).
The matters to which the Authority must have regard in conducting these reviews are set out in the
Clean Energy Act and listed at Box 1.1.

Box 1.1: Legislated review requirements

The Clean Energy Act sets out specific matters to which the Authority must have
regard in the Targets and Progress Review:
Review of caps, trajectories and budgets (s. 289)
(a)	Australia’s international obligations under international climate change
agreements;
(b)	undertakings relating to the reduction of greenhouse gas emissions that Australia
has given under international climate change agreements;
(c)	Australia’s medium-term and long-term targets for reducing net greenhouse
gas emissions;
(d)	progress towards the reduction of greenhouse gas emissions;
(e)	global action to reduce greenhouse gas emissions;
(f)	estimates of the global greenhouse gas emissions budget;
(g)	the economic and social implications associated with various levels of carbon
pollution caps;
(h)	voluntary action to reduce Australia’s greenhouse gas emissions;
(i)	estimates of greenhouse gas emissions that are not covered by this Act;
(j)	estimates of the number of Australian carbon credit units that are likely to
be issued;
(k)	the extent (if any) of non-compliance with this Act and the associated
provisions;
(l)	the extent (if any) to which liable entities have failed to surrender sufficient units
to avoid liability for unit shortfall charge;
(m)	any acquisitions, or proposed acquisitions, by the Commonwealth of eligible
international emissions units;
(n)	such other matters (if any) as the Climate Change Authority considers relevant.
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(a)	the level of greenhouse gas emissions in Australia;
(b)	the level of purchases of eligible international emissions units (whether by the
Commonwealth or other persons);
(c)	the level of greenhouse gas emissions that:
(i)	are attributable to activities in the Australian economy; and
(ii)	are not reflected in the provisional emissions numbers of liable entities;
(d)	voluntary action to reduce greenhouse gas emissions;
(e)	such other matters (if any) as the Climate Change Authority considers relevant.

In line with the legislative requirements, this report:
•• presents evidence about climate science and international action to reduce greenhouse gas
emissions
•• assesses Australia’s progress in reducing greenhouse gas emissions across the whole economy
and within specific sectors
•• recommends a coordinated set of emissions reduction goals for Australia:
–– a short-term target for 2020, and an emissions budget and trajectory to 2020 providing a clear
course for short-term action
–– a trajectory range to 2030 and a national emissions budget to 2050, providing guidance for
longer term planning, subject to periodic review to respond to new information and changing
circumstances
•• identifies and assesses opportunities for emissions reductions in different sectors of the economy,
and policies to capture these opportunities
•• recommends international emissions reductions be used to help Australia meet its emissions
reduction goals (in particular, its 2020 target).

CHAPTER 1 FIGURE 1.2 (NEW
FIGURE)
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Box 1.2 defines the key terms, including ‘target’, ‘budget’, ‘trajectory’ and ‘net target’.
Traje
c

tory

Target

Box 1.2: Key definitions—Australia’s emissions reduction goals
Emissions

Target: A national emissions goal for a specific year. The Authority will recommend a 2020
target expressed as a percentage reduction in emissions from 2000 (see Figure 1.2).
Budget: Australia’s cumulative emissions allowance over a period of time. The
Authority will recommend a short-term budget for total emissions between 2013 and
2020, and a long-term budget between 2013 Budget
and 2050.

Trajectory
range

Trajectory: Australia’s indicative year-by-year national emissions pathway to
its target. The Authority will recommend a 2013 to 2020 trajectory. It will also
recommend a trajectory range from 2020 to 2030 (see ‘trajectory range’ below).
The year-by-year points on the trajectory are indicative (non-binding) targets in each
year. The area under the trajectory constitutes an emissions budget.
Trajectory range: The range within which future trajectories may be set. A
Time
trajectory range provides an indication of future
trajectories and flexibility to take
into account new information. The Authority is recommending a trajectory range
from 2020 to 2030.
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Figure
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‘Net’ targets: The recommended emissions reduction goals are net of trade.
This means that any international emissions reductions Australia buys will count
as
reductions1 FIGURE
towards its
any
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cannot be counted. Emissions in Australia could be higher than the target if offset
by purchases of international emissions reductions.
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Trajectory
range

Budget

1.3.1 The Authority’s approach to recommending
emissions reduction goals and assessing Australia’s
progress
The Authority has weighed a broad range
Time of considerations in reaching its recommendations,
including climate science, global action, the costs of reducing emissions and Australia’s appropriate
contribution to global emissions reductions.
Figure 1.3 illustrates the key considerations of the Targets and Progress Review, as set out in this report.
CHAPTER 1 FIGURE 1.3 (FORMERLY 1.1)
Figure 1.3 Targets and Progress Review—key considerations and structure
of the report
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The Authority has taken Australia’s existing international obligations and undertakings as a starting
point for its deliberations, including Australia’s commitment to the global goal to limit warming to
below 2 degrees. It has also taken into account Australia’s other emissions reduction commitments,
including its international undertakings under the:
•• UNFCCC—to reduce emissions by 5 per cent (unconditional) to 25 per cent below 2000 levels
by 2020
•• Kyoto Protocol—to limit average annual emissions in the period 2013 to 2020 to 99.5 per cent
of 1990 levels, a calculation based on the unconditional 5 per cent target.
None of the Authority’s recommendations would lead to Australia breaching its existing international
obligations and undertakings. In other words, Australia’s existing UNFCCC and Kyoto Protocol
commitments have been taken as minimums.

1.3.2 Public consultation
The Authority conducted extensive consultation as part of the Review. Feedback from stakeholders was
invaluable in informing this report and its recommendations. The public consultation included targeted
roundtable discussions as well as workshops with experts on a global emissions budget, modelling
assumptions and the electricity sector. Details of stakeholder consultation are at Appendix A.
The Authority released an Issues Paper in April 2013 and a Draft Report in October 2013. It
received 69 Issues Paper submissions and 138 Draft Report submissions, plus over 12,000
submissions through a GetUp campaign. Submissions are available on the Authority’s website
at www.climatechangeauthority.gov.au.

targets and progress review final REPORT february 2014

25

1.4 Structure of this report
This report is divided into five parts.
Part A: Introduction and context

The Authority has considered Australia’s emissions reduction goals in a global context. Part A
outlines:
•• what climate science tells us about the risks climate change poses for Australians (Chapter 2)
•• how climate science can inform the calculation of global emissions budgets and limits on global
emissions consistent with a given limit on global warming (Chapter 3)
•• global action underway to reduce emissions and Australia’s role in that global action (Chapter 4).
Part B: Australia’s policies and progress to date

Australia’s progress to date in reducing emissions is relevant to considering future action. Part B
outlines:
•• Australia’s policies to address climate change (Chapter 5)
•• Australia’s progress in reducing greenhouse gas emissions between 1990 and 2012 (Chapter 6).
Part C: Australia’s emissions reduction goals

This sets out recommendations on:
•• the timeframe, form and scope of Australia’s emissions reduction goals (Chapter 7)
•• a long-term budget for Australia, including consideration of equity between countries and
generations (Chapter 8)
•• Australia’s emissions reduction goals (Chapter 9).
Part C also considers the economic implications of the recommended emissions reduction goals
(Chapter 10).
Part D: Reducing Australia’s emissions—opportunities and challenges

This part examines:
•• emissions reduction opportunities across different sectors of the Australian economy and
challenges to realising those opportunities (Chapter 11)
•• the benefits and risks of using international emissions reductions to help meet Australia’s goals
(Chapter 12).
Part E: Implementation issues under the carbon pricing mechanism

The Authority’s recommendations to achieve Australia’s emissions reduction goals under the carbon
pricing mechanism, including:
•• recommendations for annual carbon pollution caps (Chapter 13).
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Science and impacts
of climate change

2

Human activities produce greenhouse gases that are causing the climate to warm.
If emissions continue to grow at current rates, warming is projected to increase rapidly
over the 21st century, exceeding 2 degrees within the next few decades and foreseeably
reaching 4 degrees or more by the end of the century.
Higher temperatures are projected to bring increasingly severe impacts on a global
scale, which could include inundation of low-lying coastal areas, climate-induced
migration of millions of people, growing risks to human health from many sources
and the collapse of vulnerable ecosystems. In Australia, impacts are projected to
include changes in rainfall; more frequent extreme events such as drought, flood and
heatwaves; damage to sensitive ecosystems and infrastructure; and health effects.
The extent of impacts will be determined by a number of factors, including future
emissions of greenhouse gases and the climate system’s response.
The international community has committed to limiting global warming to below
2 degrees, which requires strong action to reduce the world’s emissions. No level
of warming is considered ‘safe’, but 2 degrees would avoid the worst of the projected
impacts and could allow Australia to adapt to many of the expected changes. As
temperatures increase, adaptation will become increasingly costly and challenging.
Global action to limit warming to below 2 degrees provides clear benefits to Australia.

The Targets and Progress Review is founded on science. There is extensive evidence that human
activity is causing the world to warm at unusually rapid rates. Despite this evidence, coverage
of climate science can be misleading and confusing. This chapter provides a clear summary of
the science and the potential impacts of climate change for Australia. It discusses:
•• climate science and the relationship between greenhouse gases and global warming
•• the impacts caused by climate change to date
•• the projected impacts of climate change, both globally and in Australia
•• the social and economic costs of climate change.
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2.1 Climate science
Human activity is causing the climate to warm. Activities such as burning fossil fuels, undertaking
industrial processes and clearing land produce greenhouse gases. These gases trap heat radiated
from Earth within the atmosphere, like a greenhouse. As concentrations of greenhouse gases
increase, more heat is retained and the climate gets warmer.
Since the beginning of the Industrial Revolution in 1750, the concentration of carbon dioxide
in the atmosphere has grown by 40 per cent, methane by 150 per cent and nitrous oxide by
20 per cent (IPCC 2013a, p. 7). According to ice core records, which show the atmosphere’s
historical composition, the current concentrations of these three gases substantially exceed the
concentrations at any other time over the past 800,000 years (IPCC 2013a, p. 7). Figure 2.1 charts
their concentrations over the past 1,000 years, showing rapid increases in all three major greenhouse
gases, particularly since the 1950s.
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Climate change is a long-term issue, as greenhouse gases can remain in the atmosphere over
very long time scales. Carbon dioxide is the most important long-lived greenhouse gas and it is
produced in large quantities by human activities. About one-third of the carbon dioxide increase
due to emissions this year will remain in the atmosphere in 100 years and about 20 per cent will
still be present in 1,000 years. So, long-lived greenhouse gases released now ‘lock in’ future
warming, even if no more are emitted. For example, maintaining greenhouse gas concentrations
(and other atmospheric constituents) at 2000 levels would have increased warming by an additional
0.6 degrees by the end of the 21st century. This is in addition to the 0.8 degrees of warming
observed to 2000 (IPCC 2007a, SPM, 10.7.1). The long-term effects of greenhouse gases mean that
the worst climate change impacts will be imposed on future generations, regardless of whether they
contribute additional emissions themselves.
While it is unequivocal that the climate is warming, the climate system is complex and there are
scientific uncertainties about how much the climate will change in the future. There is uncertainty
about future emissions and levels of greenhouse gas concentrations, which will be determined by
policies, population and technology changes. There is also uncertainty in the precise temperature
response to future greenhouse gas concentrations. Climate models project future temperature
changes that could be experienced under different greenhouse gas concentration scenarios, but can
only estimate temperature increases within a probability range. The probability of limiting warming
to 2 degrees under different levels of greenhouse gas emissions is discussed in detail in Chapter 3.
There is also some uncertainty about how land and ocean carbon sinks will operate in a warmer
climate. To date, about 55 per cent of carbon dioxide emissions from fossil fuel combustion has been
absorbed by the land and ocean combined, with the rest remaining in the atmosphere. However, the
ocean has become less effective at absorbing carbon dioxide over the past 50 years, and the ability
of trees to increase their uptake of carbon dioxide is projected to peak and decline by the middle of
this century (Canadell et al. 2007; IPCC 2007b, p. 213). These changes would result in more carbon
dioxide remaining in the atmosphere where the greenhouse effect takes place, so warming could be
amplified in future.
While these uncertainties are real, the scientific understanding of climate change impacts has
increased substantially since 1990, when the first comprehensive assessment of the state of climate
change science was published by the Intergovernmental Panel on Climate Change (IPCC) (see
Box 2.1 for an explanation of the IPCC’s reports). Since then, there have been large increases in the
number of climate observations and studies, substantial development in the scientific understanding
of the climate system and increased sophistication of climate models. These advances have resulted
in greater confidence in the connection between human activities and climate change, as well as in
predicting future climate impacts (Figure 2.2).
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Figure 2.2: Advances in scientific understanding of climate change
IPCC report
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Report (2013)
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certainty) that humans have
caused most of the warming
observed since the mid-20th
century

‘Extremely likely’ (95–100 per
cent certainty) that humans are
the dominant cause of warming
since the mid-20th century

Extreme
events

No firm evidence of increased
weather variability to date

‘Very likely’ that cold days
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The improvement in scientific understanding over time also points to earlier underestimates of
climate change impacts. Lower levels of warming are now considered to have worse impacts than
earlier assessments and are expected to affect more people. There is a greater risk that lower levels
of warming could trigger ‘tipping points’ that result in permanent, highly disruptive changes in the
climate system, compared with earlier projections (Smith et al. 2009).
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Box 2.1: Background to the IPCC and its Fifth Assessment
Report

The IPCC is the leading international scientific body for the assessment of climate
change and operates under the auspices of the United Nations. Its role is to review,
assess and synthesise the latest information on climate change, based on the most
recent peer-reviewed scientific, technical and socioeconomic literature worldwide.
The IPCC produces periodic Assessment Reports that provide comprehensive
assessments of the latest science on climate change, vulnerability, impacts and
adaptation. The summaries for these reports (called Summaries for Policy Makers)
are approved, line-by-line, by the governments of the IPCC’s member countries.
The IPCC’s reports demonstrate the continually mounting evidence for climate
change and its causes. The Working Group I report (on the physical science basis
of climate change) for the Fifth Assessment Report was published in September
2013, citing more than 9,200 scientific publications, with contributions from more
than 600 authors (IPCC 2013c). The report confirms that the human influence on
the climate is clear—it is between 95 and 100 per cent certain that humans have
been the dominant cause of warming since the 1950s, when most of the increase
in greenhouse gas emissions and temperature has been observed.

2.2 Evidence of the climate warming
The Earth has warmed in response to the rapid increase in greenhouse gas concentrations since the
Industrial Revolution. Between 1880 and 2012, average global surface temperatures over land and
the ocean warmed by 0.85 degrees, with each of the last three decades successively warmer than
any preceding decade since 1850 (IPCC 2013a, p. 3). The average conceals substantial regional
variation, with warming greatest at northern latitudes—the Arctic has warmed at twice the global
average rate over the past century and the three decades to 2012 were likely the warmest 30-year
period in the Northern Hemisphere for the last 1,400 years (IPCC 2007b, p. 30; IPCC 2013a, p. 3).
Following the release of the IPCC Working Group I report (IPCC 2013a) on the physical science
of climate change, some reporting suggested global warming had paused. The evidence does not
support this claim (see Box 2.2).
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Box 2.2: Has global warming ‘paused’?

Contrary to some statements about warming over the last 15 years, global warming
has not paused. The recent IPCC report (IPCC 2013a) confirms that the world is still
getting warmer because of human activities. This long-term trend is unchanged.
The climate can experience a high degree of natural variability over short periods
of time. Selection of data over particular short periods can give different results
for trends to those obtained when longer periods are considered. The IPCC report
identified, for example, that the warming of surface temperatures for the last 15 years
(1998 to 2012) was relatively slow. This was due to a combination of factors,
including volcanic eruptions that increased the amount of cooling aerosols in the
atmosphere, redistribution of heat within the ocean and lower solar radiation levels
due to the natural solar cycles. Warming was, however, relatively fast from 1990 to
2006 so, over the longer timeframe of 1990 to 2012, warming has been in line with
projections.
Short-term reductions in the rate of climate warming do not mean climate change
has ‘paused’. Many other observations of changes in the climate system confirm that
warming continues. Globally, average surface temperatures over land and oceans
have been successively warmer in each of the last three decades compared with
any preceding decade since 1850. The first decade of the 2000s was the warmest
on record. Sea levels have continued to rise, warming is occurring at greater depths
of the ocean and ice sheets have been melting at greater rates compared to earlier
periods.

Numerous Australian temperature records were broken during 2013, which was the warmest year on
record, had the warmest summer (2012–13) and spring, and had the hottest winter and summer day
ever recorded (BoM 2014). Maximum temperatures in 2013 were 1.45 degrees above the average,
while minimum temperatures were 0.94 degrees above the average (BoM 2014). Sophisticated
climate models show that Australia’s average temperature in 2013 could not have been reached
in the absence of human emissions of greenhouse gases (Lewis and Karoly 2014).1
Figure 2.3 charts the variation in annual mean temperatures in Australia between 1910 and 2013,
compared with the 1961 to 1990 average (red line). The 10-year rolling average is shown in black.
While there is considerable natural variability in climate over the short term, every decade in
Australia has been warmer than the previous one since the 1980s.

1

The 2014 analysis is based on the same methods and models used in the peer-reviewed journal paper by Lewis and Karoly
(2013).
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Figure 2.3: Annual average temperature anomalies in Australia over the
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Figure 2.4: Changes in ocean heat content since 1960
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Warmer temperatures are also triggering other changes in the climate system:
•• Global average sea levels rose 0.19 metres between 1901 and 2010. This was driven by a
combination of thermal expansion (water expanding as it warms), glacier melting and Greenland
and Antarctic ice sheet melting. These ice sheets are melting at an accelerating pace and are
estimated to have lost a total of about 4,000 billion tonnes of ice combined between 1992 and
2011 (Shepherd et al. 2012; IPCC 2013b, Table 13.1).
•• Arctic summer sea ice extent has declined sharply since the 1950s, reaching a record low in the
Northern Hemisphere summer of 2012 (IPCC 2007b, p. 83; NSIDC 2012). The melting of ice
exposes darker water and landscapes, which absorb more solar radiation and amplify warming
(Lenton 2008, p. 3).
•• In recent years, glaciers have retreated worldwide, Northern Hemisphere snow cover in
spring has declined and substantial thawing of permafrost has occurred, particularly in Russia
(IPCC 2013b, ch. 4, pp. 4–5).
In Australia, there is evidence that snow has declined in depth and length of season at some
sites, but trends are hard to identify because of considerable annual variability (Hennessy et al.
2008).
•• Weather extremes have changed since around 1950. On a global scale, the number of cold
days and nights has decreased, while the number of warm days and nights has increased
(IPCC 2013a, p. 4).
In Australia, the frequency of record high temperatures has been increasing since the 1950s,
while record lows have been decreasing in frequency. In the decade to 1966, record low
temperatures occurred twice as frequently as record high temperatures. For the decade to 2009,
record high temperatures occurred twice as often as record lows (Trewin and Vermont 2010).
•• The frequency of heatwaves across parts of the world including Europe and Asia appears to have
increased.
In Australia, heatwaves have increased in duration and frequency since the 1970s.
The heatwave that commenced in late December 2012 was easily the longest continent-wide
heatwave on record, and temperatures more than 10 degrees above average were recorded across
extensive areas of Australia until mid-January 2013 (BoM 2014). Bushfires are also virtually
certain to have increased in intensity (IPCC 2007b, TS p. 50).
Heat extremes are discussed in more detail in Box 2.3.
•• The ocean has become more acidic because it has absorbed about 30 per cent of the additional
carbon dioxide released into the atmosphere (IPCC 2013a, SPM p. 7). Increasing ocean acidity
decreases the ability of shelled organisms, including coral, small molluscs and zooplankton, to
form shells.
In the Great Barrier Reef, the coral population has declined by 50 per cent since the 1980s
(De’Ath et al. 2012).

Change in ocean heat c
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5
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Box 2.3: Extreme heat events

As shown in Figure 2.5, an increase in average temperatures can have a large effect
on the frequency and extent of extreme hot weather (Climate Commission 2013b).
In Australia, this pattern is becoming more apparent. Average temperature in
Australia has increased by 0.9 degrees since 1910 and, as predicted, there has been
a significant increase in the number of hot days (over 35 degrees) and hot nights,
and a general decrease in the number of cold days and nights. The 2012–13 Australian
summer was the hottest since records began, with more than 80 heat-related records
set in January 2013 alone, including the hottest day on record (BoM 2013).
CHAPTER 2 FIGURE 2.5 (FORMERLY 2.4)
Figure 2.5: The relationship between climate averages and extremes
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Over the past decade, many other countries and regions have experienced periods
of extreme heat, including severe heatwaves in India (2002 and 2003), Europe
(2003) and various parts of China (2010) (WMO 2011, p. 5). The 2010 Russian
heatwave was of particular note, not only for its intensity and resulting death toll of
over 55,000 people (CRED 2011, p. 1), but also for demonstrating another linkage
between climate change and extreme weather. The loss of Arctic sea ice resulting
from increased air and ocean temperatures has been linked to changes in the polar
jet stream—the river of high-altitude air that works to separate Arctic weather from
that of northern Europe, Russia and Canada. There is now growing evidence that
aberrations in jet streams contributed to various recent extreme weather events,
including the record-breaking Russian heatwave (2010), the wet summer and
autumn in the United Kingdom and Ireland (2012), the blocking of Hurricane Sandy’s
trajectory (which subsequently hit New York in 2012) and the recent historic floods in
Central Europe (2013) (Grumm 2011; Met Office et al. 2012; Centre for Climate and
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Energy Solutions 2012; NASA 2013).
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2.3 Projected climate change impacts
Global warming will affect all components of the climate system, which will have wide-ranging
impacts on natural systems and human life. Depending on the level of warming, climate change
impacts could affect the quality of our environment, where we live, how healthy we are, what we
do and what we eat. Impacts will not necessarily be localised due to the strong interconnections
between many sectors. For example, higher temperatures or declines in rainfall could reduce the
productivity of land in some locations, which could increase food prices and lead to higher costs
of living.
The precise extent, timing and location of impacts from climate change cannot be known with
certainty. The climate is a highly complex system, influenced by atmospheric composition, ocean
circulation, frozen surfaces and water bodies, land surfaces and the biosphere. Climate science
and modelling continue to improve in projecting future states of the world and the likelihood of
certain types of impacts occurring in particular regions. Impacts will depend on how much and how
rapidly the climate warms, which is influenced by the future concentration of greenhouse gases
and the sensitivity of the climate. Scientific research and climate models provide a strong basis for
anticipating possible outcomes.
Warming above 2 degrees increases the likelihood that the world will cross irreversible ‘tipping
points’ in the climate system that result in abrupt and permanent changes. Examples of tipping
points include a shift in the location and strength of the Indian summer monsoon, which could
endanger food production for over one billion people, and the triggering of permanent melting of
Greenland and West Antarctic ice sheets, which could increase sea levels by many metres over
several hundred years. Two of the most fragile tipping points are believed to be the permanent
melting of Arctic summer sea-ice and the Greenland Ice Sheet, which may occur between
1 and 2.5 degrees of global warming (compared with pre-industrial levels). These changes
could amplify warming, cause ecosystem changes and raise global sea levels by several metres
(Lenton et al. 2008). Crossing any of these tipping points would cause substantial regional and
global consequences.
As temperatures increase, impacts can generally be expected to become more severe, as shown
in Figure 2.6 and explained in the subsequent examples.
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Figure
2.6: Global
impacts
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•• Across the world, dry regions are generally projected to become drier (through increased
evaporation) and wet regions to become wetter (through increased rain) (IPCC 2007a). Extreme
weather events such as heatwaves, droughts, storms, floods and wildfires are projected to become
more frequent and more intense for some locations. With 4 degrees of warming, the most
extraordinary heatwaves experienced today will become the norm and a new class of heatwaves,
of magnitudes never experienced before, will occur regularly (Schaeffer et al. 2013, p. 15).
•• In Australia, the frequency and intensity of fires in many regions are expected to increase
substantially in coming decades, particularly for current high-risk areas, some of which are close
to populated centres.
A low global warming scenario (with temperatures 0.7 degrees above 1990 levels in 2050) would
increase the frequency of ‘very high’ fire danger days by 5–23 per cent and ‘extreme’ fire danger
days by 10–50 per cent.
A high global warming scenario (with temperatures 2.9 degrees above 1990 levels in 2050) would
increase the frequency of ‘very high’ fire danger days by 20–100 per cent and ‘extreme’ fire danger
days by 100–300 per cent (Lucas et al. 2007, Table E.1).
•• Floods, landslides, droughts and storm surges in Australia are very likely to become more
frequent and intense, and there is high confidence that snow and frost will become less frequent
(IPCC 2007b, TS p. 50).
Snow cover is projected to reduce to zero in most Australian locations that currently experience
a significant snow season under a high-emissions scenario (warming of 2.9 degrees above 1990
levels by 2050). This compares with a 38 per cent reduction in snow cover under a low-emissions
scenario (warming of 0.6 degrees above 1990 levels in 2050) (Hennessy et al. 2008).
•• Sea levels are projected to continue to rise as a result of thermal expansion from warmer waters
and melting of ice sheets and glaciers. Under a scenario of strong global emissions reductions
(warming of 0.9–2.3 degrees by 2100), sea levels are projected to rise by an average of 0.4 metres.
In contrast, sea levels are projected to rise by 0.63 metres under a high-emissions scenario (with a
likely temperature range of 3.2–5.4 degrees) (IPCC 2013a, Table SPM.2).
The long-term effect of temperatures this century on sea levels in 2300 is striking. Sea levels
under strong global emissions reductions scenarios are projected to be 0.41–0.85 metres higher
in 2300, compared to 0.92–3.59 metres projected for high-emissions scenarios (IPCC 2013b,
Table 13.8).
•• Sea level rise will increase risks of flooding, coastal erosion and salt contamination of fresh water,
with more significant damage to human settlements, infrastructure and coastal ecosystems.
Under the projected minimum sea level rise in Asia of 40 centimetres over the course of this
century, the number of people in coastal populations flooded each year is projected to rise from
13 million to 94 million (IPCC 2007b, ch. 10.4.3).
In Australia, coastal flooding events are projected to increase in frequency in many locations.
If sea levels rise by 0.5 metres, the frequency of coastal flooding events in Sydney is projected
to increase by a factor of 1,000, so that a flooding event that currently occurs once in 100 years
would occur 10 times per year, on average (Climate Commission 2013a, Figure 39). Under a
1.1 metre sea level rise (a high-end 2100 estimate), coastal assets with an estimated worth of
$226 billion are potentially exposed to inundation and erosion hazards (Department of Climate
Change and Energy Efficiency 2011).
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•• Ecosystems are projected to experience major changes in structure and function under climate
change, with 20–30 per cent of assessed plant and animal species at increased risk of extinction
for an average temperature increase of 2–3 degrees, and 40–70 per cent of assessed species
committed to extinction above 4 degrees (IPCC 2007b, pp. 38, 242). Particularly vulnerable
ecosystems include coral reefs, Arctic and alpine ecosystems, and tropical forests (including
the Amazon rainforest). Projected losses of individual species are also likely to have serious
ramifications across interlinked ecosystems as well as affecting human food sources and
livelihoods (IPCC 2007b, p. 11).
•• Coral reefs are projected to experience substantial degradation, even under scenarios where
warming is limited to 2 degrees, due to the dual threats of coral bleaching and ocean acidification.
Coral reefs are one of the most biologically diverse and economically important ecosystems
worldwide. They provide habitat for over a million species and are a major source of fish, supplying
more than one-quarter of the total annual fish catch in Asia alone. Coral reefs are also important
for coastal protection against storms and are a major tourist attraction (Hoegh-Guldberg et al.
2007; Frierler 2012). By 3 degrees of warming, coral reefs as they currently exist are expected to
be destroyed (Hoegh-Guldberg et al. 2007).
•• With rising sea levels and more frequent extreme weather events, populations in affected regions
may be forced to relocate. Climate-induced migration could create humanitarian crises and
cause or exacerbate ethnic, political and international conflict and even terrorism (Department
of Defence 2013, p. 18). Under a high-emissions scenario with one metre of sea level rise in the
21st century, one study has estimated that up to 187 million people could experience forced
displacement (Schaeffer et al. 2013, pp. 16–17). This is roughly the equivalent of the current
populations of Germany, Thailand, Canada and New Zealand combined.
•• Human health will be affected by climate change, with increased injuries and deaths from extreme
weather events, heat-related illness, food and water scarcity, and disease (including bacterial
and vector-borne disease). The risks from higher temperatures, particularly among vulnerable
populations, are well documented. For example, the Russian heatwave of 2010 is estimated to
have resulted in the deaths of about 55,000 people (CRED 2011).
In the developing world, climate change is projected to cause increased malnutrition due to
declines in local agricultural production. Malnutrition is projected to increase the incidence of
stunted growth in children and result in higher numbers of famine-related deaths (Lloyd et al. 2011;
Black et al. 2008).
In Australia, under a hot and dry scenario with average global warming of 4.5 degrees by
2100, about 17,000 temperature-related deaths would be expected each year by the end of
the century, compared with about 8,500 with no additional climate change, but accounting for
population growth (Bambrick et al. 2008, p. 13).
A warming climate is also projected to increase the area suitable for transmission of vector-borne
disease. Under 4.5 degrees of global warming, the area suitable for mosquitos that transmit
dengue fever in Australia is projected to extend southwards from Far North Queensland,
exposing an estimated 4.96–7.93 million people in 2100. This compares with 0.72 million
projected to be exposed if the world acts to mitigate the worst of climate change (Bambrick et al.
2008, p. 38).
Australia will be able to adapt to many of the impacts projected from warming of 2 degrees or less.
Above 2 degrees, adaptation will become increasingly challenging and, with warming of 4 degrees
or more, Australia would not be able to manage its exposure to many severe impacts. Life would
become far more difficult (CSIRO 2010, p. 60).
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2.4 Costs of climate change to Australia’s economy
and society
The impacts of climate change will be accompanied by far-ranging economic, environmental and
social costs that will increase over time with higher levels of warming. The Authority must have
regard to these issues in any of its reviews.

2.4.1 Social costs
The effects of climate change are likely to differ across social groups, depending on gender, age,
socioeconomic status, existing health conditions or disabilities, ethnicity, migration and housing
tenure. Research by the Australian Council of Social Service (2013) found that people with the
fewest resources have the least ability to cope, adapt and recover from climate change impacts.
Within Australia, the following groups have been identified as the most vulnerable to climate change:
•• Households—Australians on low incomes and those who are unemployed, homeless, living in
poor-quality accommodation or frail through age or chronic health conditions are more vulnerable
to climate change impacts. This includes impacts on food availability and prices, health effects,
water availability, energy and transport costs, and the costs of adaptation—such as investing
in water tanks and energy-efficient appliances or retrofitting homes to provide protection from
extreme weather.
•• Indigenous Australians—higher rates of socioeconomic disadvantage and strong income
and cultural connections to the natural environment make Indigenous Australians particularly
vulnerable to climate change.
•• Australian industries and their workers—industry and labour mobility will be affected to a
greater or lesser extent by climate change impacts on natural resources, such as increased severity
and frequency of extreme weather events, water shortages and increased exposure to tropical
diseases. Agricultural and tourism sectors may be most vulnerable, with the local community
affected by financial, emotional and physical stress (ACOSS 2013; NCCARF 2013).

2.4.2 Economic costs of climate change
Stern (2006) and Garnaut (2008) both examined the economic consequences of climate change
and came to the same broad conclusions—the economic cost of strong climate action is less than
the cost of inaction. Focusing only on market impacts of climate change, Stern found that the total
cost of ‘business-as-usual’ climate change (with no action to reduce emissions) over the next two
centuries would reduce average global consumption per person by at least 5 per cent per year, now
and every year (Stern 2006, p. 153). This compares with the much lower cost of action to reduce
emissions consistent with achieving stabilisation at 550 parts per million (ppm) CO2-e, which
was estimated at 1 per cent of annual global GDP by 2050 (Stern 2006, p. xii). Garnaut’s study
considered both market and non-market impacts of climate change and also concluded that the
costs of inaction are greater than the costs of strong action to reduce emissions (Garnaut, ch. 11).
Estimating the true size of climate change impacts is a challenging task—there is inherent
uncertainty in climate sensitivity and the timing, size and extent of the climate change impacts
themselves. Despite these challenges, Stern made the following conclusions:
•• The costs of climate change are invariably underestimated, due to the difficulties in valuing
non-market impacts such as environmental damages and health:
–– Stern’s attempt to measure environmental and health impacts more than doubled his estimates
of the global costs of climate change, from 5 per cent of global GDP per year to 11 per cent.
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–– Other non-market impacts are even more difficult to value, such as social and political instability
triggered by climate change impacts. Such impacts could have substantial economic and social
consequences.
•• Models that estimate the costs of climate change also tend to omit the impact of high-risk climate
change impacts where there is scientific uncertainty on when or where they will occur:
–– Most cost models do not fully capture extreme weather events, which are projected to increase
in frequency and severity under greater levels of warming, and can give large shocks (up to
several per cent of a country’s GDP) with a single event.
–– Such models also generally omit the economic impacts of the climate crossing thresholds for
tipping points, such as the failure of the Indian summer monsoon. While there is scientific
uncertainty on the precise temperature threshold at which the monsoon could permanently
alter, such significant disruptions to the normal climate cycle would have very large economic,
social and environmental consequences (Stern 2006, ch. 6).
Climate change impacts that occur in Australia will also have economic, social and environmental
costs. The 2010–11 Queensland floods highlight the types of costs that Australia may need to endure
with increasing frequency, as extreme weather events are projected to increase in number and
intensity. The floods had the following consequences:
•• 35 people died in the 2011 floods and 200,000 people were affected (King et al. 2014, ch. 10).
•• Community organisations observed higher rates of homelessness, relationship breakdown and
alcohol-related violence in the months after the floods (Climate Institute 2012, p. 21).
•• A survey of flood-affected residents in Mackay found that 23 per cent would consider relocating
within their town and 15 per cent would consider moving elsewhere if floods increased in
frequency. Emigration would have consequences for local economies, growth rates and viability
of affected towns (King et al. 2014, ch. 10, p. 95).
•• Damage to Queensland’s agricultural production pushed up fruit and vegetable prices by
15 per cent and increased national inflation (Climate Institute 2012, p. 22).
•• Businesses that were directly affected were still operating below business-as-usual six months
after the floods (Climate Institute 2012, p. 22).
•• Insurance premiums tripled in many areas of Queensland and Suncorp Insurance embargoed new
policies for Roma and Emerald, which had experienced three floods in as many years (Climate
Institute 2012, p. 22). To raise $1.8 billion for reconstruction, the Commonwealth Government
imposed a flood and cyclone levy on taxpayers earning more than $50,000 in the 2011–12 financial
year (ATO 2012; Gillard 2011).

2.5 Australia’s national interest in limiting warming
to 2 degrees
The risks of continuing to emit greenhouse gases under business-as-usual are severe. Without
strong action, the world is likely to experience 4 degrees of warming by the end of the century, which
would mean sea level rises of metres over several centuries; displaced populations in some locations;
damage, injury and death from more extreme weather; and major disruptions to food production and
ecosystem function. In Australia, average global warming of 4 degrees by the end of this century
would see temperatures 3–5 degrees higher in coastal areas and 4–6 degrees higher inland. Snow
in many alpine areas is projected to disappear completely and winter rainfall in southern Australia
could decline by 50 per cent. Life would be substantially harder and many people and sectors would
suffer, including future generations that have had no role in producing additional greenhouse gas
emissions.
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The global community has agreed to limit warming to below 2 degrees. Even under this scenario,
Australia would still have to adapt to additional sea level rise, increased frequency and intensity of
bushfires, more frequent heatwaves and drought, increased water scarcity, and year-round higher
temperatures (CSIRO 2010). Such an outcome would be substantially better than a 4 degree world.
It is in Australia’s national interest to contribute to the global effort to limit warming to below
2 degrees.

Conclusion
C.1	Australia is vulnerable to climate change and will face increasingly
severe impacts under higher levels of warming. It is in Australia’s
national interest to contribute to the global goal of limiting warming
to below 2 degrees.
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As established in Chapter 2, limiting the global temperature rise to below 2 degrees
provides clear benefits to Australia.
Achieving this goal is challenging, but it remains technologically and economically
feasible. All countries—in particular, major emitters—will have to take strong action to
reduce their emissions to a level consistent with the 2 degree goal. A global emissions
budget can be used to define the limit on emissions that is consistent with this goal.
Australia’s emissions reduction goals should therefore be considered in the context of
a global budget.
Global emissions budgets specify the total amount of emissions that the world could
release over a period of time that is consistent with a given rise in global temperature.
The budgets are expressed in terms of probabilities to reflect uncertainties about
the exact temperature effect of a given amount of greenhouse gases. A tighter global
budget reduces the amount of emissions that can be released and provides a higher
probability of keeping global warming to 2 degrees or less.
The Authority uses a global emissions budget that provides a likely chance (67 per cent
probability) of limiting warming to 2 degrees or less as a reference point for this Review.
This limits the amount of greenhouse gas emissions that can be released (as covered
by the Kyoto Protocol) to a budget of approximately 1,700 gigatonnes of carbon dioxide
equivalent (Gt CO2-e) between 2000 and 2050. About 36 per cent of this budget had
been used up between 2000 and 2012.

The Authority is required, under section 289 of the Clean Energy Act, to consider estimates of
the global greenhouse gas emissions budget. A global emissions budget sets out the total amount
of global emissions consistent with the aim of limiting warming to a specific temperature target.
It does not dictate a particular emissions pathway, so long as the budget is not exceeded. This
chapter examines global emissions budgets, including:
•• whether limiting global warming to less than 2 degrees above pre-industrial levels remains
feasible, and the scope and timing of action required to maintain a global emissions pathway
consistent with that limit
•• what budgets are consistent with a given probability of limiting temperature increases to below
2 degrees, including their characteristics and the greenhouse gases they cover
•• the global emissions budget used in the Targets and Progress Review to inform the national
budget, targets and trajectories (chapters 8 and 9).
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3.1 Feasibility of limiting global warming to 2 degrees
or less
Avoiding the worst impacts of climate change will require strong international action to reduce
emissions. For the Targets and Progress Review, the Authority has accepted Australia’s interest in
limiting global warming to below 2 degrees. This is consistent with the global goal agreed by the
international community. It has also been adopted by other organisations, including the United
Kingdom Committee on Climate Change and the German Advisory Council on Global Change,
as a starting point in their consideration of national emissions reduction goals.
Two critical questions for policy-makers are whether a 2 degree temperature limit remains feasible,
and the scope and timing of action required to maintain an emissions pathway consistent with that
limit. Global emissions are currently tracking towards the upper bound of projections, on a pathway
consistent with a 4 degree increase in global average temperature by 2100 (World Bank 2012, p. xiii).
Analysis by the United Nations Environment Programme (UNEP) finds that it is still technically
feasible to limit temperature rises to below 2 degrees (UNEP 2012, pp. 1–7). UNEP’s analysis, as well
as the level of global action, is discussed in more detail in Chapter 4.
The longer emissions reductions are delayed, the faster the available global emissions budget will
be used up, requiring greater efforts to reduce emissions in future and eventually ruling out the
possibility of limiting warming to 2 degrees or less. The literature on feasible 2 degree pathways
finds that they have several important characteristics in common (Rogelj et al. 2011; UNEP 2012):
•• Early emissions reductions—a near-universal finding is that early action is critical to limit future costs
and maintain the feasibility of limiting temperature increases. Many studies point to the importance of
global emissions peaking by 2020 (for example, see Rogelj et al. 2012). Delaying emissions reductions:
–– increases the rate of emissions reductions (‘decarbonisation rates’) that will be necessary in the future
–– increases costs of meeting emissions targets
–– reduces flexibility in choosing how to reduce emissions
–– increases reliance on the development and commercialisation of currently speculative
technologies to achieve net negative emissions (see, for example, Rogelj et al. 2013).
Figure 3.1 shows illustrative emissions trajectories that result in the same amount of cumulative
emissions, but with different peaking years and maximum rates of emissions reductions.
CHAPTER 3 FIGURE 3.1
Figure 3.1: Illustrative alternative global emissions trajectories for a
given global emissions budget
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•• Steep decarbonisation rates—even with early peaking of global emissions, scenarios to remain
within 2 degrees generally require high, sustained rates of emission reductions for much of the rest
of this century. The maximum rate of global emission reductions that can be maintained is a key
constraint for feasible pathways. One recent study (den Elzen et al. 2010) estimated a maximum
global rate of 3–4 per cent per year without using bioenergy with carbon capture and storage,
or 4–5 per cent if this technology becomes viable.
•• Demand-side reductions in energy use—under the IEA’s low-emissions scenario
(‘450 Scenario’), over half of the required emissions savings from energy are achieved by energy
efficiency improvements (IEA 2012b, p. 241). Another study found that strong action on energy
efficiency can allow some flexibility in the choice and timing of other emissions reduction
measures (Rogelj et al. 2013).
•• Negative emissions—many 2 degree scenarios assume the use of negative emissions technology
in the second half of this century (for example, bioenergy with carbon capture and storage). In
its survey of 2 degree scenarios, UNEP found that 40 per cent of those considered to provide a
likely chance of limiting warming to 2 degree or less require net negative emissions before 2100
(UNEP 2012, p. 26). If net negative emissions prove to be infeasible, a radical shift in mitigation
options may come too late to stay below 2 degrees.
•• Technology investment and diversification—a number of studies highlight the importance
of investing in technology. The more ambitious the scenario, the earlier large investments in
technology development are required. Pursuing multiple technology options simultaneously
reduces the risk of particular technologies proving unviable, and is a more robust approach in
the event that some technologies fail.
In submissions to the Review, the Business Council of Australia suggests that the Authority explores
less ambitious temperature goals (higher levels of warming) because the world is not currently on
track for 2 degrees (Draft Report submission, p. 2). Other stakeholders request that the Authority uses
a lower, 1.5 degree temperature limit as the basis for its recommendations.
On balance, the Authority considers that a global budget based on 2 degrees is appropriate. As
discussed in Chapter 2, it is clearly in Australia’s national interest to support a global response
to climate change that limits warming to below 2 degrees. While greater international action is
necessary to achieve this goal, it remains technically and economically feasible. If the level of global
action required to limit warming to below 2 degrees (discussed in Chapter 4) does not eventuate,
Australia could reconsider its longer term goals in line with a less ambitious global budget.
While limiting global warming to 1.5 degrees is clearly desirable from a climate change impacts
perspective, scenarios consistent with 1.5 degrees rely even more strongly on large-scale
implementation of negative emissions technology in the second half of this century. This reliance
creates larger risks that the 1.5 degree target would not be met if such technologies prove infeasible.
Again, this could be reviewed in light of changing circumstances when Australia considers its longer
term goals.
As emissions budgets express temperature outcomes in terms of probabilities, they inevitably
include the chance that other temperature levels (besides 2 degrees) will be reached. Selecting
an emissions budget with a lower probability of limiting warming to 2 degrees or less will increase
the likelihood that higher global temperatures will be attained. By comparison, pathways that
provide a 50 per cent or greater chance of limiting warming to 1.5 degrees share many of the same
characteristics of 2 degree pathways in the first half of this century (Rogelj 2013). This raises the
possibility that a 2 degree pathway could provide scope, with increased effort in future, to shift to
a more ambitious 1.5 degree pathway.
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Conclusion
C.2	Limiting global emissions to keep warming to below 2 degrees is still
CHAPTERfeasible,
3 FIGUREbut
3.1 only with immediate and strong international action—
especially by the major emitting economies.
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The magnitude of global temperature increases is not determined by emissions in any one year,
but by the concentration of greenhouse gases in the atmosphere. This is the net outcome of total
emissions and removals of greenhouse gases from the atmosphere over an extended period.
Global emissions budgets estimate the total amount of greenhouse gas emissions that will result
in a given temperature increase, within a probability range. The emissions budget approach
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cumulative emissions and temperature is expressed as a probability, to reflect uncertainty
of the
climate response to a given amount of greenhouse gas emissions.
While global emissions budgets identify the overall limit on global emissions, they do not prescribe
the timing of peak emissions or the rate at which emissions must be reduced, so long as the overall
budget is not breached. There will be a number of trajectories that could lead to the budgeted level
of cumulative emissions and the related expected temperature increase over time, as illustrated by
Figure 3.1. Because the emissions budget is ultimately fixed, however, delays in reducing emissions
must be compensated with more rapid emissions reductions in future years.
CHAPTER 3 FIGURE 3.2
Figure 3.2: Relationship between greenhouse gas emissions and global
temperature
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The concept of a global emissions budget provides important guidance for setting Australia’s
national targets. It links to Australia’s ultimate aim of limiting warming to less than 2 degrees and
provides clear guidance on the scale of the global challenge. Australia’s national emissions budget,
discussed in Chapter 8, can be thought of as our fair share of the global budget.
Two issues relevant to selecting a global emissions budget as a reference point for this Review are:
•• the probability of limiting warming to 2 degrees or less
•• whether to specify the budget in terms of CO2 only or of multiple greenhouse gases.

Box 3.1: Global emissions budgets, atmospheric concentration
and radiative forcing

Global emissions budgets, also referred to as carbon budgets, have gained
prominence as a way to analyse and communicate the scale of emissions reductions
required to remain within a global temperature limit. Emissions budgets help to link
emissions targets and trajectories to the underlying science of climate change.
Emissions limits that keep global temperature increases to 2 degrees or less can
be expressed in a number of ways. Two other measures are the concentration of
greenhouse gases in the atmosphere, and the radiative forcing of greenhouse gases
and other substances. As set out in Figure 3.2, these measures reflect different
intermediate steps in the chain between emissions and global temperature.
Atmospheric concentration has been a common way to communicate the limit
consistent with a certain level of temperature rise. For example, an atmospheric
concentration of 450 parts per million (ppm) is consistent with about a 50 per cent
chance of limiting warming to 2 degrees or less.
An approximate 67 per cent probability of limiting warming to 2 degrees or lower
could be expressed using the following measures:
•• an equilibrium concentration of 415 ppm of CO2-e
•• an equilibrium radiative forcing of about 2.1 watts per square metre
•• a global emissions budget of 1,700 Gt CO2-e from 2000 to 2050.

3.3 Probability level for budgets
Budgets are expressed in terms of their probability of remaining within a given temperature limit.
A higher probability of limiting warming to 2 degrees or less corresponds to a smaller budget.
For example, a 50 per cent probability of limiting warming to 2 degrees or less gives an allowable
budget of Kyoto gases of approximately 2,020 Gt CO2-e over the period 2000–2050. A 67 per cent
probability reduces the allowable budget to approximately 1,700 Gt CO2-e (adapted from
Meinshausen et al. 2009, p. 1,161).

Global
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Choosing a budget with a higher probability better manages risks from:
•• the long-term warming influence of long-lived greenhouse gases
•• uncertainties over the precise temperature increase and the possibility of greater warming
•• the severity of impacts of a temperature increase above 2 degrees, including the risk of triggering
tipping points in the climate system that result in an abrupt change.
Tighter budgets will, however, require more action to reduce emissions.
In light
of the severe global and national risks projected at temperatures of 2 degrees and above, the
CHAPTER 3 FIGURE 3.2
Authority considers that the global emissions budget used as a reference point for setting Australia’s
national budget should have at least a 67 cent probability of limiting warming to 2 degrees or less
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greenhouse gas concentration that provides an approximate 67 per cent probability of limiting
warming below 2 degrees, shown by the horizontal dotted line, is also projected to give about
a 90 per cent probability of staying below 3 degrees, and more than 95 per cent probability of
staying below 4 degrees; however, it gives only a 10 per cent probability of staying below a 1 degree
temperature increase.
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3.3.1 Reviewing the global emissions budget over time
The appropriateness of the chosen global reference budget can be reviewed and adjusted, if
necessary, over the longer term. This can occur as part of periodic reviews of Australia’s national
emissions budget, which the Authority recommends be conducted at least every five years (see
Chapter 7). This flexibility would better position Australia to respond should the international
community choose a more stringent temperature goal, or if increased scientific understanding
of climate uncertainties changes estimates of the allowable global emissions budget. Conversely,
if the scale and pace of international action in future is such that a 67 per cent probability of
limiting warming to 2 degrees becomes infeasible, the Authority could review whether to move
to a reference budget with a lower probability.

3.4 Carbon dioxide-only or multi-gas budgets
The Authority considered whether to adopt a CO2-only or multi-gas budget that includes all the
Kyoto gases. CO2 is long-lived in the atmosphere and is the dominant contributor to human-induced
climate change. CO2-only budgets are simple, can give a good indication of the likely long-term
temperature rise and target the most significant greenhouse gas. A multi-gas budget is most closely
aligned with Australia’s international obligations under the Kyoto Protocol, but has some scientific
limitations. In part, this is because different gases behave differently in the atmosphere and remain
there for varying lengths of time.
The Authority received a small number of submissions on the use of multi-gas budgets, with one
submitter highlighting their potential limitations. Another supported a focus on CO2 as the longest
lived greenhouse gas, suggesting that additional separate budgets should be provided for the other
gases.
While acknowledging the limitations, the Authority considers that a multi-gas approach is preferable
for the purposes of setting Australia’s national emissions budget. Multi-gas approaches recognise
the range of activities and gases contributing to global warming. They are also consistent with
Australia’s international commitments and the approach adopted by other nations. Non-CO2
greenhouse gases are also a significant component of Australia’s emissions—about 28 per cent
in 2011 (adapted from DIICCSRTE 2013, vol. 1, p. 29). A multi-gas approach acknowledges the
importance of reducing these emissions.

3.5 Global budget estimates
The Authority has used the global emissions budget estimates developed in a 2009 study by
Meinshausen et al., Greenhouse-gas emission targets for limiting global warming to 2°C (Table 3.1).
These estimates have been widely cited by other scientific studies and used by national and
international bodies as a reference for global emissions budgets.
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Table 3.1: Estimates of global emissions budgets 2000–2050
Carbon dioxide 
(Gt CO2)

Kyoto gases 
(Gt CO2-e)

Probability of remaining within 2 degree limit

900

1,370

80 per cent

1,010

1,520

75 per cent (74 for Kyoto gases)

1,170

1,700

67 per cent

1,450

2,020

50 per cent

Notes: The budget figures in Meinshausen et al. are specified for 2000–2049; an extra year of estimated emissions has been added to give a budget
to 2050. Figures rounded to the nearest 10 Gt. The Meinshausen et al. emissions budget estimates account for the temperature effects of aerosol
pollution such as sulphates created by the burning of coal and oil. In 2009, the greenhouse gases covered by the Kyoto Protocol were CO2, methane,
nitrous oxide, hydrofluorocarbons, perfluorocarbons and sulphur hexafluouride. A seventh gas, nitrogen trifluoride, has been added for the second
commitment period of the protocol; overall emissions of this gas are expected to be relatively small.
Source: Adapted from Meinshausen et al. 2009, p. 1,161

The global emissions budget used by the Authority as a reference is 1,700 Gt CO2-e for the period
2000–2050, which gives a 67 per cent probability of limiting temperature increases to 2 degrees or
less. Approximately 36 per cent of this budget has already been used between 2000 and 2012, with
about 1,090 Gt CO2-e remaining for the period 2013–2050 (based on IEA 2012a; see Appendix F.6).

Box 3.2: The IPCC global emissions budget

For the first time, the IPCC quantified a cumulative emissions budget in its Fifth
Assessment Report on the physical science basis of climate change, released in
September 2013 (IPCC 2013). The IPCC refers to a global emissions budget of 1,000 Gt
of carbon to provide a likely (greater than 66 per cent) chance of limiting global warming
to less than 2 degrees, and notes that about half that budget has already been emitted.
The IPCC’s estimated emissions budget is consistent with the budgets described
in the Meinshausen et al. study discussed above and used in this Review. The two
studies, however, use some different assumptions and report in different units,
resulting in different budget figures. These differences include:
•• The IPCC budget is specified in carbon (C) and the Meinshausen budget in carbon
dioxide equivalent (CO2-e). A tonne of carbon is equivalent to approximately 3.7 tonnes
of carbon dioxide, with a 1,000 Gt C budget equating to a 3,700 Gt CO2 budget.
•• The IPCC budget considers the period of 1861–1880 to 2100; the Meinshausen
budget only covers the period from 2000 to 2050. Both budgets, however, provide
a robust indication of the cumulative emissions to give a likely probability of global
warming remaining below 2 degrees.
•• The IPCC budget covers the effect of CO2 only and does not include the warming
or cooling effects of other substances such as non-CO2 greenhouse gases and
aerosol pollution. The IPCC notes that the budget would be lower if these other
effects were included.
As discussed above, the Authority has chosen to use a multi-gas budget for a specified
time period to 2050 as the most appropriate reference budget for this Review.
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The global budget proposed in this chapter as a reference point for the Review is consistent with
Australia’s national interest and the global goal to limit warming to below 2 degrees. It provides clear
guidance on emissions that can be produced by the world to 2050 to give a likely chance of limiting
warming to below 2 degrees. It is important to note, however, that continued global efforts to reduce
emissions will be required after 2050 to avoid further warming.

Conclusion
C.3	A global emissions budget that provides at least a likely (67 per cent
probability) chance of limiting warming to less than 2 degrees above
pre-industrial levels is used as a reference for the Review. This equates
to a global budget of no more than 1,700 Gt CO2-e emissions of Kyoto
gases from 2000 to 2050.
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As the evidence of the risks posed by climate change has become clearer, there
has been a strong trend to increasing global action to reduce greenhouse gas
emissions—99 countries, covering over 80 per cent of global emissions, have 2020
emissions reduction goals.
Countries are implementing a range of policies to meet these goals, including
renewable energy targets, emissions trading schemes, tax incentives for improved
energy efficiency, and fuel economy and electricity generation emissions standards.
More needs to be done to keep warming below 2 degrees and avoid the worst impacts
of climate change, but there are promising signs. The level of action has steadily
increased over the last 20 years and accelerated recently. The two largest emitters of
greenhouse gases—China and the United States—are both stepping up their actions
to reduce emissions and these measures could have a significant impact on global
emissions.
The next few years will be a critical time as countries decide whether to strengthen
their 2020 emissions reduction goals under the UNFCCC (due 2014) and negotiate a
new post-2020 climate agreement (due 2015). Australia will be expected to indicate
whether it will strengthen its 2020 target in 2014 and put forward a post-2020 target
in 2015 as part of these processes.
Australia has made an international commitment to reduce emissions by 5–25 per cent,
compared to 2000 levels, by 2020. At the time the commitment was made, the
government announced conditions for moving up the range. The Authority’s analysis
shows that the conditions for moving beyond 5 per cent have been met. Whether the
conditions for 15 per cent have been met is unclear—some elements have been met;
others are marginal. The conditions for a 25 per cent target have not been met.
While the Authority has taken the government’s conditions into account, it is also
required to examine a broader range of considerations. In the international context,
the Authority has also considered how Australian action compares to that of other
key countries and its ability to positively or negatively influence action.
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Australia is a high-emitting, highly developed country with strong capacity to address
climate change. An Australian 2020 target of 15 per cent plus carryover would be
broadly comparable with the current actions of other key countries considered in this
Review, including the United States.
A stronger Australian target could have a positive influence on the actions of other
countries by demonstrating that emissions-intensive economies can pursue and
achieve ambitious targets. Conversely, other countries could use weak Australian
action as a reason to delay stronger climate measures.

Action by all countries is needed to meet the global emissions budget (Chapter 3) and avoid
the worst impacts of climate change. In particular, major emitting economies like Australia need
to do more. Chapter 4 assesses the level of global action to reduce greenhouse gas emissions.
It then considers how the international context should be factored into Australia’s emissions
reduction goals.
In the Authority’s consultations, many stakeholders highlighted the importance of compiling
information in as much detail as possible on international actions to reduce emissions. Analysing
international action, both in aggregate and with relevant specifics, will be an important part of any
future reviews.

4.1 Global action to reduce greenhouse gas emissions
Global action is complex—some countries are taking ambitious action now; some are doing less—
and the pattern is likely to vary over time. In such circumstances, broad trends are a better indicator
than the isolated actions of any individual country at a particular point in time (Box 4.1). This section
assesses global trends in climate action, including 2020 targets, climate policies and measures,
action in the United States and China, and action beyond 2020.

Box 4.1: Assessing global action

The Authority considers that trends in emissions reduction targets and policies
provide the best picture of global action.
The Authority has used a set of ‘key countries’ to illustrate global trends in climate
action. These countries, listed in Table 4.1, include Australia’s neighbours, trading
partners and countries with similar development levels. They are used for the
Authority’s analysis of targets and actions, domestic policies and as a comparison point
for assessing Australia’s emissions reduction goals. Given their significant effect on
climate change, the Authority has focused particular attention on the actions of China
and the United States, which together constitute over one-third of global emissions.
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In assessing global trends in climate action, the Authority has considered targets
and commitments to future action, and domestic policies and measures to reduce
emissions. Both are important. Targets provide a useful indication of countries’
intentions; however, by their nature, they are aspirational. They can only be met
if they are backed by policies and measures that make emissions reductions
happen. Targets and policies are mutually supportive—targets can help drive the
implementation of climate change policies, while successful policies can make
stronger targets more achievable.
The Authority has focused its analysis on emissions reduction outcomes—it has not
discriminated on the basis of the form of a commitment (legally binding or not) or
where it is inscribed (internationally or domestically). The Authority has therefore
taken into account progress under the UNFCCC, and has also looked beyond—to
domestic action and other international forums. More information about the
UNFCCC is in Appendix B, along with information on other international initiatives.
Recently, there has been much attention on the fact the UNFCCC has not yet
agreed on a new treaty with legally binding emissions reduction commitments by all
countries. ‘Legally binding’ agreements may provide greater assurance that countries
will meet their commitments but they are not the only indicator of action. As well
as working towards a new climate agreement to apply from 2020, the UNFCCC has
made significant progress to record countries’ 2020 emissions reduction goals and
create systems to increase transparency. All of this, while not legally binding, helps
create confidence that other countries are taking their goals seriously and acting on
climate change. Ultimately, emissions reductions matter more than legal form.
Primary sources of information about global action include the United Nations,
the World Resources Institute and the Australian Government. In some cases, the
Authority has used different data sets for the international analysis than in other
chapters of this report, to allow for consistent data sets over a wider range of
countries. Appendix B provides further details.

4.1.1 2020 emissions reduction targets
The number of countries with climate change targets has grown rapidly over time—99 countries,
including Australia, have committed to 2020 emissions reduction targets and actions under the
UNFCCC. These countries account for over 80 per cent of global emissions and 90 per cent of the
global economy (Figure 4.1).
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CHAPTER 4 FIGURE 4.1
Figure 4.1: Countries with international emissions goals under the UNFCCC
1990 – NO COUNTRIES

1997 – 37 COUNTRIES

2013 – 99 COUNTRIES

Source: Climate Change Authority analysis of UNFCCC 2011, UNFCCC 2013a, Kyoto Protocol commitments

Many countries have included these pledges in domestic legislation and national planning documents,
as part of the process of backing international pledges with domestic policies. Some countries; for
example, Germany and the United Kingdom, have taken on a higher domestic target than is reflected in
their international pledge, so looking at pledges alone may underestimate the extent of global climate
action. Table 4.1 shows the international and domestic 2020 targets of key countries.
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Table 4.1: 2020 emissions reduction targets of key countries
Australia

International: 5 per cent, up to 15 per cent or 25 per cent relative to 2000 (5 per cent unconditional).

China

International: Lower carbon dioxide emissions per unit of GDP by 40–45 per cent relative to 2005.
Domestic: China’s 2020 target has been incorporated in its medium- and long-term economic and
social development plans as a binding target. China has an interim carbon intensity target under its
12th Five-Year Plan (2011–2015).

United
States

International: In the range of 17 per cent relative to 2005.
Domestic: This goal is included in President Obama’s 2013 Climate Action Plan.

European
International: 20 per cent relative to 1990. Conditional target of 30 per cent relative to 1990.
Union
Domestic: Many EU countries have climate targets included in legislation or national plans. The EU
(28 member also has agreed to a formal ‘burden-sharing arrangement’ for some of its collective climate targets.
states)
India

International: reduction in emissions intensity (emissions per unit of GDP) by 20–25 per cent relative
to 2005 (excluding agriculture).

Japan

International: 3.8 per cent relative to 2005.

Germany

International: 20 per cent relative to 1990, as part of EU target.
Domestic: The German Government has legislated a national target of 40 per cent reduction by 2020
relative to 1990.

Indonesia

International: 26 per cent relative to business-as-usual.
Domestic: Indonesia’s National Action Plan for Greenhouse Gas Emission Reduction states it could
reduce emissions by up to 41 per cent by 2020 relative to business-as-usual with international support.

Canada

International: 17 per cent relative to 2005. Note Canada has withdrawn from the Kyoto Protocol, but
maintains this target under the UNFCCC.

Republic of
Korea

International: 30 per cent relative to business-as-usual.

United
Kingdom

International: 20 per cent relative to 1990, as part of EU targets.

South
Africa

International: 34 per cent relative to business-as-usual and 42 per cent relative to business-as-usual
by 2025.

Domestic: The 2020 goal is included in Korea’s 2010 Framework Act on Low Carbon, Green Growth.

Domestic: The UK has a domestic 2020 target of 34 per cent below 1990 levels. It also has a series
of binding carbon budgets under its Climate Change Act for the period 2008–2027. The 2027 carbon
budget represents emissions reduction of 50 per cent relative to 1990.

Domestic: The 2020 goal is referred to in South Africa’s 2011 National Climate Change Response.
New
Zealand

International: Unconditional target of 5 per cent relative to 1990. Conditional target of 10–20 per cent
relative to 1990.

Norway

International: 30 per cent relative to 1990. Conditional target of 40 per cent relative to 1990.

Note: Many countries’ targets are conditional on the extent of climate action in other countries. Domestic action outlined in this table covers targets
included in domestic legislation, national planning documents and other official government plans.
Sources: International emissions reduction targets from UNFCCC 2011 and UNFCCC 2013a; domestic targets from country websites.
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It2013
is too
early to definitively say whether countries will meet their 2020 targets. Many are in the
– 99 COUNTRIES
process of implementing policies for which the actual mitigation effect is not yet known (for
example, the Republic of Korea’s legislated carbon price and South Africa’s carbon tax). Other
countries, including Norway, have also announced an intention to use fast-acting policies closer
to 2020, such as the planned purchase of international emissions reductions. A country’s energy
mix can also change rapidly for non-climate-centred reasons and make it either harder or easier
to achieve a given target. For example, Japan’s 2011 nuclear disaster and the United States gas
boom—as well as policy choices that limited US gas exports, ensuring lower domestic gas prices and
lower emissions because of switching to gas from coal—affected their emissions. Finally, ambition
of targets is linked to achievability. Countries with strong targets may be less likely to achieve them,
although they may still reduce their emissions significantly.
With those important caveats, it is clear that countries are generally taking their targets seriously
and implementing policies to meet them. There is also heartening precedent—most countries that
have first commitment period targets listed in Annex B of the Kyoto Protocol appear to be on track to
comply (two exceptions are the United States, which did not ratify the Kyoto Protocol, and Canada,
which withdrew from the Protocol in 2012).
Importantly, the United States and China, the world’s top two emitters, are both capable of meeting
or exceeding their 2020 targets. The World Resources Institute assessed US policy in 2013, and
concluded it could meet its target without new legislation by using existing powers of the sort
being employed by President Obama (WRI 2013a). The US Government, in its 2014 Climate Action
Report, concluded that the target is achievable (Department of State 2014). Similarly, recent
analysis concludes that China is on track to reduce its carbon intensity by more than its 2020 target
(PBL 2013). Chinese officials reported in November 2013 that China would make every effort to meet
the more ambitious end of its target range and it was considering new targets, including potentially
an absolute cap on emissions for its next Five-Year Plan (2016–20) (Li Gao, 2013).

4.2 Countries’ domestic policies and measures
Countries are putting in place policies and measures to reduce their emissions and meet their
targets. Domestic action has increased over time. GLOBE notes that in 2012 there was a total of 286
climate change-related laws in the 33 countries studied (GLOBE International 2013)—see Figure 4.2.
CHAPTER 4 FIGURE 4.2
Figure 4.2: Total climate change laws in GLOBE country studies, 1963–2012
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All the major emitting economies now have policies and measures to support their 2020 emissions
reduction targets. Policies include incentives for renewable energy, energy efficiency standards,
emissions trading schemes and emissions performance standards in electricity generation and
transport. Approaches vary from country to country depending on development levels, economic
structure and the targeted sector or desired response.
Countries usually adopt multiple overlapping climate policies, including some mix of energy supply
policies, energy demand policies, sector-specific measures such as transport standards, and carbon
pricing. The International Energy Agency (IEA) collates a database of climate policies and measures
covering all the countries in the Authority’s key countries set except Indonesia. This database records
that there were 858 climate policies and measures in place in 2013 across the Authority’s key
countries (IEA 2013a).
Table 4.2 describes the climate actions of key countries in different areas. Most countries, including
China and the United States, have policies in all these areas. An expanded version of this table is in
Appendix B.

Table 4.2: Policies and measures of key countries examined by the Authority
Policy area

Example of policies

Coverage

Energy supply

Renewable energy targets, feed-in tariffs

All key countries have energy supply policies
in place

Energy demand

Appliance and building energy efficiency
standards

All key countries have energy demand policies
in place

Transport

Mandatory vehicle emissions, pollution or fuel
efficiency standards; incentives for renewable
fuel production

Nearly all key countries other than Australia and
New Zealand have some form of mandatory
vehicle standards; more than half have
greenhouse gas emissions standards

Carbon pricing

Taxes or emissions trading schemes

Most key countries have policies in place at
national or sub-national level; others including
the Republic of Korea and South Africa are
planning to introduce policies in 2015

4.2.1 Climate change action in China and the
United States
The two countries with the largest impact on global climate change action are China and the
United States. Together, they were responsible for over 37 per cent of the world’s emissions in 2009.
Both countries are acting on climate change and stepping up their efforts, including working
together. In June 2013, President Obama and President Xi reached a bilateral deal to phase down the
consumption and production of hydrofluorocarbons—potent greenhouse gases used in refrigeration
and air conditioning—under the Montreal Protocol. In July 2013, China and the United States
announced renewed cooperation in areas ranging from carbon capture and storage demonstration
to energy efficiency and data collection.

60

Part a chapter 4

Action in China

China has a 2020 target of 40–45 per cent reduction in carbon intensity relative to 2005—that is, it
aims to reduce CO2 emissions by 40–45 per cent per unit of GDP. Based on Treasury modelling, the
Authority estimates that China’s target range is between 14 and 22 per cent below business-as-usual
emissions intensity, which would imply a reduction from business-as-usual of about 2.6–3.9 Gt CO2
in 2020.
China’s economy is developing and a large percentage of its population still lives in poverty, without
access to sanitation or clean water. As living standards improve, its emissions will grow. In 2013,
China indicated it was considering an absolute cap on emissions in its 13th Five-Year Plan (2016–20).
If this cap is put in place, it will be a global climate milestone.
China is investing in renewable energy, imposing stringent energy performance standards and
establishing emissions trading schemes. Box 4.2 provides a snapshot of China’s climate change
action.

Box 4.2: China’s climate change actions

World’s largest investor in

renewable energy (US$67 billion
in China in 2012).

Proposed scaling down of coal

use, including non-binding caps
on consumption and production.

Closed nearly 500 smaller and

less-efficient coal power plants
by 2010.

Emissions trading schemes

operating in Shenzhen,
Beijing, Shanghai, Guangdong
and Tianjin, and planned
for two other provinces and
municipalities. To be followed by
a national scheme.

Wind turbines in China (Getty Images)

China has integrated climate change as a core part of its economic planning. Its climate targets
are included in its central economic policy document for 2011–15, the 12th Five-Year Plan. This
contains targets for energy intensity (energy consumption per unit of GDP—16 per cent reduction
by 2015 relative to 2010 levels) and CO2 emissions per unit of GDP (17 per cent reduction by 2015
relative to 2010 levels). Achieving these targets would put China on track to meet its international
commitments.
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China has shown its ability to set and achieve environmental targets. Between 2006 and 2010, it
reduced its energy intensity by 19.1 per cent from 2005 levels (Network for Climate and Energy
Information 2012), and replaced nearly 500 small and inefficient power plants with modern and less
emissions-intensive facilities.
China is a world leader in renewable and low-carbon energy. In 2012, US$67 billion in renewable
energy was invested in China, more than a quarter of the world total (REN21 2013). It also has the
world’s largest installed renewable generation capacity at 90 GW (excluding hydropower). This
compares with the 54 GW capacity of Australia’s entire electricity grid (BREE 2013b, p. 33). In 2013,
China added more capacity from renewables, including hydropower, than from fossil fuels (National
Energy Administration 2013).
Partly in response to severe air pollution, China has announced a target of capping coal consumption
at four billion tonnes of coal equivalent per year, with a parallel cap on domestic coal production
of 3.9 billion tonnes in 2015. Although these caps are non-binding, they clearly signal China’s
intention to address its energy use and environmental problems. In 2013, the IEA revised its global
coal demand outlook downwards in response to China’s policy choices—reflecting both China’s
importance to global coal and the seriousness of its policy efforts (IEA 2013b). China is also
tightening its fuel economy standards for passenger vehicles, exceeding the US standards for some
types of vehicles. The standards are set nationally but are being implemented at different times
around the country—Beijing tightened its standards in 2013 in line with Shanghai and Guangzhou.
Australia has no binding fuel economy standards.
China is implementing market mechanisms to reduce its emissions in seven regions, to be followed
by a national emissions trading scheme after 2015.
Action in the United States

The United States has a UNFCCC 2020 target of 17 per cent reductions on 2005 levels. US
emissions have fallen in recent years. According to WRI analysis (2013a), the main factors behind
this trend include:
•• falling energy demand, including because of lower economic activity
•• lower transportation emissions, in part because of tighter vehicle emissions standards
•• partial replacement of coal power with gas power and renewable energy.
Both Australia and the United States have discovered large amounts of natural gas that can be
extracted using contemporary technology such as fracking. Unlike Australia, US policy choices
limited the export of natural gas (Garnaut 2013). This helped keep US domestic gas prices lower, and
encouraged fuel switching to gas away from more emissions-intensive coal. This has meant the gas
boom has had a noticeable impact on US emissions.
The United States, however, will need to do more to meet its 2020 emissions reduction target.
Although US energy emissions are predicted to remain static, other sources of emissions are rising,
including industrial gases and methane from natural gas extraction.
Momentum for stronger action is building and the United States is taking its 2020 target seriously.
President Obama announced a new Climate Action Plan in June 2013, which aims to reduce
US emissions, prepare for the domestic impacts of climate change and increase international
climate cooperation. It uses the President’s executive powers to increase regulations on new and
existing power plants, accelerate renewable energy development on public land, and direct federal
agencies to use more renewable energy and improve their energy efficiency. The combined effect
of these measures could be significant—for example, the power plant regulations could prevent
the construction of new coal-fired power plants without carbon capture and storage technology.
A recent US Government report confirmed that concerted efforts to implement the Climate Action
Plan would cause energy sector and methane emissions to fall by 2020 (Department of State 2014).
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Transportation makes up nearly one-third of total US emissions, and strict vehicle fuel economy and
emissions standards introduced in 2011 will deliver large emissions reductions. The US Government
estimated the standards would save 6,000 Mt CO2-e between 2011 and 2025, more than 10 times
Australia’s 2012 total emissions. The US Energy Information Administration (2013) estimates there
are already two million hybrid vehicles in the United States, and an additional nine million ‘alternative
fuel’ vehicles capable of using electricity, ethanol, liquid petroleum gas or natural gas.
The United States has been at the forefront of investment in renewable energy for the past decade.
Renewable energy investment in the United States totalled US$36 billion in 2012. It is a close second
to China in renewable capacity, with 86 GW installed (REN21 2013).

Box 4.3: US climate change actions

World’s second largest investor
in renewable energy after
China—nearly half the electric
capacity added in 2012 was
renewable.

Proposed stringent regulations

of new and existing coal power
plants.

Emissions trading schemes
operating in 10 states.

Stringent vehicle emissions

standards, estimated to save
6,000 Mt CO2-e between 2011
and 2025.

President Barack Obama delivers remarks on climate change,
at Georgetown University in Washington, D.C., 25 June, 2013.
(Official White House Photo by Lawrence Jackson)

Sub-national action in the United States and China

Many US states and Chinese provinces are significant economic entities in their own right and some
are taking strong action to reduce their emissions.
China commenced pilot emissions trading schemes in Shenzhen, Beijing, Shanghai, Guangdong
and Tianjin in 2013. More than 1,500 liable entities are expected to participate in these five regions,
and the total annual emissions of the regions are more than 970 Mt, about one-and-a-half times
Australia’s. Another two schemes are proposed to start in Hubei and Chongqing. These seven areas
make up one-third of China’s economy and use about one-fifth of its energy (DIICCSRTE 2013).
Much action on climate change in the United States is happening at state and local level—29 states
have adopted greenhouse gas reduction targets or limits, with varying stringency, while nine
north-eastern states have had an emissions trading scheme for their power sectors since 2009
(the Regional Greenhouse Gas Initiative). California has a separate emissions trading scheme
that began in 2013 and linked to the Canadian province of Quebec in January 2014. The scheme
will eventually cover most of California’s emissions, which comprise about 7 per cent of total
US emissions—equivalent to about 80 per cent of Australia’s annual emissions. The states of
Oregon and Washington are also considering introducing carbon pricing.
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The United States and China are also cooperating on climate change at sub-national levels. The US
state of California and the Chinese municipality of Shenzhen are working together on air quality.
Both regions have emissions trading schemes in place and have agreed to share policy design and
early experiences from these schemes.

Table 4.3: Comparing sub-national areas to countries
If this area with carbon pricing 
was a country …
C
 alifornia
(440 Mt)

… its emissions would be about
the same as
Spain
(410 Mt)

The nine Regional Greenhouse Gas Initiative states

 oland and Greece combined
P
(490 Mt)

(470 Mt)

 uangdong
G
(510 Mt)

Italy
(510 Mt)

 hanghai
S
(240 Mt)

Singapore
(230 Mt)

 eijing
B
(100 Mt)

Chile
(100 Mt)

Notes: Total emissions from the region—carbon pricing covers a subset of these emissions. Data from year 2010 except Beijing (2011), excluding land
use. Regional Greenhouse Gas Initiative states are Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New York, Rhode Island
and Vermont.
Sources: WRI 2013b CAIT for US state and country emissions; World Bank 2013 for China sub-national emissions

4.2.2 2020 and beyond
While there is a clear trend to increased climate action, more needs to be done, up to and beyond
2020, to limit warming to below 2 degrees.
The UNEP Emissions Gap report (published annually) is one of the most comprehensive studies
aggregating countries’ 2020 pledges. The report estimates the gap between the level of projected
global greenhouse gas emissions with current 2020 pledges, and the level climate science
recommends gives a likely chance of limiting warming to below 2 degrees (defined by UNEP as a
67 per cent chance).
The 2013 Emissions Gap report finds that the emissions gap for 2 degrees is 8–12 Gt CO2-e. This is
equivalent to about 14–24 times Australia’s annual emissions.
Importantly, the report finds that it is technically feasible to limit temperature increases to below
2 degrees with either greater pre-2020 action or post-2020 action. However, it notes that increasing
action post-2020 will be more difficult, costly and risky than acting earlier, including because of the
lock-in of emissions-intensive infrastructure (UNEP 2013).
Countries are beginning to plan emissions reductions after 2020 in the context of the emissions
gap, including an international framework for post-2020 climate action. This framework is due to
be negotiated by 2015 and to come into effect in 2020. Countries including Australia are expected
to begin putting forward post-2020 goals in the UNFCCC by the first quarter of 2015.
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In light of this timeline, many countries have begun internal policy processes to consider
medium‑term targets such as 2025 or 2030. Several countries have also set domestic 2050
goals to guide their progress, including the EU, the UK, New Zealand, Mexico, Japan and Norway.
Table 4.4 sets out current post-2020 goals in key countries. More countries are expected to
announce post-2020 goals as international and domestic processes advance.

Table 4.4: Post-2020 emissions reduction targets of selected key countries
Country

Post-2020 domestic target
in place

Australia

2050
Target of 80 per cent below 2000 levels
(in current legislation)

United
States

2050
In 2009, President Obama committed
to a goal of 83 per cent below 2005 levels

European
2050
Union
80–95 per cent below 1990 levels
(28 member
states)

Additional targets under 
consideration

Considering 2030 targets, with a decision expected
in March 2014
Roadmap to 2050 planning document contains
reduction targets of 40 per cent by 2030 and
60 per cent by 2040, both relative to 1990 levels

Japan

2050
80 per cent below 1990 levels included
in its Fourth Basic Environment Plan

Germany

2050
Germany contributes to the EU 2050
targets and has adopted the EU goal
of 80–95 per cent in its energy blueprint

Considering 2030 targets with EU, decision
expected March 2014

2050
The UK contributes to the EU 2050 targets
of 80 per cent below 1990 levels

Considering 2030 targets with EU, decision
expected in March 2014

United
Kingdom

Legislation passed in 2010 sets out a road map
to 2050, with indicative targets below 1990
levels—40 per cent by 2020, 55 per cent by 2030,
70 per cent by 2040 and 80–95 per cent in 2050

The UK’s goal is supported by legislated carbon
budgets from 2008 to 2027. The 2027 carbon
budget represents emissions 50 per cent below
1990 levels
South
Africa

2025
42 per cent below business-as-usual levels
set in South Africa’s National Climate Change
Response

New
Zealand

2050
50 per cent below 1990 levels

Norway

2050
Carbon neutrality (reduce global greenhouse
gas emissions by the equivalent of 100 per cent
of its own emissions)

South Africa has a ‘peak, plateau and decline’
strategy, where its emissions peak between 2020
and 2025, plateau for about 10 years and then fall

If an ambitious global climate agreement is
achieved, in which other developed countries also
take on extensive obligations, Norway has stated it
will undertake to achieve carbon neutrality by 2030

Note: Many countries’ targets are conditional on the extent of climate action in other countries. Key countries not in this table have not yet announced
post-2020 goals.
Sources: UNFCCC 2011 and 2013, and country websites
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4.3 Linking global action to Australia
Australian action both before and after 2020 is part of a broader international response.
In considering recommendations for Australia’s 2020 emissions reduction goals, the Authority has
considered:
•• Australia’s existing international undertaking to reduce emissions and the government’s conditions
for moving beyond 5 per cent
•• Australia’s relative development level and where different Australian 2020 targets sit on the
international spectrum, placing Australia’s action in context
•• how Australian action can influence other countries.

4.3.1 Australia’s international undertakings and
2020 target conditions
Australia has made an international undertaking to reduce its emissions by 5–25 per cent by 2020
relative to 2000 levels. The 5 per cent target is unconditional, and a policy has been set for when
Australia might move beyond 5 per cent—to 15 or 25 per cent. The policy conditions are set out in
Box 4.4.
The Authority considers that the conditions for moving beyond 5 per cent have been met. Whether
the conditions for 15 per cent have been met is unclear—some elements have been met; others are
marginal. The conditions for a 25 per cent target have not been met. A clause-by-clause breakdown
of the conditions is at Appendix B. Importantly, the target conditions are only one aspect of the
Authority’s considerations.
A common misconception that the Authority encountered in its consultations is that the target
conditions require a legally binding international agreement. The conditions for moving beyond
5 per cent do not refer to the form of international action, binding or otherwise. The Authority’s
interpretation of the conditions for the 15 or 25 per cent target is that they require coordinated
international action but that the element of an ‘international agreement’ could take a range of forms,
not all of which would be legally binding. While a new treaty could meet the conditions, a set of
UNFCCC decisions or some other agreement that delivers the results referred to in the conditions
could also satisfy them.
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Box 4.4: Australia’s 2020 target policy

Reduce emissions by 5 per cent relative to 2000 levels
Conditions: None
Reduce emissions beyond 5 per cent
Conditions: The government will not increase Australia’s emissions reduction target
above 5 per cent until:
•• the level of global ambition becomes sufficiently clear, including both the specific
targets of advanced economies and the verifiable emissions reduction actions of
China and India;
•• the credibility of those commitments and actions is established for example, by
way of a robust global agreement or commitments to verifiable domestic action on
the part of the major emitters including the United States, India and China; and
•• there is clarity on the assumptions for emissions accounting and access to markets.
Reduce emissions by 15 per cent compared to 2000 levels
Conditions: International agreement where major developing economies commit
to restrain emissions substantially and advanced economies take on commitments
comparable to Australia’s. In practice, this implies:
•• global action on track to stabilisation between 510–540 ppm CO2-e;
•• advanced economy reductions in aggregate in the range of 15–25 per cent below
1990 levels;
•• substantive measurable, reportable and verifiable commitments and actions by
major developing economies in the context of a strong international financing
and technology cooperation framework, but which may not deliver significant
emissions reduction until after 2020;
•• progress towards inclusion of forests (reduced emissions from deforestation and
forest degradation in developing countries) and the land sector, deeper and broader
carbon markets and low-carbon development pathways.
Reduce emissions by 25 per cent relative to 2000 levels (up to 5 percentage
points through government purchase)
Conditions: Comprehensive global action capable of stabilising CO2-e concentrations
at 450 ppm CO2-e or lower. This requires a clear pathway to achieving an early
global peak in total emissions, with major developing economies slowing the growth
and then reducing their emissions, advanced economies taking on reductions and
commitments comparable to Australia’s, and access to the full range of international
abatement opportunities through a broad and functioning international market in
carbon credits. This would involve:
•• comprehensive coverage of gases, sources and sectors with inclusion of forests
(reduced emissions from deforestation and forest degradation in developing
countries) and the land sector (including soil carbon initiatives (for example,
biochar) if scientifically demonstrated) in the agreement;
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•• clear global trajectory, where the sum of all economies’ commitments is consistent
with 450 ppm CO2-e or lower, and with a nominated early deadline year for peak
global emissions not later than 2020;
•• advanced economy reductions, in aggregate, of at least 25 per cent below 1990
levels by 2020;
•• major developing economy commitments that slow emissions growth and then
reduce their absolute level of emissions over time, with a collective reduction of at
least 20 per cent below business-as-usual by 2020 and a nomination of a peaking
year for individual major developing economies;
•• global action which mobilises greater financial resources, including from major
developing economies, and results in fully functional global carbon markets.
Note: ‘Advanced economies’ refers to Annex I Parties to the UNFCCC and at least some other high–middle income
economies; ‘major developing economies’ refers to non-Annex I members of the Major Economies Forum.
Source: Commonwealth of Australia 2013

Conditions for beyond 5 per cent

In the Authority’s view, the conditions for moving beyond 5 per cent have been met:
•• Since the target conditions were set, there has been significant process ‘clarifying the level of
global ambition’, with all major emitting economies putting forward 2020 emissions reduction
goals under the UNFCCC.
•• A robust international framework for measuring, reporting and verifying targets and actions was
established in 2011 at the Durban Climate Conference.
•• A clear framework for markets and accounting has been established for second commitment
period targets under the Kyoto Protocol. For targets outside the Protocol, countries will set out
their rules for accounting and markets in biennial reports, due to begin 1 January 2014.
A number of submissions to the Targets and Progress Review stated the conditions for moving
beyond 5 per cent had not been met. Organisations with this view were the Australian Industry
Greenhouse Network, the Australian Petroleum Production & Exploration Association, the Business
Council of Australia and the Cement Industry Foundation. The main reason given was that major
developing economies had not yet committed to restrain emissions substantially and advanced
economies had not yet taken on commitments comparable to Australia’s. The Authority’s view is
that major developing countries and advanced economics are acting to restrain their emissions, and
it has provided evidence to support this position in this chapter. Regardless, this is not one of the
conditions for moving beyond 5 per cent. Unlike the conditions for moving to 15 or 25 per cent, there
is no requirement in the ‘beyond 5 per cent’ conditions for major developing economies to commit
to restrain emissions substantially or advanced economies to take on commitments comparable
to Australia’s.
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Conditions for 15 per cent

Whether the conditions for moving to a 15 per cent target are fulfilled is less clear. Different readers
legitimately might come to different conclusions about whether these conditions are met. Some
elements are met; for example, there has been strong progress developing a global framework,
including targets by all major emitting economies; measuring, reporting and verifying emissions;
and taking action on finance and technology for developing countries.
Some elements are marginal, including global action on track to stabilisation between 510 and
540 ppm. Studies generally estimate that the level of global effort is on track to stabilisation at
about 550 ppm (Project Catalyst 2010); however, there is significant uncertainty surrounding these
estimates. First, there is uncertainty about the exact level of emissions reductions implied by the
UNFCCC 2020 pledges (UNEP 2013). Second, the stabilisation outcome depends on the shape of
the world’s long-term emissions trajectory; this means it is difficult to relate 2020 emissions levels
to particular stabilisation outcomes without making significant assumptions about action after 2020
(Rogelj and Meinshausen 2010). Given the degree of uncertainty, stabilisation between 510 and
540 ppm cannot be ruled out.
The condition regarding aggregate advanced economy action is also marginal. Recent analytical work
estimates aggregate Annex I Party action to be 12–18 per cent below 1990 levels by 2020 (compared
with the 15–25 per cent reductions listed in the conditions) (den Elzen et al. 2012, p. 9). There is
uncertainty regarding these estimates, which could pull the aggregate up or down.
Conditions for 25 per cent

In the Authority’s view, the conditions for 25 per cent have not been met at this time. In particular,
while stabilisation of greenhouse gas concentrations at about 450 ppm remains technically feasible,
most studies do not consider that the current 2020 pledges are on track. The aggregation of
Annex I targets, even under the most favourable assumptions, is unlikely to be ‘at least 25 per cent’
reductions on 1990 levels.
These conditions have been long-standing Australian policy and have provided guidance to
stakeholders about the likely Australian target. The Authority, however, is legislatively required to
take into account a broader range of factors beyond these conditions, including estimates of the
global greenhouse gas emissions budget, economic efficiency, equity and the level of global action
to reduce greenhouse gas emissions. Therefore, while the assessment of the target conditions is an
important factor in the Authority’s deliberations, it is only one input to its recommendations about
Australia’s appropriate 2020 target.
In the international context, the Authority has also taken into account how different Australian
targets compare with the 2020 targets put forward by other countries, and Australia’s ability to
influence other countries’ climate actions. These matters are discussed in the next section.
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4.3.2 Australia’s place in the world
Australia is prosperous compared with most countries. It has the 12th highest GDP per person in
the world and a high standard of living, ranking second of 186 countries on the UNDP’s human
development index.
Australia is also a high-emitting country in absolute and per person terms. Australia has the
highest emissions per person of all developed countries and is responsible for about 1.3 per cent
of the world’s emissions of greenhouse gases. While this may sound like a small proportion
of the global total, Australia is the 15th highest emitter of greenhouse gases in the world (of
186 countries: WRI 2013b). Some of this reflects Australia’s relatively high share of fossil fuels
in its energy supply. In 2011–12, coal represented nearly 60 per cent of Australia’s total primary
energy supply (BREE 2013a) compared with an OECD average of 20 per cent (IEA 2012). Australia
is one of only 19 countries that emits more than 1 per cent of the world’s emissions. Combined,
emissions from these 19 countries account for more than two-thirds of the world’s total emissions.
In the Authority’s consultations, many stakeholders suggested that these factors mean Australia
should show ‘climate leadership’, or be at the front end of international action. Against this, some
submissions considered Australia had certain characteristics that argued against stronger action and
cited potential impacts on Australia’s competitiveness and the high cost of reducing emissions in
Australia.
As discussed in other parts of the Review (chapters 10 and 12), most studies—both Australian and
international—find that Australia has relatively high costs of emissions reductions. These findings are
important, but need to be balanced against three factors:
•• the magnitude of the costs may be ameliorated by access to international emissions reduction
units
•• emissions reduction costs—and their distribution across households and industry—depend
heavily on policy design. Policies can be designed to help households and moderate the costs
on businesses
•• while Australia’s costs may be relatively high, it also has relatively high development levels and
therefore greater capacity to meet them.
An analysis of Australia’s place in the world shows that it has high emissions—and the capacity and
prosperity to reduce them. Comparing its targets and actions to much poorer countries, including
China and India, can be useful for a policy design process or when considering issues of carbon
leakage. However, in terms of overall ambition, it would not be fair to expect these countries to take
the same action as Australia because they are significantly poorer and have dramatically different
capacities to implement policy and respond to climate change. Table 4.5 describes emissions and
development data for each country.
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Table 4.5: Comparing Australia’s emissions and capacity to act
Australia’s emissions
Per cent of global emissions: 1.3 (15th in the world in 2009)
Emissions per person: 25 tonnes of CO2-e (11th in the world in 2009, highest of any developed country)
Australia’s development and economy
Human development index ranking: 2
GDP ($Int, PPP): $961 billion (18th in the world)
GDP ($Int, PPP) per person: $41,954 (9th in the world)
Australia’s emissions and development compared to key countries
Per cent of global
emissions

Emissions per person
(t CO2-e)

Human development
index* (rank: 1=highest)

Australia

1.3

25.1

2

China

22.1

7.1

101

United States

15.3

21.2

3

European Union
(28 member states)

10.9

9.2

From 4 (the Netherlands)
to 57 (Bulgaria)

India

5.5

1.9

136

Japan

2.8

9.5

10

Germany

2.1

10.9

5

Indonesia

1.9

3.3

121

Canada

1.6

19.9

11

Republic of Korea

1.4

12.5

12

United Kingdom

1.4

9.3

26

South Africa

1.3

11.2

121

New Zealand

0.2

16.6

6

Norway

0.1

11.2

1

Note: The United Nations human development index is a composite measurement of development that combines indicators of life expectancy,
education and income; PPP is purchasing power parity, used when comparing GDP across countries.
Sources: Emissions data from WRI 2013b, year 2009, excluding land use; GDP data from IMF 2013; population data from ABS
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4.3.3 Comparing Australia’s target range to other
countries’ targets
In considering an appropriate 2020 target for Australia, it is relevant to consider how different
Australian targets compare with the 2020 targets put forward by other countries.
To assist with this analysis, the Authority has considered Australian targets of 5, 15 and 25 per cent
relative to targets of key countries. The countries include those with similar levels of development
to Australia, major emitting economies and Australia’s major trading partners and neighbours.
These countries have put forward targets in different forms with different reference years, which
makes them difficult to compare. To facilitate comparison, the Authority has translated the 2020
targets of key countries to the same four key measures on a 2005 base year:
•• absolute emissions reductions or limitations
•• emissions intensity implied by 2020 targets
•• deviations from business-as-usual
•• per person emissions implied by 2020 targets.
Each measure provides a different way of looking at the target range. Absolute emissions
give a direct assessment of the overall emissions reduction levels. Reductions in emissions
intensity demonstrate a country’s intended rate of economic decarbonisation. Deviations from
business‑as‑usual give a comparative measure of the effect of targets on emissions and the
effectiveness of climate change policies. Per person emissions removes the effect of population
growth and links to the contraction and convergence and equity discussions in Chapter 8.
All of these measures have different limitations, and the metric of deviations from business-as-usual
is particularly difficult, as it relies on contestable assumptions. The methodology and limitations are
explained in Appendix B.
Since each of the four measures provides different information about countries’ targets, it is
important to look at the whole picture rather than any one measure in isolation. However, even this
does not capture all relevant factors. For example, none of the above measures takes into account a
country’s development level, its previous action or its historical emissions levels. This analysis cannot
capture the full international context over time and should therefore be used as a starting point for
considering comparability rather than as a definitive formula.
Comparing different countries’ targets is complicated by different base years. For example, the
US target is a 17 per cent reduction by 2020 compared with 2005 levels. Australia’s target range
is expressed relative to 2000. To think about an Australian target that matches the US target, a
matching base year is needed. In 2020, the US target requires its emissions to be 20 per cent
lower than its emissions in 2000. Therefore, a matching target for Australia on this basis would
be 20 per cent. Conversely, if Australia was to reduce its emissions by 17 per cent compared with
its own 2005 level emissions, this equates to a 10 per cent reduction compared with 2000 level
emissions.
With the above caveats, Figure 4.3 summarises the Authority’s analysis of how targets of 5, 15 and
25 per cent rank relative to other countries’ targets on the four measures. It also includes where
Australia sits on the development metrics of GDP per person and human development index.
Several stakeholders suggested the relative cost of abatement as an important comparative measure.
This is analysed separately in Chapter 8.
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Australia’s 2020 target range, particularly the 5 per cent target, does not look comparable to
these key countries when measured by emissions per person and emissions intensity. The same
target range looks more ambitious when assessed against deviations from business-as-usual.
The variability of the conclusions indicates the difficulty of ‘calibrating’ Australian effort directly
to a country or group of countries.
At a very general level, this analysis shows that Australia’s 5 per cent target is at the weaker end of the
group against most metrics. The Authority’s recommended target is broadly comparable to the action of
other countries, including the United States. It is not singularly ambitious on any metric. On most metrics,
it is weaker than the targets of climate leaders, including Norway. Therefore, the Authority considers its
recommended target of 15 per cent plus carryover to be a defensible contribution to the global climate
change effort, broadly similar to the actions of other countries with similar capacity and wealth.
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4.4 Australia’s influence
Countries do not make decisions about climate targets and policies in a vacuum; they are influenced
by the level of global action and the policies and targets of their neighbours, trading partners and
countries with similar economies.
Influence can be positive—encouraging greater action—or negative; countries could use the absence
of action in another country as a reason to delay further action or defer existing commitments.
Australia is a small but important part of the global picture on climate change. While Australian
influence on global efforts should not be overstated, there are certain ways Australia can influence
other countries. First, it has strategic roles in international groups. In the UNFCCC, Australia chairs
the Umbrella Group—one of the major negotiating blocs that includes the United States, Russia,
Canada, Japan and Norway. Australia is also a founding member of the Cartagena Dialogue for
Progressive Action; an influential group of developed and developing countries committed to working
together to resolve negotiating deadlocks and drive progress in the UNFCCC. Australia’s role in these
groups means its actions are more likely to be noticed by other countries. Outside the UNFCCC,
Australia is active in complementary initiatives that ensure its views are heard in a range of forums
(see Appendix B for a list of these initiatives).
Second, Australia also has some influence because of its particular circumstances—it is an
emissions-intensive economy with a relatively high cost of emissions reduction. If a country in these
circumstances chooses a stronger target—and achieves it—it is likely to have a disproportionate
effect spurring action from others. Conversely, Australia is a highly developed country with a high
capacity to act. If Australia fails to take strong action, other, poorer countries are more likely to
characterise climate change action as unaffordable and unachievable. Demonstrating that a highemitting and fossil fuel-dependent economy can successfully cut emissions and achieve a strong
target may be one of the most effective ways Australia can influence other countries.
Third, Australia can have influence by demonstrating that climate policies can be effective. Countries
observe and copy the successful policies of other countries. Successful Australian demonstration can
be seen across a range of policies including plain packaging for cigarettes (now being considered or
introduced in Ireland, Canada, India, New Zealand, Turkey and the EU) and the Renewable Energy
Target (RET), with similar models adopted in the UK and some US states. The demonstration
effect of robust climate policies is likely to increase other countries’ confidence that they can adopt
effective policies, and take on stronger targets in the future.
Timing should also not be overlooked. Australia is uniquely placed to influence global climate
action over the next few years. The international climate change framework is in a developmental
phase, and many countries are putting in place new policies and looking for examples to model.
These factors are likely to mean that action now will be especially influential. Australia’s current
international roles—chairing the G20 in 2014 and its position on the United Nations Security
Council—mean Australian action in the next few years is likely to be noticed by more countries.
Australian influence on collective action can be positive or negative at this critical time. On the
positive side, a stronger Australian target underpinned by robust policy is likely to support a sense
that countries are serious and committed to achieving their targets. This may help encourage
countries to stand by their commitments or do more. Drawing back from our international
commitments is likely to have a negative influence; an effect heightened by Australia’s high level of
development. And, in some ways, negative action can be more influential in collective forums than
positive action—the US failure to ratify the Kyoto Protocol and Canada’s subsequent withdrawal has
received far more attention than the approximately 36 countries that look likely to comply with or
exceed their first commitment period targets.
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Conclusions
C.4	There is a significant trend to increased global action to reduce
greenhouse gas emissions. All the major emitting economies, including
China and the United States, have 2020 emissions reduction goals
backed by domestic policies and measures. This trend will need to
continue and accelerate if the world is to keep warming below 2 degrees.
C.5	The Authority’s analysis of the government’s target conditions show that
the conditions for moving beyond 5 per cent have been met. Whether
the conditions for 15 per cent have been met is unclear—some elements
have been met; others are marginal. The conditions for a 25 per cent
target have not been met at this time. While the Authority has taken
these conditions into account, it is also required to examine a broader
range of considerations.
C.6	Considering a range of measures, an Australian 5 per cent target lags
behind the targets of key countries considered in this Review. A stronger
2020 target of 15 per cent plus carryover is broadly comparable with
other countries’ targets, including that of the United States. This is
especially the case given Australia’s high level of development, relative
wealth and governance capacity.
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Part B charts Australia’s domestic policies to reduce its emissions and assesses
progress Australia has made in reducing its emissions between 1990 and 2012.
Australian governments—Commonwealth, state and local—have implemented
a suite of policies to reduce greenhouse gas emissions over the past two decades
and there has been considerable change in this suite over time. As in many other
countries, Australia’s policy suite includes market-based mechanisms, such as
the carbon pricing mechanism; regulatory measures, such as minimum energy
performance standards; and informational tools, such as energy rating labels.
Australia has made progress towards decarbonising its economy. Australia’s
emissions were broadly the same in 2012 as in 1990, despite a doubling in the
size of the economy. This means that the emissions intensity of the economy has
halved over that period. Policy has played an important role, particularly in the
land and electricity sectors. Broader economic forces also account for some of
the reduction in emissions intensity.
Further efforts are necessary to achieve absolute reductions in Australia’s
emissions to 2020 and in subsequent decades.
Chapter 5 describes the major policies Australia has used to reduce its
emissions.
Chapter 6 describes the trends in Australia’s emissions since 1990, at the
national and sectoral levels, and the drivers that underpin these trends, including
the role of policy.
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Australia’s existing and proposed policy mix provides important context for
considering its future emissions reduction goals.
As in other countries, Australian governments have been implementing policies
to reduce emissions for more than two decades. Regulatory measures
include labelling and minimum performance standards for appliances, changes
to building codes to drive energy efficiency and restrictions on land clearing.
A range of market‑based schemes has been implemented to promote emissions
reductions, including national schemes such as the Renewable Energy Target and
state-based schemes.
In 2011, legislation was passed to create the carbon pricing mechanism (a
cap‑and‑trade emissions trading scheme). This commenced in July 2012. The
government intends to repeal this legislation and implement the Direct Action Plan.
The centrepiece of the Direct Action Plan is the Emissions Reduction Fund, which is
to purchase emissions reductions through a reverse auction.
Australia requires a suite of complementary policies to drive cost-effective emissions
reductions in its economy.

Chapter 5 introduces Australia’s policy initiatives to reduce emissions. It:
•• describes Australia’s existing policies to reduce emissions
•• discusses the need for a suite of policies to realise the full range of cost-effective emissions
reduction opportunities
•• outlines the government’s new policy.
Many policies are used by governments around the world to address climate change, and in most
cases a number of policies are used in concert. Box 5.1 outlines the main types of policies used,
as context for the description of the policies implemented in Australia.
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Box 5.1: Climate change policy tools

The main policy tools used to address climate change include:
•• Market-based mechanisms, such as:
–– cap-and-trade emissions trading schemes—which put a price on greenhouse
gas emissions, by capping the allowed quantity of emissions and requiring liable
emitters to surrender a permit for each unit of emissions
–– baseline and credit schemes—which allow participants to obtain credits for
emissions reductions beyond a baseline of emissions or emissions intensity.
When participants emit more than the baseline, they may be required to
purchase credits from other parties or pay penalties
–– carbon taxes—which add a set cost to every tonne of greenhouse gas emitted.
•• Regulation, such as minimum energy performance standards, which can be used to
help unlock emissions reductions less responsive to price signals.
•• Government subsidy or grant programs, which pay for emissions reduction
activities by businesses or households.
•• Informational tools, such as energy rating labels, which increase consumer
awareness of the financial and environmental benefits of more energy-efficient
appliances.
•• Reporting requirements, such as energy efficiency opportunities, to raise the profile
of an organisation’s opportunities and performance to decision-makers.
•• Support for research, development and commercialisation of low-emissions
technologies and practices.
Particular policy tools are likely to be effective at addressing different barriers to
emissions reductions. It is likely a range of complementary policies will continue to
be necessary in Australia, and elsewhere, to deliver effective global action on climate
change in the most cost-effective manner.
The cost of emissions reductions delivered using different policy tools can vary
widely. To date, market-based mechanisms, such as emissions trading schemes, have
been an important part of policy mixes that have delivered the most cost-effective
emissions reductions (Productivity Commission 2011, p. xiv; OECD 2013, p. 4).
An effective and efficient policy mix should:
•• Reduce emissions cost-effectively. Where a range of policy tools are used, the
relative cost of emissions reductions across policies should be considered. New
policies should be subject to appropriate cost-benefit and regulatory impact
assessments that take into account the private and public costs and benefits of
emissions reductions as well as other relevant factors.
•• Be applied consistently and predictably over the longer term. This is particularly
important where emissions reductions depend on long-term investment decisions,
such as installing new electricity generation capacity.
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•• Take into account the interaction between policies aimed at reducing emissions
and other energy, industry or trade objectives to avoid perverse outcomes or
duplication. The IMF (2013, p. 1), for example, notes global energy subsidies may
increase global energy emissions by about 13 per cent.
•• Assign responsibility to the right level of government. In Australia, Wilkins
(2008, p. 32) recommends that the Commonwealth take primary responsibility
for emissions reduction policy.
•• Identify each policy’s distributional effects and, if appropriate, ensure transitional
or assistance measures are put in place. Some climate change mitigation policies,
like other policies, can have a regressive effect and distributional issues should
be considered in the policy design process (Büchs, Bardsley and Duwe 2011,
pp. 285–307).

5.1 Australia’s climate change policy
Like other countries, Australia has drawn on a wide range of measures to reduce its greenhouse gas
emissions.
Climate change policies have been introduced at all levels of government since the late 1980s.
Climate change policies began with voluntary schemes such as energy labelling (initially in New
South Wales and Victoria from 1986) and the national Greenhouse Challenge Program for industry
from 1995. Energy labelling became mandatory from 1992 and progressed to minimum standards on
a range of devices from 1999 (including refrigerators, freezers and air conditioners). In 2003, New
South Wales introduced its Greenhouse Gas Reduction Scheme (GGAS), one of the first mandatory
emissions trading schemes in the world. The Commonwealth Parliament introduced a mandatory
RET in the electricity sector in 2001 (see Section 5.1.1).
In 2011, the Clean Energy Future package was legislated. The Clean Energy Act established long-term
goals to reduce emissions to 80 per cent below 2000 levels by 2050 and to contribute to a global
response to limit warming to below 2 degrees. Other major elements include a carbon price that
covers over half of Australia’s emissions and the Carbon Farming Initiative (CFI), which provides
incentives to reduce emissions in the land sector.
At the Commonwealth level, the main legislated policy tools are currently the RET, the carbon
pricing mechanism and the CFI, complemented by funding bodies such as the Clean Energy Finance
Corporation (CEFC) and the Australian Renewable Energy Agency (ARENA).
A broader suite of sector-specific initiatives are also in place, and state and local governments play
an important role through, for example, land use controls, energy efficiency and renewable energy
programs.
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5.1.1 Renewable Energy Target
The RET drives investment in renewable energy. It creates a guaranteed market for renewables using
a tradable certificate scheme that encourages projects at large scale (for example, wind farms) and
small scale (for example, solar PV on household rooftops). Electricity retailers and other entities
that purchase wholesale electricity are required to surrender a certain number of renewable energy
certificates each year or pay a shortfall charge.
The RET has been in place and driving renewable energy generation since 2001. The target, initially
legislated by the Howard Government to deliver 9,500 GWh of renewable energy in 2010, was
expanded in 2009 to 45,000 GWh in 2020 by the Rudd Government. At the time, this was
estimated to deliver 20 per cent of electricity generation in that year, including renewable generation
already operating prior to its introduction. Recent softening of electricity demand means the RET
could now deliver a higher share of renewable electricity in 2020 (CCA 2012, p. 43).
The RET target was split into two schemes in 2011:
•• the Large-scale Renewable Energy Target (LRET) supports large-scale projects. The LRET has
annual fixed targets and a 2020 target of 41,000 GWh
•• the Small-scale Renewable Energy Scheme (SRES) supports the installation of small-scale
systems. The SRES has an implicit target of 4,000 GWh, but is uncapped. The Authority estimates
it may result in about 11,000 GWh of generation in 2020 (CCA 2012, p. 43).
Since the introduction of the RET in 2001, Australia’s renewable electricity capacity has doubled
(CCA 2012). About one million households have installed rooftop solar PV (DIICCSRTE 2013, p. 89),
which the Australian Energy Market Operator (AEMO) estimates will generate about 2,700 GWh in
2013 (AEMO 2013).
Between 2001 and 2012, the RET reduced emissions by an estimated 20 Mt CO2-e (CCA 2012, p. 12).

5.1.2 Carbon pricing mechanism
The carbon pricing mechanism requires Australia’s largest greenhouse gas emitters—liable entities—
to acquire and surrender eligible units for each tonne of CO2-e they emit, creating an incentive
to reduce those emissions. The Commonwealth Government intends to repeal the legislation
supporting the carbon pricing mechanism; this section describes the scheme as currently legislated.
The carbon pricing mechanism covers more than half of Australia’s emissions, including those from
electricity generation, direct combustion, landfills, wastewater, industrial processes and fugitives.
Some other sectors are covered by an equivalent carbon price (see Part E for further details).
The carbon pricing mechanism has a three-year fixed-price period from 1 July 2012 to 30 June 2015.
During this period, the price of Australian carbon units started at $23/t CO2-e and rises 2.5 per cent
a year in real terms.
From 1 July 2015, the number of available Australian carbon units issued by the government under
the carbon pricing mechanism will be limited by a cap. Liable entities can acquire units from the
government or through trading with other parties. Under the legislation, the minister responsible
for climate change must set annual caps, taking into consideration the Authority’s advice as part
of this Review. The legislation requires caps to be announced five years in advance. In the event that
parliament does not set caps through regulation, default caps apply (see Part E).
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Australian Carbon Credit Units (ACCUs), generated under the CFI, can be used to meet carbon
pricing mechanism liabilities. Approved international units can also be surrendered to meet up to
50 per cent of an entity’s carbon liability. At present, approved international units include European
Union Allowances (EUAs) and units generated under the Kyoto Protocol (limited to 12.5 per cent of
an entity’s liability). More detail on international carbon markets is provided in Chapter 12.

5.1.3 Carbon Farming Initiative
The CFI allows approved carbon reduction projects to generate ACCUs. It commenced in 2011.
ACCUs can be sold to liable parties under the carbon pricing mechanism, or to individuals and
organisations wishing to voluntarily offset their emissions (for example, through the Commonwealth
Government’s National Carbon Offset Standard).
Sectors eligible for the CFI are not covered by the carbon pricing mechanism. These include
agriculture, forestry and waste (for waste deposited before July 2012).
The Clean Energy Regulator (2014) reports that, as of January 2014, 4.2 million ACCUs have been
issued, representing 4.2 Mt CO2-e of avoided emissions. Activities that have earned ACCUs under
the CFI include:
•• Reduction of emissions from waste. The waste sector accounted for the largest number of
registered CFI projects and 96 per cent of ACCUs issued; the CFI has 74 registered waste projects
involving gas capture, combustion and diversion.
•• Management of savanna burning in the Northern Territory. The Indigenous Land Corporation has
generated credits through projects that undertake controlled burning early in the dry season.
•• Capture of methane from pig manure for use in generating electricity.

5.1.4 Clean Energy Finance Corporation
The CEFC is a clean energy investment fund. As with the carbon pricing mechanism, the
Commonwealth Government intends to repeal the CEFC’s legislation.
The CEFC co-finances emissions reduction projects with the private sector. As of June 2013, it has
facilitated over $2.2 billion in emissions reduction projects, comprising $536 million of its own
funds and private sector co-financing of $1.55 billion. The CEFC (2013, p. 10) estimates its portfolio
achieves about 4 Mt CO2-e of emissions reductions annually at a negative cost (or a net return or
benefit) of $2.40/t CO2-e.

5.1.5 Australian Renewable Energy Agency
ARENA is a renewable energy investment fund. It provides financial assistance to improve the
competitiveness of renewable energy technologies and increase the supply of renewable energy
in Australia (ARENA 2013, p. 8).
ARENA provides financial assistance in two areas:
1. Research, development, demonstration, deployment and commercialisation of renewable energy
and related technologies.
2. Sharing of knowledge and information about renewable energy technologies.
In 2012–13, ARENA (2013, p. 6) commissioned four major projects totalling $560 million and
managed more than 150 projects with commitments of $1.1 billion.
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5.1.6 Other sector-specific initiatives
A range of initiatives exists to reduce emissions in the land, industry and buildings sectors:
•• Land clearing regulations—annual rates of land clearing have decreased substantially since 1990,
largely due to state-based regulations in New South Wales and Queensland on new land clearing,
and weaker economic conditions for farming (leading to reduced incentives for farmers to clear land
and expand production). Recent relaxation of land clearing regulations in Queensland, New South
Wales and Western Australia may affect future emissions reductions (see chapters 6 and 11).
•• Minimum energy performance standards—from 1999, some products and appliances such as
refrigerators and air conditioners have been subject to minimum energy performance standards
through state government legislation. Building on this, the Greenhouse and Energy Minimum
Standards (GEMS) Act 2012 (Cth) implements nationally consistent standards for appliances in the
residential and commercial sectors.
•• The Energy Efficiency Opportunities (EEO) program—introduced in 2006, this program promotes
energy efficiency in Australia’s largest energy-using firms (firms that consume more than 0.5 PJ of
energy per year). The program requires firms to assess their energy use and identify cost-effective
energy efficiency opportunities (with a payback period of up to four years). The government has
announced funding for this program will cease from 1 July 2014 (Commonwealth of Australia
2013, p. 145).
•• New building standards—under the Building Energy Efficiency Disclosure Act 2010 (Cth), commercial
offices must disclose energy performance and receive a building efficiency rating through the
National Australian Built Environment Rating System. Residential energy efficiency standards for
new buildings have been in the National Construction Code since 2003; these were strengthened
in 2010. Most states and territories now require new residential construction to meet minimum
thermal efficiency standards.
•• Efficient lighting—the Commonwealth is phasing out inefficient lighting in favour of more efficient
alternatives such as compact fluorescent and LED lamps. Sales restrictions on inefficient lighting
begun in 2009 will be expanded to a broader range of lighting over time.
•• Energy savings ‘white certificate’ schemes—while the design of these schemes can differ across
states, in general they place an obligation on a party—such as energy retailers—to meet an energy
efficiency improvement target. White certificates can be generated when businesses or consumers
implement energy efficiency measures, and may be surrendered to a regulatory body by
a liable party to meet its obligations. These schemes operate in the Australian Capital Territory,
New South Wales, South Australia and Victoria.

5.2 The Direct Action Plan
The Commonwealth Government plans to introduce the Direct Action Plan to replace the carbon
pricing mechanism and other elements of the Clean Energy Future package. In this Review, the
Authority has not made any assumptions about policy design or implementation beyond what has
been announced.
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A central feature of the Direct Action Plan is the Emissions Reduction Fund (ERF) but it also includes:
•• rebates for solar panels, solar hot water systems and heat pumps
•• grants for renewable energy in schools and towns
•• planting an additional 20 million trees.
A Green Paper on the ERF was released by the Department of the Environment in December 2013.
It states the ERF will be designed to:
•• identify and purchase emissions reductions at the lowest cost
•• purchase emissions reductions that are genuine and would not have occurred in the absence of
the ERF
•• allow efficient business participation.
A key aspect of the ERF will be safeguarding emissions reductions, primarily by setting baselines that
discourage emissions growth above historical levels.
The Green Paper states that baselines could be set on a historical business-as-usual basis based
on absolute emissions or emissions intensity. Additionally, baselines could take account of external
events, such as an economic downturn, by setting them at a facility’s historical high point of
emissions.
The Green Paper states the government has an objective to not raise revenue from ensuring
compliance with the scheme, and the safeguard mechanism could have flexible compliance
arrangements that could allow:
•• a baseline to be exceeded for a period of time without penalty
•• multi-year compliance periods, so a baseline could be exceeded in one or more years if the average
baseline of the compliance period is not exceeded
•• businesses to offset an exceeded baseline by purchasing emissions reduction credits.
The Green Paper notes the electricity sector is the largest single source of Australia’s emissions, and
is a key source of potential emissions reductions. The government intends to work closely with the
sector on how the ERF can complement existing policy such as the RET.
The Green Paper also seeks feedback on other design issues, such as developing methods to credit
emissions reduction activities, managing the auction process and the ERF’s coverage.

Conclusion
C.7	Australian governments at all levels have implemented a wide range
of policies to reduce emissions over the last two decades, and there
has been considerable change in the suite of policies over time.

84

targets and progress review final REPORT february 2014

Australia’s
progress to date in
reducing emissions

85

6

Australia’s emissions were broadly the same in 2012 as in 1990, despite a doubling
in the size of the economy over this period. This means that the emissions intensity
of the economy (emissions per dollar of GDP) has halved.
Falling emissions intensity is in part due to economic conditions and the changing
composition of the economy. For example, emissions-intensive manufacturing’s share
of the economy has decreased.
Policy has also played an important role over the past two decades. Regulation in the
land sector has reduced emissions from land clearing. In the electricity sector, policies
such as the Renewable Energy Target, appliance and building standards, and statebased schemes (such as the New South Wales Greenhouse Gas Reduction Scheme,
the Queensland Gas Scheme and other state-based energy efficiency schemes) have
helped shift the fuel mix towards lower emission alternatives and reduce demand for
electricity, particularly since 2008.
In 2012–13, electricity emissions decreased more rapidly than in previous years, with
a fall in emissions intensity and slower growth in electricity demand. These emissions
reduction trends need to be sustained and accelerated if Australia is to meet its longterm emissions reduction objectives.

Chapter 5 discussed policy tools used to reduce emissions. Chapter 6:
•• describes Australia’s emission trends between 1990 and 2012
•• assesses the drivers of these trends, including the role of policy.
The level of emissions reductions required to meet future goals is discussed in Part C of this report.
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Box 6.1: Data conventions in this report

Emissions data varies slightly across sources. In this report, historical and projected
emissions for the period 1990 to 2030 are taken from the Treasury and DIICCSRTE
modelling (2013), which provides continuous data sets for four scenarios of future
action for emissions reduction.
Emissions for 2012 are based on preliminary inventory data and modelled estimates
available at the time the Treasury and DIICCSRTE modelling was undertaken. They
do not reflect 2012 or 2013 emissions reported in the June 2013 Quarterly Update of
Australia’s National Greenhouse Gas Inventory, released in December 2013. The June
2013 Quarterly Update is the source of Australia’s estimated carryover from the first
commitment period of the Kyoto Protocol. Revisions incorporated in the June 2013
Quarterly Update revise estimated 2012 emissions, but have almost no effect on the
rate of growth in emissions between 2011–12 and 2012–13.
Emissions reported for 2013 and beyond are modelled estimates.
All annual data in this report is for the financial year ending 30 June unless otherwise
indicated. For example, data reported for 2013 is for the financial year 2012–13.
Australian dollars ($A) are reported in 2012 real terms (that is, adjusted for inflation)
unless otherwise specified.
All emissions data has been converted to CO2-e using global warming potentials
from the IPCC Fourth Assessment Report. Historical emissions for land use, land use
change and forestry (LULUCF) for the period 1990 to 2012 have been adjusted to be
consistent with the new accounting rules agreed for the second commitment period
of the Kyoto Protocol. This means historical and projected emissions data throughout
the report is directly comparable.
These conventions apply to all data in the report unless otherwise noted.

6.1 Emissions trends between 1990 and 2012
In 2012, Australia’s emissions were about 600 Mt CO2-e. The majority (72 per cent) of Australia’s
CO2 emissions are energy-related (Treasury and DIICCSRTE 2013). That is, they are produced in
the combustion and production of fossil fuels for transport and stationary energy. The remainder of
Australia’s emissions result from agriculture, fossil fuel extraction and distribution, waste, LULUCF
and industrial processes.
Australia’s total greenhouse gas emissions in 2012 were 3.5 per cent higher than in 1990 and
2.5 per cent higher than in 2000 (Figure 6.1).
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Emissions in most sectors have grown steadily, resulting in a 32 per cent increase in emissions
excluding LULUCF in the period 1990 to 2012. In contrast, LULUCF emissions fell by 85 per cent
in the same period. These steep reductions offset the increase in emissions from the rest of the
economy (Figure 6.2).
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Figure 6.2: Australia’s emissions by sector, 1990 and 2012
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According to Treasury and DIICCSRTE (2013), the main trends by sector between 1990 and 2012
are:
•• electricity and direct combustion of fuels (for example, in buildings and industry) grew by
50 per cent (a 97 Mt CO2-e increase)
•• transport emissions increased by 46 per cent (29 Mt CO2-e)
•• fugitive emissions (greenhouse gases emitted during the extraction, production, processing,
storage, transmission and distribution of fossil fuels) increased by 28 per cent (10 Mt CO2-e)
•• industrial process emissions increased by 27 per cent (7 Mt CO2-e)
•• agricultural emissions rose by 1 per cent (1 Mt CO2-e)
•• LULUCF emissions decreased by 85 per cent (119 Mt CO2-e)
•• waste emissions decreased by 26 per cent (5 Mt CO2-e).
CHAPTER 6 FIGURE 6.3 (FORMERLY 7.2)
Figure 6.3: Growth in Australia’s emissions by sector, 1990–2012
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There has been a departure from longer term trends in emissions since 2008. Between 1990
and 2008, total national emissions rose by about 4 per cent, but fell by about 1 per cent between
2008 and 2012. This is due to changes in economic conditions (for example, the global economic
downturn slowed growth, while rising energy prices reduced growth in demand for energy) and
emissions reduction activities in particular sectors. The departure from long-term growth trends after
2008 is most pronounced in the electricity sector.
Although Australia’s total emissions in 2012 are at broadly the same levels as in 1990, this has been
achieved in a period of strong growth in GDP. The economy has doubled in size since 1990, from
$0.7 to $1.5 trillion in real $2011 terms. This means the emissions intensity of the economy has
approximately halved.
Australia’s first commitment under the Kyoto Protocol required it to limit emissions in the period
2008–2012 to an average of 108 per cent of 1990 level emissions. Australia’s emissions were below
this level, averaging 104 per cent over the period. This creates a ‘carryover’, which can be used
towards Australia’s second commitment under the Kyoto Protocol. The treatment of this carryover
is discussed in Chapter 7.

6.2 Major drivers of emissions trends
Australia’s falling emissions intensity indicates that progress is already being made towards a lower
emissions economy.
The Authority commissioned Vivid Economics1 (2013) to assess the main drivers behind Australia’s
historical emissions trends between 2000 and 2011 (the last year for which data was available when
the work was done). Vivid’s analysis suggests that changes in patterns of economic activity have
been the strongest driver (Figure 6.4). Emissions growth due to economic growth has been largely
offset by:
•• a shift in the structure of the economy towards lower emissions sectors; for example, from
manufacturing to services
•• emissions reductions activities; in particular, in the electricity and land sectors.
These changes are detailed below.

6.2.1 Economy-wide drivers—economic activity and
structural shifts
Australia has experienced strong and sustained economic growth at an average annual rate of
3 per cent in real terms between 1990 and 2012 (ABS 2013a), which has led to higher emissions.
While Figure 6.4 suggests structural change after 2008 had little impact on emissions, this masks
two offsetting effects—change within manufacturing led to falling emissions, whereas change within
agriculture following the end of the drought increased emissions.
Figure 6.4 also highlights the role of emissions reduction activities and shows they accelerated after
2008. This is discussed in detail in the next section.

1

Vivid Economics’s analysis does not include LULUCF emissions. However, the broader assessment of emissions reduction
activities includes this sector.
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Figure 6.4: Drivers of emissions trends, 2000–2011
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Emissions growth due to economic growth weakened in some sectors after 2008, in part reflecting the
global economic downturn. These changes were significant—manufacturing activity fell at an average annual
rate of 1.4 per cent between 2008 and 2012, compared with 1.7 per cent growth from 2000 to 2008 (ABS
2013a). This is reflected in moderated emissions growth from economic activity after 2008 (Figure 6.4).
The sectoral pattern of growth is changing over time. Emissions-intensive manufacturing as a
share of the Australian economy fell by about 4 per cent between 1990 and 2011. High commodity
prices and exchange rates in recent years have accelerated the decline in this share (Treasury and
DIICCSRTE 2013). The share of less emissions-intensive sectors rose; for example, the services
sector increased its share of the economy by 6 per cent (Table 6.1).

Table 6.1: Change in share of economic value by sector, 1990–2011
Sector

Change in contribution to 
overall economic value 
(GVA) from 1990 to 2011

Emissions intensity
of sector in 2011
(kg CO2-e/$AUD)

Manufacturing (C)

–4.3%

0.66

Commercial and services (F–H, J–Q)

6.0%

0.04

Electricity, gas and water supply (D)

–0.9%

6.06

Construction (E)

1.1%

0.08

Mining (B)

0.4%

0.52

Transport, postal and warehousing (I)

0.4%

0.39

Agriculture, forestry and fishing (A)

–0.2%

3.22

Note: GVA (Gross value added) in real $2011 terms using a chain-value measure to approximate volumes net of changes in commodity prices.
Bracketed letters are relevant ANZSIC codes. Emissions by ANZSIC code for 2012 were not available at the time of drafting.
Source: Treasury and DIICCSRTE 2013; ABS 2013a.
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6.2.2 Emissions reduction activities and the role
of policy
Emissions reduction activities are broadly defined to include the implementation of new
energy‑efficient technologies, fuel switching to lower emissions fuels and changing operating
practices in a way that makes sectors more efficient. These activities may be driven by policy,
such as increases in renewable energy due to the RET or market factors such as rising fuel prices
and falling technology costs.
Detailed sector-by-sector analysis, including by ClimateWorks (2013, p. 5), shows that the
emissions reduction activities are concentrated where there have been significant policy initiatives,
particularly in the land and electricity sectors.
Land use, land use change and forestry

Between 1990 and 2012, emissions from LULUCF fell by 119 Mt CO2-e, or 85 per cent.
Drought and weakening economic conditions for farmers were important drivers of reductions in
land clearing emissions, together with the declining availability of uncleared productive land in the
early to mid-1990s (ANU Centre for Climate Law and Policy, Issues Paper submission, pp. 7–8). Since
1990, deforestation emissions have decreased by 67 per cent (Treasury and DIICCSRTE 2013),
largely due to the ongoing reform of land clearing regulations.
The vast majority of land clearing took place in New South Wales and Queensland. Regulations
to restrict land clearing have been implemented at a state level, partly in response to community
concerns about biodiversity and climate change. The annual area deforested has halved since 2003,
primarily due to these regulations (see Appendix D for more detail).
In 2013, Queensland, Western Australia and New South Wales revised their land clearing
restrictions. Queensland’s revisions make it easier for farmers to clear trees and natural vegetation
and expand cropping operations. Western Australia’s revisions allow farmers to increase their
annual land clearing rate for specified purposes without a permit. New South Wales’s revisions allow
clearing of isolated paddock trees and thinning of native vegetation, subject to a self-assessable
code.
Rates of new timber forest plantations peaked in 2000. This was largely in response to Managed
Investment Schemes, which provided tax incentives for new plantations. New plantations fell sharply
after 2000 as investment regulations were tightened, and again in 2007 in response to economic
factors and the collapse of investment companies during the global financial crisis.
The electricity sector

Between 2000 and 2012, there was a shift in the fuel mix towards lower emissions fuels and
renewables, largely driven by policies such as the state-based schemes in New South Wales and
Queensland, and the RET. This shift accelerated in 2013 (Section 6.3).
The New South Wales Greenhouse Gas Reduction Scheme was introduced in 2003, and the
Queensland Gas Scheme in 2005. This helped the share of gas in electricity generation across
Australia grow from 8 to 19 per cent between 2000 and 2012.
The RET was introduced in 2001 and expanded in 2009, contributing to the share of non-hydro
renewable generation increasing from 0.6 per cent in 2000 to 3.9 per cent in 2012 (BREE 2013a).
Recent emissions reductions in the electricity sector are due to a combination of falling emissions
intensity of generation and flattening demand for electricity.
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•• The emissions intensity of Australia’s electricity supply fell at an average annual rate of about
1.9 per cent over the period 2008 to 2012 due to increases in renewables and gas generation
(BREE 2013a; Treasury and DIICCSRTE 2013):
–– renewable generation grew 1.3 per cent on average per year from 2000 to 2008, accelerating
to 4.9 per cent between 2008 and 2012 (BREE 2013a)
–– installation of solar photovoltaics has increased rapidly since 2008, from about 30 MW
installed in that year to about 2,300 MW in 2012, linked to the RET and state-based incentive
schemes (CEC 2012, p. 49)
–– the emissions intensity of electricity sourced from the National Electricity Market (NEM2)
decreased at a yearly average of 1.5 per cent from 2008 to 2012, and fell a further 4.6 per cent
in 2013 (AEMO 2013).
•• In the period 1990 to 2008, Australia-wide demand for electricity grew 2.5 per cent on average
per year. Between 2008 and 2012, growth softened to 1.1 per cent.3 Rising electricity prices, lower
economic activity and an improvement in energy efficiency have contributed to this:
–– retail electricity prices rose by about 60 per cent between 2008 and 2012. The analysis by Vivid
Economics (2013) suggests that the manufacturing sector was the most responsive to these
price increases, followed by the commercial and residential sectors
–– economic activity slowed for some key sectors (as described in Section 6.2.1)
–– uptake of efficient lights and appliances (described below) has contributed to moderating
consumption.
There were regional differences in the trends for electricity demand; in particular, for Western
Australia and the NEM jurisdictions:
•• Consumption in Western Australia grew at an average of 6 per cent per year between 2008 and
2012, faster than the average increase across Australia of 1.1 per cent, linked to economic growth.
•• Demand for remote and off-grid power sources is thought to be growing, particularly in
Western Australia, although relatively little data is available (BREE 2013b, p. 2). As noted above,
deployment of solar PV is also growing Australia-wide.
•• Demand for electricity supplied by the NEM (not including off-grid or solar PV generation) fell
between 2010 and 2013 at an average annual rate of 1.3 per cent (AEMO 2013).

2
3

The NEM electricity grid covers New South Wales, Queensland, Victoria, South Australia, Tasmania and the Australian
Capital Territory, and in 2012 accounted for 86 per cent of total electricity consumed in Australia.
Vivid Economics (2013) suggests that BREE data for the commercial and services sector appears inconsistent with data from
the NEM. If a correction is applied to the BREE data, the annualised rate of growth falls from 1.1 to 0.2 per cent.
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Energy efficiency and fuel-switching

There is some evidence of energy efficiency and fuel-switching contributing to emissions reductions
in the building and industry sectors.
The most significant contributor to emissions reductions in the residential sector between 1990
and 2012 was gas heating. Gas replaced emissions-intensive electric heating as the gas network
expanded (BREE 2012, p. 45). The energy intensity of Australia’s buildings has decreased by
3 per cent between 2003 and 2011, led by improvements in the operation of buildings, better
energy efficiency standards, more efficient appliances and distributed energy (ClimateWorks 2013,
p. 20). However, these improvements have been offset by additional buildings and increased use
of electronics in homes:
•• Building standards have improved energy efficiency in new buildings in particular. For example,
new offices now use about 32 per cent less energy than offices built 10 years ago (ClimateWorks
2013, p. 20). Due to the slow turnover of stock, this will take some time to have a significant
impact on overall building energy use.
•• While minimum standards on appliances have made an impact, gains have been offset by the
increase in appliance ownership. For example, ownership of computer and IT equipment has
increased from close to zero per household in 1990 to more than one per household by 2008
(BREE 2012, p. 51). More recently, this effect may have been moderated by a shift towards less
energy-intensive appliances; for example, from desktop computers to laptops and tablets, and
from plasma to LCD televisions.
In industry, higher energy prices combined with policy instruments like the EEO program and
minimum standards on some equipment are driving energy efficiency improvements. The
government has announced funding for the EEO program will cease from 1 July 2014.
ClimateWorks (2013, p. 3) reports that the falls in energy consumption for large industrial users
over the last four years are equivalent to the energy use of about 800,000 households. Since
2008, industrial companies have been implementing about three times more energy efficiency
improvements each year than they had previously. Emissions from these companies have been
substantially reduced; for example, by self-generating electricity using gas, which has led to an
estimated 10 per cent improvement in industrial emissions intensity. This has been offset by large
increases in production. The factors that influence the uptake of energy efficiency were the subject
of a recent report by ClimateWorks, detailed in Box 6.2.

94

Part B chapter 6

Box 6.2: ClimateWorks Australia Special Report on factors
influencing large industrial energy efficiency

In July 2013, ClimateWorks published a report on the factors that influence large
industrial energy efficiency. This research involved in-depth interviews with 47 large
industrial companies that account for 70 per cent of Australia’s industrial energy use.
The report identified the key drivers of energy efficiency as higher energy prices, the
carbon price, the EEO program and organisational changes:
Higher energy prices—87 per cent of respondents identified energy prices as a
driver of energy efficiency; companies with higher energy intensities identified prices
as strong drivers.
Carbon price—81 per cent of respondents reported the carbon pricing mechanism
had an impact. While its financial impact has been relatively small, respondents
reported it focused their attention on energy and carbon management, and
influenced their strategic approach to energy management; for example, prompting
consideration of fuel-switching opportunities.
EEO—80 per cent of respondents stated the EEO program was a key influence;
in particular, that it provided a structure for energy management. Respondents
mentioned that the program had changed cultural attitudes to, and catalysed, energy
efficiency. The EEO had a greater influence on respondents from companies within
sectors with higher profitability and growth profiles. This could mean that companies
that are not under financial stress may respond more readily to compliance and
reputational drivers.
Organisational factors—respondents with better internal practices in certain key
areas implement more energy efficiency. For example, companies who analyse
energy data, embed energy efficiency in their practices and have senior management
oversight of energy efficiency realised more potential for energy savings (by up to
275 per cent) than those without.
The report also investigated barriers to further uptake of energy efficiency, and found
that access to internal capital, the long payback periods of energy efficiency projects
and opportunity cost of alternative investments were the most prominent barriers.
These would need to be overcome for a higher rate of energy efficiency to
be achieved.
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Factors contributing to reduced growth in electricity consumption

Saddler (2013) projects that if NEM electricity consumption had continued to grow from 2005 at
the same rate as it had for the previous 20 years, consumption would have been 23 per cent higher
in 2013 than it was. Table 6.2 shows the range of factors Saddler identified contributing to the
turnaround in electricity consumption growth in the NEM. The biggest contributor was estimated
to be the suite of efficiency programs for appliances, equipment and, to a lesser extent, buildings.
Structural changes in the economy—notably reduced relative share of emissions-intensive industries
and major industrial closures in New South Wales—followed. The other main contributors were
reduced energy consumption in response to higher energy prices, primarily by households, and
rooftop solar photovoltaics.

Table 6.2: Contribution of factors to observed reductions of electricity
demand growth in the NEM: 2005–06 to 2012–13
Factor

Energy efficiency programs

Reduction
(TWh)

Share of 
reduction
(per cent)

13.5

37

Price effect

5.2

14

Reduced growth in demand from large electricity users

5.0

14

Major industrial closures

3.6

10

Rooftop PV

2.7

7

Increase in other embedded generation

2.0

5

Income effect

1.4

4

Residual

3.6

10

36.9

100

Total

Note: Income effect assumes real GDP per capita after 2008 grows at 1.5 per cent per annum; totals may not add due to rounding.
Source: Saddler 2013, p. 59

Renewable electricity generation also increased over the period, further reducing fossil fuel
generation levels.

6.3 Effect of the carbon pricing mechanism on
Australia’s emissions
It is difficult to assess the impact of the carbon pricing mechanism given it has only been in place for
one year. The Department of the Environment (2013, p. 12) reports that Australia’s total emissions
increased 1.5 per cent between 2012 and 2013, with the economy growing 2.7 per cent over the
same period (ABS 2013a). Excluding LULUCF, emissions decreased 0.1 per cent over the period.4
In aggregate, electricity, direct combustion, fugitive and industrial process emissions (sectors
covered by the carbon pricing mechanism) fell by 1.5 per cent in 2013, mostly due to a 6 per cent
fall in electricity emissions. Emissions from transport, agriculture, waste and LULUCF rose by
6.5 per cent in aggregate.
4

Section 6.3 uses the June 2013 updates to the National Greenhouse Gas Inventory, released in December 2013 (Department
of the Environment 2013).
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At a sectoral level:
•• electricity emissions declined by over 6 per cent, due to both a 2.6 per cent fall in demand in the
NEM and an increased share of generation from lower emissions sources. Both black and brown
coal had their lowest generation levels in more than a decade
•• fugitive emissions grew by over 11 per cent due to increased production of black coal and
natural gas
•• direct combustion and industrial process emissions rose by about 2 and 1 per cent respectively
(Department of the Environment 2013, p. 3).
Of the sectors of the economy not directly covered by the carbon pricing mechanism, transport
and agriculture emissions both increased about 3 per cent, deforestation emissions increased about
12 per cent, sequestration from afforestation and reforestation decreased by about 14 per cent and
waste emissions remained relatively steady (Department of the Environment 2013). Some of these
sources are covered by an equivalent carbon price (for example, transport fuels used for domestic
aviation and marine and rail transport); others are eligible to create offsets under the CFI (for
example, agriculture, land use, and waste deposited before 2012).
A range of studies has tried to assess the impact of the carbon pricing mechanism on Australia’s
economy and emissions (AEMO 2012; Frontier Economics 2013; Reputex 2013). This assessment is
complex because:
•• The effect of the carbon pricing mechanism must be calculated relative to a counterfactual
scenario, rather than year-on-year change. It is impossible to observe this alternative scenario,
though modelling provides some insight. The Treasury and DIICCSRTE modelling (2013),
for example, projected that Australia’s emissions in 2012–13 would have been 17 Mt CO2-e
(2.8 per cent) higher in the absence of the carbon pricing mechanism.
•• Comparing emissions over time can identify trends and, in doing so, allow the effect of measures
such as the carbon pricing mechanism to be assessed. A single year’s emissions data cannot
establish a trend.
•• Disruptions to electricity generators, such as the flooding of the Yallourn coal-fired power station
in 2012, also contributed to a reduction in brown coal generation during 2013 (AEMO 2012, p. 4).
•• Preparation by parties affected by the carbon pricing mechanism may have influenced emissions
prior to its start. Hydroelectric generators, for example, may have withheld capacity in 2011–12 in
anticipation of higher wholesale prices (Frontier Economics 2013, p. 2); this could have contributed
to the 34 per cent increase in hydroelectric generation over 2012 (Department of the Environment
2013, p. 7).
•• Uncertainty over the longevity of the carbon pricing mechanism may have influenced investment
decisions.

6.4 The future role of policy
Policies affecting LULUCF, discussed in Section 6.2.2, have helped offset growth in emissions across
the rest of the economy. In 2012, net emissions from LULUCF were 85 per cent below 1990 levels.
In future, LULUCF emission reductions may not continue to offset absolute emissions growth in the
rest of the economy.
Australia’s emissions reduction goals must be achieved in the context of projected ongoing growth
in economic activity and population. There is growing demand for energy resource and livestock
exports, as well as for domestic aviation and road transport, among other sectors. Australia’s
population is projected to increase by about 15 per cent between now and 2020, from approximately
23 million to 26 million people (ABS 2013b).
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For the past two decades, Australia’s rate of emissions intensity improvement has approximately
matched the rate of growth in the economy. To achieve absolute emissions reductions, Australia
requires a rate of improvement in emissions intensity that exceeds its rate of economic growth.
Australia’s goals are expressed in net terms, meaning they can be met through a mix of domestic and
international emissions reductions (Chapter 7). As the world takes action to reduce emissions and
limit warming to 2 degrees, Australia will need to transition to a low-emissions economy to continue
to be competitive.
To do this, Australia must maintain and build upon the progress made in key sectors, such as
LULUCF and electricity, and realise further cost-effective emissions reductions in the remainder
of the economy. The associated challenges and opportunities are outlined in Chapter 11.

Conclusions
C.8	Australia has made progress towards decarbonising its economy—the
emissions intensity of the economy (emissions per unit of GDP) has
fallen by about 50 per cent since 1990.
C.9	The falling emissions intensity is in part due to the changing composition
of the economy, away from emissions-intensive manufacturing. Policy
has also played an important role, particularly in the land and electricity
sectors.
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Strong global action to reduce emissions and keep global warming below
2 degrees is clearly in Australia’s national interest. Australia is highly exposed
to climate change impacts, with significant risks to our people, environment and
economy. Australia cannot solve this problem alone, but it is hard to argue for
other countries to take the necessary action if Australia is not working to meet
the global goal.
In Part C, the Authority recommends a set of emissions reduction goals to guide
Australia’s transition to a low-emissions economy and contribute to global
efforts to limit global warming to less than 2 degrees. Australia needs goals that
provide short-, medium- and long-term milestones; linked by a credible pathway
from each to the next. Adopting a 2013–2050 emissions budget is especially
important in this regard—it reveals the trade-offs between Australia’s actions
to 2020 and beyond. The Authority recommends:
•• A minimum target for 2020 of 15 per cent below 2000 levels, plus
4 percentage points from Australia’s carryover under the Kyoto Protocol,
giving an effective target of 19 per cent. This target, combined with a national
emissions budget of 4,193 Mt CO2-e for 2013–2020, provides a clear course
for short-term action.
•• A trajectory range tracking to between 40 and 60 per cent below 2000 levels
by 2030, and a national emissions budget for 2013–2050 of 10,100 Mt CO2-e.
These goals provide guidance for longer term planning, and should be
periodically reviewed in light of new information.
It is important that the post-2020 goals are reviewed periodically to ensure that
they remain appropriate, taking account of developments in climate science,
international action to address climate change and economic factors.
Part C examines:
•• the form and scope of Australia’s emissions reduction goals (Chapter 7)
•• Australia’s fair share of the global emissions budget (Chapter 8)
•• the recommendations for Australia’s emissions goals to 2020 and beyond
(Chapter 9)
•• the costs of achieving Australia’s 2020 emissions reduction target
(Chapter 10).
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The Authority recommends a set of emissions reduction goals to guide Australia’s transition
to a low-emissions economy and contribute to global efforts to avoid dangerous climate
change. The Authority takes a budget approach, which highlights the trade-offs between
actions taken now and those made necessary later. These goals are designed to provide
a clear course for action in the short term and guidance for planning in the medium and
long term, and include points of review to respond to changing circumstances.
The recommended set of goals includes a 2020 emissions reduction target, a trajectory
range from 2020 to 2030, and a national emissions budget for the period 2013 to 2050.
These goals are coordinated and consistent. The short-term emissions reduction target
represents Australia’s next step in the strong action it needs to take to meet the longterm budget. A trajectory range in the medium term balances Australia’s effort over
time and allows effort to be adjusted in light of new information.
The recommended goals are consistent with international emissions accounting rules.
Australia’s emissions in the first Kyoto Protocol commitment period were less than its
target. This means that Australia has surplus emissions units that can be used towards
the 2020 target. The Authority considers that the best use of this carryover is to
strengthen the 2020 target by 4 percentage points.
Australia’s emissions reduction targets are net of trade. This means they can be met
flexibly through a combination of domestic and international emissions reductions—
any international emissions reductions Australia buys will count as reductions towards
our target, but any emissions reductions sold overseas cannot be counted. Using
international reductions would help Australia meet its goals cost-effectively.
Voluntary action, such as individuals and companies offsetting their emissions to become
‘carbon-neutral’, can achieve emissions reductions above and beyond national targets.
The Authority recommends that the government continue a ‘targets plus’ approach,
recognising voluntary action by cancelling an equivalent quantity of Kyoto units.

In developing its recommended set of goals, the Authority has considered important preliminary
matters, which are outlined in this chapter:
•• the case for the Authority recommending goals to 2020 and beyond
•• how longer term goals should be reviewed and updated over time
•• how to treat and account for different emissions reductions, including voluntary action to reduce
emissions and Australia’s surplus emissions rights from the 2008–2012 Kyoto Protocol period.
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7.1 A coordinated set of goals for Australia
The Clean Energy Act requires the Authority to recommend an indicative national emissions
trajectory and a national emissions budget. The legislation gives the Authority discretion over the
nature of and timeframe for its recommended emissions reduction goals.
Given that climate change is a long-term issue, there is value in a coordinated set of near-term
and longer term goals. Near-term goals should represent a credible step towards the longer term
objectives, and not leave too much of the emissions reduction effort until later; equally, too much
effort in the near term could prove costly and disruptive.
The Authority is recommending a coordinated set of emissions reduction goals that give a degree of
certainty in the short term to 2020, and predictability and flexibility over the medium term to 2030
and long term to 2050 (Figure 7.1).
CHAPTER 7 FIGURE 7.1 (FORMERLY 8.1 + 8.2)
Figure 7.1: The Authority’s recommended set of emissions reduction goals
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Source: Climate Change Authority

7.1.1 2020 goals
Australia has committed internationally to a target range of between 5 and 25 per cent below
2000 levels by 2020. As 2020 approaches, it is appropriate to refine the target range to a single
2020 emissions reduction target to provide a clear course for short-term action by Australian
governments, businesses, communities and households.
CHAPTER 7 FIGURE 7.2 (FORMERLY 8.3)
Note—Trajectory and target are illustrative only
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The Authority recommends:
•• a single 2020 emissions reduction target
•• a trajectory to the 2020 target to indicate the pace of emissions reduction
•• an emissions budget for the period 2013–2020 to provide a cumulative constraint on Australia’s
net emissions.

7.1.2 Extending the timeframe—post-2020 goals
There is a compelling case for increasing the amount of guidance in Australia’s post-2020 emissions
reduction goals, including to:
•• improve policy predictability by providing an early indication of future emissions reduction goals,
which can reduce risk and costs for business
•• improve environmental effectiveness by linking Australia’s action more directly to a scientifically
derived global emissions budget
•• clarify the distribution of Australia’s effort over time, and the implications of short-term goals for
intergenerational equity
•• inform international negotiations on the post-2020 framework, as Australia and other countries
are likely to begin indicating post-2020 goals in 2014 or 2015
•• increase government transparency and accountability for achieving its long-term goal.
A wide range of stakeholders expressed strong support for post-2020 goals, including businesses,
non-government organisations and individuals. For example, the Energy Supply Association of
Australia said:
… [a]s a capital-intensive industry with long-lived assets, long-term investment signals are
required to enable an orderly and efficient shift to lower emissions technologies … [S]uch
targets will continue to be valuable irrespective of the proposed repeal of the carbon price.
(Draft Report submission, p. 1)
The main concern raised was that these goals need to remain appropriate and relevant as
circumstances change; for example, as the international response to climate change evolves.
This can be achieved through periodic reviews of medium- and long-term goals to ensure new
information is considered.
The Authority concludes that clear but flexible long-term guidance on Australia’s emissions
reductions can help create a stable, predictable environment for Australia’s transition to a
low-emissions future.
Recommended post-2020 goals

The Authority considers a national emissions budget to 2050 and a trajectory range from 2020 to
2030 would provide long-term guidance while maintaining flexibility to respond to new information.
Combining a budget with a trajectory range capitalises on the advantages of each:
•• A long-term budget to 2050 provides a direct, transparent link between Australia’s emissions
reduction goals and its overarching objective to limit warming to below 2 degrees. It can also increase
government accountability by providing a simple measure of progress. The budget to 2050 should be
subject to periodic review. The Authority’s recommended budget is described in Chapter 8.
•• A trajectory range to 2030 balances flexibility and predictability for medium-term policy by
allowing space to adjust and respond to new information. A trajectory range to 2030 provides
some guidance on the distribution of effort to 2050, can inform Australia’s international
commitments and signals a willingness to take stronger action under the right conditions.
The Authority’s recommended range is discussed in Chapter 9.
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The Authority’s approach incorporates many elements proposed by stakeholders in their
submissions to the Issues Paper. AGL Energy proposed a long-term national emissions budget to
2050 complemented by a medium-term trajectory range for potential future caps from 2020 to
2030. Energy Australia suggested a trajectory range (also known as a gateway) could be useful to
improve investor certainty and that 10 years of gateways from 2020 should be considered. Oxfam,
Australian Conservation Foundation and Climate Action Network Australia were broadly aligned
in support of post-2020 guidance, such as a long-term budget, interim targets and a longer term
trajectory. Some stakeholders proposed medium-term targets; for example, to 2030.
Stakeholders had different views about the merits of trajectories, which may equally apply to the use
of a trajectory range. Non-government organisations were broadly supportive, whereas the Business
Council of Australia recommended the Authority refrain from nominating trajectories because they
would inhibit Australia making the most efficient distribution of emissions reductions over time
(Draft Report submission, p. 2). The Authority agrees that goals should provide some flexibility in the
timing of emissions reduction effort. The purpose of a trajectory or trajectory range, however, is to
provide broad guidance on the pace of emissions reductions over time, not to set binding limits in
each year. As a result, trajectories allow efficient distribution of effort over time. That said, having
recommended a long-term budget, the Authority considers a trajectory or trajectory range that
stretched beyond 2030 would be unnecessarily prescriptive at this time.
As discussed further in Section 7.2, post-2020 goals must be reviewed regularly, and the reviews
themselves should respond to changing circumstances in a reasonably predictable way.

Conclusion
C.10	A coordinated set of emissions reduction goals for the short, medium
and long term would provide a more predictable environment for
businesses and others to act. An appropriate set of goals for Australia
comprises:
•• A short-term target for 2020, and an emissions budget and trajectory
to 2020 providing a clear course for short-term action.
•• A trajectory range to 2030 and a national emissions budget to 2050,
providing guidance for longer term planning, subject to periodic
review to respond to new information and changing circumstances.

7.1.3 Defining the indicative national emissions
trajectory to 2020 and range to 2030
The Authority recommends straight-line indicative trajectories to the 2020 target and from the 2020
target to either end of the 2030 range (Figure 7.1).
Given that trajectories are indicative rather than binding in every year, and that the appropriate
long-term path to reduce emissions is uncertain, straight lines are a sensible approach. They
provide a simple pathway to defined goals, and can be subject to regular reviews to incorporate new
information. Curved trajectories to 2030 would not provide significant additional guidance.
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The trajectory requires a starting point. The Authority defined its recommended trajectory to 2020 in
the same way Australia defined its target for the second commitment period of the Kyoto Protocol—
based on a straight line from 108 per cent of 1990 emissions in 2010 to its recommended target in
2020. Appendix B discusses how the Authority’s recommended 2020 goals relate to Kyoto Protocol
targets.
The principal advantage of a trajectory range is that it balances flexibility and predictability. As with
Australia’s 2020 target, which was originally proposed as a target range rather than a single point,
Australia can usefully start with a 2030 trajectory range. This could be particularly helpful for the
government as it considers Australia’s post-2020 international commitments. Under the UNFCCC
negotiations, many countries will put forward post-2020 goals in 2014 and 2015 (Section 4.2).
Australia may choose to put forward a range for 2030 now, and narrow this over time as the form
and scale of international action becomes clearer. If strong global action to reduce emissions
transpires, Australia could track towards the lower (more ambitious) bound of the range; if not,
Australia could track towards the upper bound.
The Authority’s overall approach to the trajectory range is similar to that recommended by the
National Emissions Trading Taskforce (2007) and the Prime Ministerial Task Group on Emissions
Trading (2007) but is applied to national emissions rather than caps in an emissions trading scheme.
The width of the trajectory range is also important—an extremely wide range provides little
guidance; while an extremely narrow range provides little flexibility to respond to new information
over time. The range should maintain flexibility while providing reasonable guidance on the pace of
post-2020 reductions.

7.2 Periodic review of longer term goals—what, when
and how
The trajectory range to 2030 and the emissions budget to 2050 should be reviewed periodically in
light of new information to ensure they remain appropriate and relevant.
The Authority considers reviews of medium- and long-term goals should take place every five years,
as currently provided for under the Clean Energy Act. More frequent reviews could tend to reduce,
rather than improve, certainty for investors. However, major developments such as new international
agreements may warrant special reviews; for example, it may be appropriate to review Australia’s
medium- and long-term goals in 2016 to take account of any new agreements on the post-2020
framework.
These periodic reviews should be conducted according to clear, defined criteria to help increase
policy predictability. The Authority considers three factors of particular importance here:
•• Climate science—new science that indicates the desirable global budget is smaller than previously
estimated could imply stronger action by Australia. Evidence that the global budget is larger than
previously estimated could imply less action.
•• The level and pace of international action on climate change—stronger international action
could imply stronger Australian action, and weaker international action could imply weaker
Australian action. This criterion would take into account Australia’s international obligations and
undertakings. These act as a ‘floor’ to any future trajectories—allowing strengthening but not
weakening. In the same way, Australia would not adopt a 2020 target below the bottom of its
current 5–25 per cent range.
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•• Economic factors—higher than expected costs (for example, because of macroeconomic shocks
or because low-emissions technologies have not developed as expected) could imply weaker
action by Australia. Lower than expected costs (for example, because low-emissions technology
is cheaper than expected) could imply stronger action is warranted.
Technical considerations may also be relevant. For example, developments in international
accounting rules for greenhouse gas emissions could affect the scope of national goals, as discussed
in Section 7.3; and changes in national and global population projections could affect the size of the
national budget, as discussed in Chapter 8.
The Authority is not inclined to prescribe more specific criteria. These might appear to add clarity,
but in practice may not allow decisions to be based on the best available information. For example,
the very specific 2020 target conditions are a source of sometimes unproductive debate on the detail
of other countries’ actions rather than the overall scale and trend in global action. In combination
with broad consultation and transparent decision-making, the Authority considers general criteria
provide a more robust base for setting appropriate goals over time.
Periodic reviews should:
•• Extend the trajectory range to maintain a similar amount of guidance over time. The recommended
2020 goals and trajectory range to 2030 provide 16 years of initial guidance. Similar guidance can
be maintained by extending trajectories by five years at each five-yearly review.
•• Narrow the existing trajectory range as more and better information becomes available. In truly
exceptional circumstances, a review could recommend the trajectory range moves outside the
previously defined range.
•• Review the 2050 emissions budget and, in the longer term, extend the budget beyond 2050.

Recommendations
R.1	The trajectory range and the national budget to 2050 be reviewed
at least every five years. There could be additional reviews to take
account of major developments; for example, in 2016 to take account
of international developments on the post-2020 framework. As part
of these reviews, the trajectory range would be extended to maintain
a similar period of guidance over time, and short-term targets and
trajectories would be set within the existing range.
R.2	The periodic reviews of the trajectory range and the national budget to
2050 have particular regard to the following general criteria—changes
in or new information about climate science, the level and pace of
international action, and economic factors.
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7.3 Defining the goals—what is counted and how?
In recommending targets, trajectories and budgets, the Authority must define which emissions are
counted and how. This includes which greenhouse gases, emissions sources and sinks are counted
and how international emissions reductions are used. This section sets out:
•• the Authority’s intended approach, taking into account Australia’s international obligations and
undertakings under the Kyoto Protocol and UNFCCC
•• the practical implications of this approach, particularly for land sector emissions and removals,
and the use of units ‘carried over’ from the first commitment period of the Kyoto Protocol.

7.3.1 Goals should be consistent with international
rules
The Authority has applied the Kyoto Protocol rules for gases, sectors, sources and markets in its
recommended goals because they are the most definitive and binding set of accounting rules.
The Kyoto Protocol sets clear rules on which emissions count towards Australia’s Kyoto
commitments (Box 7.1). Australia must follow these rules for its current, unconditional commitment
to limit average annual emissions to 99.5 per cent of 1990 levels from 2013 to 2020.
The accounting framework for post-2020 emissions reduction commitments is currently under
negotiation. These discussions are still in their early stages, but are likely to build on current rules
and accommodate the use of a wider range of international emissions reductions from domestic
and regional schemes.
The Authority has also followed the UNFCCC and Commonwealth Government practice of
accounting for emissions on a production rather than a consumption basis. Some stakeholders
support a consumption approach; for example, the Australian Industry Greenhouse Network argues
that production-based emissions accounting is less rigorous and distorts the measurement of
Australia’s efforts to reduce emissions (Draft Report submission, p. 6). The Authority considers
that production-based emissions accounting provides an appropriate basis for Australia’s goals.
It focuses on emissions within Australia, over which Australia exercises direct control, and is the
basis on which Australia’s international commitments are calculated.
Both Australia’s domestic emissions reductions and the purchase of international reductions
contribute to keeping warming below 2 degrees. Australia’s goals are net of trade to reflect this.
If Australia’s domestic emissions were above the recommended goals, these goals could still be
met with purchased international reductions. Chapter 12 discusses the role of international
reductions in more detail.
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Box 7.1: Kyoto Protocol accounting framework

The Kyoto Protocol provides guidance about the emissions countries must count
towards their emissions reduction commitments and the units that can be used to
meet a commitment. For the second commitment period, Kyoto Protocol rules count
emissions:
•• of seven greenhouse gases (carbon dioxide, methane, nitrous oxide,
hydrofluorocarbons, perfluorocarbons, sulphur hexfluoride and nitrogen trifluoride)
•• from the sectors and sources of energy, industrial processes, solvent and other
product use, agriculture and waste
•• from the land sector, including afforestation, reforestation and deforestation, and
forest management; and countries have the option to elect cropland management,
grazing land management and revegetation activities.
The Kyoto Protocol counts national emissions on a net basis—countries’ domestic
emissions are adjusted for any imports and exports of emission units. It only allows
units created under the UNFCCC and the Protocol to be used to meet Protocol
emissions reduction commitments. For example, this includes units generated from
emissions reduction projects in developing countries under the Clean Development
Mechanism but it does not include units generated from reducing deforestation in
developing countries.

The government could choose to set additional goals that reach beyond its Kyoto Protocol
commitment and count a broader range of international emissions reductions towards those goals.
The Authority’s accounting assumptions do not preclude this—its recommended targets and
budgets could be adjusted to take account of the additional emissions reductions from these
other sources.

7.3.2 Emissions from international aviation and
shipping
International aviation and shipping are an important and growing source of global emissions. These
emissions are not included in national commitments under the UNFCCC. Instead, they are addressed
through the International Civil Aviation Organization and the International Maritime Organization,
respectively (see Appendix B for further information). The Authority has therefore excluded these
from Australia’s national targets, trajectories and budgets. To ensure they are accounted for at a
global level, the Authority has deducted an allowance for emissions from international aviation
and shipping from the global emissions budget before considering Australia’s share of that budget
(Section 8.3).
This issue should continue to be monitored over time to take account of further information and
international developments. If these emissions are included in future national commitments, the
national emissions budget should be adjusted accordingly.
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7.3.3 Voluntary action
Most emissions reduction activities within Australia help meet national targets and Australia’s
international obligations and undertakings. For example, the government has a range of policies
and measures including the RET and Direct Action Plan to meet its goals.
Voluntary action refers to individuals and companies offsetting their emissions to become
‘carbon‑neutral’ and households buying GreenPower (a government-accredited program for
energy retailers to purchase renewable energy on behalf of customers). Voluntary Action achieves
emissions reductions additional to—that is, above and beyond—national targets.
The government has previously indicated support for voluntary action being additional to national
targets (Commonwealth of Australia 2009). In 2013, Australia calculated the emissions reductions
flowing from recognised voluntary action in the period 2008–10, and cancelled 2.3 million Kyoto
units (CER 2013). This ensured voluntary action delivered emissions reductions beyond the
minimum required by Australia’s first Kyoto target.
The Authority recommends that the government continue a ‘targets plus’ approach to voluntary
action. This can be done by tracking the emissions reductions from recognised voluntary actions
and, at the end of the second commitment period, cancelling an equivalent number of Kyoto units.
The Authority has, in consultation with stakeholders, identified three forms of voluntary action
that should be recognised—GreenPower purchases, voluntary cancellation of domestic units
(for example, Australian carbon credit units generated under the CFI) and voluntary cancellation
of renewable energy certificates generated under the RET.
The Authority has also considered voluntary action in its recommended caps (see Chapter 13).

Recommendation
R.3	The government recognise voluntary action by cancelling one Kyoto
Protocol unit for each tonne of emissions reductions achieved in the
period 2013–2020 through:
•• the voluntary cancellation of domestic units,
•• the voluntary cancellation of renewable energy certificates, and
•• GreenPower purchases.

7.3.4 Land sector accounting
In 2012, Kyoto Protocol Parties agreed to new rules for accounting for land sector emissions. These
rules apply for the second commitment period. They make it mandatory for Parties to account
for emissions and removals from forest management, and optional to account for emissions and
removals from cropland management, grazing land management and revegetation. Australia has
elected to count emissions from the optional land use activities, so the Authority has applied the
same coverage for its recommended goals.
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These accounting changes are expected to lead to net emissions reductions of approximately
12 Mt CO2-e in 2020 (DIICCSRTE 2013). Overall, these activities are expected to provide 90 Mt
of emissions reductions over the period 2013–2020 (see Appendix F5); this is equivalent to
strengthening the 2020 target by 3 percentage points and makes any particular 2020 target easier
to achieve.

7.3.5 Carryover from the first commitment period of
the Kyoto Protocol
The Kyoto Protocol takes a budget approach to emissions reduction commitments, giving countries
flexibility in meeting their targets. If emissions during a commitment period are less than the
country’s target, these surplus emission units can be carried forward into the next period. The
Authority has therefore analysed 2020 goals and carryover on a budget basis. For example, carryover
is assumed to be used towards the 2013–2020 budget, which is then converted to the corresponding
2020 target.
Australia’s emissions over the first commitment period (2008–2012) averaged 104 per cent of 1990
levels, less than its 108 per cent target. As a result, Australia has an estimated 122 Mt CO2-e of
surplus emission units. Voluntary action during the first commitment period delivered an estimated
5 Mt of emissions reductions. This means Australia has an estimated 116 Mt CO2-e to carryover.1
Australia has a choice of how to use this carryover:
•• use to help meet its 2020 emissions reduction target
•• hold in reserve as insurance and decide later which option to choose
•• voluntarily cancel the extra units
•• use to strengthen the 2020 target.
The Authority considered these options and their implications for environmental effectiveness,
economic impacts and Australia’s international influence.
If the carryover was used to help meet the existing, minimum 5 per cent 2020 target, it would reduce
costs (relative to meeting the 5 per cent target without carryover) but deliver no environmental
benefit, nor any positive influence on international action. Under this option, Australia’s effective
2020 target would be 1 per cent below 2000 levels, as carryover is sufficient to cover the remaining
4 percentage points. Given the strengthening trend of international action, Australia’s capacity to
reduce emissions and revised projections that show the emissions reduction task is already smaller
than previously expected (discussed in Section 10.2), the Authority does not consider this an
appropriate approach.
In the context of setting caps for the carbon pricing mechanism, some stakeholders suggested the
government hold the carryover as insurance for unexpected events. The Authority considered these
risks and determined there is no need for this insurance (see Section 13.4).
A range of stakeholders supported voluntarily cancelling the carryover, including the Australian
Conservation Foundation (Issues Paper submission, p. 11). This option has the environmental benefit
of permanently reducing Australia’s emissions by the amount of the carryover but, given very few
other countries have carryover, is unlikely to have any influence internationally.

1

Figures do not add due to rounding. For more detail regarding carryover see Appendix E3.8.
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Using the carryover to strengthen the 2020 target allows Australia to adopt a more ambitious
target for no additional cost, compared to meeting a weaker target without carryover, as the
reductions have already been made and can now be used. This has the same environmental
benefit as cancelling the carryover, but is more visible internationally. As a result, it is more likely to
influence other countries to strengthen their goals, maximising the potential environmental benefits.
Strengthening the target by 4 percentage points is equal to an additional 122 Mt CO2-e of emissions
reductions; roughly equivalent to Australia’s carryover (Figure 7.2).
On balance, the Authority recommends the carryover be used to strengthen Australia’s target.
CHAPTER 7 FIGURE 7.2 (FORMERLY 8.3)
Figure 7.2: Carryover relative to the 2013–2020 budget and 2020 target
Note—Trajectory and target are illustrative only
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Note: As discussed in Section 7.1, the indicative national trajectory begins at 108 per cent of 1990 emissions in 2010 to be consistent with Australia’s
commitments under the Kyoto Protocol. Strengthening the 2020 target by 4 percentage points requires an additional 122 Mt CO2-e of abatement over
2013–2020. This is provided by carryover plus 5 Mt CO2-e of additional effort (see Chapter 10). Figures do not add due to rounding.
Source: Climate Change Authority

Conclusion
C.11	The best use of Australia’s carryover from the first Kyoto Protocol
commitment period is to strengthen the 2020 emissions reduction
target.
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A long-term national emissions budget sets a critical constraint on Australia’s
emissions. It provides a simple measure of the extent to which Australia is acting
consistently with the global below 2 degree goal and highlights the trade-offs between
short- and long-term action. A long-term budget should be reviewed periodically to
ensure it remains appropriate in light of improved information about climate science,
international action and economics.
The Authority proposes a ‘modified contraction and convergence’ approach to
calculating Australia’s fair share of the global emissions budget. The approach is
equitable and feasible. It involves a gradual convergence to equal-per-person emissions
rights in the future. As a share of the global emissions budget, this implies a national
budget of 10.1 Gt CO2-e for the period 2013 to 2050. This is about 17 years of emissions
at current levels and can be met through a mix of domestic and international emissions
reductions.

Chapter 8 takes the global emissions budget adopted in Chapter 3 as its starting point, and considers
how to share this and derive a long-term national emissions budget for Australia.

8.1 Approach to determining Australia’s share
8.1.1 Defining global and Australian limits on emissions
Limiting global warming to below 2 degrees implies a firm constraint on global emissions. As
discussed in Chapter 3, the Authority has adopted a global emissions budget that is estimated
to provide at least a likely chance of limiting warming to below 2 degrees. This global budget of
1,700 Gt CO2-e for the period 2000–2050 provides a starting point for considering Australia’s
national emissions budget to 2050.
As discussed in Chapter 7, a long-term national budget provides an important reference point for
choosing short- and medium-term emissions reduction goals. If these goals were adopted without
considering the long-term constraint, Australia might emit so much in the near term that it would
have no budget left for later.
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Deciding how much of the global emissions budget Australia should allocate itself involves thinking
about what constitutes an equitable and fair share, and is necessarily a matter of judgment. The
Authority has considered a range of approaches in coming to its recommendation. These approaches
are informed by projections of emissions, economics and other parameters such as population
growth. Given the uncertainty in these projections, the Authority recommends the budget to
2050 be reviewed every five years along with the medium-term trajectory range. As discussed in
Section 3.3, the global emissions budget can also be reviewed on this timetable.
The Authority has also assessed whether adopting the national budget implied by a particular
approach would help Australia play a constructive role internationally. There is no international
process that assigns national targets. Rather, countries assess their own national interest, and
take domestic actions and make international commitments accordingly. That said, it is clearly in
Australia’s interest to persuade and encourage other nations to strengthen their contributions to
international action. Australia is likely to be more persuasive and encouraging if its own goals are
viewed as a fair contribution by others. Similarly, Australia is likely to be more persuasive if it adopts
an approach that would strengthen global efforts if it were adopted by other nations.

8.1.2 Net goals
The Authority’s recommended emissions reduction goals for Australia, including the budget to
2050, are net of trade. They represent Australia’s responsible contribution to global emissions
reduction efforts but do not prescribe where those reductions need to occur. This is consistent with
the Authority’s recommendation on the use of international emissions reductions (see Chapter 12),
accounting rules under the Kyoto Protocol (see Chapter 7) and likely accounting under future
international agreements for the period after 2020.

8.2 Assessment of Australia’s fair share
There are many different ways to assess the fair contribution of one country to global efforts.
The Authority has considered a range of approaches:
•• contraction and convergence
•• modified contraction and convergence
•• common but differentiated convergence
•• immediate convergence
•• equal proportional emissions reduction costs
•• greenhouse development rights.
Of the methodologies assessed, the Authority considers that modified contraction and convergence
provides a budget for Australia that is both equitable and feasible, with countries converging to
equal‑per‑person emissions rights in 2050. The different approaches are discussed in more detail in
Appendix C.

8.2.1 Some approaches are not feasible for Australia
Some approaches imply very small national budgets and therefore unrealistically rapid emissions
reductions for Australia. This includes immediate convergence (which implies a 2020 target of more
than 70 per cent below 2000 levels) and greenhouse development rights (which implies a 2020
target of more than 55 per cent below 2000 levels). Both received some support in submissions.
The desirability and feasibility of very deep near-term cuts depends in part on how much of
Australia’s emissions reductions can be sourced internationally. If there is a strong desire to
undertake a large share of emissions reductions within Australia, then near-term reductions
of this magnitude are probably infeasible.
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Approaches such as greenhouse development rights rely on developing a long-term
‘business‑as‑usual’ trajectory to calculate national targets. These approaches create important
practical problems—as more countries take more action, business-as-usual becomes increasingly
abstract and difficult to estimate.

8.2.2 Focusing solely on equalising costs has
conceptual and practical problems
Several stakeholders said that Australia’s goals should be based on costs of emissions reductions.
For example, the Australian Industry Greenhouse Network stated that the Authority should focus
on the ‘economic burden of making emissions reductions, since such a metric more closely reflects
the working reality that Australia must operate within in international negotiations’ (Draft Report
submission, p. 6).
Cost is an important consideration in setting goals and the Authority has carefully examined the
cost implications of its recommended goals in Chapter 10. However, as an approach to deriving
Australia’s fair share of global climate action, cost-based approaches have three important
conceptual and practical limitations.
First, costs are only one aspect of Australia’s fair contribution to global action. Australia’s capacity,
responsibility and exposure to climate change are also relevant considerations. By international
standards, Australia is a wealthy nation with high per person emissions relative to other countries.
It is therefore fair that Australia takes on some additional costs—particularly relative to developing
countries.
Second, the costs of emissions reductions—and their distribution across households and industry—
depend heavily on policy design. As Chapter 10 shows, Australia can achieve strong targets at
modest cost. Policies can be designed to assist households with increased costs and to moderate the
impact on businesses. If countries choose to pursue more costly policies, it should not follow that
their fair share of the global emissions budget increases.
Third, cost-based approaches rely on economic modelling, which is not well suited to determining
the long-term equitable contribution of countries to the global emissions reduction task. While
economic modelling is the best tool available for estimating costs over the short term, projections
necessarily become more speculative further into the future. This is because of the wide range of
assumptions embedded within models, including industrial composition, technology development
and policy design across the world. This suggests that it would be difficult to identify national
emissions budgets that equalised proportional costs across countries. Further, the results could be
contested rather than useful, as countries would have a perverse incentive to inflate their estimated
costs. These points were made by Macintosh (2013, p. 17), who concluded that economic modelling
is ‘too unreliable, too subjective and too vulnerable to manipulation to provide a reliable and
objective basis’ to set goals.
The Authority therefore considers that the costs of emissions reductions—by themselves—are not
an appropriate way to determine Australia’s fair share of the global emissions budget.

8.2.3 A budget based on eventual convergence to
equal-per-person emissions rights is desirable
On balance, the Authority’s view is that eventual equality in per person emissions rights is fair.
This approach has received quite widespread support in Australia and among the international
community, and was recommended by the 2008 Garnaut Review. Many of the submissions that
discussed budget-sharing also expressed support for equal-per-person emissions.
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Still, there are some notable criticisms of equal-per-person emissions approaches:
•• Perverse incentives for population growth—some suggest that allocating national rights based
on population size may make countries increase their populations to gain a larger allocation.
•• Inaccurate population projections—errors in country level population projections 40 or 50 years
ahead can be quite large.
The Authority does not find these criticisms convincing.
Regarding population growth, while national allocations increase one-for-one with population,
staying within a larger budget with more people is unlikely to be much easier than staying within
a smaller budget with fewer people. Moreover, emissions rights are very unlikely to be a major
influence on a country’s population and immigration policy.
On the accuracy of future population projections, periodic review of longer term goals can include
revisions to take account of new population projections. The Authority recommends this be
incorporated in the periodic review of Australia’s post-2020 goals (see Chapter 7).
Two further criticisms warrant closer inspection—that equality in per person emissions:
•• Does not explicitly consider historical responsibility—approaches that achieve equality in
emissions per person start from the status quo and, as such, do not take responsibility for previous
emissions into account when determining emissions reduction goals.
•• Is unfair—allocating one good (emissions rights) without taking account of peoples’ other goods
or characteristics (such as income) may be unfair (Stern 2012). A more conventional public
economics approach would generally result in a larger allocation to lower income nations and
smaller allocations for wealthy nations like Australia.
The Authority’s view is that distant past emissions should not determine a country’s fair share
of the future global budget—those emissions occurred when their harmful effects could not be
foreseen. While the modified contraction and convergence approach does not directly account for
historical emissions, it does place extra responsibilities on developed countries with high per person
emissions. These countries reduce their emissions more rapidly to provide the headroom for rapidly
industrialising countries.
The modified contraction and convergence approach also goes some way to dealing with the second
criticism, by taking countries’ level of development as well as current emissions per person into
account. More broadly, the Authority is inclined to agree with Stern’s suggested way forward on this
issue. His approach sees rich countries fostering a transition to a low-carbon economy, both at home
to drive growth and in the developing world to reduce poverty (2012, pp. 101–2).
It is in that spirit that the Authority reiterates that equity on climate change has implications beyond
Australia’s emissions reduction goals. Australia provides support for mitigation and adaptation to
developing countries through its overseas development program; it could enhance this contribution
if desired.
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8.2.4 Modified contraction and convergence provides
an equitable and feasible budget
Of the equal-per-person approaches, the Authority finds that modified contraction and convergence
is the most equitable and feasible.
Under simple contraction and convergence, emissions rights per person contract over time in
countries above the global average, and rise over time in countries below the global average, reaching
a convergence level of equal-per-person rights in a specified future year. This implies too great a
burden on developing countries. It implies, for example, that China’s per person emissions rights
would need to fall immediately. A common but differentiated convergence approach also implies
very demanding emissions reduction goals for high-emitting developing countries (see Appendix C) .
In contrast, modified contraction and convergence improves equity outcomes through two
modifications—fast-growing developing countries are allowed extra room to increase their emissions,
and developed countries reduce emissions more quickly to provide this ‘headroom’ (Garnaut 2008).
This is fairer than both simple contraction and convergence, and common but differentiated
convergence. By allowing all countries to transition from their current position, rather than move
immediately to equal rights, this approach implies strong but manageable emissions reductions for
developed countries like Australia. By providing headroom rather than requiring immediate reductions,
it also allows rapidly growing developing countries somewhat more time to decarbonise their economic
growth. This approach provides the best basis for determining Australia’s appropriate share of the
global emissions budget, and gives guidance on Australia’s other emissions reduction goals.

8.3 Australia’s national emissions budget
The Authority’s recommended national emissions budget for the period 2013–2050, based on
Australia’s fair share of the global budget, is 10.1 Gt CO2-e. To put this in perspective, if current rates
of Australian emissions were maintained, and there were no imports or exports of emissions rights,
the budget would be exhausted in 17 years.
The budget is derived through a three-step calculation:
1. The 2000–2050 global emissions budget of 1,700 Gt CO2-e (Chapter 3) is adjusted to remove
historical global emissions from 2000–2012 (610 Gt CO2-e).
2. Projected emissions from international aviation and shipping for 2013–2050 (50 Gt CO2-e), are
removed, as these are not allocated to any individual country (Section 7.3).
3. Australia’s share of the resulting 2013–2050 global emissions budget is calculated as its share
of emissions under a modified contraction and convergence approach.
Appendix C provides further details.
As discussed above, this budget is a ‘net’ goal—to the extent that Australia’s domestic emissions
exceed the budget, they must be offset by genuine emissions reductions purchased from overseas.
The Authority recommends the budget be reviewed on a regular basis, taking into account
developments in climate science, international action and economic factors.

Recommendation
R.4	A national carbon budget for the period 2013–2050 of 10.1 Gt CO2-e.
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The Authority considers that a 5 per cent target for 2020 is not a credible contribution
to the global goal of keeping warming below 2 degrees. A 5 per cent target would
leave an improbably large emissions reduction task to later; rapid reductions would be
needed after 2020 to stay within the recommended long-term budget.
The Authority recommends a minimum 2020 target of 15 per cent below 2000 levels.
It considers this to be the minimum consistent with the science. The Authority also
recommends that Australia’s carryover from the first commitment period of the Kyoto
Protocol be used to strengthen Australia’s target by 4 percentage points, to 19 per cent
below 2000 levels. This target is challenging but achievable. It is a fair contribution to
the global task, is consistent with the targets of many comparable countries, and can
be achieved at manageable cost.
To 2030, the Authority recommends a trajectory range of 40 to 60 per cent below
2000 levels. This range allows Australia to step up efforts if stronger global action
emerges or to moderate them if weaker global action makes more than 2 degrees of
warming likely. It also maintains flexibility to respond to new information about climate
science and economic developments.

In Chapter 9, the Authority recommends emissions reduction goals to 2020 and 2030 consistent
with its recommended budget to 2050 (Chapter 8). It covers:
•• the risks and opportunities for Australia within an increasingly emissions-constrained global
economy
•• the key lines of evidence from this Review to conclude that a 2020 emissions reduction target
of 5 per cent is inadequate
•• an emissions reduction pathway for the short and medium term (including a 2020 target and
2030 trajectory range).
The Authority makes these recommendations following analysis of the best available evidence and
consultation with experts and submissions from over 12,000 members of the public. While different
goals were canvassed and assessed, the Authority believes these recommendations provide a
credible set of goals for Australia.
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9.1 The long-term budget has implications for
short‑term actions
In this report, the Authority adopts a budget approach to emissions reduction goals for the short,
medium and long term (Chapter 7). Setting a budget for emissions through to 2050 highlights the
trade-offs between actions taken now and those made necessary later. The balance of effort over
time has implications for the costs of reducing emissions and the risks and opportunities Australians
face. Stronger action now can help:
•• reduce costs and smooth Australia’s transition to a low-emissions future
•• preserve options and leave a manageable task for the next generation.

9.1.1 Acting early can reduce costs and minimise
disruption
Early action to reduce global emissions improves the chance of staying below 2 degrees and limits
the future costs of climate change (Chapter 3). Early action can also reduce the cost of mitigation
efforts, both at the global and national level. While innovation is expected to drive down the costs
of low-emissions technologies and open up new opportunities over time, studies of the costs and
benefits of mitigation action conclude emissions reduction efforts should not be delayed.
For example, Treasury modelling (2008) suggests strong coordinated global action accelerates
cost-reduction in low-emissions technologies, and helps prevent lock-in of more emissions-intensive
industry and infrastructure. Delaying global action could increase the cost of achieving climate
goals. In the current global context, where action is less coordinated but is gradually broadening and
strengthening, the analysis suggests countries that act early could gain an advantage. Those that
defer action could face higher long-term costs, as more emissions-intensive infrastructure is locked
in place and investment is redirected to early movers. Creating new market opportunities for lowemissions technologies and infrastructure is already an explicit objective of policies in Europe, China
and the Republic of Korea (Fankhauser et al. 2012).
In addition to driving the domestic transition to a low-emissions economy, stronger early action can
take advantage of the opportunities in international carbon markets. As discussed in Chapter 10,
international emissions reductions are currently available at very low prices. If Australia used more
of these low-cost international reductions to meet a stronger target now, it could save more of its
emissions budget for later, when prices are likely to be much higher.
Leaving too much of the required effort until later would involve rapid cuts to stay within the
recommended national emissions budget to 2050. Rapid cuts could be costly, requiring premature
retirement of high-emissions assets, and involve disruptive shifts in regional economies and
employment. Responsible use of the emissions budget would help Australia balance its efforts
over time and minimise economic and social disruption. Long-term goals, paired with consistent
short‑term action, can help Australian workers, regions and industries in this transition.
Figure 9.1 shows the trade-offs between early and late action within the recommended budget to
2050. The different trajectories show that stronger action to 2020 leaves more flexibility and options
in later years, while weaker short-term targets would require steep trajectories after 2020 and
exhaust the budget well before 2050.
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•• With a 2020 reduction target of 5 per cent, Australia would need to almost halve its emissions
in the decade to 2030, and have only 14 per cent of the budget left for the next two decades.
A 10 per cent target implies a similarly rapid acceleration of effort beyond 2020.
•• A 15 per cent target would still require an acceleration of effort beyond 2020, but with carryover
used to strengthen the target to 19 per cent, this option retains 22 per cent of the national budget
for the two decades after 2030.
•• A 25 per cent target would retain more of the budget for later, but represents a steeper jump from
Australia’s current position.
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Second, a 5 per cent target does not keep pace with actions taken by many other countries.
A 5 per cent target compares poorly with the targets of the United States and many other
neighbours and trading partners. Of the countries examined (Chapter 4), some have targets less
ambitious than Australia’s 5 per cent, but they are much poorer than Australia, with lower levels
of development and less governance capacity. The Authority considers that Australia’s high level
of development and high per person emissions justify stronger action.
Third, while Australia’s emissions reduction task remains challenging, adopting stronger targets is
easier than previously thought. Official projections in 2012 suggested Australia would need to cut its
emissions by 155 Mt in 2020 and 754 Mt over the period 2013 to 2020 to achieve the unconditional
5 per cent target (DCCEE 2012). The latest projections suggest 131 Mt of emissions reductions in
2020 and 593 Mt over the period 2013 to 2020 are required (Chapter 10). If Australia was to reduce
emissions by 754 Mt over the period to 2020, it would now reach an 11 per cent target.
In addition, Australia has an estimated 116 Mt of emissions rights to carry forward from the first
commitment period of the Kyoto Protocol. This carryover is sufficient to strengthen Australia’s 2020
target by 4 percentage points (Chapter 7). If this carryover was instead used to meet the minimum
5 per cent target, Australia would effectively only have to reduce emissions to 1 per cent below 2000
levels by 2020.
The Authority has also examined the government’s target conditions for moving beyond 5 per cent
and concludes they have been met (Chapter 4). There has been significant international action since
the conditions were set, with commitments by all major emitting economies to emissions reduction
goals. The government conditions focus on action and do not require a binding international
agreement.
Overall, a 2020 emissions reduction target stronger than 5 per cent is responsible and feasible.
A stronger 2020 target would preserve Australia’s options and make a fair contribution to global
action to limit warming to 2 degrees or less.

9.3 Recommended 2020 goals
9.3.1 National emissions reduction target
The Authority recommends a minimum emissions reduction target for 2020 of 15 per cent below
2000 levels.
It also recommends that Australia’s carryover from the first Kyoto Protocol commitment period be
used to raise the target by 4 percentage points, to 19 per cent below 2000 levels.
This target is a responsible contribution to global efforts and is achievable for Australia.
Australia stands to benefit from global efforts to keep warming below 2 degrees. The conclusions
of science are clear—the likely impacts of climate change on Australia, including its natural
environment, people and economy, are very serious. Even at 2 degrees of global warming, adverse
impacts will be felt in Australia and around the world.
Keeping warming below 2 degrees is a substantial challenge, requiring an acceleration of global
effort to 2020 and beyond. For Australia, it requires a constraint on emissions over the long term—
the budget to 2050—and a significant acceleration of effort compared to the past. The Authority
considers a 15 per cent reduction by 2020 is the minimum required to be consistent with the
recommended long-term budget. Adding carryover capitalises on Australia’s progress to date
and saves more of the national budget for the future.
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The recommended target is in line with the actions of other countries. The Authority’s analysis
shows 2020 targets in the range of 15–25 per cent are consistent with the targets of many
comparable countries. Australia’s high level of development and high per person emissions relative
to most other countries suggest a stronger target than 5 per cent is appropriate. Adopting a stronger
national target at this crucial time, when the international community is reviewing the level of global
action to 2020 and beyond, may have some positive influence on other countries’ level of action.
The recommended target can be achieved at manageable cost, depending on the policies used
(Chapter 10). Under current legislative arrangements, which provide a useful benchmark,
meeting a target of 15 per cent is projected to have marginal impacts on the economy. Annual
growth in average income per person is projected to slow by 0.02 per cent compared to meeting
the unconditional 5 per cent target, growing from $62,350 in 2012 to $66,350 in 2020—about
$100 less than it would be if Australia pursued a 5 per cent target. The shortfall in growth could be
made up in three months. Australia’s carryover can strengthen the 2020 target by 4 percentage
points for effectively no additional cost. The government intends to use new policies to pursue the
5 per cent target, which will have different impacts to those modelled and the issue of costs will need
to be revisited when the policies are finalised. The incremental costs of moving to a stronger target,
however, will be comparable so long as international reductions are used to pursue it. Further, these
cost estimates assume a carbon price rising to just over $30 per tonne in 2020. Australia has access
to credible international emissions reductions at much lower prices; if Australia purchased these
instead, the costs could be even lower.
Any Australian action to reduce emissions is starting from a solid base, with the prospect of
greater reductions to come. The emissions intensity of the Australian economy has halved since
1990—while the economy and Australian population have grown steadily, emissions have remained
relatively flat. Australia’s emissions were below its 2008–2012 Kyoto Protocol commitment, and
it is making progress towards the 5 per cent unconditional target. The recommended target would
help maintain the momentum in Australia’s move towards a low-emissions economy and prepare
for further acceleration of effort in future decades. The Authority’s analysis identifies substantial,
low- to medium-cost emissions reduction opportunities across all industry sectors, which could be
mobilised by targeted, sustained policies.
International emissions reductions can complement domestic efforts, providing a cost-effective
and environmentally sound way to help meet the recommended goals. The Authority believes that
Australia should not delay its domestic transition, but particularly in the period to 2020, Australia
should use a mix of domestic and international reductions. In particular, the Authority recommends
that international emissions reductions be used to bridge any gap between domestic reductions and
the recommended 2020 target (Chapter 12).
If the global trend towards stronger action on climate change is sustained, Australia will need to do
more to transition away from its high-emissions economy. The Authority’s recommendations would
help Australia to remain competitive in an increasingly emissions-constrained global economy.

Emissions (Mt CO2-e)

500
400

124

300

PartHistorical
C chapter
9
emissions

200
100

First Kyoto commitment
period target

35%

-5% 2020
-15% 2020
-19% 2020

14%

19%

22%

25%

-25% 2020
9.3.2 National
emissions trajectory and budget
-40% 2020

As discussed
in Chapter 7, the Authority recommends a simple straight-line trajectory to 2020.
0
-5% -15% -19% -25% -40%
1990
2000 from2010
2020
2030 the first
2040
2050
This trajectory
tracks
Australia’s
target under
commitment
period of the Kyoto Protocol
2020 target
to the recommended target in 2020. This trajectory corresponds to a national emissions
budget
of 4,193 Mt CO2-e for the period 2013 to 2020. Figure 9.2 illustrates the recommended emissions
reductions goals to 2020.
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Even with a target of 15 per cent plus carryover in 2020, emissions reductions would need to
accelerate after 2020 if Australia was to stay on track to meet the Authority’s recommended budget
to 2050. The next section describes the Authority’s recommendations for the medium term.

Recommendations
R.5	A minimum 2020 emissions reduction target of 15 per cent below 2000
levels.
R.6	Australia’s carryover from the first commitment period of the Kyoto
Protocol be used to raise the 2020 emissions reduction target by
4 percentage points, giving a 2020 target of 19 per cent.
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R.7	An indicative national trajectory for the period 2013–2020 that follows
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9.4 Guidance beyond 2020—recommended 2030 goals
The Authority recommends a trajectory range to 2030 of 40 to 60 per cent below 2000 levels as
guidance for future targets. Figure 9.3 illustrates the recommended trajectory range in the context
of the full set of goals.
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The Authority’s twin objectives in recommending a medium-term trajectory range (Chapter 7)
are to:
•• provide guidance, based on the best available evidence, on the action likely to be required in the
medium term to make a fair contribution to global efforts to meet the below 2 degree goal
•• retain flexibility to adjust national goals over time in light of developments in climate science,
international action and economic factors.
The recommended long-term budget is a key consideration in setting the 2030 trajectory range.
As set out in Chapter 8, to determine Australia’s national budget the Authority started with a global
budget that is projected to give a likely chance of achieving the below 2 degree goal. Staying within
this global budget will be challenging, but remains achievable. A straight-line trajectory from the
Authority’s 2020 target recommendations (15 per cent plus carryover) suggests a 50 per cent
reduction in 2030 and zero net emissions by 2046, when the recommended national budget would
be exhausted.
The recommended trajectory range provides the flexibility to strengthen or moderate Australia’s
efforts as new information emerges. Developments in climate science, international action and
economic factors will have implications for Australia’s appropriate long-term budget and interim
goals. For example, international efforts may not accelerate at the rate required to retain a likely
chance of staying below 2 degrees. New low-emission technologies may be slow to develop or prove
more costly to deploy. On the other hand, climate science may further strengthen, and the additional
risks precipitate much stronger international action and more ambitious global goals. It is not
possible to know, today, which of these possible futures will eventuate, so flexibility in medium-term
guidance is important.
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The Authority’s recommended 2030 trajectory range provides this flexibility:
•• The upper (weaker) bound of the trajectory range tracks to 40 per cent below 2000 levels in
2030. This could be appropriate if, for example, Australia was contributing to global action to limit
warming to no more than 3 degrees, or a lower (50 per cent) chance of less than 2 degrees.
•• The lower (stronger) bound of the trajectory range tracks to 60 per cent below 2000 levels in
2030. This could be appropriate if, for example, Australia was contributing to global action to limit
warming to no more than 1.5 degrees, or a higher (75 per cent) chance of less than 2 degrees.
In this way, the recommended range takes account of different stakeholder views on which global
emissions budget provides the best guidance for Australia. Some advocate smaller budgets,
arguing that keeping warming below 1.5 degrees is necessary to avoid dangerous climate change.
Others contend that a 2 degree temperature limit is no longer realistic given the scale and pace
of international action, and budgets consistent with higher temperatures should be considered.
Appendix C3 discusses this matter further.
The Authority’s recommended trajectory range of 40 to 60 per cent is consistent with global
analysis. Höhne et al. (2014) looked at over 40 studies that reviewed fair shares of global emissions
reduction efforts and considered their implications for national 2030 targets. They found that to
stabilise at 450 ppm CO2-e (which gives a roughly even chance of staying below 2 degrees), OECD
nations, including Australia, would need to reduce emissions by approximately 50 per cent from
2010 levels, within a range of 37 to 75 per cent.
As discussed in Chapter 7, the Authority recommends that the trajectory range be reviewed
periodically along with the long-term emissions budget to ensure that they remain appropriate.

Recommendation
R.9	Beyond 2020, Australia continue to reduce emissions within a trajectory
range bounded by the paths to 40 and 60 per cent below 2000 levels in
2030.
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Australia can achieve the Authority’s recommended 2020 target of 15 per cent plus
carryover at a manageable cost.
Australia faces a substantial but achievable emissions reduction task to 2020.
Emissions are projected to grow to 17 per cent above 2000 levels in the absence of a
carbon price or new policies. This is less than the previous projection of 22 per cent
above 2000 levels, making any emissions reduction target somewhat easier to achieve
than previously expected.
The costs of achieving the recommended target, and the distribution of those costs
across industries and households, depend heavily on the policies used to pursue it.
At this time, the government is still developing the details of the Direct Action Plan to
reduce Australia’s emissions. The Authority has not speculated on the design; instead it
has assessed the potential economic costs under the current carbon pricing legislation.
This provides a useful benchmark.
The Authority’s analysis shows Australia can achieve the recommended 2020 target
while national income and the economy continue to grow.
Under the current legislation, gross national income (GNI) per person is projected
to grow by an average of 0.80 per cent annually over the period to 2020 if Australia
pursues a 5 per cent target, and by 0.78 per cent with a target of 15 per cent plus
carryover.
In dollar terms, GNI per person is projected to grow from about $62,350 in 2012 to
$66,450 in 2020 with a 5 per cent target, or to $66,350 with a target of 15 per cent plus
carryover (all in real terms).
This means if Australia adopted the recommended target, GNI per person could reach
the same level it would have attained with a 5 per cent target, less than three months
later. These costs would be broadly distributed across the economy; under the current
legislation, moving to a stronger target is not projected to have a material impact on the
compliance costs faced by business and the costs passed through to consumers.
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One reason why the incremental cost of moving to a stronger target is so low is that the
current legislation allows a mix of domestic and international reductions to be used to
meet the target. Australia could meet the whole of the incremental emissions reduction
task associated with moving from 5 per cent to the recommended target through
the carryover and the use of additional international emissions reductions. The cost
of achieving a 19 per cent target with carryover is essentially the same as the cost of
achieving a 15 per cent target without it.
The level and distribution of costs will need to be revisited when the government
finalises its policies. The incremental costs of moving to a stronger target than
5 per cent would, however, be comparable to the costs presented here so long as the
stronger target was achieved through the use of international emissions reductions.
Further, substantial genuine international emissions reductions are available at much
lower prices than the carbon prices assumed in the Authority’s analysis. If Australia
purchases these lower cost reductions, it could achieve the recommended 2020 target
at lower cost.

Chapter 10 examines the economic implications of achieving the Authority’s recommended 2020
goals. It covers:
•• the scale of Australia’s emissions reduction task to 2020
•• how the economy might change if Australia moved beyond 5 per cent to a stronger target
•• how costs are affected by the mix of domestic and international emissions reductions used to
meet the target
•• the longer term economic implications of 2020 targets.

10.1 Examining the economic implications of different
2020 targets
Australia’s emissions reduction goals set the overall scale of its contribution to global action on
climate change and the pace of its transformation to a low-emissions economy.
Extensive analysis (such as Treasury 2011; Garnaut 2008), and Australia’s own experience over
the past two decades, shows it is possible to reduce emissions, grow the economy and improve
wellbeing at the same time. Since 1990, the size of the Australian economy has approximately
doubled, while emissions have remained relatively stable. This means the emissions intensity of the
economy (emissions per dollar of GDP) has halved (Chapter 6).
Chapter 10 focuses on the cost of achieving different 2020 targets. It examines Australia’s emissions
trends in the absence of a carbon price or new policies to understand the scale of the emissions
reduction task and the broad economic implications of achieving different targets. The 5 per cent
target is a minimum unconditional commitment, so Australia’s real choice is whether to stay with
this or adopt a stronger 2020 target. The 5 per cent target therefore provides an appropriate baseline
for assessing the potential incremental cost of pursuing stronger targets.

targets and progress review final REPORT february 2014

129

10.1.1 Using models to estimate Australia’s emissions
and economic outlook
The Authority has used economic modelling to help assess the economic implications of its
recommended target. The modelling explores Australia’s emissions trends, emissions reduction
opportunities and economic outlook in the context of the global action required to reduce the risks of
climate change. The modelling was conducted by Treasury and DIICCSRTE, in consultation with the
Authority (referred to as Treasury and DIICCSRTE modelling).
Economic models are useful tools for exploring the impacts of climate change mitigation policies,
as they ensure internally consistent long-term projections of economic activity and the resulting
greenhouse gas emissions. While these models have their limitations, they integrate, in a
comprehensive manner, economic and other data with economic theory about how the world
responds to changing circumstances.
Treasury and DIICCSRTE modelling uses a suite of global, national and sectoral models. The detailed
models for the electricity, transport and agriculture sectors provide granular analysis of the industrial
sectors responsible for the majority of Australia’s emissions, while the economy-wide models
capture the longer term reallocation of resources. This approach is the most useful and appropriate
framework currently available to assess the market costs of climate change mitigation in Australia.
It builds on previous work to define Australia’s goals and inform the design of Australia’s policies
(Garnaut 2008; Treasury 2011).
Further information on the modelling approach and assumptions is provided in the Treasury and
DIICCSRTE modelling report (2013).
The analysis presented in Chapter 10 is limited to the costs of reducing emissions. As discussed in
Chapter 2, the Authority understands the importance of considering the benefits of action in parallel
with these costs. Its recommendations are guided by its analysis of both.

10.1.2 What scenarios have been modelled?
The Treasury and DIICCSRTE modelling examines a range of future scenarios to gauge Australia’s
potential economic and emissions outlook (see Box 10.1). The modelling makes assumptions about
the future, including about the global economy, technology development, commodity prices and
policy settings. These assumptions affect the identified emissions reduction opportunities and the
estimated costs. The assumptions draw on international and Australian analysis, expert advice and
public consultation as set out in detail in the modelling report.
Assumptions about policy settings are especially challenging, as Australia’s climate policy is
currently being revised. The government intends to repeal the carbon pricing mechanism and
implement the Direct Action Plan. The details of this Plan, including the design of the Emissions
Reduction Fund, are still being developed (Chapter 5). Key issues that are yet to be resolved include
the form and level of baselines—both for crediting emissions reductions and for any penalties—and
the policy settings for the electricity sector (DoE 2013). Rather than speculate on the design, the
modelling is based on the current legislative settings. It uses high, medium and low carbon price
scenarios; a scenario without the carbon price; and a number of sensitivity scenarios to explore the
potential economic impacts of achieving different targets.
Even if the policy settings change, the modelling is informative because it estimates:
•• The scale of the emissions reduction task to 2020 for the minimum 5 per cent target and the
stronger targets being considered. The ‘no price’ scenario provides the basis for this estimate—
it projects Australia’s emissions with existing policies such as the RET and energy efficiency
standards but excludes the carbon price and any new policies.
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•• The incremental cost of moving to stronger emissions reduction targets. The modelling shows
that stronger targets are achievable while maintaining economic growth. Though the modelling
reflects a different policy framework to that planned by the government, the costs provide a useful
benchmark. Further, the incremental costs of moving to a stronger target would be broadly the
same under new policy settings if the additional reductions were achieved through the purchase
of international emissions reduction units.
•• The emissions reduction opportunities that might be available in the Australian economy at
different incentive (price) levels, and the associated economy-wide costs. The modelling shows
Australia has substantial emissions reduction opportunities across all sectors. While the results
show the opportunities likely to be mobilised by the carbon price, many of these could also be
mobilised by other policies and incentives.
A key caveat on translating the modelling results to different policy settings is that the distributional
effects for industry and households are highly sensitive to policy design. The level and distribution of
costs will need to be revisited once the government settles the details of the Direct Action Plan.

Box 10.1: Carbon price scenarios in the modelling

Treasury and DIICCSRTE modelling examines four core scenarios—one without a
carbon price and three with different carbon prices.
The three price scenarios are largely based on the current legislation. Companies
covered by the carbon pricing mechanism (‘liable entities’) have to pay for their
emissions by surrendering emission units for each tonne of their emissions. The
annual emissions cap determines the supply of Australian carbon units (ACUs).
Liable entities can also use eligible international units, such as European Union
allowances (EUAs), to meet up to a total of 50 per cent of their liability; this
includes a 12.5 per cent sublimit on Kyoto Protocol units such as Certified Emission
Reductions (CERs). Emissions-intensive, trade-exposed industries receive some free
emissions units, and sectors such as agriculture and forestry can generate carbon
offsets through the CFI.
The most important variable affecting emission levels is the price of ACUs (the
carbon price). Given the links to international markets, the ACU price is assumed to
follow the EUA price. The EUA price outlook is uncertain and market forecasts vary.
The scenarios therefore span a plausible range, taking account of current market
conditions, forecasts and long-term environmental goals.
The four scenarios used in this chapter are:
•• No price scenario—assumes there is no carbon price and no CFI. This scenario
includes emissions reductions from pre-existing measures such as energy
efficiency measures and the RET.
•• Low scenario—additionally assumes the carbon price and CFI are in place. The
carbon price is fixed for two years, then moves to a flexible price. The flexible price
begins at $5.49 /t CO2-e in 2015, and grows at 4 per cent per year in real terms to
reach $6.31 in 2020. The price then follows a linear transition to $54.48 in 2030.1

1

All dollar amounts (prices and costs) reported in this chapter are 2012 Australian dollars, unless otherwise stated.
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•• Medium scenario—assumes the fixed price for two years, then a flexible price
beginning at $5.49/t CO2-e in 2015, and following a linear transition to $30.14
in 2020. From 2021 onward, the price follows the international price from the
medium global action scenario, which grows at 4 per cent per year in real terms
in US dollars.
•• High scenario—assumes the fixed price for two years, then a flexible price
beginning at $5.49/t CO2-e in 2015, and following a linear transition to $73.44
in 2020. From 2021 onward, the price follows the international price from the
ambitious global action scenario, which grows at 4 per cent per year in real terms
in US dollars.
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Kyoto units such as CERs currently trade at prices well below the prices used in these
scenarios, and the modelling assumes there is a price difference between CERs and
ACUs for the period to 2020. As a result, liable entities face an effective carbon price
below the ACU price; this effective price is a weighted average of the ACU and CER
price each year, with weights reflecting the CER sub-limit.
The Authority notes that some assumptions in the modelled scenarios differ from the
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to be 593 Mt to achieve an emissions budget consistent with a 5 per cent target (131 Mt in 2020
alone) and 898 Mt for a 15 per cent target.
Adding carryover to give a 2020 target of 19 per cent gives a cumulative abatement task of
1,020 Mt. The increment beyond 15 per cent (122 Mt) is almost matched by carryover itself (116 Mt),
so minimal extra effort is required (Figure 10.2).
These estimates assume the RET remains at the currently legislated level of 41,000 GWh in 2020;
if reduced, the emissions reduction task would be greater.
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Figure 10.2: Australia’s emissions reduction task to 2020
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The national emissions reduction task to 2020 is substantial, but smaller than previous estimates.
This reflects updates to historical emissions data, a lower outlook for electricity demand and lower
rates of underlying growth in some emissions-intensive industries. It also reflects changes to the
emissions accounting rules under the second commitment period of the Kyoto Protocol; these allow
Australia to count more land sector activities towards its target (discussed in Chapter 7).
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The smaller emissions reduction task makes it easier for Australia to pursue any particular target. For
example, national emissions projections in 2012 suggested that Australia would need to cut emissions
by 754 Mt over the period 2013 to 2020, including by 155 Mt in 2020, to achieve the minimum
5 per cent target (DCCEE 2012). The current estimate suggests less effort is now required to reach
this target. Instead, if Australia achieved 754 Mt of reductions over the period to 2020, the latest
projections suggest it would now reach an 11 per cent reduction target. Adding Australia’s carryover
from the first commitment period of the Kyoto Protocol would increase this to a 15 per cent target.
The Authority’s abatement task estimate for a 5 per cent target is higher than the estimate in the
most recent national emissions projections (DoE 2013) due to different treatment of the carbon
price, carryover and voluntary action (see Box 10.2).

Box 10.2: Different estimates of the emissions reduction task
to 2020

In December 2013, the government published the most recent national emissions
projections (DoE 2013). These projections are based on the modelling conducted for
this Review.
The projections report discusses Australia’s emissions reduction task to 2020 for
the minimum 5 per cent target. It estimates the task to be 431 Mt, lower than the
Authority’s estimate of 593 Mt. Three factors account for the difference:
•• Impact of the carbon price—the government’s estimate takes account of the
impact of the first two years of the carbon price (2013 and 2014); the Authority’s
estimate does not. This reduces the government’s estimate by 39 Mt.
•• Treatment of carryover—the government’s estimate assumes all surplus emission
rights from the first commitment period of the Kyoto Protocol (an estimated
122 Mt) are used to meet the 5 per cent target; the Authority’s estimate does not.
This reduces the government’s estimate by 122 Mt.
•• Treatment of voluntary action—the government and the Authority both make
an adjustment to recognise voluntary action over the period 2013–2020. The
government’s adjustment is based on projected GreenPower purchases only; the
Authority’s adjustment includes GreenPower and the voluntary cancellation of
renewable energy certificates. This increases the Authority’s estimate by 2 Mt.

Conclusion
C.12	Australia’s emissions reduction task for 2013 to 2020 is projected to
be 593 Mt for the minimum 5 per cent target. This is substantial but
achievable, and smaller than the 754 Mt task previously projected. If
Australia reduced emissions by 754 Mt over the period to 2020, it would
now reach an 11 per cent target.
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10.3 Costs of moving beyond 5 per cent to a stronger
target
This section examines the incremental cost of moving from the minimum 5 per cent target to the
Authority’s recommended target.
The Authority recognises that the costs, and distribution of those costs, will depend on the policy
implemented to achieve the targets. The Authority has assessed costs based on the current
legislative settings; this provides a useful benchmark. The current legislation allows a mix of
domestic and international emissions reductions to achieve the target. Emissions are reduced within
Australia where the marginal cost of achieving the reduction is less than or equal to the international
carbon price. Section 10.4 examines the costs of achieving a greater share of the emissions
reductions domestically.

10.3.1 How costs arise
Under the current legislation, liable entities pay a price—the carbon price—for their emissions. This
increases the cost of emitting activities and drives a shift in the economy from higher emitting to
lower emitting activities.
Australia’s carbon market is linked to the much larger international market. As a result, the level of
the carbon price is largely determined by international markets rather than the level of Australia’s
own target. Moving to a stronger target would drive additional emissions reductions—contributing
to stronger global climate action—but those reductions would largely occur overseas rather than
within Australia.
As a result, moving to a stronger target is not expected to materially change the carbon price, and
is not expected to have a material impact on the compliance costs faced by liable entities and the
carbon costs passed through to consumers (see Section 10.3.4).
Nevertheless, a stronger target would have an impact on the Australian economy. It would reduce
the number of Australian carbon units available for the government to sell and increase the number
of international units imported. This is expected to have three broad economic effects on GNI:
•• A direct income transfer from Australia to buy additional emissions units from overseas.
•• A smaller indirect cost from the changes in the terms of trade due to this income transfer
(the ‘terms of trade effect’). This arises because direct income transfer affects the balance of
payments—exports would have to be slightly higher to generate the additional foreign currency,
entailing slightly lower export prices, which would tend to reduce the terms of trade.
•• A smaller indirect cost associated with replacing the government revenue forgone from sales of
Australian carbon units (the ‘revenue effect’). To maintain the same level of government services,
the forgone revenue would need to be replaced; this would typically involve an additional welfare
cost reflecting the marginal excess burden of raising government revenue.
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GNI is a broader measure of economic welfare than the more commonly used GDP. While GDP
measures the total output of the Australian economy, GNI measures output, international income
transfers and the impacts on the terms of trade. GNI provides a more complete measure of
Australians’ current and future consumption possibilities—what they can afford to buy.
The size of the direct income transfer would be equal to the number of additional international
emissions reductions purchased from overseas to meet the stronger target, multiplied by the
international carbon price. This income transfer would be small compared to the routine income
flows associated with commodity trade, foreign investment and other factors.
The combined impact of these three effects on GNI is estimated to be 1.55 times the direct cost
of the additional international units (Treasury and DIICCSRTE 2013). For example, if changing the
target requires an additional $100 of international emissions reductions, GNI is reduced by $155,
comprising:
•• $100 more emissions units bought from overseas—a direct income transfer
•• $30 through the terms of trade effect
•• $25 due to the revenue effect.
The same costs would arise whether the government purchased international units directly or liable
entities purchased international units under the carbon pricing mechanism. The only difference
would be that, instead of replacing auction revenue, the revenue effect would arise from raising funds
to purchase the additional international units.
The distributional impacts of the income transfer and terms of trade effect are relatively small and
would be broadly spread across the economy. The modelling results suggest the lower terms of
trade would support growth in export-oriented and import-competing industries, such as agriculture,
mining and manufacturing. On the other hand, more domestically focused industries, such as
construction and services, would grow more slowly. The projected impact is relatively small; changes
in sector output levels in 2020 are less than 0.4 of a percentage point (Treasury and DIICCSRTE
2013, p. 86).
The distributional impact of the revenue effect would depend on how the additional revenue is
raised.

10.3.2 The cost of achieving the recommended target
Australia needs to reduce emissions by an estimated 593 Mt over the period 2013 to 2020 to
achieve the minimum 5 per cent target, as discussed in Section 10.2. Moving from 5 to 15 per cent
requires an additional 305 Mt of emissions reductions (for a total of 898 Mt over the period).
Moving from 15 to 19 per cent is largely achieved through the use of carryover; Australia’s 116 million
surplus units from the first Kyoto commitment period almost entirely offset the 122 Mt of additional
emissions reductions required.
Figure 10.3 shows Australia’s domestic emissions under the medium scenario, where the carbon
price starts at a fixed price of $23 in 2013 and reaches $30 in real terms by 2020. Australia’s
emissions grow to 6 per cent above 2000 levels by 2020; significantly less than the 17 per cent
growth in the no price scenario. The remaining emissions reductions—reflected by the gap between
domestic emissions and the indicative national trajectory—would be achieved by using carryover
and purchasing emissions reductions from overseas.
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This suggests that, under the current legislation, Australia would meet the whole of the additional
427 Mt emissions reduction task associated with moving from 5 per cent to the recommended
target through 116 Mt of carryover and 310 Mt of imports.2 The costs presented in this section are
estimated on that basis.
Purchasing the emissions reductions required to achieve this stronger target would lead to a slight
slowing of GNI growth (Figure 10.4), due to the transfer of funds overseas, the associated terms
of trade effect and the impact on government revenue.
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CHAPTER 10. FIGURE 10.4 (NEW FIGURE)
Figure 10.4: GNI per person, medium scenario, 2013–2020
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These impacts on GNI are small relative to other forces driving GNI. For example, the boom in
Australia’s mining sector and terms of trade is estimated to have added 1.2 percentage points to
average annual growth in GNI per person since 2000 (Dolman and Gruen 2012). In contrast, moving
to a 19 per cent target is estimated to reduce average annual growth in GNI per person to 2020 by
0.02 percentage points.

Conclusion
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If Australia was to achieve stronger targets by purchasing international emissions reductions, this
analysis provides a robust estimate of the economic impact. The costs would be essentially the same
if the government purchased the emissions reductions directly rather than liable entities purchasing
them under the carbon pricing mechanism. Costs could, however, be more or less, depending on the
level of the carbon price.
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•• Low-price scenario—the lower price applies to both domestic emissions reductions and the price
of international emissions reductions. The lower price has a smaller impact on GNI than in the
medium scenario. Average annual growth in GNI per person is projected to be 0.823 per cent
over the period to 2020 with the minimum 5 per cent target, and 0.819 per cent with a stronger
19 per cent target (see Appendix F7 for details). Slower growth means projected GNI is $0.7 billion
lower in 2020, relative to the 5 per cent target.
•• High-price scenario—again, the higher price applies to both domestic and international emissions
reductions. Impacts on GNI are slightly higher—average annual growth in GNI per person is
projected to be 0.73 per cent over the period to 2020 with the minimum 5 per cent target, and
0.67 per cent with a stronger 19 per cent target. GNI is projected to be $7.8 billion lower in 2020,
relative to the 5 per cent target.
These impacts remain relatively small compared to other economic forces. The projected change to
annual growth in GNI per person is less than 0.01 percentage points in the low scenario, and roughly
0.06 in the high scenario; a small fraction of the change due to the mining boom.
The type of international units purchased also affects the costs. The Authority’s analysis and cost
estimates are based on the modelled price for European units. Emissions reductions generated
under the Kyoto Protocol are available at significantly lower prices (currently, Kyoto units are selling
for less than $1 per tonne). The impact on the economy would be lower again if, in the context of
the government’s new policy, Kyoto units were purchased to achieve the stronger target. This is
discussed further in Section 10.4.4.

10.3.4 The impact of the target is distinct from the
impact of the carbon price
There is a common misconception that stronger targets would impose much higher costs on the
economy and on liable entities. This is not the case. Under the current legislation, the economic
impact of the 2020 target must be distinguished from the impact of the carbon price. This is
explained below and further detail is provided in Appendix F7.
The level of the carbon price sets the incentive to reduce emissions and
determines most of the economic costs

Under the current legislation, liable entities pay a price for their emissions. This increases the cost
of emitting activities, so it encourages firms to reduce their emissions. As a result, the level of the
carbon price is what matters most to business and households. The higher the carbon price, the
more emissions reductions occur in the economy and the higher the overall costs.
The distribution of those costs between industries, regions and households depends on the
emissions intensity of their activities and the goods and services they consume, as well as their
ability to shift to less emissions-intensive options (Section 10.5).
Moving to a stronger target does not change the carbon price

Under the current legislation, the carbon price is not expected to be materially affected by the target.
This seems counterintuitive at first, but is a result of the links between the Australian carbon market
and international markets.
The carbon price is a function of supply (the number of emissions units available to liable entities)
and demand (emissions from liable entities). Changing the target would have a substantial effect
on supply in a domestic-only market, but has a much smaller effect in one linked to international
markets.
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•• If Australia’s carbon market was not linked to international markets, its target would determine the
supply of emission units—and, as a result, determine the level of emissions reductions required
within Australia. Moving to a stronger target would reduce the supply of emission units and
increase the carbon price. The higher carbon price would drive greater emissions reduction efforts
by liable entities, so that Australia’s domestic emissions would fall to the target level. This extra
effort would impose a relatively larger impact on the domestic economy.
•• With international linking, Australia’s target determines the supply of Australian carbon units.
Moving to a stronger target would reduce the supply of Australian units, but have relatively little
effect on global supply, as Australia is only a small share of the total market (Appendix F7 provides
further detail). Moving to a stronger target is therefore not expected to have a material impact on
the carbon price. If the carbon price does not change, incentives to reduce domestic emissions do
not change; nor do the compliance costs faced by liable entities and the carbon costs passed on to
consumers. Instead, liable entities would buy fewer Australian units and more international units
(as long as they stayed within the overall 50 per cent limit). Moving to a stronger target would
contribute to global climate action, but the additional reductions would largely occur overseas
rather than within Australia. Economic activity within Australia would be largely unchanged.
This was acknowledged by the Australian Industry Group:
[U]nder a fully internationally linked emissions trading scheme a deeper target would not increase
burdens on industry and hence would not be a serious concern, subject to the very important caveat
of the maintenance of the international link. (Draft Report submission, p. 5)
Australia can achieve stronger targets at relatively small cost. One of the key reasons the costs
are small is because the Authority assumes Australia achieves its targets using a mix of domestic
and international emissions reductions. The next section considers Australia’s emissions reduction
opportunities, and how economic impacts could change if Australia pursued more reductions
domestically.

10.4 Using a mix of domestic and international
emissions reductions
The government has committed to achieving Australia’s minimum 5 per cent target through
domestic emissions reductions alone. The modelling sheds light on the opportunities that may be
available in Australia, and the associated economic impacts. It shows Australia has substantial
potential to reduce its emissions, but suggests using some international reductions to complement
its domestic efforts is a cost-effective way to meet stronger targets. As long as the imported
reductions represent genuine reductions, the environmental outcome would be the same
(Chapter 12).

10.4.1 Domestic emissions reductions under different
scenarios
The Authority has assessed the outlook for Australia’s emissions and economy under three carbon
price scenarios—high, medium and low—in addition to the no price scenario. The higher the carbon
price, the more domestic emissions fall. While emissions in the no price scenario grow to 17 per cent
above 2000 levels in 2020, in the low scenario growth moderates to 11 per cent; in the medium
scenario emissions grow to only 6 per cent; and in the high scenario they fall to 6 per cent below
2000 levels in 2020 (Figure 10.5). Reductions are projected to occur across all sectors, as discussed
in Chapter 11.
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These scenarios provide a broad indication of the emissions reductions opportunities that may be
available over time at different prices, and useful insights for the development of the government’s
Direct Action Plan.

Figure 10.5: Domestic emissions and cumulative emissions reductions for
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The high-price scenario nearly meets the minimum 5 per cent target using domestic emissions
reductions alone—a total of 494 million of the required 593 million tonnes of emissions reductions is
achieved domestically.3 In the medium scenario, only half of the required emissions reductions over
the period to 2020 are achieved domestically. This suggests very strong incentives and other policy
CHAPTER
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FIGURE to
10.6
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meet the government’s 5 per cent domestic commitment.
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Carryover from the first commitment period of the Kyoto Protocol could close this gap. The Authority considers, however,
that the carryover should be used to strengthen Australia’s 2020 target.
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costs to government (taxpayers) and the economy as a whole. The results broadly indicate the
relative scale of potential macroeconomic impacts. It the government purchased the domestic
emissions reductions using general revenue, these costs would be borne by taxpayers. The impacts
on industries that generate emissions, and the consumers of those goods and services, would
depend on the detailed policy design.
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10.4.3 Using international emissions reductions can
reduce costs
While Australia could achieve the minimum 5 per cent target through domestic reductions alone,
the modelling suggests this would require a relatively high price for emissions reductions. This
would impose higher costs on the Australian economy—and industry and households—than if
some international reductions were used. Using international reductions to complement domestic
reductions would reduce the cost of achieving Australia’s emissions reduction goals and make
stronger targets more affordable.
This can be illustrated by an example in which the international price of emissions reductions follows
the medium scenario path:
•• If Australia chose to pursue most of its emissions reductions domestically, modelling suggests
it would need a domestic incentive similar to the price in the high scenario. This would reduce
reliance on imports but increase the cost to the economy. The effective carbon price would grow
to $65/t in 2020; Australia would achieve a total of 494 Mt of emissions reductions domestically
and use 99 Mt of imports to achieve the minimum 5 per cent target. GDP would be 0.86 per cent
lower than the no price scenario in 2020.4

4

This cost is based on the high scenario in Treasury and DIICCSRTE modelling (2013), which assumes Australia achieves a
25 per cent target. The GDP result therefore reflects both the impact of the higher carbon price and a very small additional
impact from the purchase of international emissions reductions.
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•• On the other hand, if Australia allowed a greater mix of domestic and international emissions
reductions, there would be a greater reliance on imports and a smaller cost to the economy. The
effective carbon price would, as in the medium scenario, grow to about $27/t in 2020; Australia
would achieve a total of 294 Mt of emissions reductions domestically and use 300 Mt of imports.
GDP would be 0.31 per cent lower than the no price scenario in 2020; less than half the cost of
achieving most of the emissions reductions domestically.

Conclusion
C.14	Using some international emissions reductions to meet Australia’s
emissions reduction goals reduces costs to the economy, businesses
and households. Using a mix of domestic and international emissions
reductions to meet the minimum 5 per cent target could halve the impact
on GDP compared to only using domestic emissions reductions.

Of course, it is difficult to project exactly how Australia’s emissions and economy will develop over
time, and which emissions reduction opportunities will emerge. Projections often overestimate future
emissions and economic analysis often overestimates the costs of reducing emissions. The Authority
examined previous national emissions projections and found they overestimated emissions by
roughly 10 per cent on average.5 Analysis by the Grattan Institute found that environmental markets
routinely reduce emissions at lower cost than expected (Daley and Edis 2010). One reason is that,
with credible incentives in place, business and households find new and unanticipated ways to
reduce emissions. Technology innovation can also change projections (see Box 10.3).
If Australia has more low-cost emissions reduction opportunities than projected in the modelling,
then even under the current legislative settings the share of domestic emissions reductions would
increase, use of international units would fall and the cost of achieving any given target would be
lower. Nevertheless, it could remain cost-effective for Australia to use some international emissions
reductions to help meet its target.

5

The Authority compared projections for the period 2008–12 from annual projections published between 2004 and 2007, to
Australia’s actual emissions in 2008–12.
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Box 10.3: Impact of innovation on the outlook for emissions
and costs

The international analysis presented in the modelling shows that the cost and
availability of low-emissions technologies affects the cost of achieving global
and national emissions reductions. The modelling assumptions take account of
innovation; technology costs fall over time and new low‑emissions technologies
gradually become available and competitive. As a result, Australia and the world
can accelerate emissions reduction efforts over time.
The technology outlook is hard to predict, so the modelling uses sensitivity analysis
to explore how emissions and costs change under different assumptions. For
example, higher technology learning rates in the electricity and transport sectors
would allow environmental objectives to be achieved with lower carbon prices and
smaller reductions in Gross World Product. On the other hand, if carbon capture
and storage proved commercially unviable, or no new nuclear power plants were
built, carbon prices would need to be higher to achieve a given environmental goal,
resulting in larger reductions in Gross World Product (Treasury and DIICCSRTE
2013).
Similiarly, domestic technology costs influence Australia’s emissions outlook. As the
electricity sector sensitivity analysis shows, if technology costs for solar are lower
than currently projected, annual emissions could be about 50 Mt lower from the mid
2030s onwards compared to the medium scenario. This would reduce reliance on
imported emissions reductions (ACIL 2013, p. 65).

10.4.4 Using international emissions reductions under
the Direct Action Plan
In light of the government’s new climate policy, the Authority recommends a government fund be
established to purchase international emissions reductions to help meet the recommended 2020
target (Chapter 12). This would allow Australia to enhance the environmental effectiveness of its
climate efforts in an economically efficient way.
The government has indicated it will achieve the minimum 5 per cent target through domestic
reductions alone and use Australia’s carryover to help meet the target. The Authority estimates
this will require 477 Mt of emissions reductions over the period 2013 to 2020 (the 593 Mt gap to
5 per cent, minus 116 Mt from carryover). Strong incentives and policies will be required to achieve
this goal.
Moving to the Authority’s recommended 2020 target requires an additional 427 Mt of reductions
over the period to 2020. International reductions are a robust and cost-effective way to meet this
task, and would complement the significant domestic effort planned.
Australia can access a wide range of environmentally robust, low-cost international reductions. As
discussed in Chapter 12, for a unit cost of between $0.50 and $2 per tonne, the total direct cost of
purchasing the required additional reductions is estimated to be between $210 and $850 million.
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10.5 Distributional consequences of Australia’s
targets
The Authority’s analysis shows Australia can achieve stronger targets at modest overall cost—
Australia’s economy and per person income continue to grow as Australia pursues strong emissions
reductions. The distribution of costs across households, regions and industry sectors is important,
and depends heavily on policy design. Under the current legislative settings, the cost of stronger
targets is spread broadly across the economy; this could be different under alternative policy
settings. Distributional effects warrant careful consideration when designing policies to achieve
emissions reduction goals.
In 2050, the composition of the Australian economy will be very different to its current structure,
just as Australia’s current economy is very different to that of the 1970s. Shifts in the global
economy, technologies, national industry and trade policies, and the broad structural shift from
manufacturing to the commercial and services sector, will all shape Australia’s future economy,
regardless of the action it takes to reduce emissions.
Set against these broader trends, climate policies are likely to have relatively small impacts, but
they may be concentrated on particular groups. For example, emissions-intensive, trade-exposed
sectors may face competitiveness challenges if they bear higher carbon costs in Australia than in
competitor economies. Communities that depend on emissions-intensive industries for employment
also face challenges in the move to a low-emissions economy, particularly where there are limited
cost‑effective opportunities to reduce emissions. Low-income households are more vulnerable to
policies that increase the price of emissions-intensive goods and services, because these represent
a bigger share of their consumption.
Careful policy design is required to ensure that mitigation policies help businesses and households
to respond to these challenges. In combination with broader polices to reduce emissions from
electricity generation, governments may provide assistance to low-income households to buy
energy-efficient technologies or retrofit public housing to be more thermally efficient, and regional
assistance may play a role. For example, under the current legislation, some industries were allocated
free permits under the Jobs and Competitiveness Program; and the Regional Structural Assistance
Package would have provided $200 million support for workers, regions and communities strongly
affected by carbon pricing.
In the context of the Direct Action Plan, the Authority’s recommendations could still have limited
distributional impacts—the stronger 2020 target can be achieved through government purchase
of low-cost international emissions reductions. While the impacts depend on how the government
raises the funds, the required amount is relatively small.

Conclusion
C.15	The costs of reducing emissions and how those costs are distributed
through the economy are determined more by policy choice than the
particular emissions reduction target. Careful policy design can help
businesses and households respond to the challenges of moving to a
low‑emissions future.
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10.6 Stronger 2020 targets may reduce costs over the
longer term
Australia’s choice of 2020 target has implications for the cost of meeting targets beyond 2020. This
is because the 2020 target affects the size of the remaining national emissions budget—stronger
2020 targets retain more of the national budget for later.
The international carbon price is currently much lower than the projected long-run price consistent
with keeping global warming below 2 degrees. This suggests the carbon price could increase rapidly
in the future, as the level of action becomes clearer and stronger. Many major global companies are
already factoring in much higher carbon prices to their internal operations (CDP 2013). If the price
does rise rapidly, it would be more efficient for Australia to have a stronger 2020 target and buy
more international units in the period to 2020, while prices are low. This would leave more of the
national emissions budget available for the period beyond 2020, when prices could be much higher.
Of course, there is a risk that the carbon price will not rise fast enough to deliver significant economic
savings. However, given the low current prices, and the trend of strengthening international action
(Chapter 4), the Authority considers this risk small; it is more likely that prices will rise and stronger
2020 targets will prove cost-effective.
There is also a broader rationale for taking stronger action now. Delaying action reduces the chances
of keeping global warming below 2 degrees and increases the cost of future efforts. Sustaining and
accelerating emissions reduction efforts now can smooth Australia’s transition and help safeguard
its competitiveness as the world moves to a lower emissions future.
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Part D

Part D describes a range of outlooks for domestic emissions and how different
sectors of the economy—and international emissions reductions—might
contribute to meeting Australia’s emissions reduction goals.
Australia’s emissions are projected to rise in the period to 2020 and beyond
unless strong policy drivers are put in place. Australia faces a substantial
challenge to meet the recommended 2020 target and the longer term
emissions budget—but this is achievable if Australia takes near-term action
to reduce its emissions. A steady transition will make it easier and less costly
to reduce emissions and could help improve Australia’s long-term economic
competitiveness in a more emissions-constrained world.
Using some international emissions units to complement domestic reductions
could further reduce the cost of meeting these goals.
Chapter 11 focuses on Australia’s domestic emissions outlook at an
economy‑wide and sectoral level. It describes cost-effective opportunities to
reduce domestic emissions in an environment of continued economic growth
and rising international demand for Australian resource and agricultural exports.
It builds on the understanding of historical changes in emissions and draws on
the Treasury and DIICCSRTE modelling scenarios. It also outlines the emissions
reduction opportunities that underpin the Authority’s economic analysis of
different targets.
Major reductions in Australia’s emissions by 2020 and beyond are unlikely
without strong policy measures. If effective policies are put in place in the next
few years, and are sustained, emissions can be reduced substantially over the
period to 2030. Energy efficiency will be particularly important in the near term.
Policies that drive the transition to lower emissions technologies, buildings
and vehicles will contribute more to emissions reductions beyond 2020 as
equipment is replaced.
Chapter 12 discusses the benefits and risks of using international emissions
reductions to complement domestic efforts and help meet Australia’s targets.
It considers the potential sources and volumes of international units available,
and the use of international emissions reductions in the context of the
government’s Direct Action Plan.
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Without strong policies to drive emissions reductions, and with strong projected
population and economic growth, emissions from most sectors of the Australian
economy are projected to rise. Total domestic emissions are projected to grow to
17 per cent above 2000 levels by 2020, and 37 per cent by 2030.
Even with incentives to reduce emissions, growth in export-oriented activity, such
as liquefied natural gas (LNG) production and agriculture, is projected to increase
emissions in those areas.
To meet its emissions reduction goals, Australia must capture the significant low-cost
opportunities it has to reduce emissions, particularly in the electricity generation,
industrial processes and fugitive emissions sectors. A set of stable, effective and
complementary policies will be important to achieve goals at lowest cost, including
targeted policies and regulations to address non-price barriers to reducing emissions.
If Australia is to reduce its emissions in the medium to longer term, effective policies
need to be implemented now. Australia’s current stock of emissions-intensive and
energy-intensive buildings, electricity generators, industrial plants, infrastructure
and vehicles will take decades to turn over. New infrastructure will affect Australia’s
efficiency and emissions levels, for better or worse, for many years. Australia needs
clear and sustained policy signals in place as soon as possible to deliver substantial
emissions reductions post-2020.
The electricity sector has the largest share of Australia’s emissions and the largest
emissions reduction potential. Investments in this sector are long-lived—failing to act
in the near term to improve energy efficiency in industrial, commercial and residential
sectors would make it harder to meet Australia’s future emissions reduction goals.
Longer term, reducing the emissions intensity of supply is vital. If electricity generation
becomes considerably less emissions-intensive, electricity could be used to power
other sectors, including transport and direct combustion, reducing domestic emissions.
Improving transport energy efficiency is a major opportunity for substantial low-cost
emissions reductions. The Authority recommends the government investigates light
vehicle CO2 emission standards for introduction in Australia in the near term.
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Chapter 11 describes Australia’s emissions outlook in detail and highlights substantial opportunities
to reduce emissions from energy supply, buildings, equipment and vehicles.
In this chapter, emissions reduction opportunities are identified relative to a counterfactual ‘no price’
scenario. This analysis is complemented by Appendix D, which presents a more detailed assessment
of Australia’s progress against emissions reduction goals and the outlook for emissions, relative to
2000 levels.

11.1 Why analyse Australia’s emissions outlook?
Assessing Australia’s emissions outlook can identify opportunities for economically efficient and
environmentally effective emissions reductions, as well as uncertainties, data gaps and challenges
to realising those opportunities. This information can contribute to effective policy development.
It can also indicate whether Australia is on track to meet its emissions reduction goals and
international commitments, and provide an early warning if efforts are falling short.
The Authority must review Australia’s progress towards its emission reduction goals annually. The
analysis of Australia’s emissions outlook in this chapter, together with the analysis in chapters 5, 6
and 12 and Appendix D, fulfills the current legislative requirements for reporting on progress.
The following sections explore possible future trends in sectoral emissions and potential
contributions to Australia’s emissions reduction goals. They neither prescribe nor imply endorsement
of specific outcomes, but instead identify potential paths for future emissions reductions.

11.2 Modelling underpinning the emissions outlook
The Authority has used economic modelling to explore a range of future scenarios for Australia’s
economy and emissions. The four core scenarios modelled by Treasury and DIICCSRTE (2013) and
described in Chapter 10 involve different levels of incentives for emissions reductions (Box 11.1). The
no price scenario includes existing policies such as the RET, energy efficiency standards and land
clearing controls, but excludes the carbon price and the CFI. The other three scenarios assume a low,
medium and high carbon price, in addition to other existing policies and the CFI.
While the scenarios are largely based on the current legislative arrangements in the Clean Energy
Act, the Authority considers the carbon price can be seen as a broad proxy for incentive-based
measures. The results show the potential scale and source of emissions reductions available
in Australia at different marginal costs (Table 11.1). These four scenarios inform the Authority’s
assessment of possible emissions outcomes in the remainder of this chapter and in Appendix D.
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Box 11.1: Modelled emissions reductions opportunities

The emissions reduction opportunities identified in the modelling reflect projected
outcomes under different future carbon prices, relative to projected emissions
without a carbon price. Depending on the design, the Authority considers other
policies, including the Direct Action Plan, may mobilise similar emissions reductions
opportunities. The Treasury and DIICCSRTE modelling reflects:
•• Outcomes that might arise when entities subject to the carbon price pay for
emissions. If carbon prices are passed through to downstream markets, it may
prompt a reduction in demand, leading to lower production of emissions-intensive
goods and services. This effect is included in the modelled outcomes.
•• The coverage of the carbon price under the current legislation. The Direct Action
Plan may cover a different set of activities. In the low, medium and high scenarios,
a price incentive applies to all emissions sources except fuel use by light vehicles,
decommissioned mines, synthetic gases imported prior to July 2012 and facilities
below the coverage threshold (generally 25 kt CO2-e per year). LULUCF, agriculture
and waste deposited to landfill before 2012 can access a price incentive for
emissions reductions through the CFI.

Table 11.1: Marginal emissions reduction cost under different scenarios,
2020 and 2030 ($/t CO2-e)
2020

2030

No price scenario

0

0

Low scenario

$6.30

$54.50

Medium scenario

$26.70

$54.40

High scenario

$65.20

$134.90

Note: Real $2012, rounded to nearest 10 cents. The marginal cost of emissions reductions in 2020 reflects the weighted average of the ACU and the
Kyoto unit prices. In 2030, the marginal cost of emissions reduction is the ACU price.
Source: Treasury and DIICCSRTE 2013

The modelling provides a useful benchmark to assess the cost of achieving different targets and
identifying emissions reduction opportunities in the domestic economy at different prices, given
certain policy settings and assumptions. It does not give a complete picture of emissions reductions
potential under all possible policies. The actual emissions reductions made in Australia in the future,
and the associated economic cost, will depend on a range of factors, including the policies in place.
Figure 11.1 explains the range of estimates for emissions reductions and Section 11.3.3 describes the
factors influencing Australia’s emissions reduction outlook.
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Source: Climate Change Authority

Modelling, emissions projections and marginal abatement cost curves all make assumptions about
technical, cost‑effective and realised emissions reduction opportunities. They give a snapshot
of potential outcomes at a point in time. Modelling results are significantly influenced by these
assumptions and this is reflected in the wide range of emissions reduction estimates (Box 11.2).
The Treasury and DIICCSRTE modelling, for example, considers only a portion of the technical
potential for emissions reductions. It focuses on the cost-effective opportunities for Australian
emissions reductions in particular sectors at various marginal costs, which together meet a given
emissions reduction goal.
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Differences between these studies explain the variability in their results, including
assumptions in BAU and other scenarios about:
•• Technologies and practices available to reduce emissions (this affects ‘technical
potential’). For example, ClimateWorks (2010) assumed several carbon capture
and storage (CCS) demonstration plants would be operating by 2020. By contrast,
in the Treasury and DIICCSTRE modelling CCS was found not to be economically
viable before 2030.
•• The costs of low-emissions technologies, including whether only private or also
public or social costs are considered (this affects cost-effective opportunities).
ClimateWorks assumed capital costs of low-emissions sources of electricity are
generally lower than was assumed in the Treasury and DIICCSRTE modelling. The
modelling assumptions were based on ACIL Allen Consulting’s (2013) updates
to technology costs from the 2012 Australian Energy Technology Assessment
(BREE 2012).
•• The anticipated consumer response and uptake of low-emissions options (this
affects ‘realised opportunities’). ClimateWorks (2010 and 2013a) made more
detailed and extensive assumptions about energy efficiency potential, and
suggests large potential savings, than did the Treasury and DIICCSRTE modelling.
Emissions accounting differences also alter results. The Authority, for example,
incorporated updated global warming potentials from the IPCC’s Fourth Assessment
Report (AR4) in its emission estimates, while ClimateWorks used the global
warming potentials specified in the Second Assessment Report (AR2).

11.3 Outlook for Australia’s emissions
11.3.1 Australia’s domestic emissions levels
Australia’s emissions have remained relatively flat since 1990. As discussed in Chapter 6, most
of the emissions reductions over that period are attributable to economic factors and policies
enacted in the land sector. Between 2008 and 2012, electricity sector emissions have been falling
by an average of about 0.8 per cent per year, due to lower demand growth and a shift towards less
emissions-intensive generation (gas and renewables).
The current rate of reduction in emissions intensity from both policy and economic drivers is unlikely
to reduce overall national emissions to 2020. Under the no price scenario, Australia’s emissions
are projected to rise to 17 per cent above 2000 levels in 2020 and 37 per cent in 2030. Figure 11.2
shows that with price incentives emissions may fall—and the stronger the incentive, the greater the
emissions reductions.
Only under the high scenario are Australia’s emissions projected to fall and stay below 2000 levels
(Figure 11.2). The high scenario gets closest to the cumulative emissions reductions required to meet
Australia’s minimum 5 per cent target.
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Figure 11.2: Australia’s projected emissions under different scenarios,
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Emissions per person are also projected to fall in the low, medium and high scenarios, but rise
slightly relative to current levels in the no price scenario (Figure 11.5). In the high scenario, emissions
per person are approximately half 2000 levels by 2030.
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11.3.3 Factors influencing the emissions outlook
Several factors will drive Australia’s future emissions. Across all scenarios, irrespective of the choice
of emissions reduction goals or the level of a price incentive, emissions will be influenced by:
•• Broad trends in the macro-economy, such as exchange rates, commodity prices, interest rates,
income levels, renewal of building stock and equipment, and population growth. Australia’s
population and economy are projected to grow and to place upwards pressure on emissions
as a result.
•• International demand for emissions-intensive commodities and resources, such as beef, LNG and
coal. Projected growth in global demand is likely to increase Australian activity in these sectors
and the associated emissions.
The type of emissions reductions and the rate at which they are achieved will also be affected by:
•• technical progress over time, which can make low-emissions technologies or practices more
feasible, and change their relative costs
•• the diffusion rate of new technologies and practices, which depends on stock and fleet turnover
rates, the timing of retrofit opportunities, and the lead time for training and skills development
•• incentives and policies put in place to reduce emissions; for example, in the electricity sector, the
RET is significant
•• cultural norms and consumer behaviour.
A range of assumptions and baselines are reflected in different estimates for emissions reductions
(see Box 11.2). These estimates explore what might happen and where there could be variability, but
do not necessarily assess likelihood.

11.3.4 Sectoral outlook overview
Emissions reduction opportunities vary considerably, depending on each sector’s proportion of
Australia’s total emissions (Figure 6.2) and its responsiveness to incentives. For example, the
Treasury and DIICCSRTE (2013) suggest that growth in mining and LNG processing will lead to
new sources of emissions. These would need to be offset by stronger reductions in other sectors
to maintain the same overall pace of reduction.
Figure 11.6 shows the range in projected sectoral emissions outcomes across the modelled scenarios.
Without additional policies (no price scenario), emissions in every sector except waste are projected
to increase above 2012 levels. Specific sectoral emissions reduction opportunities are discussed
further in Section 11.4 and Appendix D.
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Figure 11.6: Projected average annual change in emissions, by sector, 2012–2030
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Figure 11.7 and Table 11.2 provide an insight into the emissions reductions that a price incentive
(or equivalent) could drive between now and 2030:
•• Electricity remains the greatest single sectoral source of emissions under all scenarios. In a no
price scenario, its emissions are set to rise from current levels, despite the RET. Electricity also
offers the largest opportunity for emissions reductions in response to price incentives, through
both a reduction in the emissions intensity of generation and energy efficiency.
•• Sectors that are primarily driven by export demand—direct combustion, fugitives and agriculture—
present the greatest challenge. Emissions growth is projected for these sectors under all scenarios,
with the exception of fugitive emissions, which could fall during the 2020s with a sufficiently high
price signal.
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•• Greater reforestation and afforestation activities, avoided deforestation and improved land
management could deliver emissions reductions from the land sector, especially with a high price
incentive, to 2020.
•• Waste emissions are projected to remain relatively stable without a price incentive. Emissions
reductions are still available and could be realised with an appropriate price incentive.

Figure 11.7: Projected emissions reductions relative to the no price
scenario, 2020 and 2030
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Table 11.2: Sectoral shares of emissions reductions relative to the no price
scenario, 2020 and 2030 (per cent)
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Emissions from electricity are projected to rise steadily in a no price scenario, underpinned by
economic and population growth. With a price incentive, electricity emissions could stabilise and
then fall significantly after 2030 (low and medium scenarios) or, with sufficient incentive, begin to
fall in the nearer term (high scenario) (Figure 11.8).
The emissions reductions projected in the low, medium and high scenarios, relative to the no price
scenario, reflect a shift towards lower emissions sources of generation and lower electricity demand.
The relative costs of generating technologies and fuels, and mitigation policies that affect these
costs, will largely determine the timing and magnitude of the shift towards low-emissions generation
(ACIL Allen Consulting 2013; BREE 2012a; IEA 2012a).
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Opportunities to reduce electricity sector emissions

Modelling and other analyses suggest that, with incentives in place, the electricity sector could be
the single largest source of domestic emissions reductions over the next two decades. The Treasury
and DIICCSRTE modelling suggests about half of the domestic emissions reduction opportunities to
reach Australia’s minimum 5 per cent target could be found in the electricity sector.
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The RET has a significant effect on emissions. At its currently legislated level, the RET is estimated to
reduce emissions by 102 Mt CO2-e over the period 2012–13 to 2020–21 (CCA 2012). If the RET is not
met, or the level of the RET is lowered, this would increase projected emissions and the emissions
reduction task to 2020 (see Chapter 9). AEMO’s (2013a) forecasts also suggest the RET will play an
important role in lowering the emissions intensity of electricity supply over the period to 2020. The
Treasury and DIICCSRTE modelling projects that the RET is met, as legislated, in all scenarios.
Price incentives are important both in driving changes in the emissions intensity of supply and
reducing demand (ClimateWorks 2013b; Garnaut 2008; IEA 2012a). Recently, emissions reductions
have come from both, with estimates that about 40 per cent of the reduction in emissions from the
NEM in the year to 2013 was due to lower electricity demand, and 60 per cent to the uptake of lower
emissions electricity generation (Pitt & Sherry 2013).
In the near term, most of the electricity sector’s emissions reductions are likely to come from
reducing electricity demand, driven in part by energy efficiency measures. If barriers to energy
efficiency (described below) are overcome, this could play an even larger role.
Reducing emissions through lowering electricity demand

Despite declines in the past few years, Australia’s per person electricity consumption is well above
the OECD average and it lags on energy efficiency (IEA 2012b). Reducing electricity demand,
particularly by taking up more efficient technologies and equipment, can:
•• offer personal and societal financial savings
•• make it easier and less costly to meet Australia’s emissions reduction goals, particularly in the
near term.
Several sources suggest that reducing electricity demand can reduce emissions at low cost, or even
at a positive net present value (Prime Minister’s Task Group on Energy Efficiency 2010; PC 2005;
Climate Institute 2013). This could particularly benefit disadvantaged consumers, who have more
energy-intensive appliances or houses and would be more likely to face the barriers of split incentives
or capital constraints to investing in energy efficiency. Changing the profile or level of energy demand
could also reduce consumers’ electricity bills and offer economic benefits. For example, the AEMC
(2012) estimates that reducing peak demand growth could cut system expenditure by at least
$4.3 billion over the next decade, mainly through avoided investment in the electricity transmission
and distribution network.
Building and equipment choices lock in higher or lower emissions for many years. It may be decades
before appliances are replaced or economic retrofits to buildings are possible. Policies targeting
new assets will take several years—even decades—to significantly reduce aggregate emissions.
The emissions reduced from buildings and appliances between 2020 and 2030 will depend on the
policies and standards that are put in place in the next few years.
Evidence suggests that energy efficiency programs (primarily regulatory) have delivered large
electricity demand reductions. According to Saddler (2013), these programs accounted for about
a third of the observed reductions in demand growth in the NEM since 2006. AEMO reports that
continuing the existing and planned building-related energy efficiency measures and minimum
energy performance standards for electricity appliances could reduce electricity demand, in 2030,
to a level that is about 17 per cent below projected national electricity demand in the Treasury and
DIICCSRTE’s no price scenario (AEMO 2013b). If such regulations were maintained and expanded,
and complemented with some of the initiatives identified in previous reviews (see Table D.5 in
Appendix D), it could increase the share of potential emissions reductions taken up.

targets and progress review final REPORT february 2014

161

All else being equal, lower-than-projected electricity demand can reduce emissions and make
the emissions reduction task easier. Several downward revisions to demand projections in recent
years illustrate this potential (for example, AEMO 2013a, 2013d). ClimateWorks (2013c) describes
plausible scenarios for lower electricity demand from households, commercial buildings and industry,
which could keep electricity demand at 2012–13 levels in 2020 and deliver up to 23 Mt CO2-e
emissions reductions in 2019–20. ACIL Allen Consulting (2013) modelled a low-electricity demand
sensitivity, which suggested even larger potential emissions reductions.
Reducing emissions intensity of electricity supply

At present, Australia’s electricity supply is among the most emissions-intensive in the developed
world and, since 2007, has exceeded China’s electricity emissions intensity (IEA 2013a).
To at least 2020, existing and committed electricity supply is expected to be adequate to meet
demand in the NEM (AEMO 2013c). Over this period and into the decade beyond, the RET will
play an important role in reducing the emissions-intensity of supply by supporting deployment of
low-emissions technologies, including wind and solar. Over this period, the risk of locking in new
emissions-intensive generation is relatively low. Longer term, however, clear policy and other signals
must be in place to avoid deploying new emissions-intensive generation and to encourage major
retrofits that reduce emissions from existing plants.
Additional opportunities to reduce the emissions intensity of the existing generation fleet, dominated
by fossil fuel generators, may relate to:
•• reducing output—with a price incentive, the recent trend towards mothballing and reducing output
from coal-fired power could continue
•• retrofitting—upgrading turbines, modifying boiler operations, retrofitting plants with new coaldrying technologies and co-firing with low-emissions fuels. Several Australian generators have
suggested they may do so, in a scenario with a price incentive (DRET 2013).
Fuel prices will affect emissions from existing (and future) generators. Rising gas prices make it likely
that gas-fired generation in the NEM will decline and remain below current levels until at least the
early 2030s (AEMO 2013e). The Treasury and DIICCSRTE modelling projects that, in the no price
scenario, the share of coal-fired generation does not change substantially in the period to 2030,
and the declining share of gas generation is replaced by renewable sources. Some industry analysis
suggests that gas could lose market share to coal-fired generation in the NEM instead of renewable
sources (Reputex 2013).
Over time, with innovation and greater deployment, the costs of low-emissions technologies are
likely to fall. This will improve their competitiveness and their share of generation. Depending on the
relative costs and policy incentives, by the 2030s the growing share of low-emissions generation
could include emerging technologies such as geothermal and CCS, which are currently relatively
costly and facing other challenges to deployment (see below). Policies, including supporting research
and development, could assist.
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Challenges to reducing electricity sector emissions

Challenges to reducing electricity demand
There are several non-price barriers to reducing electricity demand, identified by the Productivity
Commission (2005, 2013), Garnaut (2008), AEMC (2012) and others. There is also considerable
consensus about solutions, including:
•• electricity consumption information and prices that better reflect actual costs of supply and smart
infrastructure to help consumers manage their use
•• energy efficiency standards for electrical appliances and buildings. Standards help combat split
or perverse incentives for investing in energy efficiency while still allowing consumers the same
appliance functionality.
It is important to determine how energy efficiency opportunities can be cost-effectively pursued in
the new policy environment. Particular initiatives that have been identified in previous reviews are
discussed in Appendix D.
Challenges to reducing emissions intensity of electricity supply
Several sources of low-emissions electricity generation have already been deployed in Australia,
including wind and solar PV. At present, new investments in low-emissions generation are not costcompetitive with existing generation (whose high initial capital costs are now sunk). This, combined
with an overcapacity of supply in the NEM and barriers to exit for incumbent generators, means that
existing generators could operate for some time. This means there is little incentive for investment in
new lower emissions (or any other) electricity generation.
Policy is needed to reduce the emissions intensity of supply. The RET is accelerating deployment
of renewable electricity generation; this could be further accelerated by policies that create an
additional demand for low-emissions generation. It is important that policies and incentives are
stable, given the long life of electricity generation assets.
The deployment of emerging low-emissions technologies, such as geothermal and CCS, is high-risk
and capital-intensive. Public or policy support may be required to make deploying these technologies
financially viable, unless an additional revenue stream is available. Further, technical, price and
logistical challenges have slowed progress on these particular technologies in recent years. As a
result, electricity sector experts generally do not expect them to contribute substantial emissions
reductions in Australia until the 2030s, even if policy drivers exist to promote investments in lower
emissions generation (ACIL Allen Consulting 2013; BREE 2012b).
Challenges to tracking progress in the electricity sector
Analysing the outlook for the electricity sector is hampered by data gaps. Policy-makers, investors,
market participants and consumers could make better decisions if more information was available,
including:
•• consistent time series information on the location and time of end-use electricity consumption
•• routine collection of granular information on the level and mix of off-grid generation
•• earlier publication of the pipeline for grid-connected electricity generation assets, by AEMO and
transmission companies.
A detailed analysis of progress in reducing electricity sector emissions is presented in Appendix D3.
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Australia’s emissions in 2012.
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Transport sector emissions have increased by 29 Mt CO2-e (46 per cent) since 1990. The Treasury
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DIICCSRTE
modelling
that, under all scenarios, transport demand will continue to
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In this modelling, most of the projected transport emissions reductions due to price incentives
result from reduced emissions intensity of heavy vehicles through gains in efficiency and increasing
consumption of biofuels in place of liquid fossil fuels. Biofuels could play the largest role in reducing
aviation emissions, which could offset strong increases in demand.
Light vehicles are responsible for almost 10 per cent of Australia’s total emissions. As
mass‑produced, dispersed emissions sources, light vehicle emissions reductions may be more
effectively realised using efficiency standards (discussed below). Emissions reductions possible
through such standards were not included in the modelling presented in Figure 11.9.
Emissions reduction benefits from better managed demand are not modelled; however, several
studies (Graham et al. 2012) have identified significant emissions reduction potential for a range of
approaches.
Challenges to reducing transport emissions

Under any scenario, emissions reductions might be slowed or prevented by:
•• The rate of turnover of the vehicle fleet—in 2013, the average age of all road vehicles registered in
Australia was 10 years (ABS 2013), and trains, aircraft and ships may remain in service for several
decades. Transport infrastructure, too, is designed and built for many decades of use.
•• The cost of alternative fuels and emerging vehicle technologies—biofuels are currently expensive
to produce compared to liquid fossil fuels, and if oil prices are lower than projected this may delay
uptake of low-emissions alternatives. The current high purchase price and limited driving range
of electric vehicles, for example, relative to internal combustion engine vehicles, is a hurdle to
widespread adoption.
•• Supply constraints in alternative fuels—the increased production of sustainable biofuels could
be limited by a lack of available land and competing food uses for the biofuel crops, though
next‑generation biofuels may ameliorate this issue.
•• The emissions intensity of new energy sources—if the emissions intensity of Australia’s electricity
supply remains high, it is possible that vehicle electrification could result in a net emissions
increase compared with continued use of conventional light vehicles. Emissions could increase
if higher emission alternative fuels, such as those derived from gas-, coal- and shale-to-liquid
methods, gain market share at the expense of lower emissions fuels.
•• The level and cost of infrastructure needed to encourage lower emissions alternative freight
and passenger travel—for example, the low population density of Australia’s cities (relative to
European and Asian standards) presents a challenge to investing in and using alternatives to light
vehicles for urban passenger movement.
A role for fleet-average light vehicle CO2 emissions standards for
Australia?

Despite having reduced their emissions intensity by 21 per cent over the past decade (NTC 2013),
Australia’s light vehicles remain among the most emissions-intensive in the world. The Treasury and
DIICCSRTE modelling does not include any price incentive or policies targeting vehicle efficiency.
Light vehicle emissions reductions can be realised through fleet-average CO2 emissions standards
(or, equivalently, fuel economy standards). Australia considered such standards in 2010 (DIT 2011)
but they have not progressed. Over 70 per cent of light vehicles produced in the world today are
subject to mandatory CO2 emissions standards, including those sold in the EU, the US, Canada,
China, Japan and South Korea (Figure 11.10). Similar standards are under investigation in emerging
auto markets such as India, Indonesia and Thailand. Australia’s light vehicle fleet is unlikely to
maximise available fuel efficiency opportunities if suppliers prioritise auto markets with mandatory
standards in place for their more efficient models and variants. Nevertheless, Australia is likely to
gain some fuel efficiency benefits as a flow-on effect from standards applied in other auto markets.
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The Authority commissioned CSIRO to model the emissions reduction potential of Australia
adopting fleet-average CO2 emissions standards that drive a rate of efficiency improvement
comparable to that of the EU and US. This modelling showed that up to 14 Mt CO2-e per annum
(13 per cent of total transport emissions) could be avoided by 2030 using fleet-average emissions
standards introduced from 2018. By 2030, about half of the light vehicle fleet would have been
subject to standards. For the entire modelled period (from now to 2050), introducing relatively
lenient standards earlier (in 2018) was projected to achieve greater emissions reductions than
introducing more stringent standards later (in 2025), emphasising the importance of early action.
This is discussed in more detail in Appendix D4.
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In overseas markets, fleet-average CO2 standards deliver emissions reductions at a net private
saving—the additional vehicle cost is more than offset by fuel savings over the life of the vehicle.
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The CSIRO modelling shows that standards that require the same rate of efficiency improvement in
Australia as under EU and US standards—about 5 per cent per annum—would reduce fleet-average
fuel consumption by as much as 23 per cent by 2030, offering commensurate reductions in fuel
cost and improvements in productivity, all else being equal. This is for the average of all in-service
vehicles, not just newer vehicles subject to the standards. Standards could offer a total fleet-average
fuel savings of about 3 cents per kilometre by 2030, which equates to $450 per year for a vehicle
travelling a typical 15,000 km per year. The savings would be higher for the average newer vehicle
subject to the standards.
The CSIRO modelling projects light vehicle fuel consumption could be 12–24 per cent lower in 2030
with standards, which could help drive improvements in transport sector productivity. The modelling
also shows that alternative drivetrain vehicles, notably plug-in hybrid electric vehicles and fully
electric vehicles, are likely to be deployed sooner if light vehicle CO2 standards are implemented.
When operating in electric mode, these vehicles are quiet and have no drive-time emissions. Their
deployment will help reduce Australians’ exposure to noise and air toxic emissions, with associated
health and amenity benefits.
Light vehicle CO2 emissions standards appear to offer significant, low-cost emissions reductions,
with potential co-benefits. Fuel savings alone are likely to provide a private payback of just a few
years. Implementing light vehicle emissions standards deserves further investigation for Australia.
The emissions reduction potential of Australian light vehicle fleet-average CO2 standards is
discussed further in Appendix D.

Recommendation
R.10	The government investigate the near-term introduction of fleet-average
CO2 emissions standards for light vehicles in Australia as a way to
secure significant, cost-effective emissions reductions and related
co-benefits.

11.4.3 Direct combustion
Direct combustion emissions occur when fuels are combusted for stationary energy purposes,
such as generating heat, steam or pressure (excluding electricity generation). These emissions
are released by large industrial users and small, dispersed residential and commercial consumers.
Emissions from direct combustion accounted for 16 per cent of national emissions in 2012
(Treasury and DIICCSRTE 2013).
In each modelled scenario, direct combustion emissions are projected to rise strongly from current
levels through to 2030 (Figure 11.11). In absolute terms, under all but the no price scenario, direct
combustion emissions increase more than any sector of the Australian economy. This increase is
driven by growth in energy extraction industries, including more than 15 LNG production projects in
operation, under construction or at initial stages (BREE 2013a).
Price incentives could slow growth to some extent by encouraging greater uptake of low-emissions
technologies.
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Opportunities to reduce direct combustion emissions

With strong growth projected in energy resources extraction, emissions intensity improvements
are unlikely to be enough to reduce overall emissions from the sector. The Treasury and DIICCSRTE
modelling suggests price incentives will have a relatively limited effect on direct combustion
emissions; much of the growth relates to LNG exports under long-term supply contracts. Even under
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mandatory efficiency standards for buildings and gas appliances, such as water heaters, could reduce
cumulative emissions from residential gas use by 4.5 Mt CO2-e between 2000 and 2020, though
households shifting from electric to gas appliances may offset these emission reductions.
Beyond efficiency improvements, the main opportunity to reduce direct combustion emissions
could be to substitute alternative lower emissions energy sources, such as biofuels. If the emissions
intensity of electricity generation falls, as projected with incentives in place, then moving from direct
fuel combustion to electricity could, in the medium to longer term, significantly reduce emissions
from residential, commercial and industrial consumers.
Challenges to reducing direct combustion emissions

The challenges to reducing emissions from direct combustion include:
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Without price incentives, fugitive emissions could rise rapidly, driven largely by strong export
demand for LNG and coal (Figure 11.12). Substantial emissions reduction opportunities exist,
however. In the modelled scenarios, the fugitive sector is projected to be the second largest source
of emissions reductions over the period to 2030, providing 15–24 per cent of total expected
emissions reductions, relative to the no price scenario (Treasury and DIICCSRTE 2013).

Figure
11.12:
Fugitive
and projected, 1990–2030
CHAPTER
11 FIGURE
11.12emissions,
(FORMERLYhistorical
12.9)
120
Historical emissions
No price scenario
Low scenario
Medium scenario
High scenario

Emissions (Mt CO2-e)

100
80

2000

2012

2020
144% above 2000
93% above 2000
72% above 2000
59% above 2000

60
40

42% above 2000

2000 level emissions

68% above 2000
64% above 2000
21% above 2000

20
0
1990

1994

1998

2002

2006

2010

2014

2018

2022

2026

2030

Source: Climate Change Authority calculations using results from Treasury and DIICCSRTE 2013

Opportunities to reduce fugitive emissions

In the no price scenario, fugitive emissions could more than double, from 48 Mt CO2-e in 2012 to
100 Mt CO2-e in 2030. In low and high scenarios, the modelling shows that the fugitives sector
could reduce emissions by 8 and 21 Mt CO2-e in 2020, respectively, compared to the no price
scenario. In 2030, the fugitives sector could contribute between 31 and 51 Mt CO2-e emissions
reductions.
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Other opportunities to reduce fugitive emissions in the natural gas industry may include equipment
changes and upgrades, changes in operational practices, and direct inspection and maintenance
(US EPA 2006).
Challenges to reducing fugitive emissions

There is strong growth in LNG and coal production, which could outstrip improvements in emissions
intensity. Australia’s LNG exports totalled 24 million tonnes in 2012 (BREE 2013b), and there
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Industrial process emissions exclude energy-related emissions such as those from burning fossil
fuels for heat, steam or pressure. Emissions from industrial processes accounted for 5 per cent of
Australia’s emissions in 2012 (Treasury and DIICCSRTE 2013).
In the no price scenario, industrial process emissions are projected to rise (Figure 11.13). With a
price incentive, emissions decrease below 2000 levels by 2030. In scenarios with a price incentive,
industrial processes contribute a proportionally large share of domestic emissions reductions by
adopting readily available and relatively low-cost, low-emissions substitutes, technologies and
process improvements.
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Opportunities to reduce industrial process emissions

The industrial processes sector could reduce 2020 emissions by between 5 and 16 Mt CO2-e,
compared with the no price scenario (Treasury and DIICCSRTE 2013). Emissions reductions
opportunities are projected to be even greater—up to 34 Mt CO2-e—in 2030, which is 75 per cent
lower than the no price scenario.
Almost half of the estimated emissions reductions in the industrial processes sector in 2020
and 2030 could be delivered by nitrous oxide conversion catalysts for nitric acid production.
This technology was deployed by Orica in 2012, and has been trialled by Wesfarmers since
2011; Wesfarmers (2013) reported that it has reduced nitrous oxide emissions by an average of
85 per cent. ClimateWorks (2013a) estimates that if this technology is taken up more widely it
could reduce the emissions intensity of the nitric acid production process by 44 per cent in 2020
compared with today. The regulation of nitric acid plants, including state-based environmental
guidelines, is helping to reduce emissions in this sector.
The other significant emissions reduction opportunity is the destruction and replacement of
synthetic greenhouse gases. These gases are used mainly in refrigeration and accounted for about
27 per cent of industrial process emissions in 2012. Synthetic greenhouse gases may be superseded
by alternative gases that have low to zero global warming potential. The rate of recovery and
destruction of these gases, and the associated emission reductions, will depend largely on incentives
in place. The rate of recovery is likely to slow following the government’s decision to not provide
additional financial support, beyond 30 June 2014, to the existing industry-funded and industryoperated destruction incentives program for waste synthetic greenhouse gases and ozone-depleting
substances (DoE 2013).
In the longer term, CCS could significantly reduce industrial process emissions. The International
Energy Agency (IEA 2013b) suggests that by mid century, about half of the global emissions
reductions that it attributes to CCS could be from industries such as cement, hydrogen production,
iron and steel.
Challenges to reducing industrial process emissions

Challenges to reducing industrial process emissions include:
•• The cost of emissions reduction technologies—financial incentives and other policies can
accelerate uptake of technologies to lower emissions, as has occurred in recent years. These
incentives could also apply to CCS for industrial applications where the technology is proven but
still relatively expensive (IEA 2013c).
•• Rising production—particularly in the chemicals sector—that could outstrip improvements in
emissions intensity.
A detailed analysis of progress in reducing industrial process emissions is presented in Appendix D7.

11.4.6 Agriculture
Agriculture emissions result from livestock digestive processes (enteric fermentation), manure
management, nitrous oxide emissions from cropping and pastureland soils, prescribed burning of
savannas and burning of agricultural residues. The agriculture sector accounted for approximately
17 per cent of Australia’s emissions in 2012.
Consistent with Australia’s Kyoto Protocol Accounting Framework and the categories of reporting
used in the National Greenhouse Gas Inventory, agriculture and LULUCF emissions have
been evaluated separately in this report. The Authority recognises that these two sectors are
interconnected.
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Agriculture emissions have increased by 1 per cent since 1990. Under all modelled scenarios, agriculture
emissions are projected to increase strongly in the longer term, driven by strong international demand for
agricultural commodities, primarily from emerging Asian economies (Figure 11.14). There are incentives
such as the CFI, which may reduce agriculture emissions intensity; however, strong projected activity
growth means total agriculture emissions could still grow.
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Figure 11.14: Agriculture emissions, historical and projected, 1990–2030
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Opportunities to reduce agriculture emissions
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emissions intensity improved by about 10 per cent between 1990 and 2005 (Henry & Eckard 2008).

The dairy industry is focused on reducing its already low emissions intensity further. It has set an
industry-wide target of 30 per cent lower emissions intensity by 2020 (Dairy Australia 2013).
Challenges to reducing agriculture emissions

There are limited opportunities to reduce absolute food production emissions given growing demand
for Australian agriculture products. Reductions in emissions intensity are expected from new
technology
and processes in time; however, are unlikely to be enough to offset production growth.
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While there are technologies that can reduce emissions intensity in the sector, there are not
projected to be sufficient cost-effective emissions technologies available to offset the total growth
in emissions. This is the case for greenhouse gas emissions from enteric fermentation in livestock,
for example, which was responsible for about two-thirds of emissions from the agriculture sector in
2012 (Treasury and DIICSRTE 2013).
Measuring emission reductions is also an issue; livestock and cropping emissions involve complex
interactions within biological systems that are very difficult to measure precisely. A practice that
reduces emissions on one farm may have a different effect at another, due to local conditions such
as pasture type and weather.
Continued research and technology development is important to support both understanding and
uptake of emissions reduction opportunities and general emissions intensity improvements.
Where opportunities to reduce agriculture emissions exist, their uptake can be challenged by
limited access to capital. Smaller farms may be unable to achieve economies of scale and may
have inadequate access to information about emissions reduction projects. These challenges are
exacerbated by the many small and dispersed participants in the sector. A range of approaches
could be taken to combat these challenges, such as providing information through rural networks,
simplifying methodologies for projects, facilitating access to capital and consolidating projects across
many small farms.
A detailed analysis of progress in reducing agriculture emissions is presented in Appendix D8.

11.4.7 Land use, land use change and forestry
Land use, and the biomass the land supports, forms part of the carbon cycle and affects atmospheric
CO2 levels. Reporting on the LULUCF sector includes:
•• emissions and sequestration due to the clearance of forested land for new purposes
(deforestation)
•• new forests on land that was un-forested on 1 January 1990 (afforestation and reforestation)
•• other practices that change emissions and sequestration (forest management, cropland
management and grazing land management).
Combustion of fossil fuels from forestry and land management activities, such as diesel used in
logging machinery, is covered in the direct combustion sector. LULUCF accounted for approximately
4 per cent of Australia’s emissions in 2012.
LULUCF has been the biggest sectoral contributor to emissions reductions in Australia since 1990.
Net emissions from the sector have declined by 85 per cent from 140 Mt CO2-e in 1990 to
21 Mt CO2-e in 2012. This trend, however, is not projected to continue (Figure 11.15).
Macroeconomic factors, such as farmers’ terms of trade and prices of wood commodities, have
been the main determinant of LULUCF emissions. The progressive introduction of state and territory
land clearing restrictions has also played a significant role in reducing emissions since 1990; most
notably, the restrictions introduced in Queensland in 2004 and 2009. Incentives (such as Managed
Investment Schemes) boosted forest plantations in the 1990s, but it is unlikely all of these forests
will be replanted once harvested. Over the medium to longer term, a combination of subdued
forestry demand, reduced land clearing restrictions and pressure from increased cattle herd numbers
after 2020 all contribute to projected emissions trends.
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Opportunities to reduce LULUCF emissions

Price incentives could play an important role in LULUCF emissions reductions. Relative to the no
price scenario, 12 Mt CO2-e and 14 Mt CO2-e of emissions reductions could be delivered in 2020 and
2030, respectively, under the medium scenario. Under the high scenario, emissions reductions may
be
18 Mt CO -e in 2020 and 23 Mt CO2-e12.13)
in 2030. Most of the projected emissions reductions in
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volumes of sequestration before 2030, even with strong price incentives, due in part to probable
slow uptake of new land uses and the physical characteristics of carbon sequestration.
From 2031 to 2050, Grundy et al. (forthcoming 2014) projects average annual emission reductions
of between 100 and 500 Mt CO2-e would be economically and technically feasible if payments to
landholders are broadly consistent with the CFI and the carbon price trajectories in the medium
and high scenarios modelled by the Treasury and DIICCSRTE (2013). The upper end of this range
suggests there is potential to achieve 80–100 per cent reduction in Australia’s emissions in 2050
(compared to 2000 levels) with little or no use of international units, through a combination of land
sector credits and emissions reductions in energy and other sectors.
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A detailed analysis of progress in reducing LULUCF emissions is presented in
Appendix D9.
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and increased waste volumes. Under all modelled scenarios, waste emissions will continue falling
(Figure 11.16). In the absence of a carbon price or any new policy measures, waste emissions are
projected to fall marginally to about 15 Mt CO2-e in 2030. Further emissions reductions of between
6 and 8 Mt CO2-e (compared to the no price scenario) could be expected under the scenarios with
a price incentive.
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Gas capture technologies can significantly reduce waste emissions. Historically, both regulatory
and market-based measures have successfully driven the deployment of these technologies.
Direct regulation of landfills for health and safety purposes has played a major role, as have market
incentives. The New South Wales Greenhouse Gas Reduction Scheme and the RET have been
important in reducing emissions from landfill. The RET and the CFI are expected to drive further
reductions.
Opportunities to reduce waste emissions

The major emissions reduction opportunity for waste is the expansion of alternative waste treatment
facilities to reduce waste volumes being sent to landfill. This relies on development of new facilities
and installation of new technologies, such as food waste treatment and other thermal energy
recovery technologies. Further emissions reductions could be generated by improving gas capture
technology efficiency rates at landfill and wastewater facilities, and extending coverage of these
technologies to smaller facilities. A price incentive would increase uptake of both gas collection and
destruction and alternative waste treatment technologies. The CFI already provides incentives to
destroy methane emissions from ‘legacy’ waste (deposited at landfills before July 2012).
There is some evidence that increasing the cost of landfill disposal makes alternative waste
treatment a more attractive option as it drives waste streams away from landfill. This has been
addressed via increased landfill levies in some Australian states and in the UK.
Challenges to reducing waste emissions

Australia has high levels of adoption of conventional emissions reduction technologies such as gas
capture and alternative waste treatment relative to other countries.
There are several barriers to realising further emission reductions in the waste sector:
•• Installing new technologies involves large capital costs that may take an extended operating
period to recover. This suggests that a strong and stable price incentive, or a clear and enforceable
regulatory requirement, would be needed to promote investment in these technologies.
•• New waste treatment technologies and processes such as food waste treatment and thermal
treatment plants may face hurdles of gaining community acceptance, finding suitable available
land, meeting local planning requirements and gaining sufficient funding.
•• Alternative waste treatment and other emissions reduction technologies require a minimum scale
to be cost-effective. Smaller towns in rural and regional areas often do not generate enough waste
for local councils to justify the investment.
A detailed analysis of progress in reducing waste emissions is presented in Appendix D10.
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Conclusions
C.16	The rate of reduction in emissions intensity since 1990 is not sufficient
to drive absolute reductions in Australia’s emissions in the period to
2030.
C.17	Without a price incentive or additional policies, economy-wide
emissions are projected to rise to 17 per cent above 2000 levels in 2020
and 37 per cent in 2030.
C.18	Australia has extensive opportunities to reduce emissions at relatively
low costs, but it will take time to replace the stock of buildings, vehicles,
equipment and plant. To achieve Australia’s emissions reduction goals
and avoid locking in future emissions growth, stable, cost-effective and
complementary policies need to be in place this decade.
C.19	Electricity sector emissions are projected to grow strongly without
a price incentive or other policy mechanism. With price incentives,
the sector could be the single largest source of domestic emissions
reductions.
C.20	Without a price incentive, rapid growth in demand for road transport
and domestic air travel is projected to drive increasing transport
emissions. Appropriate policies could deliver significant transport
emissions reductions.
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International emissions reductions are an environmentally sound and cost-effective
complement to domestic emissions reductions for Australia.
There are substantial potential benefits to using international reductions to help meet
Australia’s goals—they could reduce costs, help to address competitiveness concerns
and support broader Australian trade and foreign policy objectives. In turn, these
benefits could encourage more ambitious action, both in Australia and overseas, giving
a better chance of staying below 2 degrees.
There are risks. In particular, that international emissions reductions are not genuine
or their use detracts from the task of transitioning Australia’s domestic economy to
a low-emissions future. These risks are real but, in the Authority’s view, they can be
effectively managed by good governance, judicious access arrangements and policies
that drive domestic emissions reductions.
It is important that Australia begins transitioning from a high- to low-emissions
economy in a cost-effective way. As discussed in Chapter 11, there are already policies
in place to support this transition. More are needed and they will take time to have an
effect. International reductions can play an important role in complementing domestic
efforts to help Australia meets its goals, in the immediate period to 2020 and beyond.
If current legislation is repealed and replaced by the Direct Action Plan, the Authority
recommends that the government purchase international emissions reductions created
under the Clean Development Mechanism (CDM). This mechanism has high standards
to ensure its units represent genuine emissions reductions. There is currently a large
supply of CDM units available at historically low prices. Australia could choose to limit
its purchases to projects with the highest environmental standards and still have access
to low-cost, genuine international emissions reductions.
The government has stated it intends to reduce Australia’s emissions by 5 per cent
domestically, but has not ruled out using some international reductions to meet a target
beyond 5 per cent. The Authority recommends international emissions reductions
be used to ‘fill the gap’ between 5 per cent and the recommended 2020 goals. The
Authority also considers international reductions could have a role to play in meeting
the 5 per cent target.
The Authority recommends the government establish a fund to purchase international
emissions reductions to complement domestic reductions under the Direct Action Plan.
A fund of about A$210 million to A$850 million should be sufficient to purchase the reductions
needed to move beyond the minimum 5 per cent target to the recommended 2020 goals.

178

Part d chapter 12

There are good reasons for Australia to reduce its domestic emissions and accelerate its transition
to a low-emissions economy. Still, climate change is a global phenomenon; from an environmental
perspective, there is no special merit in reducing emissions in one country over another. What
matters is that the overall quantity of emissions is reduced in line with the global budget. From an
economic perspective, it is sensible to reduce emissions in the most cost-effective manner, taking
account of both short-term prices and the need for a long-term domestic transition. The trade of
international emissions reductions can improve both environmental and economic outcomes.
This concept is recognised in the international climate framework. The Kyoto Protocol allows
countries to meet their targets by reducing their own emissions and by purchasing emissions
reductions from other countries. Many countries have adopted this approach—the EU, Norway,
the UK and New Zealand use international emissions reductions to help meet their climate
change goals; the United States and Canada do so at the sub‑national level.
This chapter looks at the role international emissions reductions can play in helping achieve
Australia’s emissions reduction goals. It discusses:
•• the benefits and risks of using international emissions reductions
•• how Australia can use international emissions reductions to help meet the recommended
2020 goals in a way that maximises the benefits and minimises the risks
•• how international emissions reductions could complement the Direct Action Plan to ensure
Australia meets its current international commitments and the recommended goals.

12.1 Benefits of international emissions reductions
There are substantial benefits to using international emissions reductions. Three are of particular
interest to Australia:
•• providing access to a wider range of cost-effective mitigation opportunities, which lowers the
overall cost of meeting Australia’s targets
•• helping to address competitiveness concerns for industry by equalising the price of emissions
reductions across countries
•• buying international emissions reductions that are targeted to support other trade, foreign policy
and development objectives.
These benefits can lead to a ‘virtuous cycle’ of greater climate action. By reducing costs and
competitiveness concerns, trade in international emissions reductions can make stronger targets
more achievable. And, by helping developing countries build robust environmental governance,
trade can help them take more action.
Almost all stakeholders, including both industry and environment groups, support using international
emissions reductions to complement domestic efforts in Australia.

12.1.1 Lowering costs to meet Australia’s emissions
reduction goals
Allowing access to international emissions reductions would lower the cost of Australia’s emissions
reduction task, making it cheaper to attain any given target. It also means that, for any given cost,
stronger targets can be achieved. Trade in emissions reductions gives countries and businesses
access to a wider range of emissions reduction opportunities than exist domestically. This improves
cost-effectiveness.
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Industry groups, including the Business Council of Australia (BCA), support access to international
reductions on the grounds that it lowers the cost of meeting Australia’s target.
The Authority’s analysis (Chapter 10) shows that Australia can achieve the recommended goals
at a manageable cost through a mix of domestic and international reductions. A mix is likely
to be significantly cheaper than if Australia was to only use domestic reductions. For example,
the modelling indicates that under current legislation a carbon price incentive of more than
A$65 per tonne would be required by 2020 to meet Australia’s minimum 5 per cent target through
domestic emissions reductions alone. This is much higher than the current price of international
emissions reductions—CDM units, for example, are currently trading at less than A$1 per tonne.
While Chapter 10 shows Australia could meet the recommended goals at relatively low cost, in
practice the cost could be even lower than projected by the modelling. The Authority’s analysis and
cost estimates are based on the price forecast for European units. Emissions reductions, including
CDM units, are currently available in large volumes at significantly lower prices. If these were used,
the costs of meeting the recommended target would be lower.

12.1.2 Contributing to broader trade and foreign
policy objectives
Purchases of international emissions reductions can be tailored to advance other government
objectives, including trade, foreign policy and development aims. For example, Australia could target
purchases to support projects and programs in the region, or encourage greater climate action
by supporting the development of the international carbon market and improving environmental
governance arrangements in developing countries. This benefit was recognised in the Prime
Ministerial Task Group on Emissions Trading report in 2007: ‘At the global level, the recognition
of [international emissions reductions] created in developing countries can be an effective way of
promoting their involvement in global efforts to limit emissions’ (p. 111).
Other countries tailor some of their purchases of international emissions reductions in this way.
For example:
•• Sweden will purchase 500,000 CDM units from a clean cook stove project in Ghana. The project
will provide community benefits by curbing local air pollution and reducing household expenses
•• the UK will purchase £50 million of CDM units from least developed countries to bolster the
international carbon market
•• Norway will purchase 30 million CDM units to support CDM projects at risk of financial collapse
due to historically low prices.

12.1.3 Helping to address long-term competitiveness
concerns
Using international emissions reductions can help to address long-term industry competitiveness
concerns by providing a cost-effective source of emissions reductions.
A number of industry stakeholders expressed concern that strong climate action by Australia would
adversely affect their competitiveness because local businesses would face a carbon price higher
than that of their international competitors. For example, the Cement Industry Federation is not
convinced that its competitors will face meaningful carbon costs in the near future (Draft Report
submission, p. 3).
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Depending on policy design, trade in international emissions reductions could help address
industry competitiveness concerns by equalising carbon prices (or incentives) across countries.
The Australian Industry Group considers that access to international emissions reductions could
reduce competitive distortions by ensuring the cost of emissions reductions in Australia is similar
to those overseas (Draft Report submission, p. 8). If a business has access to international emissions
reductions to meet its obligations, it will face the international carbon price, rather than the price that
would otherwise have been imposed by the policy. This can help level the international playing field
over the longer term.
In turn, if competitiveness concerns are addressed, it can be easier to set stronger emissions
reduction goals and foster joint political commitment to action on climate change.

12.2 Risks of using international emissions reductions
Using international reductions to help meet Australia’s goals has some risks:
•• spending money on emissions reductions that are not genuine
•• carbon market fraud
•• costs and disruption in Australia that stem from delaying the domestic transition to a
low‑emissions economy.
These risks can be effectively managed and they are discussed below, along with strategies to
mitigate them.

12.2.1 Environmental integrity
It is important that international emissions reductions are genuine; otherwise, the environmental
integrity of Australia’s action is compromised, and public and investor confidence in such
arrangements is weakened.
To ensure emissions reductions are genuine, Australia could choose to use international reductions
only from credible sources—for example, tried-and-tested mechanisms with strong measurement,
reporting and verification arrangements, such as the CDM. The CDM has operated since 2006
and has detailed rules and governance arrangements to ensure its emissions reductions are
genuine. Its operation has improved over time, and its Executive Board has made a conscious and
consistent effort to identify and address environmental concerns. It now operates with a high level
of environmental integrity and has similar governance arrangements and verification processes as
Australia’s CFI (see Box 12.1).
Many countries target their purchases to particular sources of international emissions reductions.
For example, the EU allows international reductions from UNFCCC mechanisms, including the
CDM. Within this, it does not accept reductions from projects it considers environmentally or
developmentally questionable, such as those involving the destruction of synthetic greenhouse
gases (GHG) and large-scale hydroelectric generation projects. Australia adopted similar rules
for compliance under the carbon pricing mechanism. Section 12.3 discusses the international
emissions reductions Australia could use to meet its 2020 goals to ensure a high level of
environmental integrity.
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Box 12.1: The Clean Development Mechanism

Like the CFI, the CDM is a baseline-and-credit scheme where projects earn credits
by reducing emissions below a defined baseline. Project developers present plans and
methodologies to the CDM Executive Board for its initial approval. The Board must
be satisfied the emissions reductions are ‘additional’ to what would have occurred
without the project, and that the project would not have occurred in the absence of
the financial incentive provided by the CDM. The project must also be validated by an
independent auditor to ensure the reductions are real, measurable and verifiable. The
Board must approve the project before CDM units can be issued. There are periodic
independent reviews of projects to verify that emissions reductions continue.
The CDM Executive Board is supported by the UNFCCC secretariat, including its
roster of experts, and a number of specialist panels and advisory groups. These
groups comprise experts who develop recommendations on the submitted proposals
and issue guidelines for new methodologies to assess and inform new projects.
Many of the concerns raised about whether emissions reductions generated
from the CDM are genuine relate to the question of ‘additionality’—whether the
reductions would have happened in the absence of CDM support. As with all
baseline-and-credit schemes, it can be difficult to define the counterfactual and
determine additionality. Over time, the CDM has developed a sophisticated set of
methodologies and rules for determining whether reductions are additional and these
are constantly refined. Indeed, some criticism of the CDM arises because of the
complexity and expense of proving projects meet these rules.

12.2.2 Carbon market fraud
Carbon market fraud can cause environmental integrity issues (if, for example, it results in the same
emissions reductions being counted twice) and financial loss.
The risk of fraud in the carbon market is no different from other more established markets. For
example, the Australian Stock Exchange continues to experience and respond to incidences of fraud.
If governments work together, put in place robust governance arrangements, and respond quickly
and effectively if fraud does occur, the risk is manageable. Australia can draw on its experience
working with foreign governments in other contexts to establish systems to mitigate the risks.
There have been a number of well-publicised incidents of fraud in the EU ETS. In 2010–11, about
2 Mt of EUAs were stolen from individual accounts. The EU responded immediately by suspending
trade until new security requirements were implemented. The EU revised its systems to reduce the
risk of similar events—replacing the national registries of EU member states with a single EU-wide
registry and tightening its rules on proof of identity. To further protect against fraud, the European
Commission is seeking to align the rules governing the carbon market with other European financial
markets. This means higher integrity standards, simpler access and better transparency for all carbon
market participants.
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12.2.3 Delaying Australia’s transition to a
low-emissions economy
An over-reliance on international emissions reductions to meet Australia’s goals could delay its
transition to a low-emissions economy. A number of stakeholders expressed this concern in the
Authority’s consultation, including WWF‑Australia. The Authority believes it is important to support
Australia’s transition—as the world takes action on climate change, Australia needs to put in place
policies and mechanisms to drive domestic emissions reductions and encourage low-emissions
investments. As discussed in Chapter 5, Australia currently has a number of such policies, including:
•• the RET to encourage investment and deployment of renewable energy
•• land clearing controls
•• national, state and territory energy efficiency standards and schemes.
The Authority has identified additional policies that might capture emissions reductions
opportunities in Australia (see Chapter 11). A strong and sustained suite of policies will drive
domestic emissions reductions that will put Australia on the path to a low-emissions economy.
Targets and long-term guidance about Australia’s future climate change action will also help to
shape expectations and encourage low-emissions investment.
International emissions reductions can complement these domestic efforts. It takes time to develop
and implement new policies and there are inherent lags due to the time needed to turn over existing
capital stock. It is important Australia puts these policies in place now to drive emissions reductions
in the future. However, particularly in the period to 2020, international emissions reductions could
play an important complementary and timely role. The balance between domestic and international
emissions reductions is likely to change over time as national and global economies move closer to
a low-emissions footing.
The Authority considers a balanced approach is appropriate—international emissions reductions
should not be used to meet all of Australia’s target, but nor should they be excluded. The benefits—
lower costs, industry competitiveness and other national objectives—are substantial and, in turn,
may drive stronger climate action. The risks can be managed by good governance, judicious access
arrangements and policies that drive domestic emissions reductions. A mix of domestic and
international reductions will help Australia transition to a low-emissions future, while reducing the
costs of meeting the recommended 2020 goals.

12.3 International emissions reductions to help meet
Australia’s 2020 goals
Section 12.2 outlines why Australia should use international emissions reductions to complement
domestic efforts and help meet its emissions reduction goals. This section considers which
international reductions Australia could use to meet its 2020 goals in the context of the
government’s Direct Action Plan to maximise the benefits and minimise the risks.
There is a wide range of credible international emissions reductions available to help countries meet
their goals:
•• the UNFCCC and Kyoto Protocol market mechanisms, such as the CDM
•• established emissions trading schemes, such as the EU
•• bilateral offset mechanisms, whereby countries work together to establish programs and projects
that generate emissions reductions.

targets and progress review final REPORT february 2014

183

Until 2020, the most reliable sources of units for Australia are established mechanisms, such as
the CDM and the EU ETS. These mechanisms have sophisticated arrangements in place to promote
environmental integrity and reduce fraud. In time, other mechanisms may develop and mature,
providing further opportunities for Australia. These could be explored for Australia’s post-2020
goals.
Australia negotiated access to EU allowances as part of the carbon pricing mechanism. If this
legislation is repealed, EU allowances are unlikely to be available to Australia, so the Authority has
focused its analysis on the CDM.

12.3.1 CDM units
The CDM supports a wide range of projects from developing countries. Some of the projects able
to produce CDM units include rural electrification projects that use solar panels, the installation of
more energy-efficient boilers and power generated from agricultural waste.
Figure 12.1 shows that most of the CDM units issued to date have come from destroying synthetic
GHGs (about 52 per cent of total), hydro (13 per cent) and wind projects (10 per cent). Through to
2020, hydro projects are forecast to become the major source of CDM units (55 per cent of total),
followed by wind (17 per cent) and destroying synthetic GHGs produced by industry (7 per cent).
The share of synthetic GHG projects declines to 2020 as many markets, including the EU ETS, are
refusing to accept them. Figure 12.2 shows that most of the CDM units issued to date are from
China (61 per cent), followed by India (13 per cent), the Republic of Korea (8 per cent) and Brazil
(6 per cent). China is expected to remain the major source through to 2020.
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Figure 12.1: CDM units by technology
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12.3.2 The price of CDM units
There is currently a large number of CDM units available at low cost. The price is now less than
A$1 per tonne (BNEF 2014). The low price of CDM units does not imply they are not credible—prices
12 in
FIGURE
12.3 other
(NEW
FIGURE)
wereCHAPTER
about A$35
2008. Like
tradable
commodities, the price movement of CDM units is
% change on 2000 level and
subject to changing market demand and supply fundamentals.
The dramatic
decline is largely due to
cumulative
reduction task
750
weakened demand from the EU—the main buyer of CDM units. The EU economic crisis has caused
EU emissions
to fall, so fewer international emissions reductions are required to+17%
meet its targets.
700
Emissions (Mt CO2-e)

650 number of CDM projects was registered when the price was higher and theseDomestic
A large
are stillreductions
(including carryover)
593 Mt units are likely
generating
credible
emissions
reductions.
If
the
price
rises
slightly,
more
to be
under
the Direct
600
Action
Plan
available, as current prices are less than the cost of having credits issued for some projects.
BNEF
-5%
550 estimates that a price increase to about A$7 would encourage the supply
(2014)
of
at
least
an
427 Mt
Additional
international
additional
two billion tonnes of CDM units.
500
-19%

reductions

Historical
emissions
Sufficient
CDM
units
are likely to be available to satisfy both future EU ETS demand and other
450
Domestic emissions with no carbon price
remaining demand centres, including Australia, without significantly increasing the price.
400

National trajectory, -5 per cent target

National trajectory, -19 per cent target

350
12.3.3
Which CDM units to use?
2000

2005

2010

2015

2020

To enhance the integrity of the CDM units used, Australia could choose to exclude units from
projects with environmental or developmental concerns. This would be similar to the approach taken
by the EU, which excludes units from nuclear energy projects, afforestation or reforestation activities,
large-scale hydro projects and, from 2013, projects involving the destruction of synthetic GHGs.
The reasons these units are excluded vary. Some are excluded for developmental concerns; for
example, large-scale hydroelectric generation projects can displace local communities, and lead
to loss of agricultural land and a decline in biodiversity.
Carbon Market Watch, a non-government organisation that monitors the global carbon market,
has also raised concerns about coal-fired power plant projects, which could lock in more
emissions‑intensive infrastructure.
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In addition to purchasing units on the secondary market, the government could choose to support
the establishment of new projects in specific countries to enhance its trade, foreign policy and aid
objectives. The outlays for these purchases are likely to be higher as they would need to cover their
establishment costs. However, many such projects are still likely to be cheaper than an increasing
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The Authority’s analysis shows that there are many opportunities to reduce emissions in Australia,
but they are likely to require a relatively high price per tonne. Using international emissions
reductions to ‘fill the gap’ between the 5 per cent domestic reduction and the recommended target
would be a cost-effective way for Australia to take responsible climate change action. Figure 12.3
shows the balance of domestic emissions reductions required to meet the 5 per cent target and the
additional international reductions used to meet the recommended goals.

Figure 12.3: Emissions reductions required to meet 5 per cent target and
recommended goal
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12.4.1 Establishing a government fund
The government could access international emissions reductions by establishing a fund and
managing it directly. Other countries have taken this approach; for example, Norway uses the
state-owned Nordic Environment Finance Corporation fund to purchase international emissions
reductions.
Alternatively, the government could use an intermediary like the World Bank to purchase CDM units
based on specified criteria on its behalf. The World Bank has extensive experience in purchasing
international emissions reduction units on behalf of governments and companies. The Netherlands
and Spain have both provided funding to the World Bank to purchase CDM units on their behalf from
a particular set of projects including renewable energy, biomass, energy efficiency improvement,
fossil fuel switching, methane recovery and sequestration.
The size of the fund would depend on the volume of international emissions reductions required and
their price. As discussed in Section 10.4, if the minimum 5 per cent target is achieved domestically,
an additional 427 Mt of reductions would be needed to meet the Authority’s recommended
2020 target (Figure 12.3). CDM unit prices of A$0.50 would require a government fund of about
A$210 million. If CDM unit prices rose substantially, say to A$2, the required fund would be about
A$850 million.
In addition to direct purchase, the government could allow some private purchase of international
emissions reductions. The government’s Green Paper on the Emissions Reduction Fund leaves
open the possibility of using international emissions reductions for ‘make-good’ and ‘safeguarding’
arrangements. Many stakeholders support this approach; for example, the Australian Industry
Greenhouse Network recommends: ‘If companies find themselves with a liability, Direct Action
compliance arrangements should consider the possibility of acquittal using CFI permits and/or
international permits’ (AIGN response to the ERF White Paper Terms of Reference, p. 9).

Recommendations
R.11	The government use international emissions reductions to bridge any
gap between domestic reductions achieved under the Direct Action Plan
and the recommended 2020 goals.
R.12	The government establish a fund to purchase Clean Development
Mechanism units to complement the Direct Action Plan and help meet
the recommended 2020 goals.
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Australia’s climate policy settings are under review. The Commonwealth
Government has indicated it intends to repeal the carbon price and implement
the Direct Action Plan to reduce Australia’s emissions.
Nevertheless, under the current legislative arrangements, the Authority is
required to recommend caps for the carbon pricing mechanism. The mechanism
is the primary way Australia would meet its 2020 targets, imposing a limit on
more than half of Australia’s emissions. There are many factors to consider when
calculating and recommending caps, including the national emissions reduction
goals. Chapter 13 examines those factors and calculates caps corresponding to
the Authority’s recommended 2020 goals.
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The Authority is required to recommend five years of annual caps under the Clean
Energy Act. While this legislative requirement persists, the Authority acknowledges
that the government intends to repeal the carbon price and replace it with the Direct
Action Plan to reduce Australia’s emissions.
Caps under the carbon pricing mechanism limit emissions from electricity generation,
direct combustion, landfills, wastewater, industrial processes and fugitive emissions.

Chapter 13 recommends caps consistent with the Authority’s 2020 target recommendations
(15 per cent plus carryover). The caps take account of estimated emissions from sources outside
caps, uncertainty in emissions estimates, free allocation of emission units and limits on the use
of international units. The chapter discusses:
•• the carbon pricing mechanism and the role of caps
•• considerations in estimating the budget available for caps
•• the year-by-year shape of caps.
Further details, including calculation methodologies and data, are set out in Appendix E.

13.1 The carbon pricing mechanism and the role of caps
The carbon pricing mechanism was established under the Clean Energy Act and covers more than
half of Australia’s emissions. Entities in covered sectors pay the carbon price if they emit at least
25 kt CO2-e annually. The remaining uncovered sectors are subject to an equivalent carbon price
or do not face a carbon price (Table 13.1).
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Table 13.1: Coverage of the carbon pricing mechanism
Carbon pricing mechanism

Equivalent carbon price

No carbon price2

Emissions above the annual 25 kt CO2-e
threshold from:

Transport fuels used for:

Emissions from:

•• domestic aviation

•• agriculture

•• electricity generation

•• marine transport

•• LULUCF

•• direct combustion1

•• rail transport

•• waste deposited before July 2012

•• industrial processes

•• business in off-road transport

•• waste deposited since July 2012

•• non-transport business uses.

•• fugitive emissions from
decommissioned mines

•• fugitive emissions.

Synthetic greenhouse gases.

•• conventional road transport
•• entities in sectors covered by the
carbon pricing mechanism that fall
below the 25 kt CO2-e threshold

Notes: (1) Direct combustion excludes diesel, which is covered by the equivalent carbon price (unless opted in). (2) Sources in the agriculture, land and
waste sectors are eligible to create carbon offsets under the CFI.

Under the existing legislation, the carbon pricing mechanism has a three-year fixed-price period from
1 July 2012 to 30 June 2015. When the fixed-price period ends, the legislation provides for annual
caps on emissions covered by the carbon pricing mechanism (‘covered emissions’). The gap between
the national emissions trajectory and cap allows room in the national emissions budget for emissions
from sources outside the carbon pricing mechanism (‘uncovered emissions’) (Figure 13.1).
The cap determines the total number of Australian carbon units for a particular year to be issued
by the government. These units would be provided to entities as a free allocation or sold at auction,
generating government revenue.
CHAPTER 13 FIGURE 13.1 (FORMERLY 14.1)
Figure 13.1: The relationship between the trajectory, cap and emissions
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Source: Climate Change Authority
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If covered emissions exceed the caps, liable entities can purchase international units or domestic
offsets to make up the difference. Approved international units can be surrendered to meet up to
50 per cent of an entity’s carbon liability; these units include EUAs and Kyoto units (units generated
under the Kyoto Protocol). A sub-limit of 12.5 per cent applies to Kyoto units. Domestic offsets or
ACCUs are generated under the CFI.
Trajectory

Under the Clean Energy Act, the Authority must recommend five years of caps, taking account of:
National emissions

•• voluntary action to reduce Australia’s greenhouse
gas emissions
Uncovered emissions

•• estimates of greenhouse gas emissions that are not covered by the Clean Energy Act
•• the extent (if any) of non-compliance with the Clean Energy Act and the associated provisions
Cap

•• the extent (if any) to which liable entities have failed to surrender sufficient units to avoid liability
for unit shortfall charge
emissions
•• any acquisitions, or proposed acquisitions,Covered
by the
Commonwealth of eligible international
emissions units.

The current legislation requires the minister responsible for climate change to take the Authority’s
advice and recommendations into consideration when
Time setting caps, and to announce caps five years
in advance.
In the event that regulations setting the caps are not made or are disallowed, the Clean Energy Act
provides for default caps. The first annual default cap equals total emissions covered by the carbon
pricing mechanism in 2012–13, minus 38 million tonnes. Following this, for each year that regulations
were not made, the annual cap would be 12 Mt less than the previous compliance year (Figure 13.2).
Default caps were originally designed to be broadly consistent with the unconditional
5 per cent target. Since then, the 2000 base year emissions and carryover estimates have been
revised up, and projections for covered emissions for 2012–13 have been revised down. Based
CHAPTER
13 FIGURE
13.2 (FORMERLY
on the
Authority’s
current assessment,
default14.2)
caps are now broadly consistent with reaching a
15 per cent target in 2020, or 19 per cent including carryover.

Figure 13.2: Default cap arrangements under the carbon pricing mechanism
Note—Graph is not to scale, illustrative only
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Note—Trajectory and budget is illustrative only; graph not to scale

13.2 Overview of the Authority’s approach to caps
The Authority’s recommended annual caps are consistentTwith
rajec its recommended national budget to
tory
2020 (Box 13.1).
National emissions

To this end, the Authority takes the national budget for the period 2013–2020 (4,193 Mt CO2-e as
recommended in Chapter 9) and adds 116 Mt CO2-e for carryover. It then determines how much of
the budget to reserve for emissions from the fixed-price period and uncovered emissions from the
flexible-price period. The remainder of the budget is available for caps and can be distributed across
the flexible-price period to 2020. This approach gives confidence that Australia’s total net emissions
will stay within its 2020 Fixed-pricebudget.
Annual emission caps
period emissions

Box 13.1: Framework for calculating caps
Uncovered emissions
In determining the number of units available for caps, the Authority
has applied the
following approach:
2012–13

2013–14

2014–15

2015–16

2016–17

2017–18

2018–19

Emissions allowance for caps = National emissions budget (2013–2020) plus
carryover minus aggregate emissions from the fixed-price period minus uncovered
emissions in the flexible-price period minus adjustment for Global Warming
Potentials (GWPs) minus adjustment for voluntary action (see Figure 13.3).
CHAPTER 13 FIGURE IN BOX 13.1 (FORMERLY BOX 14.1)
Figure 13.3: Framework for calculating caps
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The Authority has used its best estimate of uncovered emissions, assuming existing legislation, to
calculate caps. That is, the share of the budget allocated to uncovered emissions will be determined
by a projection of what those emissions will actually be.
An alternative approach, suggested by the Business Council of Australia (BCA), is to set caps based
on a relative share of covered and uncovered sectors in BAU emissions. BCA argued that this would
‘avoid a disproportionate shifting of the abatement burden onto covered sectors’ (Draft Report
submission, p. 2).
The Authority does not propose to adopt this approach because:
•• encouraging equal shares of emission reductions across sectors is the wrong goal—it would not
promote efficiency because different sectors have different emissions reduction costs
•• it relies on estimates of BAU emissions. Many emissions reduction policies have been in place for
years, and have changed Australia’s economy and emissions in permanent ways. As a result, BAU
becomes an increasingly abstract concept over time
•• it would not give a high likelihood of Australia meeting its national emissions budget. If the
approach required uncovered sectors to deliver a certain amount of emissions reductions, but no
policies were in place to ensure that happened, Australia would breach its budget.
This does not mean that the Authority considers that uncovered sectors have no role in meeting the
national emissions budget, or that existing policies in uncovered sectors are ideal. The overall policy
mix should be reviewed regularly and policies in uncovered sectors should deliver an equivalent
incentive to reduce emissions as the covered sectors face.
Even so, the Authority does not consider that its approach would impose a disproportionate burden
on covered sectors. Uncovered sectors already contribute to reducing Australia’s emissions. For
example, between 1990 and 2012, emissions from the land sector (an uncovered sector) fell by
85 per cent, while emissions from electricity (a covered sector) increased by 53 per cent (see
discussion in Chapter 6). Further, as discussed in Chapter 10, the level of the cap is not expected
to have a material effect on the level of the carbon price (the burden that matters to firms) because
of links to international carbon markets. As a result, the level of the cap would be unlikely to
materially affect the burden faced by the covered sectors. The most significant impact is, instead,
on government revenue—giving the government a good incentive over time to ensure that
appropriate policies apply to all sectors.

13.3 Estimating emissions outside the caps
To estimate emissions outside the caps, the Authority must consider:
•• carryover of emissions rights from the first commitment period of the Kyoto Protocol
•• fixed-price-period emissions for the whole economy
•• uncovered emissions during the flexible-price period, taking into account
–– emissions that do not face the carbon price
–– emissions that are subject to the equivalent carbon price
–– emissions associated with non-compliance and payment of the shortfall charge
•• voluntary action and other adjustments.
The Authority has used the economic modelling discussed in Chapter 10 and Appendix F to estimate
emissions. The medium scenario represents the best estimate of global and national economic
activity. It provides the best estimate of emissions to 2020 and has been used as the basis for
calculating caps. Other scenarios have been used to test whether the resulting caps are robust
across a range of possible future carbon market conditions.
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13.3.1 Carryover from the first commitment period
of the Kyoto Protocol
As outlined in Chapter 7, the Authority recommends carryover from the first commitment period of
the Kyoto Protocol be used to strengthen the 2020 target by 4 percentage points. The recommended
national emissions budget (2013–2020) is based on a 19 per cent target (15 per cent plus carryover).
For the purpose of setting caps, carryover is added to this budget. As a result, the recommended
caps are essentially the same as for a 15 per cent target.

13.3.2 Whole-of-economy emissions during the
fixed-price period
The Authority has estimated the whole-of-economy emissions that are likely to occur under
the three-year fixed-price period, since none of these emissions are covered by the caps. These
emissions are subtracted from the national emissions budget for 2013–2020 to determine the
emissions available for caps. Based on the modelling, the Authority estimates fixed-price emissions
to be 1,784 Mt CO2-e.

13.3.3 Uncovered emissions during the flexible-price
period
The Authority has estimated the emissions from sources not covered by the carbon pricing
mechanism. As set out in Table 13.1, some uncovered emissions do not face a carbon price at all;
others face the equivalent carbon price.
Emissions that do not face a carbon price

The Authority has made a best estimate of emissions from sectors that do not face a carbon price,
and then added estimated CFI credits and ‘below-threshold’ emissions.
•• The CFI is a carbon offset scheme. CFI projects reduce uncovered emissions, but allow for an
equivalent increase in covered emissions through the generation and use of ACCUs. To avoid
double-counting, the Authority needs to add the credited emissions reductions back to uncovered
emissions.
•• Facilities in sectors covered by the carbon pricing mechanism that emit less than the 25 kt CO2-e
threshold do not face a liability; these are referred to as ‘below-threshold’ emissions and fall
outside the caps. Below-threshold emissions are difficult to estimate because many of those
facilities are not required to report their emissions. The Authority has estimated below-threshold
emissions by comparing covered emissions from the national inventory with emissions that are
liable under the carbon pricing mechanism.
Emissions subject to an equivalent carbon price

Some liquid fuel use for the transport sector and synthetic GHGs are subject to the equivalent
carbon price. The Authority has made a best estimate of emissions from these sectors, deducting
estimated ‘opt-in’ emissions.
‘Opt-in’ arrangements allow large end-users of fuel to voluntarily take on direct liability under the
carbon pricing mechanism rather than face the equivalent carbon price. When entities choose to opt
in, their emissions move from outside to inside the caps. This, in turn, makes more of the national
emissions budget available for caps. Opting in during the fixed-price period allows liable entities to
pay a lower carbon price on average over the year (as they can defer payment of their carbon cost to
the end of the financial year rather than pay monthly). These benefits diminish in the flexible-price
period; however, companies that opt in still have greater flexibility to manage their carbon liability.
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The Authority considers that entities that have already opted in are likely to remain within the carbon
pricing mechanism. In the future, some additional entities might opt in, particularly very large fuel
users. The Authority has made a best estimate on this basis.
Emissions subject to non-compliance and the shortfall charge

The Authority has considered whether to make an allowance for non-compliance or payment of the
shortfall charge. These relate to emissions that should be covered by the cap but may not be. Under
the carbon pricing mechanism, liable entities are required to surrender an eligible unit, or pay the
shortfall charge, for every tonne they emit. If they choose to pay the shortfall charge or simply do not
comply, they would not surrender emission units and those emissions would be outside the cap.
The legislation creates strong incentives for liable entities to comply and surrender eligible units.
For example, the unit shortfall charge is double the benchmark average auction price for Australian
carbon units during the particular compliance year, making it unlikely that entities would choose
to pay the shortfall charge. Non-compliance is also unlikely as legal penalties apply and the rate of
compliance for similar legislation has been close to 100 per cent. As a result, most liable entities
would be likely to surrender emissions units. The Authority therefore assumes emissions associated
with non-compliance and payment of the unit shortfall charge are zero when recommending caps
to 2020. If future non-compliance rates proved to be material, caps could be adjusted over time to
account for this.
Calculating uncovered emissions

Considering all these factors, the Authority estimates uncovered emissions during the flexible-price
period to 2020 to be 1,385 Mt CO2-e.

13.3.4 Voluntary action and other adjustments
The Authority has considered:
•• accounting discrepancies between the carbon pricing mechanism, the CFI and the national
greenhouse gas inventory
•• voluntary action—accounting for GreenPower and the voluntary cancellation of renewable energy
certificates
•• government purchase of international units.
Accounting discrepancies—changes in global warming potentials

The emissions reporting system used for the carbon pricing mechanism and the CFI is currently
based on global warming potentials (GWPs) used to account for emissions in the first commitment
period of the Kyoto Protocol. The international community has agreed to update GWP values
for targets in the second commitment period; however, the accounting system used in the
carbon pricing mechanism and the CFI will not be revised until 2017–18. As a result, there will
not be a one‑for-one relationship between the existing legislated policy (that is, the carbon
pricing mechanism and the CFI) and the national emissions budget for the first two years of the
flexible‑price period.
The Authority has made its best estimate of this discrepancy and deducted 16 Mt CO2-e from the
budget.
Voluntary action—accounting for GreenPower and the voluntary
cancellation of renewable energy certificates

As outlined in Section 7.3.3, the Authority considers three types of voluntary action should be
recognised as additional to the national target—voluntary cancellation of domestic emissions units,
GreenPower purchases and the voluntary cancellation of renewable energy certificates (RECs)
created under the RET.
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Only GreenPower purchases and the voluntary cancellation of RECs need to be considered when
calculating caps. Voluntary cancellation of domestic units reduces caps directly; in contrast,
GreenPower purchases and the voluntary cancellation of RECs reduce emissions from electricity
generation, which is covered by the caps.
The Authority has made a best estimate of GreenPower purchases and voluntary REC cancellations
over the period, and deducted 16 Mt CO2-e from the budget.
Government purchase of international units

While the carbon pricing mechanism allows liable entities to buy and use certain international
units, the government could also purchase international units directly. The Authority recommends
government purchase under the proposed new policy arrangements to help meet the recommended
target (Chapter 12). This is not necessary under the carbon pricing mechanism as liable entities
would buy the units instead. The Authority has therefore assumed no government purchase in its
recommended caps.

13.4 Managing uncertainty in emissions estimates
All estimates in the previous section are based on projected future levels of emissions. Actual
emissions will inevitably be higher or lower than these estimates. If actual emissions are higher than
estimated, Australia’s emissions could exceed the national budget to 2020. If actual emissions are
lower, Australia would more than meet its budget to 2020, and the surplus units could be carried
over and used after 2020.
The Authority’s objective is to recommend caps to meet the 2020 budget, so its primary concern is
whether actual emissions would be higher than estimated. If there is a material risk that uncovered
emissions would be higher, the Authority could incorporate a buffer to guard against the risk. This
approach has some support among stakeholders.
In the past, national emissions projections have tended to be too high rather than too low. For
example, the Authority found that emissions projections for the first commitment period of the
Kyoto Protocol overestimated emissions from uncovered sectors by 13 per cent on average. Further,
future emissions drivers are reasonably well understood and represented in the models used. This
suggests uncovered emissions are unlikely to be higher than estimated in the Authority’s modelling.
Emissions trends could vary if policies affecting uncovered emissions change; however, the Authority
has made a best estimate based on existing legislative settings. If policies strengthened, this would
decrease emissions, and Australia would more than meet its emissions budget.
On balance, given the history of overestimation, the Authority considers there is no need to create an
emissions buffer under currently legislated policy.
Taking account of the adjustments in Section 13.3, from the total national emissions budget for the
period 2013–2020, 1,108 Mt CO2-e is available for caps to 2020.

13.5 Year-by-year shape of caps
After estimating the proportion of the 2020 budget available for caps, the Authority needs to
consider the year-by-year pathway or ‘shape’ of caps.
The Authority considers that, in general, the shape of caps should follow the slope of the trajectory
on a year-by-year basis (Figure 13.4). This is a straightforward and predictable approach that clearly
aligns caps with national emissions reduction goals.
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In some circumstances, it may be appropriate to change the shape of the caps. As stakeholders,
including the Australian Industry Group (Issues Paper submission, p. 6), noted, it may be appropriate
13 FIGURE
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•• insufficient to accommodate the free allocation and early auction of Australian carbon units
•• at a level that could affect the carbon price, due to limits on international units.
Note—Trajectory and budget is illustrative only, graph not to scale

13.5.1 Ensuring sufficient units are available for free
allocation and early auction

National emissions

To ensure consistency with the design of the carbon pricing mechanism, caps should be large
enough to accommodate the allocation of free carbon units under the Jobs and Competiveness
Program and the Energy Security Fund, and the scheduled early auction of carbon units. Where caps
based on the slope of the trajectory are not sufficient to cover these
allocations, the Authority would
Carryover
Trajectory
redistribute units across the period.
For the Authority’s recommended target, caps
that allowance
follow for
the
trajectory are likely to be sufficient
Emissions
caps
Fixed-priceto cover freeperiod
allocation
and
early
auction,
so
no
reshaping
is
required.
emissions
GWP adjustment

Uncovered emissions

Voluntary action adjustment
2012–13

2013–14

2014–15

2015–16

2016–17

2017–18

2018–19

2019–20
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13.5.2 Ensuring sufficient units are available to
minimise the impact on the carbon price
The Authority identified two potential ways in which caps could influence the level of the carbon
price, which could be addressed through shaping caps.
First, caps affect whether the 12.5 per cent sublimit on Kyoto units is binding. Kyoto units are
currently cheap and abundant, trading well below European prices. If liable entities are unsure
whether they need to use the full 12.5 per cent allowance, the carbon price in Australia could be
volatile, fluctuating between the Kyoto unit price and the European price. This could be avoided by
shaping caps to ensure the sublimit was binding in every year.
The Authority’s analysis indicates the Kyoto sublimit is likely to bind in all years under its
recommended target, so there is no need to reshape caps.
Second, caps affect whether the overall 50 per cent limit on international units is binding. This limit
applies until 2020. If domestic units are in short supply, and the 50 per cent limit becomes binding,
the price of domestic units would need to rise above the European price. Caps could be shaped
across the period to minimise the risk that the 50 per cent limit would bind in any year.
The Authority’s analysis indicates the 50 per cent import limit is not likely to bind in any year,
so there is no need to reshape caps.

13.6 Recommended caps
Taking into account the issues discussed in this chapter, caps are recommended for the five years
from 2015–16 to 2019–20. Table 13.2 outlines the 2020 budget that is available for caps under its
recommended target.

Table 13.2: Budget available for caps

National budget (2013–2020)
Carryover (from first Kyoto Protocol commitment period

4,193
+116

Fixed-price-period emissions (2013–2015)

–1,784

Uncovered emissions (2016–2020)

–1,385

Global Warming Potentials adjustment

–16

Voluntary action (GreenPower and voluntary cancellation of renewable energy certificates)

–16

Government purchase of international units
Available for caps

0
1,108

Note: All figures in Mt CO2-e. Totals may not sum due to rounding. Uncovered emissions include CFI estimates.
Source: Climate Change Authority, based on data from Treasury and DIICCSRTE 2013, Department of the Environment 2013, GreenPower 2013 and the
Clean Energy Regulator
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Recommendation
R.13	Carbon pollution caps for each of the first five years of the flexible-price
period under the carbon pricing mechanism of:
Year
2015–16

Cap (Mt CO2-e)
234

2016–17

228

2017–18

222

2018–19

215

2019–20
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The Authority is required to conduct public consultation for all of its reviews.

The Authority engaged with climate scientists, industry, government and non-government
organisations and the general public throughout the course of the Targets and Progress Review.
On 1 March 2013, the Authority held a Global Emissions Budgets Roundtable, which was attended
by climate experts and Authority members. A summary of the roundtable, as well as presentations
made by the experts who attended, is available on the Authority’s website.
On 23 April 2013, the Authority released an Issues Paper, which can be accessed on the Authority’s
website. The Authority made presentations on the Issues Paper at 19 forums around Australia hosted
by industry, environment and community organisations. About 70 submissions were received from a
wide range of stakeholders as part of the Issues Paper submissions process.
On 12 and 15 August 2013, the Authority hosted stakeholder roundtables on issues relating to the
electricity sector.
On 30 October 2013, the Authority released a Draft Report. Feedback was sought from stakeholders
on draft recommendations and other issues presented in the report. About 140 stakeholder
submissions were received from individuals and organisations, and approximately 12,500 additional
submissions were made as part of a GetUp! campaign. The Authority held four stakeholder
roundtables in Canberra, Melbourne and Sydney, and made presentations on the Draft Report at
seven stakeholder-hosted or public events. A public webinar was conducted on 13 November 2013.
In addition to specific consultation activities, the Authority conducted less formal consultation with
interested parties and government agencies. This included one-on-one meetings with interested
stakeholders and regular liaison and collaboration with Commonwealth Government agencies. The
Authority also consulted with state and territory government departments.
Public consultation was conducted by the Treasury and DIICCSRTE on the economic modelling
conducted to support this Review. Public comments on a range of key assumptions for the electricity,
fugitive, transport and agriculture sectors were invited between April and May 2013. DIICCSRTE
also held two consultation workshops with sectoral experts and received five public submissions on
assumptions.
Public submissions made over the course of the review can be accessed through the Authority’s
website. Stakeholders who made submissions to the Issues Paper and Draft Report are listed on the
following pages.
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List of submitters
ACT Government Environment Sustainable Development

ACT Greens

Act on Climate

AGL Energy Limited

Alan Pears

Ali Rayner

Alinta Energy

Animal Justice Party

Anthony Hudson

ANU Centre for Climate Law & Policy

Australian Petroleum Production and Exploration Association

Australian Aluminium Council

Australian Chamber of Commerce and Industry

Australian Conservation Foundation

Australian Energy Market Operator

Australian Industry Greenhouse Network

Australian Industry Group

Australian Petroleum Production and Exploration Association

Australian Religious Response to Climate Change

Australian Youth Climate Coalition

Baw Baw Sustainability Network

Bridget McIntosh

Business Council of Australia

C & L Evans

Capricorn Conservation Council

Caroline Le Couteur

Cement Industry Federation

Charlene Grainger

Chelsea Heights EarthCarers

Chris Bailey

Christopher Royal

Clean Energy Council

Climate Action Network Australia

Climate and Health Alliance

Climate Realists

Climate Sense

ClimateWorks Australia

Conservation Council of South Australia

Conservation Councils of Australia

Coronium

Craig Austin

Dandenong Ranges Renewable Energy Association

Danielle Georgette

Darebin Climate Action Now

Darebin Climate Action Now on behalf of community climate
action groups of Australia

Dave Pepper

David Arthur

David Eckstein

David Hamilton

David Margerison

David Rossiter

David Russell

David Strong

David Tranter

David White

Deanna Howland

Doctors for the Environment Australia

Dominic Eales

Don McArthur

Don Young

Dr Colleen Watts

Dr Ian McGregor

Dr Jeremy Moss

Dr John White

Eastern Alliance for Greenhouse Action

Eastern Melbourne Climate Action Group

Elsa Mardones

Energy Supply Association of Australia

EnergyAustralia

Evan Hunter
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List of submitters
Frank Jotzo

Friends of the Earth Australia

Gary Ellett

Gavan Mcdonell

GetUp!

GetUp! campaign submissions (over 12,500 submissions
received)

Gillian King

Giselle Wilkinson

Gold Coast and Hinterland Environment Council

Grattan Institute

Green Building Council of Australia

Gujji Muthuswamy

Harald Winkler

Healesville Environment Watch Inc. /C4

Hydro Tasmania

Iain Murchland

Ian Dunlop

Ian Enting

Ian Lowe

Institute of Chartered Accountants Australia

Investor Group on Climate Change

Jacqueline Fetchet

James Ness

James Wight

Jane Thompson

Jason Thomas

Jim Allen

Joe Hallenstein

Joel Dignam

John Gare

Julian Stirling

Kate Holmes

Kathryn Skelsey

Kim Peterson

Lachlan Fraser

Leslie Shirreffs

Lighter Footprints Climate Action Group

Logan and Albert Conservation Association

Mark Zanker

Marrickville Council

Matt Mushalik

Meg Sobey

Michael O’Flynn

Mike Wallis-Smith

Minerals Council of Australia

Monash Sustainability Institute

Mornington Peninsula Shire

Natalie Bragg

Nigel Fox

Nimbin Environment Centre

Noel Maud

North Queensland Conservation Council

Northern Alliance for Greenhouse Action

Optima Trade Pty Ltd

Origin Energy Limited

Oxfam Australia

Peggy Fisher

Phil Evans

Pranee Howland

Public Health Association of Australia

Quakers Australia

Queensland Conservation

Rathburnie State Nature Refuge

Rebecca Sharpe

Regnan Governance Research & Engagement Pty Ltd

Richard Begbie

Richard Gardiner

Richard Hayward

Rob & Jan Ridgwell

Robin Friday
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List of submitters
Roger M Gifford

Roland Riese

Ross Garnaut

Russell Warman

Samantha Cooper

Santos

Save the Planet

Shiny Things

Simon Holmes à Court

Simon Thompson

SolarShare

South East Councils Climate Change Alliance

Southern Cross Climate Coalition

Steve Tierney

Sustainable Business Australia

Sustainable Engineering Society

Sustainable Population Australia

Synengco Pty Ltd

The Climate Institute

The National Farmers’ Federation

Tiffany Harrison

Transition Newcastle

Uniting Church in Australia

Western Alliance for Greenhouse Action

William Crowe

William Menzies

William Plain

Wodonga Albury Towards Climate Health

Wrights for Action

WWF-Australia

Yarrow Andrew

Yasir Assam
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B1.1 UNFCCC
The United Nations Framework Convention on Climate Change entered into force in 1994. With
195 Parties, it has one of the most universal memberships of any international treaty. UNFCCC
achievements are set out in Box B.1 below.
The Kyoto Protocol to the UNFCCC was adopted in 1997. This established specific targets for
developed (Annex I) countries to reduce their greenhouse gas emissions. For most Annex I Parties,
these targets are expressed as a percentage reduction from a 1990 baseline over the period
2008–2012 (the ‘first commitment period’). As well as the Kyoto Protocol, countries (developed or
developing) can put forward 2020 pledges to reduce or limit emissions under the UNFCCC. Australia
has both a Kyoto Protocol target and a target pledge under the UNFCCC.

Box B.1: UNFCCC achievements

•• All countries have agreed in the UNFCCC to work together to prevent dangerous
climate change. A global goal has been agreed of holding the increase in average
global temperatures to below 2 degrees above pre-industrial levels. A review of this
goal in 2013–15 will consider if it should be strengthened to holding temperature
increases to 1.5 degrees.
•• There have been two commitment periods of the Kyoto Protocol, an instrument set
up under the UNFCCC to set emissions reduction targets for developed countries.
In parallel, 99 developing and developed countries have made pledges under the
UNFCCC to reduce or limit their emissions.
•• At the Conference of the Parties (COP) in Durban in 2011, Parties agreed to work
towards a new ‘protocol, another legal instrument or an agreed outcome with legal
force under the Convention’ (UNFCCC Dec 1/CP.17). This will be applicable to all
countries and is intended to be negotiated by 2015, with effect from 2020. The
details of the new agreement, including its legal form, what it will contain and how
it will differentiate between countries, remain to be negotiated.
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•• The UNFCCC has encouraged better data collection, reporting and transparency
of countries’ emissions. All countries have measurement, reporting and verification
requirements, and most are up to date with their reports. Annex I countries,
including Australia, have more stringent requirements than other countries. The
least developed countries receive financial and technical support to help them
meet their requirements and build their capacity.
•• The UNFCCC has created a global market for emissions offsets, the Clean
Development Mechanism (CDM). This began in 2006, has registered more than
1,650 projects and is anticipated to produce offsets amounting to more than
2.9 billion tonnes of CO2-e to the end of 2012 (UNFCCC 2013). Participation in the
CDM has allowed some countries to build their domestic capacity to take climate
action.
•• The UNFCCC has created a mechanism to reduce emissions from forestry activities
in developing countries. The REDD+ mechanism (Reducing Emissions from
Deforestation and Forest Degradation in Developing Countries) aims to address
the approximately 17 per cent of global emissions from forest activities (United
Nations 2009).
•• Through the UNFCCC, many developing countries have been given support for
their mitigation and adaptation activities. From 2010–12, developed countries
agreed to provide US$30 billion in ‘fast-start’ climate finance. Australia pledged
A$599 million as its share of this global effort and has delivered on this
commitment. There is also agreement to long-term financing for developing
countries’ climate actions, with Annex I countries collectively agreeing to
provide US$100 billion by 2020 from public and private sources in the context
of mitigation action from developing countries.

Ninety-nine countries have made pledges under the UNFCCC. Thirty-seven countries also have
targets under the second commitment period of the Kyoto Protocol from 2013–2020—Australia,
Belarus, all 28 EU members, Iceland, Liechtenstein, Monaco, Kazakhstan, Norway, Switzerland and
Ukraine. Australia’s Kyoto Protocol commitment is set out in Box B.2.
Russia, Japan and New Zealand did not take second commitment period targets, and the United
States did not take a target in either commitment period. Canada has formally withdrawn from
the Protocol. All Annex I countries, including those without targets under the second commitment
period of the Kyoto Protocol, have 2020 targets under the UNFCCC.
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Box B.2: Australia’s Kyoto Protocol commitment and
recommended 2020 goals

The Kyoto Protocol uses a budget approach to defining national commitments; these
are expressed as a percentage of 1990 emissions. Australia’s target for the first
commitment period was to limit its average annual emissions to 108 per cent of its
1990 emissions between 2008 and 2012. Australia’s average emissions were lower
than this target during the first commitment period, resulting in carryover.
Australia’s Kyoto target for the second commitment period is 99.5 per cent of its
1990 emissions on average between 2013 and 2020. This is consistent with the
minimum unconditional 5 per cent target for 2020, and corresponds to a budget of
4,619 Mt over the period 2013 to 2020.
The Authority’s recommended national emissions budget to 2020 defines a
cumulative emissions allowance of 4,193 Mt CO2-e for the eight years from 2013
to 2020.
If the Authority’s recommended national emissions budget to 2020 was put
forward as a new international commitment, it would be equivalent to a Kyoto target
of 90.3 per cent of its 1990 emissions on average between 2013 and 2020.

The central feature of UNFCCC negotiations in the next few years will be progress towards a new
global agreement on climate change, which is scheduled to be negotiated in 2015 and come into
force by 2020.

B1.2 UNFCCC market mechanisms
To help meet their targets, countries can use market-based mechanisms, including the CDM and
Joint Implementation (JI). The CDM allows emissions reduction projects in developing countries to
earn certified emission reduction (CER) credits, which can be used by countries to meet their targets.
JI is similar to the CDM but the credits are generated from countries with Kyoto Protocol targets.
For both market mechanisms, projects to reduce emissions are proposed by developers and then
reviewed independently by an international body. If the project is approved, credits are granted equal
to the amount of emissions avoided due to the project compared to a business-as-usual baseline.
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B1.3 Other international climate initiatives
There is a range of cooperative international climate initiatives underway outside of the UNFCCC.
These allow countries to exchange practical ideas about reducing emissions and include:
•• research and development into low-emissions technologies, such as carbon capture and storage,
renewable energy and approaches to reduce emissions from agriculture
•• commitments to reduce or phase out fossil fuel subsidies including under the G20
•• linking of emissions trading schemes, such as those of the EU and Norway, and proposed links
between California and Quebec, and Switzerland and the EU
•• bilateral and regional agreements targeting particular areas of climate change policy; for example,
short-lived gases such as methane and hydrofluorocarbons through the Climate and Clean Air
Coalition, and carbon markets through the World Bank Partnership for Market Readiness.
Other international initiatives that address climate change include the Montreal Protocol on
Substances that Deplete the Ozone Layer (the Montreal Protocol), which was designed to ‘phase
out’ a range of gases to protect the ozone layer by destroying them safely and replacing them with
substitutes. Many of the gases covered by the Montreal Protocol drive global warming as well as
damaging the ozone layer, so the phase-out has had a significant positive impact on climate change.
The Montreal Protocol has been one of the most successful international initiatives to reduce
greenhouse gas emissions.
Emissions from international aviation and maritime activities are currently not counted towards
individual country emissions or targets under the UNFCCC. Both have nearly doubled in the last
10 years. Discussions to reduce emissions from these sectors occur in the International Maritime
Organization and the International Civil Aviation Organization.
Examples of different activities, complementary to the UNFCCC, are set out in Table B.1. Australia
is part of all of these initiatives.

Table B.1: International initiatives for climate change
Organisation

Started

Number of 
members

Activities

International
Civil Aviation
Organization

1944

191 member
states

A specialised United Nations agency, which regulates air
transport, potentially including emissions from international
air transport.

International
Maritime
Organization

1948

177 member
states

A specialised United Nations agency, which regulates
international maritime transport, including setting maritime
pollution standards.

Montreal Protocol
on Substances that
Deplete the Ozone
Layer

1987

196 member
states

An international treaty to protect the ozone layer by phasing
out ‘ozone-depleting substances’, many of which also cause
climate change. There are also ongoing negotiations to cover
further greenhouse gases (hydrofluorocarbons) under this
treaty.

Global Methane
Initiative

2004

41 partner states
and private sector
partners

An international public–private initiative to promote methane
reduction, and recovery and use of methane as a clean energy
source in agriculture, coal mines, municipal solid waste, oil
and gas systems, and wastewater.
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Organisation

Started

Number of 
members

Activities

C40 Cities Climate
Leadership Group

2005

58 affiliated cities,
including Sydney
and Melbourne

An international group focused on sharing knowledge and
technical expertise between cities. It promotes climate best
practices in areas such as waste management, emissions
accounting and procurement policy.

Group of 20 (G20)

2008

19 countries
and the EU, plus
invitees

The G20 is focused on dialogue on financial and economic
issues, but discussed climate change in advance of the 2009
COP, and could do so again in the lead-up to the UNFCCC
new agreement.

Major Economies
Forum on Energy
and Climate

2009

17 countries, all
large emitters

Forum promotes candid dialogue among major developed and
developing economies to support the UNFCCC negotiations,
explore initiatives and joint ventures to lower emissions,
including building energy efficiency.

Global Green
Growth Institute

2010

18 founding
members

An initiative led by the Republic of Korea to promote green
growth in developing countries, including by improving
national economic planning to better incorporate
environmental and climate objectives.

Climate and Clean
Air Coalition

2012

33 countries plus
36 non-state
Partners including
the World
Bank and the
United Nations
Environment
Programme

Scaling up rapid action to reduce ‘short-lived climate
pollutants’—substances such as soot, methane and some
refrigerants (hydrofluorocarbons). The Coalition focuses its
efforts across a range of sectors including the global oil and
gas industry, waste sectors, heavy-duty diesel vehicles and
engines, and brick production.

The World Bank
Partnership for
Market Readiness

2012

29 developed
and developing
countries

Builds countries’ capacity to develop domestic carbon market
instruments including carbon taxes and emissions trading.
Supports countries through technical workshops, policy
dialogues and virtual knowledge platforms on essentials such
as data management, measurement, reporting and verification
systems, and policy and regulatory frameworks, as well as
financial support.
Helps countries create effective enabling environments for
private sector action on climate change.

Sources: All information sourced from each initiative’s website

Appendix b2
Countries’ climate action—targets and policies
Countries’ climate targets and policies are mutually reinforcing—targets can encourage policy
development, and confidence in implemented policies can encourage a country to set higher targets.
To achieve their goals, countries are implementing a range of climate change measures. These
policies include carbon pricing, energy supply and energy demand measures, vehicle standards and
action to address land-based emissions. Table B.2 shows an illustrative sample of climate measures
in different categories for key countries.
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Table B.2: Sample climate change policies and measures in key countries
Policies and measures
Country

Carbon pricing
(tax, emissions
trading scheme)

Energy supply

Energy demand

Mandatory vehicle
standards

Australia

Carbon pricing
mechanism (under
current legislation)

Renewable energy
target

Appliance and
building standards

State-based feed-in
tariffs for renewable
energy

State-based energy
efficiency schemes

None. Has effective Carbon Farming
carbon pricing
Initiative
through differences
in fuel tax credits for
some transport

Pilot emissions
trading schemes
planned for seven
provinces and cities.
The first five began
in 2013.

Renewable energy
target

Appliance and
building standards

Vehicle fuel
efficiency standards

Feed-in tariff
support for solar,
wind and biomass
power

Energy efficiency
target

Vehicle emissions
standards planned

Plans to design a
national emissions
trading scheme or
carbon tax

Closure of
inefficient small and
medium-sized coal
plants and industrial
facilities

Sub-national
emissions trading
schemes in
California and
nine north-eastern
states (the Regional
Greenhouse Gas
Initiative); planned
in Washington and
Oregon

Sub-national
renewable energy
targets

Emissions trading
scheme

Renewable energy
target and support
for cogeneration—
jointly generating
heat and power

China

United
States

European
Union
(28
member
states)

Financial incentives
supporting
renewable energy

Small coal tax of
about A$0.80 per
tonne

Appliance and
building standards

Vehicle fuel
efficiency standards

Industrial energy
efficiency
assessments

Vehicle emissions
standards

Appliance and
building standards

Vehicle emissions
standards

Energy efficiency
target

Renewable
fuel production
incentives

Proposed national
regulations limiting
emissions from
fossil fuel power
plants

Energy efficiency
trading scheme for
power sector

Renewable energy
targets

National reforestation
efforts to meet forest
coverage target

Industrial energy
efficiency retrofits

Support for voluntary
action to reduce
emissions and increase
carbon sequestration

Renewable
fuel production
incentives

Feed-in tariffs for
renewable energy
India

Land-based activities,
including agriculture
and forests

EU strategy to improve
soil management,
including as a carbon
sink
Land-sector
management
Landfill emissions
control

Energy efficiency
trading scheme for
power sector

Vehicle fuel
efficiency standards
Vehicle emissions
standards pending

Energy efficiency
initiatives for
agricultural sector
include providing
subsidised pumps
Increasing forestry
stock identified as one
of 12 major objectives
of India’s low-carbon
strategies under its Five
Year Plan
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Policies and measures
Country

Carbon pricing
(tax, emissions
trading scheme)

Energy supply

Energy demand

Mandatory vehicle
standards

Land-based activities,
including agriculture
and forests

Japan

Carbon tax on
fossil fuels

Renewable energy
target

Vehicle fuel
efficiency standards

Sub-national
emissions trading
schemes in Tokyo
and Saitama;
voluntary federal
scheme

Feed-in tariffs for
renewable energy

Energy efficiency
standards and
measures in
residential,
commercial and
building sectors

Covered under Japan’s
domestic offsets
scheme

Considering
Renewable energy
market-based
target
mechanisms for
emissions reduction
in selected sectors

Tax exemptions for
energy-efficient
technologies

Vehicle emissions
standards

Measures to reduce
forest deforestation
and degradation
through regulations and
market-based offsets

Sub-national
cap-and-trade in
Quebec

Appliance and
building standards

Vehicle emissions
and standards and
efficiency programs

Sub-national offset
mechanism in Alberta
and Quebec

Indonesia

Canada

Sub-national taxes
and duties on fossil
fuels

Standards for
coal-fired electricity
generation from
2015
Renewable energy
incentives

Tax incentives for
purchase of lower
emission vehicles

Energy intensity
target

Industry energy
efficiency incentives Renewable
fuel production
incentives

Remote renewable
energy generation
incentives
Republic of Emissions trading
Korea
scheme to start in
2015
South
Africa

Carbon tax to start
in 2015

Renewable energy
target

Appliance and
building standards

Vehicle fuel
efficiency and
carbon emission
standards

Renewable energy
target

Energy efficiency
demand-side
management
programs for
residential,
commercial and
buildings

Vehicle emissions
standards

Tax incentives and
feed-in tariffs for
renewables

Focus on adaptation in
agriculture

Greenhouse gas
emission tax for
new vehicles

Tax incentive for
energy efficiency
New
Zealand

Norway

Emissions trading
scheme

Stationary energy
covered under
the New Zealand
emissions trading
scheme

Appliance and
building standards

Part of EU emissions Renewable energy
trading system
target

Appliance and
building standards

Broad-based
Support for
domestic carbon tax cogeneration

Energy efficiency
target

Commercial and
residential energy
efficiency schemes

None. Liquid fuels
covered under
the New Zealand
emissions trading
scheme

Sustainable Land
Management and
Climate Work
Program covers land
management sectors

Renewable
fuel production
incentives
Vehicle emissions
standards

Note: Table is not comprehensive. The existence of a policy or measure does not reveal its effect on emissions; the same types of policies have varying
degrees of ambition and effectiveness across countries. Germany and the UK are covered by all EU policies and measures and also have additional
nation-specific policies.
Sources: All information sourced from countries’ National Communications to the UNFCCC; submissions to Partnership for Market Readiness; national
government websites; Globe International 2012; IEA 2013; REN21 2013; World Bank 2013
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Each of these policies drives emissions reductions, but the cost per tonne of abatement varies
widely. The Organisation for Economic Co-operation and Development (OECD 2013) has estimated
the net cost to society of a broad range of policy instruments to help assess their relative costeffectiveness. The study examines policies in five sectors (electricity generation, road transport, pulp
and paper, cement and household energy use) across 15 countries including Australia. It finds wide
variations in the ‘effective carbon price’ (the cost to society for each tonne of emissions abated),
both across sectors and across countries. Costs range from less than zero to about $1,200 per tonne
in the electricity sector, with an even wider variation in other sectors depending on the type of policy
used. The study includes measures that were implemented for non-climate reasons, for instance
programs to reduce energy bills in low income households.
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Assessment of government’s target conditions
Table B.3: Assessment of government’s target conditions
Reduce emissions beyond 5 per cent relative to 2000 levels
The government will not increase Australia’s emissions reduction target above 5 per cent until:
Condition

Circumstances

Authority’s
assessment

The level of global ambition becomes
sufficiently clear, including both the
specific targets of advanced economies,
and the verifiable emissions reduction
actions of China and India

Since the conditions were set, the level of global ambition has
become significantly clearer—99 countries, covering 80 per cent
of global emissions, have pledged to reduce or limit their
emissions before 2020. Countries have also provided further
information clarifying their pledges and the potential emissions
reductions outcome.

Condition met

All Annex I Parties have committed to specific targets under the
UNFCCC or Kyoto Protocol.
Many developing countries, including China and India, have
pledged 2020 emissions reductions targets or actions under
the UNFCCC. They have also agreed to increased measurement,
reporting and verification of their emissions and their pledged
action through biennial update reports, including national
inventories.
Details of pledges can be found at www.unfccc.int.
The credibility of those commitments
and actions is established, for example,
by way of a robust global agreement
or commitments to verifiable domestic
action on the part of the major emitters
including the United States, India and
China

In a series of UNFCCC decisions, countries have agreed to
Condition met
a robust international method for measuring, reporting and
verifying emissions, and progress towards pledged targets and
actions through biennial reports. This supports the credibility of
all countries’ commitments and domestic actions. The United
States, India and China have all agreed to these rules—the United
States released the draft of its first biennial report detailing its
emissions and actions to reduce them on 27 September 2013;
China and India’s first biennial update report is due December
2014.
There is clear evidence, as outlined in this report, of domestic
action on climate change in support of targets, including in major
emitting economies (see Chapter 4).

There is clarity on the assumptions for
emissions accounting and access to
markets

The Authority’s understanding is that this condition was aimed
at ensuring Australia was clear on the underlying rules before it
committed to a target.
Under the second commitment period of the Kyoto Protocol,
there is a clear framework for accounting for Australia’s target
and clear access to Kyoto market units.
Australia recently set out the underlying accounting assumptions
for its UNFCCC 2020 emissions reduction commitment in its
2013 National Communication and Biennial Report.

Condition met
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Reduce emissions by 15 per cent relative to 2000 levels
International agreement where major developing countries commit to restrain emissions substantially and advanced economies take on
commitments comparable to Australia’s. In practice, this implies:
Condition

Circumstances

Authority’s
assessment

Global action on track to stabilisation
between 510 and 540 ppm CO2-e

Many studies (Project Catalyst 2010 and a range of studies
pending publication) estimate the current 2020 pledges are on
track to stabilisation at around 550 ppm CO2-e; however, given
the uncertainties surrounding these estimates, stabilisation at
510–540 ppm cannot be ruled out, depending on the level of
post-2020 action.

Condition partially
met

Advanced economy reductions in
aggregate in the range of 15–25 per cent
below 1990 levels by 2020

Most aggregates of Annex I Party pledges suggest they fall
partially within this range. For example, den Elzen et al. (2012)
estimates aggregate Annex I Party pledges to be in the range
of 12–18 per cent below 1990 levels by 2020. Uncertainties
surrounding these estimates could pull them up or down.

Condition partially
met

Substantive measurable, reportable and
verifiable commitments and actions
by major developing economies in
the context of a strong international
financing and technology cooperation
framework, but which may not deliver
significant emission reductions until
after 2020

All major developing economies have pledged targets and
actions under the UNFCCC.

Condition met

Progress towards inclusion of forests
(reduced emissions from deforestation
and forest degradation) and the land
sector, deeper and broader carbon
markets, and low carbon development
pathways

There has been significant progress towards developing a
framework for reducing deforestation and forest degradation
in developing countries, both in the UNFCCC and through
bilateral pilot programs. In addition, the Kyoto Protocol second
commitment period also sets rules that cover emissions from
land-based activities more comprehensively than the first
commitment period.

As discussed above, these pledges are backed by the new
measurement, reporting and verification framework, which
requires countries to submit biennial reports detailing their
emissions and progress towards their pledge.
Since 2009, significant progress has been made on financing
and technology cooperation, including a collective commitment
by developed countries to provide new and additional resources
approaching US$30 billion over 2010–12 and a long-term
commitment by developed countries to mobilise jointly
US$100 billion per year by 2020 to address the needs of
developing countries.

Since 2009, many countries have implemented carbon markets
and many more have plans to do so (GLOBE 2013).
All countries agreed in the Cancún Agreements to establish
low-carbon development strategies.

Condition met
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Reduce emissions by 25 per cent relative to 2000 levels (up to 5 percentage points 
through government purchase)
Comprehensive global action capable of stabilising CO2-e concentration at 450 ppm CO2-e or lower. This requires a clear pathway to
achieving an early global peak in total emissions, with major developing economies slowing the growth and then reducing their emissions,
advanced economies taking on reductions and commitments comparable to Australia’s, and access to the full range of international
abatement opportunities through a broad and functioning international market in carbon credits. This would involve:
Condition

Circumstances

Authority’s
assessment

Comprehensive coverage of gases,
sources and sectors with inclusion
of forests (reduced emissions from
deforestation and forest degradation)
and the land sector (including soil
carbon initiatives (for example, biochar)
if scientifically demonstrated) in the
agreement

All Annex I Parties targets comprehensively cover gases, sources
and sectors. Non-Annex I Party pledges vary in their coverage of
gases, sources and sectors.

Condition partially
met

The Kyoto Protocol second commitment period comprehensively
covers greenhouse gases (not covered by the Montreal Protocol),
sources and sectors. The second commitment period of the
Kyoto Protocol allows countries to elect grazing land, which
would include removals from soil carbon initiatives (Australia has
chosen to elect grazing land for its second commitment period
target).
As discussed above, significant progress towards developing a
framework for reducing deforestation and forest degradation in
developing countries.

Clear global trajectory, where the sum
of all economies’ commitments is
consistent with 450 ppm CO2-e or lower
and with a nominated early deadline
year for peak global emissions not later
than 2020

As discussed above, most studies estimate the pledges
aggregate to a stabilisation of around 550 ppm CO2-e. These
studies generally show that, while a 450 ppm stabilisation is still
technically feasible, it would require extensive use of negative
emissions technology post-2020.

Advanced economy reductions, in
aggregate, of at least 25 per cent below
1990 levels by 2020

As discussed above, den Elzen et al. (2012) considered Annex I
Party reductions to aggregate around 12–18 per cent levels. Even
accounting for uncertainties that could pull this estimate up, it is
unlikely to aggregate to ‘at least 25 per cent’.

Condition not met

Major developing economy
commitments to slow growth and to
then reduce their absolute level of
emissions over time, with collective
reduction of at least 20 per cent
below business as usual by 2020
and a nomination of peaking year for
individual major developing economies

Recent analysis suggests that aggregate major developing
economy commitments are currently around 13–16 per cent
below business-as-usual by 2020 (den Elzen et al. 2013).

Condition not met

Global action which mobilises greater
financial resources, including from major
developing economies, and results in
fully functioning global carbon markets

As discussed above, significant work has been done to mobilise
greater financial resources; however, the role of major developing
economies is unclear.

Condition not yet
met

There is no agreed global peaking date.

Most individual major developing economies have not yet
nominated peaking years (South Africa has and many others are
actively considering one).

Condition not yet
met

While a wide range of markets has been established in the last
few years (GLOBE 2013), they are still developing, and domestic
and regional markets are not yet fully linked.

Note: The government has defined ‘advanced economies’ as ‘Annex I Parties to the UNFCCC and at least some other high-middle income economies’.
The Authority has used Annex I Parties as a proxy for ‘advanced economies’ in its analysis. Annex I Parties are: Australia, Austria, Belarus, Bulgaria,
Canada, Croatia, Czech Republic, Denmark, European Economic Community, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland,
Italy, Japan, Latvia, Liechtenstein, Lithuania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation,
Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, Ukraine, United Kingdom of Great Britain and Northern Ireland, and United States of America.
The government has defined ‘major developing economies’ as ‘non- members of the Major Economies Forum’. These countries are Brazil, China, India,
Indonesia, Republic of Korea, Mexico and South Africa.
Source: Climate Change Authority
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Appendix B4
Comparing 2020 targets
B4.1 Data and assumptions
How Australia’s 2020 targets compare with that of other countries is an important question. This
appendix considers some of the assumptions and limitations involved in comparing Australia’s
targets to those of other countries that underpin the analysis in Chapter 4.
In choosing data and a method to compare emissions targets, considerations include:
•• limitations on comparing targets expressed in different ways
•• assumptions around the ‘base year’ or defined common reference year for targets.
The four measures used in Chapter 4 provide guidance on the relative ambition of countries’ targets;
however, these are neither comprehensive nor conclusive, either singularly or together. Many factors
influence how ambitious a target is, including the level of development, population growth, access to
technology, and industrial base and natural resource endowments.
Each measure requires different data and assumptions to be made, and different assumptions will
alter the results. Table B.4 provides a summary. The absolute change requires data on historical
emissions. Per person emissions require data on historical emissions and also assumptions on
population growth. Emissions intensity requires data on historical GDP and assumptions on future
GDP. Business-as-usual (BAU) is the most complex and requires a range of assumptions, many of
which are contestable.

Table B.4: Assumptions required for comparing countries’ emissions targets
Form of target

Absolute emissions target

Emissions 
intensity
target

Target
relative 
to BAU

Absolute change in
emissions

(No assumptions needed, as target framed in this
metric—only conversion to common base year
necessary)

Assume GDP
growth rate

Assume BAU
emissions trajectory

Change in per capita
emissions

Assume population growth rate, apply to absolute change in emissions

Change in emissions
intensity

Assume GDP growth rate

(No assumptions
needed, as target
framed in this
metric)

Assume BAU
emissions trajectory
and GDP growth
rate

Reduction in emissions
relative to BAU

Assume BAU emissions trajectory

Assume BAU
emissions trajectory
and GDP growth
rate

(No assumptions
needed, as target
framed in this
metric)

Metric for comparison

Source: Adapted from Jotzo 2010
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The Authority has used high-quality and consistent information for as many as countries as possible.
Comparisons are limited by the difficulties of finding accurate and comprehensive data for all
countries.
Australian data is generally sourced from Commonwealth Government sources, including the
Department of the Environment and Treasury. The Authority has used data from a range of sources
for other countries. For example, emissions are from the United Nations emissions inventory
database (for Annex I Parties) and the Climate Analysis Indicators Tool (CAIT) database (for other
countries). The potential risk of using multiple sources is minimised by using data from credible
sources that cover most of the countries.

B4.2 Choice of base year
The Authority has chosen 2005 as a base year for the analysis in Chapter 4. Different countries
express their targets against different base years. Australia generally uses 2000 levels; 1990 is used
by many of the European countries; while China, India and the United States use 2005.
Depending on their circumstances, the perceived strength of different countries’ targets will look
different depending on the base year. Base years affect the weight given to past effort versus future
effort. Earlier base years capture changes that have occurred in the past. This might be emissions
growth (for example, due to rapid economic growth) or contraction (possibly due to economic
collapse or climate change policies). Taking these factors into account may be particularly justified
for countries that, like Australia, have taken on previous commitments from 1990, as they have
already accepted the need for action from this point. On the other hand, later base years give a better
indication of the future level of effort necessary to achieve the target.

Electricity generation
Road transport
2010 EUR per tonne CO2 abated

200

Pulp & paper
Cement

220

Households
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100 Comparing Australia’s target range with that
B4.3
of other key countries

Each of the four measures the Authority uses to compare countries’ targets in the Targets and
50
Progress Review provides a different way of comparing Australia’s efforts to others.
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Changes in absolute emissions show the variation in total emissions levels in a country over time
(see Figure
B.1). Most developed countries have absolute emissions reduction targets under the
0
UNFCCC. Developing countries’ targets may include short-term growth in absolute emissions to
allow the country to develop and improve living standards.
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An Australian 5 per cent target is not as strong as the targets of New Zealand, Norway, the United
States and Canada. A 15 per cent target for Australia implies stronger reductions than the United
States and Canada. While a 25 per cent target is at the stronger end of the countries compared, it
is not as strong as the targets of New Zealand and Norway.

APPENDIX
FIGURE B.2 2020
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5.1)relative to 2005 levels
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B.1: B
Countries’
targets
150
2020 Australian targets
-5

Per cent change

120

-15

International targets
2020 stronger target

-25

2020 minimum target

30

0

-30

a
In

Ch
i

di

na

n
pa

of

Ja

Ko
re
a

ca
h
Re
p

ub
l

ic

ut
So

Un

ite

d

St

Af
ri

at
es

da
Ca

na

m

Un

N

ite

d

Ki

ng
do

(2
7)
EU

an
y
rm
Ge

lia
tra
Au
s

or
N

In

ew

w
ay

sia
ne
do

Ze
a

la

nd

-60

Note: To allow comparison across all countries, all emissions estimates use assessment report (AR2) methodology. The EU results do not include
Croatia; however, this is unlikely to change the results given the relatively small size of its economy and emissions.
Sources for figures B.1–B.4 and Figure 4.3 in Chapter 4: Historical greenhouse gas emissions—Australia: Treasury and DIICCSRTE 2013; Annex I
Parties: UNFCCC 2013; remaining countries: WRI 2013. This analysis uses WRI CAIT version 7. This differs from elsewhere in the report because of
uncertainties over the accuracy of land use change data and because CAIT 2.0 does not include the full set of anthropogenic activities related to land
use change emissions. The version 7 has been previously used in similar analysis and so allows for greater confidence in the land use change data.
APPENDIX
FIGURE
B.3estimated
(FORMERLY
GDP:
IMF 2013; EUB
(27)
GDP for 2020
by CCA from5.2)
OECD 2013b. Population: Treasury and DIICCSRTE 2013 (Australia); United Nations
2013 (other countries). Projected BAU 2020 emissions: Treasury and DIICCSRTE 2013 where available (EU projection is for EU (25)), otherwise
national
projections.
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Emissions intensity reflects the ratio of economy-wide greenhouse gas emissions per unit of
GDP
-30(see Figure B.2). Reductions in emissions intensity demonstrate a country’s intended rate of
economic decarbonisation. China and India have framed their UNFCCC targets as reductions in
emissions intensity.
-60
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Australia currently has a relatively high emissions intensity compared with other countries, even
other developed countries with high levels of fossil fuel production and use, such as the United
States and Canada.
All of Australia’s targets would result in 2020 emissions intensity levels that are more intensive
than most developed countries, including the EU, US and Japanese targets.
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Figure B.2: Emissions intensity of countries, 2005 levels and 2020 targets
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Changes
relative to BAU emissions levels give a comparative measure of the effect of targets on
-60
emissions and the effectiveness of climate change policies (see Figure B.3). Many developing countries,
including South Africa and Indonesia, have 2020 targets as reductions from BAU projections.
Projecting BAU emissions is difficult, and different definitions or assumptions can lead to
substantially different estimates. The uncertainty is much higher for developing countries, which are
often in the process of building large-scale infrastructure to lift their populations out of poverty. The
way such infrastructure is built can have a significant impact on a country’s future emissions levels.
Previous work considering targets against BAU scenarios has attempted to grapple with the difficulty
FIGURE
B.3 (FORMERLY
5.2)2011). Jotzo notes the International Energy Agency
ofAPPENDIX
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Jotzo 2010
and Pew Center
and Energy Information Administration reflect the continuation of existing policies into the future
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The Treasury
and DIICCSRTE 2013 modelling is used for figures B.1–B.4 and Figure 4.3 in Chapter 4
1,500
to compare countries’ 2020 targets with their projected BAU levels as estimated from the GTEM
reference case. The no price scenario from the Monash Multi-Regional Forecasting model (MMRF) is
used for
Australia. This allows for greater comparability, as each country’s BAU projections are based
1,000
on the same set of assumptions. The Authority’s analysis on this metric is limited to only those
countries included in the modelling, which means a smaller set of countries than used in the rest of
the comparison
analysis.
500
The Republic of Korea’s national BAU projections are used to estimate its 2020 target because it is
not separately identified in the modelling and it has a target relative to BAU.
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In some cases, differences in national BAU projections can arise from countries estimating higher
BAU levels than the estimates of external sources. This would then help to make it easier for the
country to meet its target. Den Elzen et al. (2013) show that most national BAU projections of
developing countries are higher than those estimated by external sources.

An Australian 25 per cent target is estimated to be the strongest reduction from BAU of all the
countries compared. An Australian 15 per cent target remains one of the strongest targets of the
countries compared. The Australian 5 per cent target is estimated to be not as strong as the targets
of South Africa, the US and Indonesia, and stronger than Canada and the EU’s minimum targets.

Figure B.3: Percentage change in emissions under countries’ targets
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Note: The Republic of Korea is not included in Figure B.3 as it is not part of Treasury and DIICCSRTE 2013 modelling. It has a target of 30 per cent
below its BAU, which is close to Australia’s 15 per cent target.
Source: See Figure B.1
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Per person reductions remove population growth as a variable and provide links to the contraction
and convergence and equity discussions in Chapter 8 (see Figure B.4).
Australia has the highest per person emissions in 2005 of the key countries compared.
Australian 5 and 15 per cent targets would see it continue to have the highest per person emissions
of the group in 2020. An Australian 25 per cent target means it would have the second-highest
emissions per person in 2020 after Canada.
APPENDIX B FIGURE B.5 (FORMERLY 5.4)
Figure B.4: Per person emissions of countries, 2005 levels and 2020 targets
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C

sharing the global
emissions budget

This appendix sets out the approaches to sharing a global emissions budget and complements the
discussion in Chapter 8.

Appendix C1
Approaches to sharing a global emissions budget
There are two broad approaches to sharing emissions reduction efforts:
•• sharing the global emissions budget—‘resource-sharing’
•• sharing the emissions reductions required to meet that budget—‘effort-sharing’ (Figure C.1).
In some ways, the two approaches are similar—sharing the remaining budget implicitly sets a
mitigation task and vice versa. From a practical perspective, resource-sharing approaches are more
straightforward, as they require only an estimate of the global emissions budget and equitable
principles. In contrast, effort-sharing also requires an estimate of global emissions in the absence of
climate change action; that is, a BAU trajectory. As more countries take more action, this trajectory
becomes increasingly abstract and difficult to estimate.
APPENDIX C FIGURE C.1 (FORMERLY 9.1)
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Figure C.1: Resource-sharing versus effort-sharing
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While almost all of the approaches are conceptually based on the emissions rights of individuals,
none would allocate rights directly to individual Australians. Rather, these approaches allocate
budgets by starting with principles based on individuals, then aggregating to the national level.
The Authority’s recommended emissions reduction goals for Australia, including the budget to 2050,
are ‘net’ goals. That is, they reflect Australia’s contribution to global emissions reduction efforts, not
a fixed limit on Australia’s domestic emissions. To the extent that domestic emissions exceed the
budget, they must be offset by genuine emissions reductions purchased from overseas.

C1.1 Resource-sharing approaches based on emissions
rights per person
The Authority examined four resource-sharing approaches based on equal emissions rights per
person in detail. Three involve a gradual move to equal rights per person and the fourth involves
immediate equality.

C1.1.1 Contraction and convergence
Under contraction and convergence, emissions per person contract over time in countries above the
global average, and rise over time in countries below the global average, reaching a ‘convergence
level’ of equal per person rights in a specified future year. The convergence year is a key variable
in this approach. A shorter convergence period results in smaller budgets for countries that, like
Australia, start with above average per person emissions.
The Authority has used 2050 as its preferred convergence year when analysing these approaches,
balancing the feasibility of the transition with the goal of equalising per person emissions rights.

C1.1.2 Modified contraction and convergence
This approach was proposed by Professor Garnaut in his 2008 Review. It involves two main
modifications to simple contraction and convergence:
•• fast-growing developing countries are allowed additional growth in their per person emissions
rights for a transitional period
•• developed countries’ rights contract more quickly to provide this headroom (Garnaut 2008,
pp. 206–7).
Specifically, it allows developing countries’ allocations to grow at half their economic (GDP) growth
rate, if that is greater than the growth rate of their allocated emissions under the simple contraction
and convergence approach.
Professor Garnaut proposed modified contraction and convergence because some rapidly growing
developing countries are already close to the global per person average for greenhouse gas
emissions. Under simple contraction and convergence, they would have to either halt growth in
their per person emissions very soon or purchase large volumes of emissions reductions from other
countries. Garnaut argued that, for these nations, the first is difficult and the second inequitable. The
modified approach provides some ‘headroom’ to allow high-emitting developing countries to make a
more gradual adjustment. All countries converge to equal per person rights by 2050.
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C1.1.3 Common but differentiated convergence
Under this variant of contraction and convergence, developing countries are provided headroom
through delayed reductions rather than larger allocations. Countries’ per person emissions rights
begin to fall once they reach a specified threshold of the (time-varying) global average, then move
linearly to the convergence level. Regardless of when countries and allocations begin to fall, they
have the same amount of time to reach the convergence level.
The threshold level of emissions and the amount of time to reach the convergence level are policy
choices that depend on the global emissions budget. For budgets aimed at limiting temperature
increases to below 2 degrees, this approach provides no headroom for some higher emitting
developing countries (Höhne and Moltmann 2009, p. 25).

C1.1.4 Immediate convergence
Contraction and convergence equalises per person emissions rights at a point in the future.
Immediate convergence—also referred to as an equal cumulative per person emissions approach—
equalises per person rights straight away. The Authority has calculated indicative budgets using this
approach, adjusting for changes in countries’ share of the global population over time so that each
person alive in a given year has an equal share of that year’s available emissions.
Some proposals for immediate convergence do not adjust for population changes over time (see,
for example, German Advisory Council on Global Change 2009). Instead, they allocate each nation
a share of the global emissions budget based on its share of global population in a single ‘reference
year’. These variants do not really give effect to the principle of equal emissions rights per person,
so the Authority has not considered them in detail. Other proposals include historical emissions in
the calculations; for example, Jayaraman, Kanitkar and D’Souza (2011) incorporate emissions from
1970. Under this approach, Australia’s 2000–2050 emissions budget is negative—Australia’s past
emissions have already more than exhausted its entitlements, and the right to all ongoing emissions
would have to be purchased from countries with positive entitlements. The Authority’s view is that
distant past emissions should not be included as these occurred when their harmful effects could not
be foreseen.
Figure C.2 provides a stylised comparison of these four resource-sharing approaches. It shows how
contraction and convergence, and common but differentiated convergence are based on per person
emissions levels only, while modified contraction and convergence takes levels of development
directly into account. Immediate convergence requires instant equality for all countries regardless
of their characteristics.

Resource-sharing

Time

Historical global emissions
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Figure C.2: Comparison of approaches with equal per person emissions
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Figure C.3 illustrates the implications of the four resource-sharing approaches for Australia’s longterm national emissions budget. These calculations are based on the share of the global 2 degree
APPENDIX C FIGURE C.3 (FORMERLY 9.3)
budget adopted as a reference in Chapter 3. It also shows two simple budgets to help put the others
16 perspective:
into
•• 14a ‘status quo share’ based on Australia’s current share of global emissions
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•• a ‘population share’ based on Australia’s current share of the global population.
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Figure C.3: Australia’s long-term national emissions budget under various
approaches
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Notes: National emissions budget for 2013–2050. All approaches share a global emissions budget consistent with a 67 per cent probability of limiting
temperature increases to below 2 degrees. Australia’s status quo share based on its share of global emissions including LULUCF emissions.
Source: Global budget: Authority calculation based on Meinshausen et al. (2009) adjusted using IEA (2013a) and (2013b) and Treasury and
DIICCSRTE modelling (2013).
Approaches: Authority calculations based on spreadsheet tool used for the Garnaut Review (2008) with updates for emissions, population and GDP
from Treasury and DIICCSRTE modelling (2013) (contraction and convergence, modified contraction and convergence); Höhne and Moltmann (2009)
and inputs to spreadsheet tool (common but differentiated convergence); Authority calculations based on Treasury and DIICCSRTE modelling (2013)
and IEA (2013b) (other approaches).

The Authority’s recommended budget to 2050 is different to that proposed by some stakeholders.
The Climate Institute (Draft Report submission, p. 2) and WWF-Australia (Draft Report submission,
p. 6) suggested a 2013–2050 national budget of about 8,400 Mt CO2-e based on a global budget
with a 75 per cent probability of keeping warming below 2 degrees. Earlier analysis by Ecofys for
WWF-Australia (2013) found budgets for the period 1990–2100 for Australia of between 14,000
and 18,000 Mt CO2-e using different approaches. That analysis was based on a tighter global
emissions budget than the Authority used, and a different time period (1990–2100 versus the
Authority’s 2013–2050).
The next section discusses two effort-sharing approaches. These are not included in Figure C.3
because the share of emissions reduction efforts by each country for the period to 2050 is not
available, so comparable long-term national budgets cannot be derived.
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C1.2 Effort-sharing approaches
C1.2.1 Equal proportional emissions reduction costs
This approach seeks to equalise the wellbeing forgone when taking action to reduce emissions.
It generally uses GDP as a proxy for wellbeing and allocates mitigation targets among developed
countries, so that each incurs the same total emissions reduction cost as a proportion of GDP.
The implications for targets depend critically on whether countries undertake all emissions
reductions domestically or use a mix of domestic and international reductions:
•• If international emissions reductions cannot be used, developed countries facing higher total
emissions reduction costs have weaker targets, and those facing lower costs have stronger targets,
so that the cost as a share of GDP is the same in both countries.
•• If international emissions reductions can be used, all countries can individually and collectively
achieve the emissions reductions at a lower cost, because reductions can take place wherever in
the world they are cheapest. Developed countries with higher total costs would still have weaker
targets under this approach than those with lower costs; however, the difference in targets would
be smaller than without trade.
Few published studies explicitly address the question of relative costs. Among those that do, a
common conclusion is that Australia faces relatively high total emissions reduction costs—see, for
example, McKibbin, Morris and Wilcoxen (2010), den Elzen et al. (2009) and Treasury (2008).
This means that Australia’s target under this approach would be relatively weaker than those of
developed countries with lower costs.
It is difficult to estimate the national emissions budget that would correspond with this approach, as
there is no consensus on the appropriate aggregate effort for developed countries and no generally
agreed modelling approach for costs.

C1.2.2 Greenhouse Development Rights
The Greenhouse Development Rights approach takes differences in capacity within nations explicitly
into account (Baer et al. 2008). Each country’s share of emissions reductions is based on two things:
•• how many people in that country have incomes above a ‘development threshold’
•• how many emissions those people have generated since 1990.
These are combined in a Responsibility-Capacity Index, which is used to calculate the country’s
share of the global emissions reduction task. Under this approach, short-term targets for developed
countries can be very strong indeed; for Australia, the 2020 target implied is more than 55 per cent
below 2000 levels (EcoEquity and Stockholm Environment Institute 2013).
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APPENDIX C2
Australia’s emissions budget to 2050
Calculations of Australia’s emissions budget to 2050 outlined in Chapter 8 draw on the international
modelling from the Global Trade and Environment Model (GTEM) and further information provided
by Treasury.

C2.1 Approaches to sharing global emissions budgets
Estimates of Australia’s long-term national emissions budget use global population projections from
GTEM. Estimates for some approaches also use GDP and/or emissions by region from GTEM. The
estimates for modified contraction and convergence, and simple contraction and convergence are
Authority calculations based on the spreadsheet tool used for the Garnaut Climate Change Review
2008, with updates for emissions, population and GDP from Treasury and DIICCSRTE (2013).

C2.2 Australia’s 2013–2050 national emissions budget
Australia’s long-term national emissions budget of 10,100 Mt CO2-e is calculated as follows:
1. The 2000–2050 global emissions budget based on Meinshausen et al. (2009; see Chapter 3)
is adjusted to remove global emissions from 2000–2012. Global emissions from 2000–2012 are
estimated to be 608 Gt CO2-e, based on International Energy Agency (IEA 2013a), using linear
interpolation between 2000, 2005 and 2010 data points and the annualised growth rate for
2005–2010 to estimate 2011 and 2012 global emissions.
2. Projected emissions from international aviation and shipping for 2013–2050 are removed, as these
are not allocated to any individual country. These are estimated to be 47 Gt CO2-e based on IEA
(2013b). Cumulative emissions to 2035 are calculated using a linear interpolation of aviation and
shipping emissions in the IEA’s ‘450’ scenario between 2011, 2020, 2030 and 2035. Cumulative
emissions from 2036–2050 are estimated by assuming that emissions during this period grow at
the IEA’s annualised rate for 2020–2035.
3. Australia’s share of the resulting 2013–2050 global emissions budget is calculated based on its
share (0.97 per cent) of global emissions under a modified contraction and convergence approach.
This is an Authority calculation based on the spreadsheet tool used for the Garnaut Climate
Change Review 2008 with updates for emissions, population and GDP from the Treasury and
DIICCSRTE modelling report.
All emissions in the long-term national emissions budget calculation use GWPs from the IPCC’s
Second Assessment Report for consistency with the original Meinshausen et al. (2009) global
emissions budget. This will tend to underestimate the global and national budget by a small amount;
budgets calculated using AR4 GWPs are likely to be slightly larger in CO2-e terms.
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Appendix C3
2030 targets for australia and survey of allocation
methods
The Authority’s recommendations are underpinned by analysis that uses the modified contraction
and convergence approach and different global budgets. This gives 2030 targets for Australia,
compared with 2000 levels, of:
•• 40 per cent reductions using a global emissions budget that gives a 50 per cent chance of staying
below 2 degrees of warming
•• 50 per cent using a global emissions budget that gives a 67 per cent chance
•• 60 per cent using a global emissions budget that gives a 75 per cent chance.
These 2030 reduction levels—which form the recommended trajectory range—are calculated by
applying Australia’s share of the budget under modified contraction and convergence (0.97 per
cent) to different global emissions budgets, then applying straight-line trajectories from 19 per cent
reductions in 2020 until the budget is exhausted.
This is broadly consistent with other studies. Höhne et al. (2014) have examined over 40 studies
on allocation methods and focused on what they imply for 2030 targets. The results show that
to stabilise greenhouse gas concentrations at 450 ppm CO2-e (which gives roughly a 50 per cent
chance of staying below 2 degrees), required emissions reductions relative to 2010 levels are:
•• approximately 50 per cent for countries that were OECD members in 1990 (‘OECD 1990’,
including North America, Western Europe, Japan, Australia, New Zealand)—with a range of
37–75 per cent reductions
•• roughly 33 per cent for Economies in Transition (Eastern Europe, Russian Federation)—with
a range of 28–53 per cent reductions
•• roughly returning to 2010 levels or slightly below for Asia (East, South and South-East Asia)—
with a range between a 7 per cent increase and a 33 per cent reduction.
Their survey of equal per person emissions methods found a 2030 target range of roughly
30–65 per cent reductions for OECD 1990, and roughly 20–65 per cent reductions for Japan,
Australia and New Zealand as a sub-group.
These results are also broadly consistent with Professor Garnaut’s 2008 review, which suggested
that Australia should take on reduction targets of 25 per cent by 2020 and 90 per cent by 2050
below 2000 levels, in the context of global action giving an even (50 per cent) chance of staying
below 2 degrees. Further, he found that if global action gave only an even chance of staying below
3 degrees, Australia should still take on reduction targets of 10 per cent by 2020 and 80 per cent
by 2050 (Garnaut 2008, p. 283).
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Australia faces a major task to meet the Authority’s recommended emissions
reduction goals. Australia’s emissions are projected to rise, underpinned by
population and economic growth. Strong policies will be needed to turn this around
and drive the transition to a lower emissions economy.
Australia has significant emissions reduction opportunities in the domestic economy.
A price incentive could drive substantial emissions reductions, particularly in
electricity generation, fugitive emissions and industrial processes. The minimum
5 per cent emissions reduction target could be achieved solely through domestic
emissions reductions, provided a strong and effective suite of policies is in place.
The Authority’s recommended 2020 target could be met by complementing
domestic emissions reductions with international units. Depending on the policies
implemented, the required reduction in emissions could be achieved for relatively
small economic cost, and while maintaining economic growth and rising incomes.
Cost-effective and complementary policies must be put in place now and sustained
to support the development of a lower emissions economy in the decades beyond
2020. Most of Australia’s emissions come from long-lived equipment, buildings and
vehicles, which will take time to change. In many cases, policies will not influence the
majority of stock until 2030.
The most important sector for potential emissions reductions is electricity. It has
the largest share of Australia’s emissions and its emissions are projected to grow
strongly without price incentives or additional policies. In scenarios with a price
incentive, however, the electricity sector is projected to account for the largest share
of emissions reductions. The RET is another important driver, as is action to increase
the uptake of energy efficiency.
Further emissions reductions are also available. Light vehicle efficiency standards
have delivered cost-effective reductions in other markets; their use in Australia
warrants investigation. In the near term, targeted policies should be implemented
to increase the uptake of energy efficiency more broadly. Depending on policy
incentives, in the longer term the land sector could also offer large emissions
reductions.
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Appendix D1
Evaluating progress
As outlined in Chapter 1, the Clean Energy Act requires the Authority to review Australia’s progress
towards its medium- and long-term emissions reduction goals. Appendix D, together with chapters
6, 11 and 12, fulfils this legislative requirement.
Appendix D1 sets out the purpose, scope and approach to the review of progress. Appendix D2
highlights the outlook for emissions from the Australian economy as a whole. Appendices D3–D10
outline the outlook for changes in emissions from each sector, expanding on the discussion in
Chapter 11.

D1.1 Purpose and scope of the Review
To meet its emissions reduction goals, Australia has implemented a range of policy measures,
as discussed in Chapter 5. This Review assesses how Australia is tracking towards its emissions
reduction goals, providing important feedback to government on changes taking place in the
economy in response to these policy measures and other factors.
This Review focuses on the outlook for emissions across the economy under several scenarios and
also considers the outlook for changes in emissions in different sectors. The approach is designed to
assess if and how Australia might achieve its emissions reduction targets. Considering the projected
outcomes in each sector helps to identify opportunities to transition to a lower emissions economy,
and determine the efficiency of policy measures and their impact on different sectors.
The Authority has based its Review on the four scenarios described in Chapter 10 and Appendix F
(no price, low, medium and high scenarios). The Authority has also drawn on additional modelling,
published material and expert input to provide a broader review of possible future outcomes.

D1.2 Stakeholder views on the Authority’s Review
Some stakeholder submissions to the Issues Paper for this Review raised concerns that assessing
progress by referring to developments in each sector may imply sector-specific emissions targets
or development pathways. There were concerns such an approach could compromise Australia’s
broad-based strategy to reducing emissions.
The Authority does not recommend binding sector-specific objectives or prescribe pathways,
technologies or activities to reach Australia’s emissions reduction goals. Rather, the Review
synthesises information from multiple sources to better understand possible paths towards
emissions reductions and the factors (‘contributors’) likely to lead to significant changes in
emissions. The Authority’s analysis considers the likelihood and timing of potential outcomes.
This can help identify if Australia is on track to meet its broader national emissions reduction goals,
and how those goals may be met.
Some stakeholders called for a focus on policy as a driver of changes in emissions. The Authority
has not estimated the change in emissions from any specific policy or legislation, though it has
considered the potential of general policy options. The emissions reduction potential of specific
policy is generally determined as part of the process of developing or evaluating regulatory
instruments. Instead, the Review seeks to identify drivers of change in emissions; across successive
annual progress reviews this could identify policies with a significant effect on activity and emissions.

targets and progress review final REPORT february 2014

235

The Review does not explicitly assess the cost-effectiveness of policies, but does identify
opportunities for changes in technology or behaviour to increase the uptake of cost-effective
emissions reductions in future, and policy options that warrant further investigation. The Authority
focuses on the most substantive contributors and drivers of emissions outcomes. While policy is
relevant, macroeconomic and other drivers are also important.

D1.3 Framework for analysing progress
The Authority’s analytic framework for assessing progress considers:
•• Australia’s domestic emissions levels and emissions intensity, recent trends and projections
•• historical and projected sectoral emissions outcomes, the key contributors to those outcomes,
and the underlying economic, policy and technological drivers.

D1.4 Considering activity and supply intensity
In this Review, emissions are disaggregated into activity levels and emissions intensity to give a more
comprehensive picture of Australia’s progress. For example, emissions in the electricity sector are
affected by both the amount of electricity generated (the activity level) and the emissions intensity
of generation.
It is important to highlight the extent to which emissions levels, both historical and projected, reflect
changing levels of activity compared with the emissions intensity of that activity. This distinction
helps illustrate the projected strong growth in activity for most parts of the economy. It is also useful
in informing policy, since different policy instruments often focus on either decreasing emissions
intensity, or changing demand or activity.

D1.5 Reviewing progress economy-wide and by sector
The economy-wide analysis considers the relative contribution of different sectors to changes in
domestic emissions, based on taking up emissions reduction opportunities to a certain marginal cost.
The sectoral analysis of progress (appendices D3–D10) identifies potential emissions outcomes in
absolute terms and in terms of activity levels and emissions intensity. Sectoral analyses are designed
to, over time:
•• identify the greatest contributors to changes in sector emissions, including those that affect levels
of activity and the emissions intensity of the sector’s activity
•• track the main contributors to projected emissions outcomes and the drivers that underpin them
•• allow comparison between modelled and realised sectoral outcomes, helping to anticipate when
contributors or drivers will persist, subside or recur.
The Authority has adopted the same approach to define sectors and organise its sector-level
reporting as is used in Australia’s National Greenhouse Gas Inventory—electricity generation,
transport, direct combustion, fugitives, industrial processes, agriculture, LULUCF and waste.
The Authority also uses complementary analysis of emissions attributed to end-use categories, such
as buildings, where it provides additional information or helps consider opportunities for, or barriers
to, cost-effective emissions reductions.
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D1.6 Assessing emissions changes against a fixed
baseline
This appendix does not focus on emissions reduction relative to a concept of BAU (or ‘no price’
scenario). BAU projections depend on the broader economic and policy context at a point in time
and, as such, fail to provide a stable and robust basis for tracking progress towards fixed long-term
targets. Instead, the Authority uses 2000 as the base year against which to assess changes in
emissions. This approach:
•• is consistent with the expression of Australia’s emissions reduction targets
•• avoids the use of a BAU reference, supporting longer term comparison of Australia’s progress
that remains relevant as the economic conditions and legislative framework change over time
•• is easily rebased to alternative reference years, if required.
Australia’s total emissions in 2000 were 586 Mt CO2-e.
In contrast to Appendix D, Chapter 11 most often compares emissions projections relative to
a counterfactual ‘no price’ scenario.

D1.7 Synthesising data sources and quantifying
emissions
This Review uses historical and projected emissions for the period 1990–2030 from Treasury and
DIICCSRTE modelling (2013). In that report:
•• the data incorporates National Greenhouse Gas Inventory data for the 2010–11 inventory year and
preliminary emissions estimates for 2011–12 and 2012–13
•• emissions for 2012 are based on preliminary inventory data and modelled estimates available at
the time Treasury and DIICCSRTE modelling was undertaken (March 2013). They do not reflect
2012 or 2013 emissions reported in the June 2013 Quarterly Update of Australia’s National
Greenhouse Gas Inventory, released in December 2013. The June 2013 Quarterly Update is the
source of Australia’s estimated carryover from the first commitment period of the Kyoto Protocol.
Revisions incorporated in the June 2013 Quarterly Update revise estimated 2012 emissions, but
have almost no effect on the rate of growth in emissions between 2011–12 and 2012–13
•• the data for emissions for the period 2013–2030 are modelled estimates (see Appendix C)
•• historical emissions for the LULUCF sector for the period 1990–2012 are based on an estimate
of emissions consistent with the new accounting rules (Article 3.4) agreed for the second
commitment period of the Kyoto Protocol
•• all emissions data has been converted to CO2-e using global warming potentials from the IPCC
Fourth Assessment Report. Historical emissions for LULUCF for the period 1990 to 2012 have
been adjusted to be consistent with the new accounting rules agreed for the second commitment
period of the Kyoto Protocol. This means historical and projected emissions data throughout the
report is directly comparable.
All data in this report is for the financial year ending 30 June unless otherwise indicated. For
example, data reported for 2013 is for the financial year 2012–13. All dollar amounts (prices and
costs) reported in this appendix are 2012 Australian dollars, unless otherwise stated.
In December 2013, the National Greenhouse Gas Inventory was updated for the 2012–13 year,
with refinements to earlier years’ emissions levels. For consistency with the modelled scenarios,
Appendix D retains the historical emissions data on which the Treasury and DIICCSRTE modelling
is based.
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Modelling from the Treasury and DIICCSRTE has formed the core data set analysed in this Review,
including four core scenarios—one without a carbon price, and three different price levels (Box D.1).
The electricity, transport and agriculture sectors were modelled separately in greater detail, and
scenarios and sensitivities from these models are also included.

Box D.1: Modelling scenarios used to track emissions progress

No price scenario—assumes there is no carbon price and no CFI. This scenario
includes emissions reductions from pre-existing measures such as energy efficiency
measures and the RET.
Low scenario—additionally assumes the carbon price and CFI are in place. The
carbon price is fixed for two years, then moves to a flexible price. The flexible price
begins at $5.49/t CO2-e in 2015, and grows at 4 per cent per year in real terms to
reach $6.31 in 2020. The price then follows a linear transition to $54.48 in 2030.
Medium scenario—assumes the fixed price for two years, then a flexible price
beginning at $5.49/t CO2-e in 2015, and following a linear transition to $30.14 in
2020. From 2021, the price follows the international price from the medium global
action scenario, which grows at 4 per cent per year in real terms in US dollars.
High scenario—assumes the fixed price for two years, then a flexible price beginning
at $5.49/t CO2-e in 2015, and following a linear transition to $73.44 in 2020. From
2021, the price follows the international price from the ambitious global action
scenario, which grows at 4 per cent per year in real terms in US dollars.
The effective carbon price faced by liable entities is lower than the modelled price
in the low, medium and high scenarios. Kyoto units such as CERs currently trade at
prices well below the prices used in these scenarios and the modelling assumes there
is a price difference between CERs and ACUs for the period to 2020. The effective
carbon price faced by liable entities is a weighted average of the ACU and CER price,
with weights reflecting the CER sub-limit (12.5 per cent of their liability).
Chapter 10 of this Review and Table 3.1 of the Treasury and DIICCSRTE (2013)
modelling report provide further details of the scenario assumptions.

It is useful to consider uncertainty when assessing possible future outcomes. Among other things,
Australia’s emissions may be higher or lower as a result of changes in the level of global action
on climate change, the Australian legislative framework, economic growth, demographic factors
and technology costs. The Review notes opportunities, risks and barriers to delivering emissions
reductions projected in recent modelling and analysis. The Authority considers the four scenarios
described earlier, alongside sensitivity analyses and alternative projections, to explore some
important variables.
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The Authority acknowledges that modelling presents possible future outcomes based on a particular
set of assumptions. This analysis has also drawn on additional published sources and expert input to
supplement modelling results and give a broader picture of potential futures. Appendix D explores
opportunities for greater emissions reductions than those projected, as well as risks and barriers to
realising the emissions outcomes projected by the modelling.
This Review provides a more detailed assessment of the outlook for the electricity and transport
sectors than for other parts of the economy. In subsequent progress reviews, similarly detailed
consideration of emissions from other sectors could be undertaken, over time building an economywide picture of possible paths for reductions in emissions.

D1.8 Selecting contributors and drivers
The Authority analyses progress in terms of contributors and drivers.

D1.8.1 Contributors
Contributors are changes that directly affect the emissions outcomes. They may include factors
that affect emissions intensity, such as changes in process, fuels or technology. Generally, a sector’s
activity level will be a contributor to its emissions outcomes.
The Authority has focused on contributors to emissions outcomes that are:
•• projected to deliver a significant proportion of Australia’s changes in emissions by 2050, whether
at a point in time or in aggregate (nominally over 5 per cent of domestic emissions changes)
•• among the top few contributors to emissions reductions, at a point in time or in aggregate, in a
sector.
The Authority has also examined other contributors that:
•• could be deployed broadly across the sector under plausible conditions
•• are likely to lock in emissions reductions (or increases)
•• have a relatively long lead time for deployment
•• offer low-cost emissions reductions
•• offer significant co-benefits (or disadvantages) outside of their potential emissions impacts
•• are explicitly identified by sector experts for other reasons.

D1.8.2	Drivers
Drivers are the underlying factors that promote or impede contributors, but do not directly affect
emissions outcomes. Drivers may include factors such the rate of growth in GNI, relative technology
costs, population growth or policy.
The underlying drivers are identified to give a sense of the risks, uncertainties, barriers and
opportunities to domestic emissions reduction and, therefore, Australia’s progress in meeting its
emissions reduction goals.
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D1.8.3	Illustrating progress
Appendix D introduces two styles of charts to help describe Australia’s progress towards its
emissions reduction goals.
Australia’s emissions are, for the most part, characterised by decreases in emissions intensity
offsetting increasing activity. The first chart (Figure D.1) shows changes in emissions intensity against
demand-side activity. This highlights whether increasing activity or decreasing supply intensity have
the greatest effect on absolute emissions.
The horizontal axis represents total activity levels in the relevant sector. Depending on the sector,
activity may be, for example, electricity generated, energy combusted or kilometres travelled. The
vertical axis represents the emissions per unit of activity. It is a measure of emissions intensity in
the relevant sector. Curved isolines represent absolute emissions levels. The plot(s) on the chart are
presented to show the historical and projected changes in activity, emissions intensity and absolute
emissions. Date labels indicate the progression of emissions outcomes over time.
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Figure D.1 shows four plot examples:
APPENDIX D FIGURE D.2
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sector will account for the largest emissions reduction of any sector in the low, medium and high
scenarios, followed by the fugitives sectors.
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Emissions intensity of the economy, as indicated by the ratio of domestic emissions to GDP,
has reduced 28 per cent since 2000 and is projected by the Treasury and DIICCSRTE, under all
scenarios, to decline to 2030 (figures D.4 and D.5)
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FIGURE D.4 GDP per person, emissions per person and emissions
intensity, 2000–2030
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Similarly, the level of emissions per person has fallen by almost 15 per cent since 2000 and is
projected to continue to decline in the low, medium and high scenarios; or, in the no price scenario,
to remain relatively stable (figures D.4 and D.6). In contrast, as shown in Figure D.4, GDP per person
has grown since 2000 and is projected to continue to grow in all scenarios.
Strong global action on climate change and a broad-based price incentive for emissions reductions
in Australia could have a relatively limited effect on GDP, depending on the policies implemented.
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Figure D.6: Australia’s emissions intensity—emissions and population,
2000–2030
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D2.2 Overview of sectoral progress
Electricity generation and direct combustion emissions are projected to continue to account for
about half of Australia’s total emissions over the period to 2030. Transport, fugitive and agricultural
emissions
areDforecast
make up the majority of the remaining emissions.
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The projected growth in direct combustion, fugitive and agricultural emissions is projected to offset
reductions in waste, industrial process and electricity emissions over the period to 2030 in all except
the high scenario.
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D2.3 Sectoral contributions to emissions
State and Commonwealth regulation has been a major driver of emissions reductions. An
85 per cent reduction in LULUCF emissions, largely due to economic conditions and regulatory
restrictions on land clearing, was a key reason why Australia’s whole-of-economy emissions were
relatively
flatDbetween
APPENDIX
FIGURE1990
D.8 and 2012. The Treasury and DIICCSRTE modelling does not project
similar improvements for this sector in future.
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•• Agriculture and LULUCF—increasing export demand for Australian agricultural commodities is
projected to drive an increase in emissions from agriculture. Projected emissions from LULUCF
depend on the level of incentive for emissions reductions.
•• Waste—emissions, in all scenarios, are projected to fall through improved waste management;
specifically, landfill gas capture and combustion (whether flared or used to generate electricity).
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Electricity generation produced 33 per cent of national emissions in 2012—the largest sectoral
share (Figure D.9). Electricity generation is projected to remain the largest sectoral emitter until
at least 2030, except in the high scenario. It is also projected to be the largest sectoral contributor
to emissions reductions in the low, medium and high scenarios.

Figure
D.9: Electricity
APPENDIX
D FIGURE D.9generation sector share of Australia’s emissions,
selected years, 1990–2030
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After decades of growth, levels of electricity generation have been relatively stable since 2008. Since
then, emissions have declined by an average of almost 1 per cent each year to 2012. The Australian
Energy Market Operator (AEMO 2013a) and Treasury and DIICCSRTE (2013) project that electricity
demand will start growing again to 2020 and continue to rise after that (Figure D.10).
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Figure D.10: Electricity generation activity and emissions intensity of
APPENDIX Dsupply—modelled
FIGURE D.10
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range, 1990–2050
600

0.9

Activity (TWh)

Supply intensity (t CO2-e / MWh)

0.8

500

0.7

400

0.6
0.5

300

0.4

200

0.3
0.2

Activity (LHS)

100

Supply intensity (RHS)

0
1990

0.1

2000

2010

2020

2030

0.0
2050

2040

Note: Upper and lower line bounds illustrate range of modelled outcomes. Electricity generation activity is ‘as generated’.
Source: Climate Change Authority calculations using BREE 2013b and results from Treasury and DIICCSRTE 2013

Figure
D.11:DElectricity
APPENDIX
FIGURE D.11 generation activity and emissions intensity—four
scenarios, 1990–2050
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This section describes the most substantive contributors to and drivers of the emissions outcomes
projected for the electricity sector. Results of the four scenarios are presented, as modelled by the
Treasury and DIICCSRTE 2013. Appendix D3 focuses on grid-connected electricity, which accounted
for about 96 per cent of total electricity generation in 2011–12; off-grid electricity generation is
analysed specifically where relevant (ACIL Allen Consulting 2013).
Figure D.12 shows significant growth in electricity sector emissions in the no price scenario, rising to
14 per cent above 2000 levels in 2020, and almost 40 per cent above 2000 levels in 2030.
Targeted policy could substantially reduce the sector’s emissions. The Treasury and DIICCSRTE
modelling suggests that higher electricity demand could be offset by a lower emissions intensity
of supply in the low, medium and high scenarios, thus reducing electricity sector emissions
(figures D.10 and D.11). If a price incentive is in place, the modelling projects that:
•• In 2020, Australia’s electricity sector emissions are reduced from their 2012 levels (198 Mt CO2-e)
to between 142 and 192 Mt CO2-e (high and low scenarios, respectively). For the low and medium
scenarios, this is a moderate increase on 2000 emissions levels, but for the high scenario it is a
19 per cent reduction.
•• In 2030, electricity sector emissions trends are heavily dependent on policy drivers. Emissions
could rise to between 192 and 207 Mt CO2-e in 2030 (medium and low scenarios, respectively) or
fall under the high scenario to 70 Mt CO2-e in 2030 (60 per cent below 2000 levels).
•• In 2050, the low and medium scenarios see emissions fall to about 110 Mt CO2-e (37 per cent
below 2000 levels) and to as low as 34 Mt CO2-e under the high scenario (81 per cent below
2000 levels).
Changes in electricity generation activity and the emissions intensity of supply are both important to
delivering emissions reductions, although, in the near to medium term, reduction in supply intensity
is projected to be the bigger factor. The Treasury and DIICCSRTE modelling projects that, in the
medium scenario, the share of electricity emissions reductions due to reduced demand is 36 per cent
in 2020 and 40 per cent in 2030.
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Figure
D.12:
to electricity emissions, selected years, 1990–2050,
and to change in emissions relative to 2000 levels
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D3.1.1 Overview of changes in electricity generation
emissions intensity
Emissions intensity of electricity generation declined by about 7 per cent between 2000 and 2012
with further improvement expected in all modelled scenarios. The Treasury and DIICCSRTE projects
that,
in a no price
scenario,D.13
the(FORMERLY
improvementD.15)
is relatively modest; emissions intensity is about
APPENDIX
D FIGURE
16 per cent lower than 2000 levels in 2020—primarily as a result of renewables and driven by the
No price
RET—but
is likely
to change little after that.
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Table D.1: Emissions intensity of Australia’s electricity supply, 2000–2050
Historical emissions intensity
(t CO2-e/MWh)

Projected emissions intensity
(t CO2-e/MWh)

Scenario

2000

2008

2012

2020

2030

2040

2050

No price

0.84

0.84

0.78

0.70

0.69

0.69

0.67

Low

0.70

0.66

0.48

0.28

Medium

0.69

0.62

0.47

0.26

High

0.56

0.25

0.10

0.09

Note: Calculation based on electricity generation ‘as generated’.
Source: Historical: BREE 2013b, Table O; DCCEE 2012 Projections: Climate Change Authority based on Treasury and DIICCSRTE 2013 data and ACIL
Allen Consulting 2013

Figure D.12 shows several contributors to a lower emissions intensity electricity supply, particularly:
•• Declining conventional coal-fired generation, which could reduce emissions by between 2 and
56 Mt CO2-e in 2020, relative to 2000 levels. Emissions from coal-fired generation are projected
to be higher in 2030 than in 2000, except under the high scenario where they could be almost
130 Mt CO2-e lower.
•• Increasing wind and solar generation share, which could contribute to an emissions reduction of
about 30 Mt CO2-e in 2020, relative to 2000. Projections suggest that in 2030 increasing wind
and solar generation could reduce emissions by between 39 and 51 Mt CO2-e (in no price and high
scenarios, respectively), relative to 2000.
CCS and geothermal generation could also contribute significantly in later decades, with an incentive
in place, though timing of their deployment remains uncertain. Table D.3 provides further detail of
the potential fuel mixes that could lower the emissions intensity of electricity.
The deployment and diffusion of electricity generation technologies will depend on a range of drivers.
Exchange rates, technological advances, climate change mitigation policy and electricity prices will
affect the relative cost of technologies and the point at which each option becomes economically
viable. Until 2020, the mandatory RET is likely to drive steady deployment of renewables, such
as wind. Sections D3.3 and D3.4 discuss the opportunities and barriers to realising the potential
changes in emissions intensity.

D3.1.2 Overview of changes in electricity demand
Since 2008, growth in electricity generation has slowed (Table D.2). Macroeconomic drivers, weaker
global financial conditions and a rising Australian dollar have underpinned softening demand in the
industrial sector, with the closure of the Kurri Kurri aluminium smelter in 2012 being one example
(AEMO 2013a). Future industrial sector demand for electricity is likely to rise with strong projected
growth in activity, but continuation of current energy efficiency improvements could offset growth
to some extent (ClimateWorks 2013c). The considerable uncertainty in electricity demand forecasts
is discussed further in Section D3.5.2.
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Changes in electricity demand are driven, in part, by rising incomes and population, which
have historically resulted in increased use of electrical appliances. Over the last two decades,
the increased emissions that might be expected from the uptake of new appliances, such as
IT and entertainment equipment, have been counteracted by improved efficiency in buildings
and appliances.
Efficiency improvements have been driven primarily by policy intervention at various levels of
government, particularly minimum energy performance standards for appliances implemented from
1999 and changes to the Building Code of Australia for residential buildings. Uptake of small-scale
solar PV has also reduced demand for grid-connected electricity (AEMO 2013a).
Recently, substantial rises in electricity prices—growth of almost 60 per cent in residential prices
from 2008 to 2012—have contributed to reduced growth in demand (Saddler 2013). This driver,
however, could moderate within a few years (AEMC 2013).

Table D.2: Australia’s electricity generation, 2000–2050
Historical electricity
generation
(TWh)

Projected electricity generation
(TWh)

Scenario

2000

2008

2012

2020

2030

2040

2050

No price

210

243

254

287

351

422

493

Low

210

243

254

275

312

344

398

Medium

210

243

254

269

312

346

401

High

210

243

254

253

282

329

378

Note: Electricity generation is ‘as generated’.
Source: Historical: BREE 2013b, Table O Projections based on ACIL Allen Consulting 2013

The Treasury and DIICCSRTE’s modelling projects that Australia’s electricity generation will remain
steady or rise to 2020 and rise more quickly to 2030, in all scenarios. The effect of the price
incentive on projected generation is evident. Electricity generation is about 6 per cent lower in 2020
under the high scenario than the medium scenario. By 2050, electricity generation could be between
80 and 89 per cent higher than in 2000, depending on the level of the price incentive (high and low
scenarios, respectively).
Some of the major contributors expected to reduce future emissions, through changing demand
in the residential and commercial sectors, have long lead times due to the slow replacement rate
of buildings and appliances. These include:
•• improvements in building efficiency, which could reduce emissions, relative to 2000 levels,
by about 12 Mt CO2-e in 2020 and more in later years as stock turns over
•• improvements in the efficiency of electrical appliances, which could reduce emissions, relative
to 2000 levels, by about 20 Mt CO2-e in 2020 and more in later years (DCCEE 2010b, p. 23).
Section D3.3 discusses further the opportunities and barriers to the uptake of cost-effective
emissions reductions through changing electricity demand and reducing the level of total generation.

252

Appendix D

D3.2 Emissions intensity of electricity supply
D3.2.1 Emissions intensity outcomes in an international
context
Australia’s emissions intensity of electricity is among the highest in the developed world. It is about
four times the intensity of New Zealand and Canada; almost double the intensity of Germany, the
UK and Japan; and considerably higher than that of the US. Since 2007, Australia’s electricity supply
emissions intensity has exceeded China’s (IEA 2013b).
Table D.1 summarises projections for Australia’s emissions intensity, which, in all scenarios, reflect
some improvement on current and historical levels. Despite these projected improvements, in all
except the high scenario Australia’s emissions intensity is likely to remain above that of China, the
US and the world average in 2035 (IEA 2012a; Treasury and DIICCSRTE 2013).

D3.2.2 Contributors to emissions intensity of
generation
With incentives in place, a range of projections suggest that Australia’s electricity supply will become
less emissions-intensive as conventional fossil fuel-fired generation loses share to low- and zeroemissions sources. Several technologies could contribute directly to a lower emissions intensity
of supply. Changes in the shares of conventional coal-fired generation and renewables could be
particularly significant (Figure D.12).
This is illustrated in ACIL Allen Consulting’s outlook for Australia’s electricity supply in Figure D.14.
The projected generation mix is affected significantly by the level of the price incentive. The high
scenario projects a substantial increase in the share of generation from renewables and a fall in
the share of coal-fired generation. Coal with CCS is also deployed by 2030, bringing the emissions
intensity of generation down by over 60 per cent compared to the no price scenario, to
0.25 t CO2-e/MWh. By contrast, the low scenario projects relatively modest changes to the supply
mix, with emissions intensity of generation projected to be 0.66 t CO2-e/MWh in 2030. The growth
in renewable generation, driven primarily by the RET to 2020, is important in all scenarios, even in
the no price scenario, where the generation mix is otherwise projected to be little changed.

CCS generation share

Solar generation share

Net change in emissions
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Figure D.13: Share of electricity generation by fuel type, 2012–2050
APPENDIX D FIGURE D.13 (FORMERLY D.15)
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Uncertainties about the timing and magnitude of declines in emissions-intensive electricity
generation and growth in low-emissions generation give rise to a range of potential electricity supply
mixes for Australia. Table D.3 presents the projected range of generation shares between the no price
and high scenarios.

Table D.3: Share of electricity generation for selected fuels and
technologies, 2000–2030 (no price to high scenario)
Historical

Projected

Fuel type

2000

2012

2020

2030

Coal (conventional)

83%

71%

48–67%

9–70%

Natural gas (conventional)

8%

15%

9–25%

8–14%

Coal and gas with CCS

Not available

Not available

Not available

Up to 7%
Potentially deployed
as early as 2030
but as late as
mid 2040s

All renewable

9%

11%

21–24%

21–69%

Solar

Negligible

1%

3%

6–14%

Wind

Negligible

3%

11–12%

9–20%

Geothermal

Not available

Not available

Not available

Up to 28%

Note: Results are based on shares of generation ‘as generated’ for four modelled scenarios with various levels of price incentive, as described in
Chapter 9. All scenarios include the RET as legislated. ‘All renewables’ includes hydro, wind, geothermal, biomass, solar PV and solar thermal. Solar
water heating is not included.
Source: ACIL Allen Consulting 2013

Off-grid electricity generation, which is generally in regional and remote areas, has a different
supply mix. Its emissions intensity is currently lower than for Australia’s as a whole. In 2012, almost
80 per cent of off-grid generation was produced using gas, reflecting the high proportion of energy
and resource operations located in areas supplied by gas pipelines (BREE 2013c). Indications are that
gas generation will continue to dominate off-grid electricity generation (ACIL Allen Consulting 2013).
Compared with the national average of almost 10 per cent, the share of renewables in off-grid
generation was as little as 2 per cent, with the greatest share in the southern states. In Tasmania,
New South Wales, Victoria and the Australian Capital Territory, renewables account for 27 per cent
of off-grid generation (BREE 2013c, p. 19).

D3.2.3 Drivers of emissions intensity of generation
Several drivers will influence the deployment and diffusion of technologies that determine the
emissions intensity of electricity supply. The primary determinant of the supply mix—and how
quickly emissions-intensive generators decline and low-emissions generators grow—will be the
relative cost of generation from different sources. Coal currently dominates Australia’s electricity
supply because it has the lowest marginal costs of operation.
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in scenarios with a higher price incentive. The effect of the RET,
which provides an additional revenue stream to support the deployment of renewable sources, is
also apparent to the 2020s. If the RET was reduced or not met, the emissions intensity of generation
would be higher than that projected here.
Other drivers include exchange rates, commodity prices, interest rates, and rates of deployment and
learning. In the near term, the levelised cost of electricity (LCOE) from different technologies will
also be driven by fuel costs and the value of RET certificates. Given uncertainties about these many
drivers, there is a range of estimates about costs of future generation. Figure D.14 reflects one view
from the Bureau of Resource and Energy Economics (BREE 2012). In its 2013 AETA Update, BREE
revises down its estimates for LCOE for renewable generation, particularly post-2030. The projected
improvement in cost is especially significant for solar thermal, even without a price incentive
(BREE 2013d, p. 62).

Levelised cost of electricity
(LCOE) $/MWh

Figure
D.14:DProjected
of selected
APPENDIX
FIGURE D.14cost
(FORMERLY
D.16) generation technologies (with a
carbon price), in 2020, 2030 and 2040
250
200
150
100
50
0
2020

2030

2040

Pulverised supercritical (brown)

Pulverised supercritical (black)

Pulverised supercritical coal with CCS (brown)

Pulverised supercritical coal with CCS (black)

CCGT gas

Solar thermal w/o storage

Solar PV (non-tracking)

Geothermal (HSA)

Wind (onshore)

Forecast NEM wholesale prices (avge) (medium)

Notes: Assumes a price incentive around the levels in the Treasury and DIICCSRTE’s 2013 medium scenario. Solar thermal is compact linear Fresnel
reflector (CLFR) without storage; solar PV is fixed (no tracking). Brown coal prices are for Vic.; black coal, gas, wind and solar are for NSW; geothermal
is in SA.
Source: ACIL Allen Consulting 2013 medium scenario (‘central scenario’) (for NEM prices); BREE 2012 (for LCOE)

Total annual electricity demand per person
(MWh/person)

Annual NEM demand (GWh)

ToAPPENDIX
at least 2020,
relativelyD.15
stable
demand forD.17)
grid-connected electricity makes it unlikely that there
D FIGURE
(FORMERLY
will be significant investment in electricity generation, except in response to policy drivers such as
the250,000
RET (AEMO 2013g). During this period, existing generators, which have already amortised
11.0 their
initial
capital
investment,
will
be
likely
to
continue
to
operate.
This
means
that
the
risk
of
‘lock-in’
of
240,000
10.5
new230,000
high-emissions generation is relatively low for the next 10 years.
220,000
Longer
term, as economic activity grows and electricity demand rises, new generation will be
10.0
210,000
needed.
Capital and regulatory hurdles aside, lower cost generation sources will be taken up more
quickly
and deployed more widely. Given the long operating life of electricity generators, future
9.5 fleet
200,000
investment
190,000 choices are likely to influence Australia’s emissions for decades. Investment plans of
9.0
major
energy sector players, however, suggest building new emissions-intensive coal-fired plants
180,000
is unlikely
170,000 (see, for example, AGL 2013, pp. 37–8).
8.5

160,000
150,000

8.0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Treasury & DIICCSRTE low scenario
Treasury & DIICCSRTE medium scenario
Treasury & DIICCSRTE high scenario

AEMO—low demand
AEMO—medium demand
Total electricity demand per person (MWh) (medium scenario) (RHS)

256

Appendix D

When the drivers that affect technology costs change, so do the projected electricity generation
mix and projected emissions, as shown in Table D.4. Findings of ACIL Allen Consulting’s (2013)
modelling sensitivities include:
•• A higher price incentive will see greater emissions reductions. The share of coal will fall more
quickly and coal-fired plants retire sooner, and the share of low-emissions electricity generation,
including renewables and CCS, could be larger.
•• A higher price for gas, oil and coal will have an uncertain effect on emissions, depending on the
relative prices for these fuels at different times. Since fuel prices usually comprise a greater share
of generation costs for gas-fired generators than coal-fired generators, higher fuel prices may
disadvantage gas over coal. Higher fuel prices would also disadvantage fossil-fuelled generators
over renewables by the late 2020s, leading to a fall in emissions.
•• Faster cost reductions for solar PV would lead to its greater deployment, probably at the expense
of coal, with corresponding falls in emissions for at least two decades.

Table D.4: Effect of sensitivities on generation share and emissions,
relative to medium scenario, in 2030
Wind

Solar

Gas 
(conventional)

Coal 
(conventional)

Coal 
(CCS)*

Emissions 

Higher incentives
for emissions
reduction (‘high
scenario’)

á

á

á

â

á

â

Higher fuel price
(gas, coal, oil)

á

á

â

-/â

-

-/â

Geothermal and
CCS unavailable

-

-

-

á

-

-

Faster learning
rates or lower
costs for solar PV

-

á

-

â

-

â

Higher electricity
demand

-

-

á

á

-

- /á

*Geothermal and CCS are not projected to be deployed at a significant rate by 2030 in the medium scenario, nor under any
sensitivity except the high scenario.
Note: Changes are relative to projected generation in the medium scenario.
Source: ACIL Allen Consulting 2013

Another determinant of investment is the stability of policy and the amount of information available
to investors in electricity generation assets. Clear and stable incentives for emissions reductions are
important. Uncertainty could lead to suboptimal investment in an electricity supply mix over the
long term (Investment Reference Group 2011). Recent analysis estimates that, by 2050, uncertainty
about carbon pricing after 2020 could result in Australian wholesale electricity prices 17 per cent
higher than they would be in an environment of policy certainty (CSIRO 2013, pp. 40, 52).
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Investor confidence could be increased by publishing more information on the pipeline for gridconnected electricity generation assets. This data could also assist policy-makers. One way to do this
may be through a rule change that allows AEMO and transmission companies to disclose connection
applications from generation proponents, to avoid the risk of its public list of generation committed
for construction being out of date or incomplete.

D3.3 Emissions reduction opportunities from existing
generation
D3.3.1 Fossil-fuelled generation
To at least 2020, existing and committed electricity supply is expected to be adequate to meet
demand in the NEM (AEMO 2013b). This, combined with uncertainty in policy and fuel prices, is
likely to lead to only incremental or small-scale change in the electricity sector.
In the near term, the main opportunities to reduce the emissions intensity of the existing generation
fleet may relate to:
•• reducing output
•• retrofitting
•• fuel prices.
Reducing output

The recent trend in coal-fired generation has been for plants to reduce output rather than retire.
Since 2009, over 2,000 MW of coal-fired generation has been mothballed and coal-fired asset
utilisation was down, with black coal falling from 86 to 79 per cent between 2007 and 2013
(ClimateWorks 2013b, p. 25). Some black coal-fired plants are operating as low as 30–45 per cent
of capacity (Pitt & Sherry 2013). If stable demand and policy uncertainty delay investment in large
new sources of supply, this pattern may continue until the early 2020s. AEMO estimates that
between 3,100 and 3,700 MW—or up to 12 per cent—of coal-fired capacity connected to the
NEM may be removed by 2020 in scenarios without or with a carbon price (2013g, p. iv).
It is possible that some generators would change business models to run plants as intermediary
generation, or operate during summer when wholesale prices are generally higher, rather than
close completely (CCA 2013). A wide range of modelling studies suggest this is possible, with
conventional coal projected to remain in Australia’s electricity supply mix for decades, even if a price
incentive to reduce emissions exists.
Exit costs could present a barrier to retiring existing fossil fuel plant. Clean-up and remediation
requirements, which take effect upon closure, could cost hundreds of millions of dollars, improving
the case for operating for longer, even at reduced output (AECOM 2012; Colomer 2012).
There is a consistent outlook, across a range of modelling studies, that when a price incentive for
emissions reduction exists, coal-fired generation falls. ACIL Allen Consulting (2013) suggests
that the share of generation from conventional coal could fall from 71 per cent now to as low
as 48 per cent in 2020 and 9 per cent in 2030 (Table D.3). Timing is uncertain, but ACIL Allen
Consulting (2013) projects the fall will occur in the late 2030s for black coal and as soon as the early
2020s for brown coal, in the low and medium scenarios. Under a high scenario, coal-fired generation
would fall earlier and more sharply. In contrast, without a price incentive, ACIL Allen Consulting
(2013) projects coal could continue to be about 70 per cent of generation in 2030. Some analysts
suggest that, without price incentives, existing coal-fired generators (particularly brown coal)
could gain market share, partly at the expense of gas-fired generators, which face rising fuel costs
(RepuTex 2013).
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Retrofitting

Some fossil fuel generators may also be retrofitted to operate with lower emissions intensity. Several
Australian coal-fired generators have indicated plans to upgrade turbines, modify boiler operation
and investigate coal-drying technologies to improve thermal efficiency and reduce emissions
(DRET 2013).
Retrofitting low-efficiency coal-fired units to operate with high-efficiency, low-emissions coal
technologies is another option. This is likely to be relatively costly, but the IEA suggests it could be
considered on a case-by-case basis and could potentially reduce the emissions intensity of coal-fired
generation to 0.67–0.88 t CO2/MWh (IEA 2012d, p. 15).
There also appears to be significant potential to retrofit existing fossil fuel plants with hybrid
technologies. Co-firing with lower emissions fuels not only cuts emissions but also overcomes
traditional barriers to renewable energy, including land availability, capital and transmission costs.
An early step has already been taken by the 2,000 MW black coal Liddell Power Station, which
has installed an 18 MW solar thermal array to heat water to create steam, thus reducing the
need to burn coal for that purpose, cutting emissions by approximately 5,000 tonnes each year
(EcoGeneration 2013). In addition, Liddell can co-fire coal with biomass and recycled oil
(Macquarie Generation 2012). In their Clean Energy Investment Plans submitted to the
Commonwealth Government, other generators, including Loy Yang, indicate that they are
investigating the potential for co-firing (DRET 2013).
Fuel prices

For existing fossil fuel generation technologies, fuel prices are a major determinant of cost and will
affect how coal- and gas-fired generation contribute to Australia’s supply mix. As Australia’s gas
production booms and eastern Australia prepares to export LNG for the first time, gas price rises are
anticipated, though the timing and precise levels are uncertain (Wood and Carter 2013). In some
scenarios, even with a price incentive in place, the Treasury and DIICCSRTE modelling suggests that
projected increases in gas prices could make existing gas power plants more costly than coal-fired
power. Modelling of a high gas price suggests the share of base-load gas generation could fall below
its current share and below its projected share in 2020 or 2030 in the medium scenario. This trend
could also occur if coal prices fell, as observed in the UK during 2012 (Kerai 2013).
Overseas, lower cost gas is increasing its share in electricity generation by displacing coal, and
reducing emissions as a result. In the US, increasing generation from natural gas contributed to a
decline in emissions from electricity generation of 4.6 per cent in 2011 compared to the previous
year (US EPA 2013). Australia’s gas prices are considerably higher—and likely to rise more in
coming years—making this change in supply mix less likely. AEMO, for example, does not foresee an
increase on current levels of gas use in Australia’s eastern states until about 2030 (AEMO 2013f).
Major electricity sector players report that it may not be economical to build a large new gridconnected gas-fired power plant for the foreseeable future (CCA 2013). This is reflected in AEMO’s
Gas Statement of Opportunities, which suggests the use of gas in electricity generation will fall
significantly over the next few years, as gas prices rise (AEMO 2013f).
The economic viability of new coal-fired generation facilities may be undermined by difficulty in
obtaining low-cost finance, if the international trend of withdrawing finance to coal-fired generators
extends to Australia. In mid 2013, the US Export-Import Bank, the World Bank and European
Investment Bank, which together provided more than $10 billion for coal projects in the last five
years, announced they would withdraw from financing conventional coal (Drajem 2013).

targets and progress review final REPORT february 2014

259

D3.3.2 Generation from renewable energy
ACIL Allen Consulting (2013) projects significant amounts of renewable generation under a range
of scenarios (see Table D.3). The RET drives the deployment of renewable energy to 2020 in all
scenarios, including the no price scenario. The addition of a carbon price in the low, medium and high
scenarios results in significantly more renewable generation. Figure D.13 shows that after 2020 the
increase in renewables is projected to be much greater with a higher price incentive.
Wind is likely to increase its share of the supply mix in the near term. To 2020, wind is expected
to provide about 84 per cent of new generation capacity, largely reflecting the impact of the RET
(AEMO 2013g). In late 2012, 65 per cent of the 3,000 MW of planned installed electricity capacity
at an advanced stage of development was wind (BREE 2013a).
Australia’s solar resource is one of the best in the world and theoretically capable of generating
enough electricity to meet its demand (Geoscience Australia and ABARES 2010). Solar PV systems
might offer consumers financial savings by reducing consumption of grid-connected electricity. The
value of solar PV is likely to be greatest for users with an electricity demand profile that matches
system output, such as commercial premises (Wood et al. 2012). Solar PV’s low reliance on water
makes it viable even in dry and remote locations, and in a future with potential disruption to water
supply (see Box D.2).

Box D.2: Climate change effects on electricity supply

Climate change will affect future opportunities to change the electricity supply
mix and reduce emissions. Its impacts, particularly water shortages and extreme
weather, affect electricity demand, generation and transportation (Foster et al. 2013;
Senate Environment and Communications References Committee 2013). Sources of
generation that use large amounts of water, including coal-fired and nuclear power,
geothermal and bioenergy, will be disadvantaged in a context of water shortages
(IEA 2013c).
Over the last decade, Australian electricity supply has been disrupted by floods and
bushfires. The output of hydroelectric and coal-fired generators, which use large
amounts of water for steam production and cooling, have been reduced and could
fall again with drought. With water shortages and more extreme climate events
expected (see Chapter 2), the extraction of coal and unconventional gas, generation
from certain sources, and the transmission and distribution of electricity could be
disrupted more often (IEA 2013c; US DoE 2013).

Solar generation is projected to play a large role in Australia’s future generation mix, particularly
in scenarios with a price incentive to reduce emissions. The medium scenario suggests that solar
generation could increase its share from about 3 per cent in 2020 to about 20 per cent in 2040
and 25 per cent in 2050. Most of the expected growth is large-scale generation.
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If costs continue to fall, solar PV could become increasingly cost-competitive with conventional
sources of generation. ACIL Allen Consulting (2013) modelled a sensitivity that reduced the costs,
per annum, of large-scale solar PV by 10 per cent to 2020 and 5 per cent to 2030. The results
showed that solar PV could generate almost six times as much electricity in 2020 and 35 times
as much in 2030, when compared to 2012.

D3.4 Reducing emissions with emerging generation and
storage options
Current excess generation capacity, combined with uncertainty about emissions reduction policy and
fuel costs, makes it unlikely that new electricity generation technologies will emerge in Australia, at
scale, before at least 2020.
Large uncertainties remain about the timing, costs and viability of new low-emissions sources of
electricity generation, particularly CCS and geothermal. Previous modelling suggested a greater role
for these technologies (for example, SKM-MMA 2011 and ROAM 2011). In contrast, ACIL Allen
Consulting (2013) suggests that in the low or medium scenarios, neither CCS nor geothermal will
contribute a significant share of generation until about 2040. The high scenario suggests, however,
that geothermal and CCS may emerge as early as 2017 and 2030, respectively.
The technology and business models necessary to widely deploy electric storage are changing
rapidly, making cost and uptake highly uncertain.

D3.4.1 Carbon capture and storage for coal- and
gas-fired generation
CCS is not yet operating at a large scale1 for electricity generation anywhere in the world, though it
has been deployed in the gas processing and industrial sectors (see appendices D6 and D7). The
gradual progress in developing large-scale projects is evident in the Global Carbon Capture and
Storage Institute’s status reports. Between 2010 and 2013, the number of operational projects did
not change and the total CO2 capture capacity of all identified large-scale integrated projects fell
(2013c, p. 2). In 2013, the IEA warned that current efforts to develop CCS are ‘insufficient’ and called
for ‘urgent action … to accelerate its deployment’ (2013a, pp. 1, 10). The IEA suggests that multiple
demonstration projects, each sequestering about 0.8 Mt CO2-e annually, are needed this decade if
CCS is to fulfil its emissions reduction potential, consistent with limiting average global temperature
increases to 2 degrees (2013a, p. 9).
There are two key challenges to the widespread deployment of CCS for electricity generation.
The first is financial—the significant cost to build and operate the technology at a large scale
(IEA and GCCSI 2012). The minimum cost for a large-scale CCS plant in Australia will likely be
several billion dollars (GCCSI 2013d). The financial barrier may be overcome if an additional
revenue stream is available to offset costs of the project, such as enhanced oil recovery (EOR)
or a commercial application in other production processes, or if public or policy support is available
(GCCSI 2013b).
The second key challenge is the integration of technological components at scale (IEA and GCCSI 2012).
The logistical, practical and commercial challenges are likely to be overcome as experience grows,
and CCS projects already illustrate this.

1

Large scale is taken to be annual sequestration of at least 0.8 Mt CO2-e for coal-fired power plants and 0.4 Mt CO2-e for
gas-fired plants (GCCSI 2013c).
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There is broad consensus that CCS technology will be first commercially deployed overseas and
Australia will be a ‘technology taker’. International developments are likely to set the timing of
commercial CCS deployment in Australia. In particular:
•• China—in many of its significant strategic development and scientific documents, the Chinese
Government has expressed strong support for deployment of CCS. China is the only global region
where the number of large-scale integrated CCS projects increased between 2011 and 2013, many
of them driven by state-owned energy companies (GCCSI 2013a, 2013c).
•• North America—about 70 per cent of the world’s active large-scale integrated CCS projects are
here. Canada’s Boundary Dam and Mississippi Power’s Kemper County projects are expected to
operate from early 2014 (GCCSI 2013c; BNEF 2013). Success with these projects would be an
important milestone towards the commercialisation of CCS and cost reductions. North America
has particular potential because of its high level of committed public support, the commercial
opportunities for EOR and an existing CO2 pipeline, which together lower costs and commercial
risk (Abellera 2012). New emissions intensity regulations for power plants could provide further
incentives.
Australia, with its unique geology, cannot rely on international developments to facilitate storage,
however, and will need local expertise.

D3.4.2 Geothermal energy
Australia’s geothermal resource is relatively deep and it is uncertain how and when energy can
be extracted reliably, at reasonable cost. Expert estimates of the date of commercial deployment
of geothermal energy have been repeatedly revised back. AEMO (2013g) recently suggested
commercial geothermal energy developments would not appear in the NEM until after the late
2030s.
The development of Australia’s geothermal energy remains at the exploration and demonstration
stage; the most developed project is the 1 MWe Habanero Pilot Plant in South Australia, which
produced Australia’s first Enhanced Geothermal Systems (EGS) generated power during a 160-day
trial in 2013. Engineering challenges remain for Australia’s geothermal energy, including repeatedly
creating heat reservoirs, improving drilling practices and equipment, and enhancing flow rates
(Wood et al. 2012).
A major barrier for the development of geothermal generation is the capital outlay needed to trial
technology at a large scale. Present estimates suggest a 100 MW hot sedimentary aquifer (HSA)
geothermal plant could cost about $700 million (BREE 2012, p. 54). Government funding has
played a central role to date. ARENA has committed funding towards demonstration of larger power
stations which, if taken up, could provide an opportunity to better understand project costs and the
ability to overcome engineering challenges at scale.
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D3.4.3 Nuclear fission
Under different circumstances, nuclear fission could play a role in a low-emissions electricity supply
mix, as it does overseas. This is apparent in analyses, such as the CSIRO eFutures, in a scenario with
a moderate emissions reduction incentive. Even if nuclear power was legalised in Australia, a range
of barriers to its deployment remain for large-scale projects (Commonwealth of Australia 2006).
These include:
•• Regulatory and planning requirements—in 2012, Wood et al. concluded that ‘the lead time
to deploy a nuclear power plant in Australia is between 15 and 20 years’ because of the need
to create legal and regulatory frameworks, and because of time necessary for planning and
construction (p. 71). BREE recently estimated that nuclear energy could not be constructed in
Australia until 2020 at the earliest (2013d).
•• Community opinion—it seems that public support would be essential for nuclear power to be
viable, though public acceptance remains uncertain and has historically been hostile to the
domestic development of nuclear energy (National Academies Forum 2010).
•• Workforce availability—Australia lacks personnel with the knowledge and capability to plan,
construct and operate nuclear power generation. There is also a looming global shortage of these
skills (Commonwealth of Australia 2006; OECD 2012).
Nuclear project costs for Australia are uncertain and vary widely, but high costs appear a barrier to
deployment in the near term. Recent estimates for developed country nuclear energy projects range
from $3–6 million per megawatt (overnight cost, in Wood et al. 2012, p. 711). These costs are high
compared to other existing sources of generation. Like geothermal and CCS, nuclear power is capitalintensive and may be difficult for the private sector to finance (Citigroup Global Markets 2009).
A report prepared for the Prime Minister in 2006 concluded that to be competitive with existing
generation, nuclear power would require a carbon price (Commonwealth of Australia, p. 6). BREE’s
2013 AETA Model Update suggested capital costs of nuclear had risen further since its previous
estimates (BREE 2012).
At present, it seems doubtful that planning and capital requirements for nuclear power could be
overcome soon enough for it to compete with other low-emissions technologies for which costs are
falling, such as solar thermal with storage. If small modular reactors become commercially viable in
the short term, however, they could offer a less costly form of nuclear technology than large-scale
plant (BREE 2012). Modular reactors also reduce construction timeframes and could allow for more
flexible deployment, including in remote locations.

D3.4.4 Electric storage and changes to the
electricity grid
Modular storage lends itself well to supporting the generally modest changes expected in Australia’s
electricity supply and demand over the next decade. Storage options include batteries (such as those
in electric cars) and compressed air. Affordable storage could dramatically improve the economic
viability of renewables with variable generation, particularly off-grid (Marchment Hill Consulting
2012). CSIRO analysis suggests that the availability of storage as a backup technology could
contribute up to an additional 10 per cent to renewable share and about 20 Mt CO2-e emissions
reductions in 2050 (Graham, Brinsmead and Marendy 2013, p. 17).
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Storage has been used successfully at scale, such as in Australia’s Smart Grid, Smart City project, but
remains relatively costly. A recent EPRI study suggested break-even capital costs of energy storage
of between $1,000 and $4,000 per kilowatt (2013, p. v). As with other emerging technologies,
overseas developments are relevant to Australia. If California’s target for up to 1.3 GW of storage is
realised by 2020, cost improvements are likely to occur (Reddall and Groom 2013). Government
support in Germany and Japan is also accelerating deployment of small-scale and large-scale electric
storage, respectively (Parkinson 2013b, 2013c). The CSIRO (2013) estimates that battery costs
may halve by 2030, leading to electric storage becoming more widespread. The Authority agrees
with the CSIRO’s suggestion that BREE’s Australian Energy Technology Assessment should track
developments in small-scale generation and storage technologies.
Australia can learn from successful overseas business models. In New Zealand, for example,
electricity distribution network businesses are deploying and operating solar PV and battery storage
systems, with leasing arrangements (Parkinson 2013a). Their recent emergence in Australia may
increase further uptake of PV, particularly in the commercial sector (Photon Energy 2013). Such
business models may help overcome capital hurdles to cost-effective investment. Changes to energy
market regulation in Australia could encourage distribution businesses to invest in storage when
cost-effective (see Table D.5).
The analysis of electricity sector in this Review is based on modelling and other sources that assume
a broad continuation of the existing centralised structure of Australia’s electricity supply. As smallscale and renewable generation increase and costs of electric storage fall, closer examination of
a smarter and more decentralised energy system is warranted. The CSIRO’s Future Grid Forum
provides one such analysis. Across its four scenarios, it projects:
•• declines in grid-connected electricity generation from about 2040, with on-site generation
to provide between 18 and 45 per cent of generation by 2050
•• decreasing electricity sector emissions to 55–89 per cent below 2000 levels by 2050
(CSIRO 2013, p. 15).

264

Appendix D

Box D.3: A zero-emissions supply mix?

Modelling by the Treasury and DIICCSRTE illustrates a potential supply mix where
the electricity sector (and other sectors) responds to emissions reduction incentives,
at lowest cost and within existing policy parameters. Other studies consider a
possible zero-emissions electricity supply mix. For example, AEMO published an
exploratory study of a 100 per cent renewables mix, which suggested that there are
no technical barriers to such an outcome by 2050. That scenario could be possible
without any electrical storage, though it could require ‘generation with a nameplate
capacity of over twice the maximum customer demand’ or a large contribution from
biofuel, which faces considerable barriers (AEMO 2013c, p. 4).
With growing deployment of renewables, there is evidence that a generation mix
dominated by renewable energy is technically possible. King Island, for example,
produces 65 per cent of electricity consumed from renewables, primarily wind. It
plans to move towards 100 per cent, combining this generation with solar, biodiesel,
battery storage and smart grid technologies (Guevara-Stone 2013). Other studies
of high penetration of intermittent renewables, such as solar PV, have found that
solutions to grid integration issues, such as new system invertors or electric storage,
are available—though at a cost (Brundlinger et al. 2010; Energy Networks Association
2011). Storage that is integrated into large-scale renewables generation, such as solar
thermal, is also available.

D3.5 Electricity demand
D3.5.1 Activity emissions outcomes
Activity throughout the economy will affect the levels of electricity demand and the level of
emissions. Historically, growth in electricity sector emissions has increased as a result of strong
growth in electricity demand (thus increasing total generation levels). From 1990 until a few years
ago, Australia’s rate of increase in electricity generation was higher than most developed countries
and well above the OECD average (IEA 2013b, p. 107). In 2011, Australia’s annual electricity
consumption, per person, was about 11 MWh, above the OECD average of 8 MWh—though lower
than the electricity-intensive economies of Canada and the US (IEA 2012b, pp. 70, 74).
The short-term outlook is for Australia’s growth in electricity demand to increase (driven largely
by the Queensland resource sector), as illustrated for the NEM in Figure D.15. Many electricity
industry stakeholders suggest that, based on their observations of drivers of electricity demand,
the low-demand scenario from AEMO is more likely than its medium-demand scenario, and even
this may be an overestimate (CCA 2013). AEMO recently revised its short-term forecasts for NEM
demand downwards (AEMO 2013e). Electricity demand is projected to remain stable or fall between
2012 and 2020 with a strong emissions reduction incentive in the Treasury and DIICCSRTE’s high
scenario.
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(LCOE) $/MWh
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Figure D.15 reinforces the fact that changes in electricity generation activity are affected by the level
of incentive to reduce emissions. Resulting decreases in demand could provide significant emissions
reductions.

Figure
D.15: Projected
change
in NEM
demand and per person electricity
APPENDIX
D FIGURE D.15
(FORMERLY
D.17)
consumption, 2013–2030
11.0

Annual NEM demand (GWh)

10.5

230,000
220,000

10.0

210,000
9.5

200,000
190,000

9.0

180,000
170,000

8.5

160,000
150,000

Total annual electricity demand per person
(MWh/person)

250,000
240,000

8.0
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Treasury & DIICCSRTE low scenario
Treasury & DIICCSRTE medium scenario
Treasury & DIICCSRTE high scenario

AEMO—low demand
AEMO—medium demand
Total electricity demand per person (MWh) (medium scenario) (RHS)

Note: Based on sent out generation for NEM only (which accounts for about 86% of total domestic demand), ACIL Allen Consulting 2013, for 2011–12.
Sources: AEMO 2013a; Climate Change Authority calculations using results from Treasury and DIICCSRTE 2013 and the medium scenario from ACIL
Allen Consulting 2013

Emissions (Mt CO2-e)

Recently, there has been heightened uncertainty in electricity demand projections, as actual
APPENDIX
D FIGURE
D.16 (FORMERLY
D.18)trends. Several downward revisions to demand
consumption
continues
to deviate
from long-term
projections in recent years illustrate this in the NEM (AEMO 2013a, 2013e). If electricity demand is
even 900
lower than projected, it will reduce the size of Australia’s emissions reduction task, all else being
equal. Some Transport
plausible scenarios
for lower electricity demand from households, commercial buildings
Whole-of-economy—2000 level emissions
800
and industry
could
keep electricity
at level
2012–13
levels in 2020 and deliver up to 23 Mt CO2-e
Rest
of economy
Transportdemand
sector—2000
emissions
700 reductions in 2019–20 (ClimateWorks 2013c, pp. 3, 10).
emissions
600

500
D3.5.2
Contributors and drivers

695

400

554of drivers.
526 Near-term influences 573
553
Electricity demand is511the function
of 587
a long list
on electricity
demand
509
518
459
are as300
diverse as the time of year, weather, use of electrical appliances and personal income. Longer
382
term 200
drivers include population growth composition and geographic distribution, electricity prices,
economic
growth, interest rates and exchange rates, climate change impacts, renewal of building
100
stock, and commercial
activity 96
(Yates and
99
106
94 Mendis
92 2009).
99
91
91
83
75 and industrial
62
0

No price
1990

2000

2012

Low

Medium
Scenario
2020

APPENDIX D FIGURE D.17 (FORMERLY D.19)

High

No price

Low
Medium
Scenario
2030

High

266

Appendix D

Policies, including energy performance standards, have significantly reduced electricity demand.
Some analyses suggest energy efficiency policies have been responsible for more than a third of
electricity demand reduction in the NEM between 2006 and 2013 (see, for example, Saddler 2013).
Such policies can continue to reduce demand and electricity sector emissions. Because it can be
years or decades before equipment and buildings are turned over, future emissions reductions
achieved through reduced energy demand will be influenced by the policies and standards put in
place in the near term.
Industrial demand

In the medium scenario, the Treasury and DIICCSRTE (2013) projects stable or modestly increasing
industrial electricity demand due to:
•• new activity in major LNG projects in Queensland, coming online from 2014 to 2016
•• declining activity in energy-intensive manufacturing, particularly aluminium production, as existing
contracts for relatively low-priced electricity end
•• potential reductions in demand through improvements to processes and technologies
•• additional changes in the composition of the economy, which will see some electricity-intensive
industries contract and others expand.
Industrial activity will be driven by several underlying factors, including commodity prices, exchange
rates, fuel prices, management processes and the age of infrastructure.
Energy efficiency among large industrial users has increased significantly in recent years and
saved users hundreds of millions of dollars. This has been, in part, driven by the Commonwealth
Government’s Energy Efficiency Opportunities Program (Department of Industry 2013). It is
possible that continued efficiency improvements will reduce industrial electricity use and associated
emissions. If the improvements in industrial energy efficiency since 2007–08 are maintained,
ClimateWorks estimates that it could reduce electricity sector emissions by about 6 Mt CO2-e
between 2012 and 2020 (2013c, pp. 6, 13).
A sizeable portion of industrial electricity demand is not connected to major electricity grids. BREE
reports that the resources and energy sectors, for example, consume off-grid electricity equivalent to
about 5 per cent of total national electricity demand (2013c, p. 7). A shift towards off-grid electricity
generation has been recently observed and some expect this to continue (ClimateWorks 2013c).
Residential and commercial demand

Since 2008, electricity demand has been flat, despite economic and population growth. Recently,
residential, commercial and light-industrial demand for grid-connected electricity has fallen,
contributing to emissions reduction. As described in Chapter 6, this has been driven by energy
efficiency policy interventions, an increase in household solar PV generation and energy conservation
behaviour in response to higher electricity prices (AEMO 2013a; DCCEE 2012; Saddler 2013). While
projected growth in population and GNI will put upwards pressure on future electricity consumption,
other drivers will dampen demand. Though it is possible the rebound effect could increase demand
to some extent, policy and consumer behaviour make it possible that residential and commercial
demand, per person, may have peaked for the foreseeable future.
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Energy performance standards for buildings and electrical appliances are becoming more stringent
and are steadily expanding to cover new products, delivering energy savings, corresponding
emissions reductions and cost savings. At the same time, those that been in place for many years
are having a noticeable impact over time as the stock of appliances and buildings is turned over
and the most inefficient, energy-intensive stock is phased out (Saddler 2013). AEMO reports that,
in 2029–30, minimum energy performance standards for electrical appliances could save about
42 TWh and building-related energy efficiency measures could save about 16 TWh electricity
(AEMO 2013d, pp. 5–46). The impact could be increased by improving the monitoring and
enforcement of building and appliance standards to ensure that they deliver intended energy
saving outcomes (DCCEE 2010a).
Driven by standards but also changing preferences, consumers are beginning to move towards less
energy-intensive appliances. Large energy savings can come from technology-switching, such as
replacing plasma with LCD and LED televisions; incandescent with fluorescent and LED lighting;
conventional electric-resistive water heaters with solar and heat pump systems; and desktop
computers with laptops and tablets.
Consumers could further reduce or shift time of demand if governments and regulators make
available the information, price incentives and technology discussed in D3.5.3.
Potential new sources of electricity demand

There could be emerging sources of electricity demand from activities that currently use other
sources of energy. The uptake of electric vehicles in road transport, already underway, may
appreciably increase grid electricity demand from about the mid 2020s. Under the high scenario,
where there is a stronger incentive for electric vehicles, electricity consumed for transport in 2050
could be almost double that under all other scenarios (Treasury and DIICCSRTE 2013). Similarly, a
shift from gas turbines and motors to electric motors in industry could increase electricity demand.
This could see activity and emissions shift from the transport and direct combustion sectors,
respectively, to the electricity sector. The relative prices of fuels—petrol, diesel, gas and coal, and
electricity—are likely to affect the rate and timing of these shifts. A gas to electricity shift could also
be triggered by a possible gas supply shortfall in some locations, as early as 2018–19, and rising gas
prices (AEMO 2013f). It is possible that desalination will also present a new source of electricity
demand, particularly in a future where water is likely to be scarcer (Foster et al. 2013).

D3.5.3 Further opportunities for cost-effective
emissions reduction
Changing energy demand could offer some of the cheapest opportunities for reducing electricity
sector emissions (ClimateWorks 2013a; Garnaut 2008; Prime Minister’s Task Group on Energy
Efficiency 2010). It can be quick to implement, particularly using existing technologies and practices,
and savings can be significant and provide rapid returns on investment (UNEP 2013).
The opportunity to reduce emissions from lowering electricity demand is particularly important
in the short term. The IEA’s modelling offers a perspective on the global potential—it projects
that energy efficiency measures, through improved lighting and appliances, could provide about
40 per cent of estimated global emissions reductions in 20202 (2013c, p. 54). This is reinforced
by UNEP, which points out that improved energy efficiency is one of the characteristics common
to scenarios that allow the world to meet a 1.5 or 2 degree target (2013, p. xiii).

2

Based on a scenario that limits global emissions concentrations to 450 ppm in 2050.
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The Treasury and DIICCSRTE modelling framework does not reflect all the opportunities to reduce
electricity demand. International experience and other analyses show that there are unrealised
opportunities to lower electricity sector emissions by reducing electricity demand through energy
efficiency. Compared to countries with similar GDP per capita and human development index
rankings, Australia lags on energy efficiency and productivity. The IEA reported that, in both 2009
and 2011, Australia has been behind other countries including the US, the UK, Japan and Canada
in implementing applicable IEA recommendations (IEA 2012c, p. 478). Though Australia performs
comparatively well on lighting, appliance and equipment improvements, the IEA noted that buildings
offer a particular opportunity for improvement (2012c, p. 1,223). Box D.4 discusses this potential.

Box D.4: Emissions reduction opportunities in buildings

About 18 per cent of Australia’s emissions are accounted for by buildings’ use of gridsupplied electricity. Slightly more than half are attributable to residential buildings,
and the rest to commercial premises (ClimateWorks 2013c, p. 12).
Building-related emissions can be reduced by improving the thermal performance
of the building envelope, increasing the efficiency of equipment and appliances, and
increasing generation of energy on-site from renewables (such as solar PV) or gas:
•• Improving building efficiency could reduce emissions, relative to 2000 levels, by
12 Mt CO2-e in 2020.
•• Improving the efficiency of electrical appliances could reduce emissions, relative to
2000 levels, by 20 Mt CO2-e. The greatest savings are likely to come from water
heaters; lighting; heating, ventilation and air conditioning (HVAC) systems; motors
and other electrical equipment (ClimateWorks 2013c; Wilkenfeld 2009).
Many of these opportunities are likely to be low cost or have a positive net present
value (Beyond Zero Emissions 2013; ClimateWorks 2010, 2013c; IEA 2012b, 2013c).
The average life of commercial building stock is 50 years; residential properties
are around double that. Many of the decisions that impact energy use, and
emissions, are either locked in at construction or become more expensive to
change (Climate Policy Initiative 2013b). Whether significant emissions reductions
opportunities from buildings are realised between 2020 and 2030 will depend
on the policies and standards already in place and put in place this decade.

Energy efficiency could deliver economic benefits, as highlighted by the IEA (2013c) and others, by
avoiding costs for fuel extraction, transport, generation and transmission. For Australia as a whole,
an extra 1 per cent annual improvement in energy efficiency to 2030 could generate an additional
$26 billion in GDP (The Climate Institute 2013, p. 7). Reduced demand can lead to lower electricity
prices and substantial financial benefits for consumers. Savings can particularly benefit low-income
consumers, who are more likely to have energy-intensive appliances or homes, and renters who have
an interest in low-running costs but are subject to the appliance and building choices of landlords,
who have an interest in lowering capital expenditure.
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Economic benefits can also come from demand management—where consumers’ consumption is
constrained or shifted to a different time, particularly when demand is at its peak. Sometimes it can
also improve service quality by reducing pressure on the electricity distribution grid. The Productivity
Commission (2013, p. 21) estimated that critical peak pricing and other benefits from rolling out
smart meters could save some households $100–$200 a year. The AEMC (2012) estimated that
reducing peak demand growth could cut total system expenditure by between $4.3 and $11.8 billion
over the next decade. If demand is simply shifted, the impact on emissions is uncertain, but overall
reductions could lower electricity sector emissions.

D3.5.4 Challenges—and potential solutions—to more
efficient electricity demand
ClimateWorks analysis suggests that many of the cost-effective reductions in Australia’s electricity
demand may remain untapped. Their projections suggest 29 Mt CO2-e of emissions reductions in
2020 and millions of dollars in annual financial savings could be forgone in the buildings sector alone
(ClimateWorks 2013a, p. 51; 2013c, p. 14).
There is a range of recognised barriers to the take-up of cost-effective reductions in electricity
demand, identified by the Productivity Commission (2005), Garnaut (2008) and others. Recent
analyses, including the Australian Energy Market Commission’s 2012 Power of Choice review, have
found that many barriers remain. Barriers and their potential solutions are shown in Table D.5.

Table D.5: Major barriers to energy efficiency and demand management
with potential solutions
Barriers to energy efficiency and 
demand management

Potential solutions

Lack of detailed information on electricity consumption

Install interval meters to collect data on the location and time of
use of electricity. To support their efficient deployment:

Lack of data on the time and location of electricity use:
•• limits consumers’ understanding of the relationship
between electricity use and costs, and the potential
benefits of reducing or changing their use

•• apply a minimum standard for smart meters

•• constrains effective policy design

Make detailed electricity consumption data more readily
available:

•• makes it difficult for proponents of demand-side
management to identify and communicate potential
paybacks from specific demand-side investments
•• impedes efficient decision-making of electricity market
participants.

•• proceed with the rollout in defined situations, such as new
connections or replacements.

•• Give consumers access to their load profile data, including to
share with third parties. Amend the National Electricity Rules
as suggested by AEMC (2012, p. 57) to make this process
easy and timely.
•• Distribution network businesses to provide historical electricity
load data at substation level upon request, for a reasonable
cost (as being considered by AEMC).
•• Undertake a cost-benefit analysis of a potential new market
information role for AEMO in aggregating consumer data from
electricity retailers and distributors, as considered by AEMC
2012.
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Barriers to energy efficiency and 
demand management

Potential solutions

Electricity prices are inflexible and do not reflect costs
of supply

Deploy interval meters to facilitate efficient network pricing.

Most consumers do not pay electricity prices that
accurately reflect the cost of supply at the time of use. Also,
pricing does not reflect costs of supplying electricity to a
particular location. Current ‘average’ network pricing can
encourage higher consumption at peak times and increase
electricity bills over the long term.

Split or perverse incentives for investing in energy
efficiency or demand management
The benefits of saving energy are not fully captured by
any one party, so building owners, consumers, electricity
retailers and distributors do not have sufficient motivation
to invest in energy efficiency.

Accelerate assessments of retail competition, as agreed by
the Council of Australian Governments, to allow the removal
of retail price caps where effective retail competition exists
(Standing Council on Energy and Resources 2012). This has
already occurred in Victoria and South Australia.
Adopt critical peak pricing, as recommended by the PC
(2013, p. 335). Phase in flexible and efficient pricing more
broadly, including a distribution network usage charge that varies
by time of day. Allow consumers to opt in to cost-reflective tariffs
as recommended by the AEMC (PC 2013, p. 427).
Introduce a measure, such as the demand response mechanism
proposed by AEMC, to pay consumers or third parties for
demand reductions via the wholesale electricity market
(AEMC 2012, pp. 115–6).
Regulatory reform to encourage distribution businesses to invest
in demand-side options currently includes:
•• the 1 January 2013 introduction of the Regulatory Investment
Test (RITD) that requires distribution businesses to consider
and assess all credible demand-side options (above a
$5 million threshold) before choosing the best investment
option to meet their network’s needs
•• the introduction of Standing Council on Energy and Resourcesagreed recommendations arising from AEMC’s 2012 Power of
Choice review, specifically around incentives for distribution
businesses to undertake demand management projects
•• the introduction of incentives for non-network and network
solutions to be considered on a level field.

Sources: Barriers identified in AEMC 2012; Dunstan, Sharpe and Downes 2013; Garnaut 2008; PC 2005 and 2013; Prime Minister’s Task Group on
Energy Efficiency 2010

There is considerable consensus about the solutions set out in Table D.5, but implementation has
not yet occurred. Despite the in-principle commitment by the Council of Australian Governments
(COAG) to remove retail price caps, roll out interval meters nationally and introduce more costreflective pricing, progress has been slow. Without these core actions, consumers cannot make the
best choices about how they use electricity and manage spending, and third parties are constrained
in identifying investments in energy efficiency and demand management with the greatest benefits.
In the near term, the Authority supports additional action that will help increase the uptake of
energy efficiency opportunities by consumers, suppliers and energy service companies. Building
and equipment choices lock in higher or lower emissions for many years; as stock is renewed, it
is important that it is replaced with efficient options to capture the available emissions reduction
opportunities.
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In addition, priorities could include initiatives that have been identified in previous reviews, including:
•• collecting and publishing more detailed electricity consumption data, particularly related to end
use within buildings, where there are positive net benefits for consumers
•• completing retail competition reviews and removing retail price regulation where effective retail
competition exists
•• the Australian Energy Regulator implementing standard regulatory arrangements for interval
meters
•• proceeding with the rollout of interval meters for new connections and replacements
•• where possible, accelerating the response time of AEMC to rule change requests arising from
independent reviews, including the SCER and PC.

D3.6 Challenges to tracking progress in the
electricity sector
The Authority considers that the best common measure of electricity activity is electricity ‘sent out’,
but historical data (to 1990) is not available on this basis in a disaggregated, rigorous form. In order
to compare historical and projected activity data, the Authority has used electricity ‘as generated’.
‘Sent out’ electricity leaves the power station, ‘as generated’ includes electricity consumed by the
power station itself in its own operations.
The major drivers of reduced electricity demand are known but their relative contribution to
changing demand is unclear. More detailed, consistent time series information on end-use electricity
consumption could help these drivers be better understood, allowing for improved demand
projections and more effective policy design.
Information gaps also make it difficult to track progress in off-grid electricity generation. Off-grid
electricity accounts for about 6 per cent of Australia’s electricity generation, and is mainly consumed
by the mining and manufacturing sectors (ABS 2012). The level and mix of off-grid generation is a
source of uncertainty because granular data is not collected routinely or systematically.
BREE’s inaugural report (2013c) on regional and remote electricity is a welcome source of new
information. BREE ‘intends to report on the demand and supply of electricity in off-grid Australia
on a regular basis’ (2013c, p. 40). The Authority endorses this plan. Detailed reporting of offgrid generation will inform policy, planning and private investment. It could also aid planning for
the potential implications of a shift from gas, which is currently the dominant fuel, and identify
opportunities to deploy lower emissions generation over time (ACIL Allen Consulting 2013;
ABS 2012).
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(IEA 2013a, p. 106). Australia’s urban form, low population density and long intercity distances make
it heavily reliant on road transport and domestic aviation. To the extent that these factors are fixed,
most of the Australian population and business will continue to depend on these transport modes.
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aviation activity is projected. Passenger road transport activity is expected to increase substantially
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D4.2 Transport emissions outcomes, contributors and
drivers
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Demand for transport is driven by population growth, economic activity and costs associated with
travel (DCCEE 2012, p. 25).
Road transport accounted for 77 Mt CO2-e (84 per cent) of all transport emissions in 2012. This
includes light vehicles (motorcycles, cars and light commercial vehicles) and heavy vehicles (rigid
and articulated trucks and buses). Light vehicles accounted for 57 Mt CO2-e (63 per cent) of total
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Road freight is the second-largest contributor to emissions. It includes a diverse range of activities,
such as freight hauled between cities by large articulated trucks, transport of goods between retail
and distribution centres, and point-to-point courier movements. The road freight task is growing
quickly—between 2001 and 2009, it grew by 37 per cent, from 139 billion tonne-kilometres to
191 billion tonne-kilometres (BITRE 2012, p. 49), driven by increased wealth and economic activity.
Domestic aviation activity, dominated by passenger transport, increased by 80 per cent between
2001 and 2011 (BITRE 2012, p. 89) and is projected to approximately double from 2011 levels by
2030 (DCCEE 2012, p. 15). This strong growth in domestic aviation has been largely driven by
broader economic growth and increasing passenger preference for air travel over road or rail. Most
classes of air travel have become more affordable—real costs of business, restricted economy and
discount airfares have fallen, while real median and average incomes have increased (BITRE 2013
and PC 2013, p. 60). Domestic aviation accounts for more than half of non-road transport emissions
(8 Mt CO2-e) and emissions from rail and domestic shipping each account for about 3 Mt CO2-e
(Treasury and DIICCSRTE 2013).
In the Treasury and DIICCSRTE (2013) modelling, price incentives apply to only a minority of
transport emissions, including those from heavy on-road vehicles from 2014–15. Incentives for
light vehicle emissions reduction are not modelled. Emissions from light vehicles are, however,
influenced by the incentives applied to other subsectors, which may lead to spillovers of technology
improvements and use of lower emissions fuels.
The largest modelled contributors to emissions reduction in transport relate to vehicle efficiency
improvements, vehicle electrification and the uptake of low-emission fuels, including sustainable
biofuels, in road passenger and freight. These are reflected in Figure D.19.
Vehicle emissions intensity, expressed in grams of CO2 per kilometre (g CO2/km), serves as a robust
proxy for vehicle efficiency across conventional fuel types. The emissions intensity of new light
road vehicles (including light commercial vehicles) sold in Australia has improved by 21 per cent
from 252 g CO2/km in 2002 to 199 g CO2/km in 2012 (NTC 2013, p. 5). This has been driven by
technology advances and consumer preferences. Continued improvement is projected to reduce the
transport emissions intensity of new vehicles to 2050 in all scenarios.
The projected uptake of electric road vehicles, already underway but expected primarily after 2020,
also contributes to the reduction of transport emissions. The emissions attributable to electric
vehicles will depend on the source of the electricity, so net emissions reduction from vehicle
electrification will depend on the emissions intensity of the electricity supply (Garnaut 2008, p. 519).
In 2050, electric road vehicles are projected to deliver a transport sector emissions reduction of
between 2 Mt CO2-e and 6 Mt CO2-e per annum under the low and high scenarios, respectively,
compared to the no price scenario.
The broad adoption of lower emission fuels, notably sustainable biofuels, could reduce transport
emissions. Under the low and high scenarios, respectively, biofuels are projected to provide
10–20 per cent of Australia’s road transport fuel needs by 2030, resulting in an emissions reduction
of between 2 and 8 Mt CO2-e per annum over 2000 levels, compared to the no price scenario.
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D4.3 Progress in transport emissions reduction
Broadly, transport emissions can be reduced in three ways:
•• increasing the efficiency of vehicles, through engine and vehicle technology improvements and
take-up of alternative drivetrains in the case of road vehicles
•• reducing emissions intensity of fuels, through low-emissions alternatives to conventional fuels
such as sustainable biofuels and natural gas
•• making demand management more efficient through mode shift—from road freight to rail or
shipping, and from private vehicles to public and active transport—as well as improved urban
planning, transport infrastructure, traffic management and intelligent transport systems.

D4.3.1 Increasing the efficiency of vehicles
The CSIRO modelling suggests light vehicle efficiency improvements could offer approximately
18–19 Mt CO2-e of emissions reductions per year by 2050 (Graham et al. 2012b, pp. 40–2). Light
vehicle efficiency improvements are expected under a BAU setting, as consumer preferences are
influenced by factors such as fuel prices. Improvements can also be significantly increased by
regulations on vehicle carbon dioxide emissions.
There are fewer opportunities to reduce heavy vehicle emissions. Projections suggest that,
compared to current practice, there is potential to reduce emissions through efficiency gains by up
to 5 Mt CO2-e per year by 2050 (Graham et al. 2012b, p. 45). Adoption of low-rolling resistance
tyres and regenerative braking systems may offer another 2 Mt CO2-e of cost-effective emissions
reductions per year by 2050 (Graham et al. 2012b, p. 46).
Given the long lifetimes of ships, locomotives and aircraft, there are also fewer opportunities to
improve energy efficiency through stock turnover of these vehicles. The largest emissions reduction
opportunities for non-road vehicles, compared to current practice, are through technology advances
such as engine efficiency and vessel weight, which could reduce transport emissions by about
7 Mt CO2-e per year by 2050 (Graham et al. 2012b, pp. 49, 52 and 54).
By way of comparison, domestic aviation and shipping emissions were about 8 Mt CO2-e and
3 Mt CO2-e, respectively, in 2012.
Vehicle electrification

Road vehicle electrification, combined with a decarbonised electricity sector, offers substantial
emissions reduction potential. Vehicles need not be fully electric—there are various degrees of
electrification, such as stand-alone hybrid electric vehicles (HEVs) and plug-in hybrid electric
vehicles (PHEVs).
The emissions of purely electric vehicles (EVs) and PHEVs—when operating in full electric mode—
are represented in the electricity sector rather than transport. Their fuel cycle emissions intensity
compared to internal combustion engine vehicles (ICEVs) and HEVs depends on the emissions
intensity of the electricity grid and relative vehicle efficiencies. Typical mass-produced EVs are more
than twice as energy efficient as ICEVs.
With a low-emissions electricity supply, the electrification of light and heavy vehicles could offer
emissions reductions of between 23 and 25 Mt CO2-e in 2050 (Graham et al. 2012b, pp. 40, 47).
One of the current barriers to the take-up of EVs is their high up-front cost compared with ICEVs
and HEVs (although operating costs are much lower). Given assumed technology improvements
and cost reductions, the cost of owning an EV could reach parity with an ICEV by the late 2020s
(Graham et al. 2012a, p. 25).
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The US has implemented standards targeting the fuel economy of light vehicles, with equivalent3
average CO2 intensity targets of 139 g CO2/km by 2020 and 109 g CO2/km by 2025. The implied
reduction rates under these targets are about 5 per cent per year between now and 2025.
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Australia has previously considered adopting fleet-average CO2 emissions standards, and has
regulations that require manufacturers and importers to display the fuel consumption and CO2
emissions of new vehicles for sale (DIT 2011). As discussed in Chapter 11, the Authority recommends
that the Commonwealth Government investigates implementing fleet-average CO2 emissions
standards for Australia.
Although most light vehicles sold in Australia are imported from countries with fuel efficiency
standards, there is a risk that Australia will not receive the full benefit of those standards. The
most fuel-efficient vehicles and model variants are typically allocated to markets with mandatory
standards (DIT 2011, p. 8). If Australia pursued a similar rate of improvement in its fleet-average
emissions as that required by the EU 2020 target, new light passenger vehicles sold in Australia
in 2020 would be about 20 per cent more efficient than those sold today. Adopting a target
comparable to the EU’s (95 g CO2/km by 2020) could reduce the emissions intensity of new light
passenger vehicles, on average, to about half of today’s level.

Box D.5: How do fleet-average emissions standards work?

A single fleet-wide target, based on vehicle CO2 emissions intensity, is applied across all
new light vehicle sales for a given year. Targets are tightened over time and are designed
to drive greater vehicle efficiency improvements than would have occurred under BAU.
The target for individual suppliers is determined according to a mathematical
relationship between CO2 emissions and a particular vehicle attribute (usually mass
or size). Suppliers can market models above or below the fleet target value applicable
to a particular vehicle, as long as the average emissions intensity of all their
models sold in a given year meets their target as determined by the mathematical
relationship. This approach provides flexibility for suppliers and enables them to
choose the most cost-effective technologies to achieve their targets.
A flat target that imposes the same limit on all suppliers is simpler in design but
likely to lead to inequities given the different sectors of the market that the various
suppliers occupy. Attribute-based standards provide a more equitable distribution
of responsibility while still achieving the desired emissions reductions from the fleet
overall. Attribute-based targets mean that fleet-average emissions standards do not
drive the phase-out of large vehicles if there is a market demand for such vehicles;
rather, it places pressure on suppliers to improve the efficiency of their vehicles.
Attribute-based targets are applied in other vehicle markets; in the US, standards are
set according to average vehicle size (footprint), while in the EU standards are based
on average vehicle mass.
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The Authority commissioned the CSIRO to model the emissions reduction potential of Australia
adopting fleet-average CO2 emissions standards that drive a rate of efficiency improvement
comparable to other markets. Improvement over the last decade has been about 2.3 per cent per
year on average (NTC 2013, p. 5). The CSIRO modelled lenient, medium and stringent standards,
reflected by annual improvement rates of 3.5, 5 and 6.5 per cent respectively.
The CSIRO modelling showed that, by 2030, up to 14 Mt CO2-e per annum (13 per cent of total
transport emissions in that year) could be avoided using fleet-average CO2 emission standards
introduced in 2018. For the entire modelled period (from now until 2050), introducing relatively
lenient standards in 2018 was projected to achieve greater emissions reductions than introducing
stringent standards in 2025, emphasising the importance and value of early action in transitioning
Australia’s light vehicle fleet to lower emissions vehicles. Figure D.21 shows the cumulative
emissions reductions available.
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CO2 emissions standards could offer net benefits to vehicle owners, as well as public benefits in
reducing emissions. Mandatory CO2 emissions standards are considered one of the most costeffective strategies to reduce transport emissions (DIT 2011, p. 3).
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In Europe, for example, under a 2020 target of 95g CO2/km by 2020, the real purchase price of the
average car is projected to be €1,100 more. Real fuel costs for the average car, however, will be about
€400 less per year (Cambridge Econometrics and Ricardo-AEA 2013, p. 3). In the US, the National
Highway Traffic Safety Administration (NHTSA) projects the latest Corporate Average Fuel Economy
(CAFE) standards will deliver average net benefits of about US$3,400 (for cars) and US$4,700 (for
light trucks) for vehicles manufactured in 2025 (NHTSA 2012, p. 978). These estimates do not take
into account the social benefits arising from the reduction in emissions.
Fuel and operating savings, however, are specific to each market. According to CSIRO modelling of
standards for Australia, a saving of 4 cents per kilometre is projected by the time the majority of the
fleet has been subjected to CO2 standards (after 2035). At about 15,000 km per year travel—typical
for Australia—the annual savings are close to $600. This suggests CO2 standards in Australia could
give consumers a private return on investment comparable to that in the US or EU.
ClimateWorks (2010, p. 78) suggests that, in Australia to 2020, a standard of 140 g CO2/km
could deliver societal savings of up to $74 per tonne of CO2 avoided, and achieve annual emissions
reductions of 5.5 Mt CO2, with benefits to the economy of about $400 million. The potential savings
increase to $85 per tonne of CO2 for a standard of 120 g CO2/km, which could deliver emissions
reductions of 6.3 Mt CO2 and economic benefits of about $535 million.
Standards could have substantial complementary benefits:
•• Reduced fuel consumption will lower costs and increase transport productivity. CSIRO modelling
projects that under a lenient standard starting in 2018, about 161 PJ less transport energy, of all
types, will be required in 2030 and about 275 PJ less in 2050. Petroleum consumption alone will
be reduced by about 170 PJ per annum by 2050, which decreases Australia’s projected petroleum
needs in 2050 by about 5 per cent (BREE 2012, p. 46).
•• Standards are projected to bring alternative drivetrains, such as plug-in electric vehicles, to
Australian roads more quickly, with associated health and amenity benefits from reduced noise
and air pollution. CSIRO modelling projects that under a medium standard starting in 2018, over
one-quarter of all light vehicle travel will be undertaken by alternative drivetrain vehicles by the
early 2040s, compared to about 7 per cent without standards.
Implementing CO2 standards in Australia may be done at relatively low administrative cost.
It may require new legislation but is not expected to introduce additional vehicle testing relative
to current requirements.
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Biofuels

Biofuels are considered zero-carbon under international accounting standards but, depending on
the feedstock, the upstream emissions associated with producing biofuels can be higher than for
fossil fuels (PC 2011, p. 7). In Australia, however, even after lifecycle process emissions are taken into
account, biofuels are lower in emissions intensity than fossil-derived fuels (Figure D.22).
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The potential of biofuels may be limited by the availability of appropriate feedstock. First-generation
or conventional biofuels are produced from grain-based feedstocks. Second-generation biofuels
(including Australian biofuels) are produced from waste materials and co-products of food
production, reducing the potential for food displacement or other unsustainable environmental
outcomes. A newer second-generation biofuel—algal biofuel—produced from algae that can be
grown in water bodies such as waste streams or the ocean, has the potential to be a sustainable
alternative to conventional diesel. Algal biofuel is currently in the research and development stage
and not yet commercially available (CSIRO 2013). Increased use of biofuels may diminish the
emissions reduction potential of improved vehicle efficiency; however, this effect is limited by the
availability of appropriate feedstock. Ultimately, both biofuels and efficient vehicles could help reduce
Australia’s emissions and its reliance on petroleum imports.
With a price incentive, adopting sustainable biofuels for road transport could reduce annual
emissions by up to 3 Mt CO2-e per year by 2050. Increased biofuel use could diminish the potential
for emissions reductions from vehicle electrification and vice versa.
For rail and domestic shipping, the use of biofuels could offer the largest emissions reduction
opportunity, totalling 2–4 Mt CO2-e per year by 2050 (Graham et al. 2012b, pp. 53, 55). This is also
the case for domestic aviation, where biofuels have the potential to reduce emissions by 6 Mt CO2-e
in 2050 (Graham et al. 2012b, p. 50).
Current supply of feedstock in Australia is not expected to be enough to meet substantial increases
in demand (Wild 2011), and other potential sources may be favoured to supply a growing market for
biofuels.
Regulatory drivers, such as New South Wales’s biofuel mandates, can support increased biofuel use,
but may not guarantee the biofuel is produced sustainably.

D4.3.3 More efficient demand management and mode
shifts
There is potential for emissions reductions through mode shifts from road freight to rail and shipping.
Based on international research, rail and shipping offer lower emissions intensity transport, at an
average of 23 g CO2 per tonne-km and 5–13 g CO2 per tonne-km, respectively. By comparison,
road freight averages 120 g CO2 per tonne-km (Cristea et al. 2011, p. 38). Coupled with improved
freight logistics, mode shift could reduce freight emissions by up to 5 Mt CO2-e per year by 2050
(Graham et al. 2012b, p. 82).
Rail is the primary mode to move bulk freight, such as coal and iron ore. It plays less of a role
in moving other freight, where its share, compared with long-haul road vehicles, is less than
10 per cent in the two largest corridors—between Sydney and Melbourne, and Sydney and Brisbane
(BITRE 2009, p. 6). Investment in road infrastructure has brought more time-efficient and costeffective road freight along these commercial routes. Rail becomes cost-competitive with road over
distances longer than 1,000 kilometres, but transit time increases at a higher rate than for road
freight (BITRE 2009, p. 8). Investment in rail infrastructure along these corridors could reduce transit
time and costs, and improve rail’s share of freight transport. However, there are long timeframes for
investment and payback, which are a barrier to a broader uptake of rail freight transport.
Passenger mode shift from private vehicles to public and active transport also offers emissions
reduction opportunities, with options ranging from increased use of public transport infrastructure
to measures that encourage cycling and walking. It is estimated that switching from private car
to other transport modes could offer emissions reductions of up to 7 Mt CO2-e per year by 2050
(Graham et al. 2012b, pp. 69, 70, 72).
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Australia’s cities are more sparsely populated than most cities of the world (DIT 2013, p. 112), which
presents a challenge to broader use of public and active transport. The potential for passenger mode
shift is difficult to quantify—users’ mode selection depends on the alternative transport options
available and, potentially, policies and programs that influence travel behaviour change.
Emissions reductions could also be achieved through intelligent transport systems (ITS).
ITS comprise a range of information and communications technologies that can be applied
to optimise travel patterns, including traffic management. It is estimated that, if adopted,
intelligent traffic management could reduce emissions by about 3 Mt CO2-e per year by 2050
(Graham et al. 2012b, p. 80). Austroads, the association of Australian and New Zealand traffic
authorities, is developing an ITS architecture to facilitate consistent and interoperable ITS delivery.
The project, which is scheduled to be completed in 2016, will establish the regulatory and
operational framework for ITS in Australia (Austroads 2013).
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Australia’s rapidly expanding LNG industry is expected to be the main contributor to direct
combustion emissions growth, particularly in the next few years. By 2020, direct combustion
emissions are projected to be 49–59 per cent higher than 2000 levels, and 57–79 per cent higher
by 2030 (Figure D.23).
From 2012 to 2030, direct combustion is projected to be responsible for the largest absolute increase
in emissions in any sector of the Australian economy—driven primarily by LNG production—except
under the no price scenario.
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somewhat limited by long-term supply contracts in the growing LNG industry. While LNG exports
totalled 24 million tonnes in 2012 (BREE 2013a, p. 24), there is over 114 million tonnes of annual
LNG production capacity in operation, under construction or at initial stages in Australia
(BREE 2013a, pp. 32–33) (Table D.6).
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Table D.6: Australian LNG projects
Existing

Capacity
(million tonnes/year)

Completion

North West Shelf (WA)

16.3

Operating

Pluto (WA)

4.3

Operating

Darwin LNG (NT)

3.7

Operating

Under construction

Capacity
(million tonnes/year)

Completion

Gorgon (WA)

15.6

2015

Australia Pacific LNG (Qld)

9.0

2015

Wheatstone (WA)

8.9

2016

Queensland Curtis LNG (Qld)

8.5

2014

Ichthys (NT)

8.4

2017

Gladstone LNG (Qld)

7.8

2015

Prelude Floating LNG (WA)

3.6

2017

Feasibility stage

Capacity
(million tonnes/year)

Completion

Scarborough Floating LNG (WA)

6.0

2018+

Gorgon LNG Train 4 (WA)

5.2

2018+

Bonaparte Floating LNG (NT)

3.0

2018+

Browse Floating LNG (WA)

N/A

2018+

Proposed

Capacity
(million tonnes/year)

Completion

Arrow LNG (Qld)

8.0

2017+

Sunrise (NT)

4.0+

2017+

Cash Maple (NT)

2.0

2018+

Equus (WA)

N/A

2018+

Source: BREE 2013a

More generally across the industrial, residential and commercial sectors, energy efficiency is likely
to play an increasingly important role across all forms of direct combustion, somewhat constraining
growth in emissions.
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D5.3 Progress in direct combustion emissions
reduction
D5.3.1 Natural gas industry
The projected increase in direct combustion emissions results from large increases in LNG exports
and limited opportunities to improve the emissions intensity of LNG production. Demand for
Australian fossil fuel exports such as LNG is driven by global commodity prices and the exchange
rate, as well as global and regional economic growth.
Improvements in emissions intensity may come from energy efficiency gains in turbines and other
machinery. Australia Pacific LNG (2010, p. 25) notes that the most fuel-efficient turbines result in
approximately 25 per cent less greenhouse gas emissions compared with commonly used turbines
around the world. Additionally, heat captured from a gas turbine’s exhaust may be used in the LNG
liquefaction process to augment gas-fired boilers.

D5.3.2 Alumina refining
Non-ferrous metal manufacturing, principally alumina refining, is the second-largest source of direct
combustion emissions.
Between 2005 and 2012, direct combustion emissions from alumina refining stayed at about
8 Mt CO2-e (Treasury and DIICCSRTE 2013), despite a 21 per cent increase in alumina production
(BREE 2013b). This improvement in emissions intensity is largely due to fuel-switching from coal
to gas.
Between 2012 and 2020, direct combustion emissions from alumina refining are projected to
increase by 18 per cent to 10 Mt CO2-e (Treasury and DIICCSRTE 2013) as production increases
(BREE 2012b, p. 48). Further improvement in emissions intensity may come from process
refinements. Opportunities vary, from co-generation plants, whose waste heat can generate steam
for use in the alumina refining process (DRET 2008, p. 8), to systems optimisation, which more
efficiently controls the use of natural gas (DRET 2013, p. 2). Absolute emissions reductions, or
large gains in emissions intensity, may be limited unless fossil fuel combustion is replaced by lower
emissions sources (DCCEE 2012, p. 14).

D5.3.3 Residential sector
Continued regulatory improvements to the thermal efficiency of residential homes and the energy
efficiency of household appliances, such as hot water systems, could represent significant emissions
reduction opportunities. George Wilkenfeld and Associates (2009, p. 40) project that equipment
energy efficiency standards affecting residential gas use may save 4.5 Mt CO2-e between 2000
and 2020. There may be an increase in sectoral emissions, however, as conventional electric
resistive water heaters are phased out. The effect on direct combustion emissions will depend on
householders’ preferences for gas, solar or heat pump water heaters, and choices between gas and
electric heat pump space heating. The overall effect on emissions will also depend on the emissions
intensity of electricity generation and the relative improvements in appliance efficiency.
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The Treasury and DIICCSRTE modelling (2013) projects fugitive emissions will increase relative
to 2000 levels by 2030 under all scenarios. Growth ranges from an 8 Mt CO2-e to 59 Mt CO2-e
increase under the high and no price scenarios, respectively (Figure D.27). The projected increase
reflects growth in coal and LNG production, driven by strong global demand for Australia’s energy
resources. The scenarios project a wide range of possible future fugitive emissions levels in 2030
(Figure D.28).
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Figure D.28: Historical and projected fugitive emissions, 1990–2030
70
Coal
60

Oil & gas

Emissions (Mt CO2-e)

Gas supply
50

Refineries

40
30
20
10
0
1990

1995

2000

2005

2010

2015

2020

2025

2030

Note: Upper and lower line bounds illustrate the range of modelled outcomes.
Source: Climate Change Authority calculations using results from Treasury and DIICCSRTE 2013

D6.2 Fugitive emissions outcomes, contributors and
drivers
Figure D.29 shows the projected fugitive emissions outcomes for each modelled scenario. All
scenarios project a steep increase in emissions to 2020, but diverge in the decade post-2020.
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Although price incentives for emissions reduction are projected to affect the emissions intensity
of production, growth in Australia’s fugitive emissions will continue to be driven largely by
global demand for Australian coal. For example, BREE (2012, pp. 36, 51) projects total black coal
production to increase from 11,700 PJ in 2012–13 to 18,000 PJ in 2049–50, and domestic black coal
consumption to decrease from 1,200 PJ to 478 PJ.

Figure D.29: Contributors to fugitive emissions, selected years, 1990–2030,
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D6.2.2 Oil and gas industry
Fugitive emissions in the gas industry include gas venting, gas flaring and losses associated with
the transmission and distribution of gas.
Between 2000 and 2012, fugitive emissions from natural gas production decreased 18 per cent
and emissions from natural gas transmission and distribution increased by 55 per cent
(Treasury and DIICCSRTE 2013). Overall, fugitive emissions from the gas industry remained
steady over the period, despite natural gas (and ethane) production doubling between 2000
and 2012 (BREE 2013b). Oil production decreased over this period; however, its relatively small
contribution to emissions means it is not driving changes in emissions.
The Grattan Institute (2013, p. 4) identifies several trends driving increased demand for gas,
including:
•• economic growth in China, India and the Middle East, leading to increased energy demand
generally
•• several countries changing their policies on nuclear power, notably Australia’s major trading
partner Japan, following the Fukushima nuclear incident, leading to increased demand for
alternative energy sources
•• climate change concerns making gas-fired power plants more attractive, as they emit less
greenhouse gases than coal-fired power plants.
These factors contribute to a strong growth outlook—Australian gas production is projected to
increase by 184 per cent between 2012–13 and 2049–50 (BREE 2012), considerably larger than the
growth in domestic consumption.

D6.3 Progress in fugitive emissions reduction
D6.3.1 Coal industry
There are several emissions reduction technologies the coal industry could use to reduce fugitive
emissions, though their implementation may require a price incentive or technological maturation.
The US EPA (2006a, p. 2) identified three main measures:
•• degasification to capture methane
•• enhanced degasification to capture low-grade methane and purify it
•• oxidisation of ventilation air methane (when methane in a mine’s ventilation air is oxidised to
generate heat or produce electricity).
A price incentive could encourage uptake of these technologies. For example, ClimateWorks (2013)
estimates reducing emissions from ventilation air methane oxidisation costs about $17/t CO2-e. A
price incentive could also drive a shift in Australian coal production towards less gassy mines.
The level of coal mining activity will be the main driver of fugitive emissions. The Treasury and
DIICCSRTE (2013) suggests Australia’s coal production level will be more responsive to global
action to reduce emissions than to Australia’s domestic price incentive. With strong global action on
climate change, domestic coal production is projected to be flat from 2020 before falling towards the
end of that decade. With weaker action, Australia’s production is projected to continue to grow.
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D6.3.2	Oil and gas industry
The US EPA (2006b, p. 2) identified three main fugitive emissions reduction measures for the natural
gas industry:
•• Equipment changes and upgrades—including pneumatic control devices, which operate valves and
control pressure, flow or liquid levels. These devices can be retrofitted or replaced to ‘bleed’ less
natural gas into the atmosphere, or used with compressed air instead of pressurised natural gas
(Copenhagen Consensus on Climate 2009, p. 22).
•• Changes in operational practices—including avoiding the venting of methane before pipeline
maintenance or repairs. This may mean recompressing the gas during maintenance and repairs or
using surge vessels, which clear the pipeline of methane for short periods (Ecofys 2009, p. 27).
•• Direct inspection and maintenance—including identifying and addressing leaks across the natural
gas transmission and distribution network. Infrared cameras can find methane emissions and, if
coupled with emissions measurement technologies such as pressure sensors, allow leaks to be
tracked and rectified (Clean Air Task Force 2009, p. 16).
CCS could significantly reduce fugitive emissions from oil and gas extraction and processing, though
it is not yet widespread (IEA 2013, p. 19). The Gorgon LNG project in Western Australia is expected
to capture and inject as much as 3.4 Mt CO2 annually from 2015 (Chevron 2013). Queensland LNG
projects are unlikely to use CCS.
The demonstrated reserves of coal seam gas (CSG) in Australia are substantial and estimated to be
31 per cent of Australia’s gas resources (BREE 2013a), with deposits concentrated in Queensland
and New South Wales. The CSIRO and Department of the Environment are undertaking a project
to gather preliminary field measurements of fugitive emissions from CSG. This is a first step to
establishing methods for assessing Australia-specific fugitive emissions from CSG (CSIRO 2013).
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Industrial process emissions exclude energy-related emissions such as the burning of fossil fuels for
electricity, heat, steam or pressure. These emissions are attributed to electricity, direct combustion
or transport.
Australia’s industrial process emissions accounted for 32 Mt CO2-e (5 per cent) of Australia’s
emissions in 2012 (Figure D.30).
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From 1990 to 2012, industrial process emissions increased by almost 7 Mt CO2-e, due to increased
use of synthetic greenhouse gases and growing chemical production. This was partly offset by lower
metal production and improved metal processing.
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In 2012, industrial process emissions comprised metal production (37 per cent), synthetic
greenhouse gases (27 per cent), chemical processing (19 per cent), mineral production (15 per cent)
and other production (2 per cent).
The Treasury and DIICCSRTE modelling projects industrial process emissions to be lower, relative
to 2000 levels, by 2–4 Mt CO2-e in 2030 under the low and medium scenarios, respectively, and
byAPPENDIX
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D7.2 Industrial process emissions outcomes,
contributors and drivers
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According to the Treasury and DIICCSRTE modelling, between 2012 and 2020, synthetic
greenhouse gas emissions (used as propellants and refrigerants) are projected to decrease by
about 2 Mt CO2-e under the medium scenario and 4 Mt CO2-e under the high scenario. Moving
to less emissions‑intensive refrigerant gases could deliver a further 6 Mt CO2-e of emissions
reduction by 2020.
Metal production emissions decreased by 4 Mt CO2-e to 12 Mt CO2-e between 1990 and 2012,
as a result of reduced iron and steel production and improved metal processing. In particular,
aluminium emissions intensity fell by over 60 per cent between 1990 and 2011 due to reductions
in perfluorocarbon (PFC) emissions. PFC reduction opportunities have been largely taken up; only
20 grams of PFC were emitted per tonne of aluminium produced in 2011, compared with over
450 grams in 1990 (DIICCSRTE 2013, p. 168).
Metal production has contracted recently, as a result of the closure of one of Bluescope Steel’s
Port Kembla steelworks in 2011 and Norsk Hydro’s Kurri Kurri aluminium operations in 2012. The
Treasury and DIICCSRTE (2013) modelling projects metal emissions will decrease to between
4 and 7 Mt CO2-e in 2030 under all price scenarios, or otherwise remain steady at 2012 levels
under the no price scenario. Mineral production emissions largely result from the cement industry.
ClimateWorks (2013, p. 32) reports that cement emissions intensity reduced by 11 per cent between
2002 and 2012, and has the potential to decrease by a further 6 per cent by 2020, from increasing
substitution of supplementary materials in clinker production. Plans to import more clinker, in
place of domestic production, would limit the expansion of domestic production and emissions
(Adelaide Brighton 2013, p. 17; Treasury and DIICCSRTE 2013, p. 66).

D7.3 Progress in industrial process emissions
reduction
D7.3.1 Chemical processes
Conversion catalysts reduce nitrous oxide emissions from producing nitric acid, a feedstock for
explosives and fertilisers. These catalysts are proven technology, deployed in Australia by Orica in
2012 and trialled by Wesfarmers since 2011. Both Orica (2013, p. 22) and Wesfarmers (2013, p. 39)
report that this technology has reduced their nitrous oxide emissions by over 80 per cent.
Incitec Pivot (2012, p. 23) installed nitrous oxide conversion catalysts at its newly constructed
Moranbah Plant in 2012, which has capacity to produce 330 kilotonnes of ammonium nitrate per
annum. ClimateWorks (2013) projects widespread adoption of nitrous oxide conversion catalysts
in nitric acid production by 2020.
These catalyst technologies are relatively cost-effective (US EPA 2010, p. 9). Their take-up could
be encouraged with a price incentive as well as state-based environmental regulations for nitric acid
plants, some of which already exist.
There are currently no low-emissions substitutes in the production of ammonia. Natural
gas is the main feedstock used in ammonia production and this is unlikely to change for the
foreseeable future—natural gas has the most desirable qualities for ammonia manufacturing
(International Fertilizer Industry Association 2013).
Synthetic rutile and titanium dioxide production emissions contribute a very small component
of chemical sector emissions and are projected to remain stable to 2030.
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D7.3.2 Synthetic greenhouse gases
The Treasury and DIICCSRTE modelling projects a reduction in synthetic greenhouse gas emissions
of up to 6 Mt CO2-e in 2020, compared to the no price scenario, mainly from the Destruction
Incentives Program and switching to less emissions-intensive refrigerant gases such as carbon
dioxide and ammonia. In contrast, ClimateWorks (2013, p. 47) projects that reportable synthetic
greenhouse gas emissions could be about 4 Mt CO2-e higher in 2020 if recent trends continue,
largely due to the progressive replacement of ozone-depleting substances with sulphur hexafluoride
(SF6) and hydrofluorocarbons (HFCs).
Ozone-depleting greenhouse gases, such as chlorofluorocarbons (CFCs) and
hydrochlorofluorocarbons (HCFCs) are not recorded in Australia’s National Greenhouse Gas
Inventory (NGGI). These gases are managed through the Montreal Protocol, an international
environmental protection agreement that sets out binding obligations for phasing out ozonedepleting substances.
Synthetic greenhouse gases that do not deplete the ozone layer, such as SF6 and HFCs, are recorded
in the NGGI and covered by the Kyoto Protocol. As a result, switching from ozone-depleting gases
to these gases has increased industrial process emissions reported in the NGGI. Between 2000
and 2012, synthetic greenhouse gas emissions increased by 7 Mt CO2-e. Despite the increase in
emissions reported in the NGGI, the shift to SF6 and HFCs has contributed to a net climate benefit
(DCCEE 2012, p. 4).
Refrigerants Reclaim Australia (RRA) administers an industry-funded program that collects,
reclaims and destroys waste and unwanted refrigerants and ozone-depleting substances. RRA
(2013, p. 4) recovered about 4,445 tonnes of refrigerant gases between July 1993 and June 2012,
avoiding emissions of about 10 Mt CO2-e (including ozone-depleting substances). Projected rates
of recovery of refrigerant gases are expected to reach over 900 tonnes per year by 2020,
approximately doubling present rates (RRA 2013, p. 9). The rate of recovery may slow, given
the Commonwealth Government’s decision to not continue financial support, beyond
30 June 2014, in addition to the existing industry‑funded and -operated Destruction Incentives
Program (DoE 2013).

D7.3.3 Metal production
Aluminium, iron and steel production accounts for the majority of emissions in the metal sector.
Future production levels are uncertain. BREE (2013, p. 150) projects iron and steel production will
continue to decline in the short term, while ClimateWorks (2013) estimates production will stabilise.
No new metal projects are expected in the near term.
There are only two major producers of iron and steel in Australia—Arrium and Bluescope Steel. The
closure of one of Bluescope Steel’s two blast furnaces at its Port Kembla plant in 2011 reduced its
annual steel-making production by about 2.6 million tonnes and Australia’s crude steel production
by almost 30 per cent in 2011–12 (Bluescope 2011, p. 5; ClimateWorks 2013, p. 31). This was due
to the ‘record high Australian dollar, low steel prices and high raw material costs’, compounded
by weak steel demand, though ‘not related to the Federal Government’s proposed carbon tax’
(Bluescope 2011, p. 5). Similar factors, including overcapacity in the aluminium industry, led to
the 2012 closure of the Kurri Kurri plant (Norsk Hydro 2012).
Weaker domestic construction activity and the high Australian dollar, combined with the weak
international steel market, are expected to continue to suppress metal production to 2014. In the
medium to long term, these factors are expected to improve (Arrium 2013, p. 13).
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ClimateWorks (2013, p. 48) projects that the emissions intensity of metal production will remain
stable to 2020, as the industry is characterised by mature technologies with high capital intensity
and long investment cycles. At present, there are ‘no near to mid-term technology improvements
that will deliver large step reductions in carbon steelmaking emissions’ (Arrium 2011, p. 24). As
noted above, after substantial PFC emissions reductions from aluminium since 1990, there is limited
opportunity for further improvement in aluminium emissions intensity (ClimateWorks 2013, p. 47).
CCS technology requires significant capital expenditure but offers large emissions reduction
potential. Pilot projects are currently operating in Japan and Korea (IEA 2013, p. 19).

D7.3.4 Mineral production
The Cement Industry Federation (CIF 2013) notes over half of the emissions associated with cement
manufacturing are attributed to clinker production. Progress is being made to reduce emissions and
increase production through greater use of supplementary materials such as cement extenders,
flyash and slag. Since 2003, industry use of these materials increased by 68 per cent, reaching over
3 million tonnes in 2012 (ClimateWorks 2013, p. 32; CIF 2012, p. 15).
Adelaide Brighton (2012, p. 19) increased its clinker substitution to almost 16 per cent in 2012,
avoiding nearly 0.5 Mt CO2-e of emissions by using waste materials that would otherwise be placed
in landfill. Boral is also increasing its clinker substitution through proprietary technology to reduce
the emissions intensity of concrete by over 40 per cent (ClimateWorks 2013, p. 51).
In future, plans to import clinker are likely to reduce domestic emissions from cement production
and transfer emissions that would have occurred in Australia to the exporting country. Adelaide
Brighton (2013, p. 17) intends to import all its white clinker from Malaysia from 2015. Similarly,
Boral (2013, p. 14) has increased its clinker imports to almost 30 per cent after closing its Waurn
factory in 2012.
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The share of agriculture emissions is projected to remain relatively stable until 2030 under the
medium scenario. Agriculture emissions are projected to be just 6 Mt CO2-e lower (5 per cent),
under the high scenario, compared to the no price scenario, in 2030.
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D8.2.1 Contributors
The major contributor to emissions in the agriculture sector is livestock numbers. ABARES
(2011, p. 6) projects that total livestock population will grow substantially from 2008 to 2030—
beef cattle numbers by 7 million (28 per cent), sheep numbers by 10 million (14 per cent) and
poultry numbers by 15 million (16 per cent).
Dairy cattle emissions accounted for about 8 Mt CO2-e, or 8 per cent, of total agriculture emissions
in 2012. The Treasury and DIICCSRTE modelling projects that these emissions will remain relatively
stable to 2020. Similarly, ABARES (2011, p. 6) projects stable dairy cattle numbers of about
2.6 million.
Australia has made steady progress in reducing livestock emissions intensity (that is, emissions per
tonne of livestock produce, such as meat, wool and milk). Henry and Eckard (2008, p. 30) reported
that between 1990 and 2005, beef emissions intensity reduced by about 10 per cent. The dairy
industry has also reduced its emissions intensity. Dairy Australia (2013, p. 9) reported that in 2011
the carbon footprint for Australian farm gate milk was one of the lowest in the world at 1.11 kg CO2-e
per kilogram.
While there are technologies and changed farming practices that can reduce emissions intensity
in the sector, total emissions are projected to grow. ABARES (2011, p. 6) projects that livestock
emissions intensity will continue to decrease to 2030 but not enough to offset the substantial
increase in livestock population. Where opportunities to reduce agriculture emissions exist, their
uptake can be challenged by limited access to capital and information.
Agriculture emissions are also affected by the amount of crop production, as reflected in the rate
of fertiliser application. By 2015, cropping activities are projected to overtake prescribed burning of
savanna as the second-largest subsector in agriculture emissions (Figure D.35).
Savanna burning is projected to contribute a small reduction in emissions from 2020 to 2030,
encouraged partly by the CFI.
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D8.2.2	Drivers
The primary drivers of emissions from the agriculture sector are commodity prices and weather
conditions. Drought was a major factor in the fall in agriculture emissions between 2000 and 2012
(see Figure D.35).
Improved weather conditions and export demand are expected to drive emissions growth in the
short to medium term. Prices for agricultural commodities have stabilised at historically high
levels in recent years following a peak in 2010 (derived from Reserve Bank of Australia 2013).
Australian beef and veal exports are expected to increase in the period from 2012 to 2018, reflecting
increased demand from the US and some smaller emerging markets (ABARES 2013c, p. 89). Prices
for major cropping outputs (grains and oilseeds) are projected to remain above their historical
average to 2018, while demand for dairy commodities is also expected to grow over this period
(ABARES 2013c, p. 42). Over the longer term, sustained growth in export demand from emerging
economies is projected to drive growth in livestock and cropping production and the associated
emissions (DAFF 2013, p. 33).
The CFI is the main driver of projected emissions reductions. The effects of the CFI on absolute
emissions levels are projected to be relatively small compared to the macroeconomic drivers for farm
production discussed above. The Treasury and DIICCSRTE modelling suggests that total agriculture
emissions are relatively unresponsive to price incentives under the CFI. The National Farmers’
Federation (2013, Draft Report submission, p. 5) noted that productivity and profitability is the main
driver for farmers to invest in lower emissions activities, as the financial returns from increased
production are greater than those from the CFI.

D8.2.3 Agriculture emissions reduction potential
The Treasury and DIICCSRTE modelling projects that under the medium scenario, agriculture
emissions would be approximately 3 Mt CO2-e (2 per cent) lower than in the no price scenario
in 2020 and 5 Mt CO2-e (4 per cent) lower in 2030, and slightly lower in 2030 under the high
scenario. This constitutes a relatively small reduction in the trend of growing agriculture emissions
in the projections.
The Treasury and DIICCSRTE modelling assumes that additional livestock emissions
reduction opportunities would be taken up by 2020, including herd management, animal feed
supplementation, feedlot finishing and pasture improvements. In contrast, separate analysis by
ClimateWorks (2013a, p. 36) finds less potential reductions from livestock in 2020; it estimates
0.3 Mt CO2-e of emissions reduction, attributable to methane capture and destruction from manure
at piggeries.
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Analysis from ABARES (2013a, p. 23) suggests about 7 Mt CO2-e emissions reductions are available
from livestock in 2020 at the carbon prices in excess of $70 per t CO2-e. Its study suggests further
emissions reductions at this marginal cost would be modest in 2030, and that even with high price
incentives, only limited additional emissions reductions would be available for livestock by 2030
(Box D.6).

Box D.6: CFI drivers and barriers

The primary driver of emissions reduction from the CFI is the revenue project
providers receive. The ABARES cost curves for livestock methane emissions
reduction show that the cost of technologies to reduce livestock emissions rises
steeply. For example, large dairy farms may start to adopt anti‑methanogenic
vaccines at a price as low as $35 per tonne, while sheep farms may not find this
practice economical until a price of $175 per tonne (ABARES 2013a, p. 26). This
technology is still in the early stage of development.
Potential project providers will estimate the future value of emissions units when
assessing the financial viability of projects. Uncertainties in economic forecasts and in
the future policy environment could have substantial effects on the assessed viability
of emissions reduction projects, particularly for those that have a long payback
period.
The availability of methodologies for CFI projects, and the ease of compliance with
those methodologies, will be another important driver of emissions reductions
uptake. There are currently seven approved methodologies for agriculture emissions
(four for destroying methane from dairy and piggery manure, two for savanna burning
and one for dietary additives to reduce emissions from dairy cows).
There is a range of other barriers to uptake of emissions reduction opportunities
under the CFI, including limited access to capital, lack of scale economies on many
farms and difficulty accessing information about emissions reduction projects.
These challenges may be exacerbated by the presence of many small and dispersed
participants in the sector. There were about 135,000 farm businesses in Australia in
2010–11, with 55 per cent reporting agricultural operations value of under $100,000
(ABS 2012).
Ways to reduce these barriers include ensuring ready access to information using
existing rural information networks, simplifying methodologies for projects, and
facilitating access to capital and project providers to consolidate projects across
multiple small farms.
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D8.3 Progress in agriculture emissions reduction
D8.3.1 Export demand
In the longer term, demand for agricultural commodities in emerging Asian economies is projected
to be a strong driver of agricultural production and emissions. ABARES (2013d, p. 16) projects that
demand for agrifood commodities will double between 2007 and 2050 in Asia, and increase by
48 per cent in the rest of the world. Increased wealth and changes in diets in emerging economies
are expected to drive the greatest increases in demand for high-value agriculture products such as
vegetables and fruit, meat, dairy products, cereals and fish. Australia is likely to be in a good position
to meet increased demand from Asian economies due to its geographic proximity and comparative
advantages in producing several high-value agricultural products. ABARES projects that Australia’s
production of agrifood products will increase by 77 per cent from 2007 to 2050 (Linehan et al.
2013, p. 3).

D8.3.2 Production efficiency improvements
International research suggests that improvements in agricultural productivity can reduce emissions
per unit of production (Tubiello et al. 2013). This is supported by evidence in Australia where
broadacre productivity grew by an average rate of 1.5 per cent a year between 1977 and 2011, while
dairy productivity grew by 1.6 per cent over the same period (ABARES 2013b, p. 200). Further,
between 2007 and 2010, there was a 10 per cent increase in the number of farmers using a one-pass
sowing system to prepare cropland, which improved production yields by reducing soil and water
erosion, water use and fertiliser application rates (Barson et al. 2012, p. 3).
The UNEP Emissions Gap Report (2013, p. 35) identified farming practices proven to reduce
greenhouse gas emissions, including direct seeding under the mulch layer of the previous season’s
crop to reduce soil disturbance and fertiliser use. The National Farmers’ Federation highlighted
benefits of this practice, noting that retaining trash in sugar cane production has almost halved
fertiliser use rates compared with 1990 (2013, Draft Report submission, p. 5).
There are further opportunities to reduce livestock emissions through increasing productivity and
efficiency. These include improving the quality of pasture in grazing, introducing fertiliser inhibitors
in feedlots to reduce livestock emissions, and investing in drainage and irrigation to improve soil
cultivation (ABARES 2013a, p. 11).
Dairy Australia (2013, p. 9) plans to reduce industry emissions intensity by 30 per cent by 2020.
With a growing population and increased consumption of dairy products, production growth is likely
to offset intensity improvements, leading to rising net emissions.
Continued investment in research and development may assist to maintain productivity and
emissions efficiency improvements to 2050 for Australian agriculture (Carberry et al. 2010, p. iv).
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LULUCF has been the biggest sectoral contributor to emissions reduction in Australia since 1990.
Net emissions declined by about 85 per cent from 140 to 21 Mt CO2-e in 2012 (Figure D.36).
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Figure D.36: LULUCF share of Australia’s emissions, selected years, 1990–2030
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The Treasury
and DIICCSRTE
modelling projects2020
that net LULUCF emissions could
decrease
to 13 Mt CO2-e in 2020 and 11 Mt CO2-e in 2030 in the high scenario, or otherwise increase
to 30 Mt CO2-e in 2020 and 34 Mt CO2-e in 2030 in the no price scenario (Figure D.36).
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D9.2.1 Outcomes
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D9.2.2 Contributors and drivers
The main contributors to emissions and sequestration in the LULUCF sector are clearing land,
planting land or forestry management (Figure D.39).
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Figure D.39: LULUCF emissions and sequestration (medium scenario), 1990–2030
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Major drivers of these activities are agricultural and forestry commodity prices; input costs; and
state, territory and Commonwealth land clearing regulations.
Land use decisions are influenced by relative prices of forestry and agricultural commodities. Policies,
including the CFI, can affect the economic returns from these activities (see Box D.7). Historically,
tax concessions for forestry have been effective in driving investment in sequestration through higher
rates of afforestation and reforestation. This was witnessed in the early 2000s where Managed
Investment Schemes significantly increased new tree plantations.
Commodity prices are affected by factors such as structural timber demand; demand for paper;
production of paper, paperboard, plantation woodchips and pulp in developing countries; and paper
recycling.

Box D.7: Emissions reduction opportunities under the CFI

Current CFI methodologies for LULUCF projects cover different types of forestry
and revegetation activities, including environmental plantings, human-induced
regeneration of native forests, native forest protection and reforestation.
Over 260,000 ACCUs (including Kyoto- and non-Kyoto-approved)—each worth
at least one tonne CO2-e reduction—have been issued to LULUCF projects (as at
January 2014). Projected emissions reductions from the CFI between 2012 and 2030
are detailed in Appendix C of the Treasury and DIICCSRTE report (2013).
ClimateWorks (2013, p. 40) identified a range of possible CFI projects that could
potentially reduce emissions by over 10 Mt CO2-e in 2020. Net Balance (2013, p. 8)
suggested that including a co-benefit standard in the CFI could also broaden the
market and increase the uptake of CFI projects.

D9.3 Progress in land sector emissions reduction
Currently, most land cleared in Australia is used for cattle grazing, but in the past large areas
of land have also been cleared for cropping (DIICCSRTE 2013a, p. 7). Previously, the value of
agricultural products has strongly influenced decisions to clear additional forested areas, with a
lag of about a year between moves in agricultural prices and land clearing activities. Both farmers’
terms of trade and the amount of land clearing have decreased between the early 1970s and 2011
(DIICCSRTE 2013c, p. 8).
Land clearing, taxation and land use regulations in states and territories can influence expected
returns or how easily land can be cleared or reforested. The introduction of stronger state and
territory land clearing regulations in the mid 1990s reduced the rate of deforestation and emissions.
This, along with economic conditions, contributed to the change in the rate of first-time clearing
of undisturbed forest—which fell from 74 per cent of total land area cleared in 1990 to 35 per cent
in 2011 (DIICCSRTE 2013a, p. 7).
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Land clearing restrictions introduced in Queensland in 2004 and strengthened in 2009 have had
the largest impact on deforestation emissions in Australia. While Queensland still has the largest
deforestation emissions of any state or territory, these fell from 34 Mt CO2-e in 2007 to 19 Mt CO2-e
in 2011 (DIICCSRTE 2013b, p. 29).
In 2013, both Queensland and New South Wales relaxed their land clearing restrictions, making
it easier for farmers to clear trees and natural vegetation, and expand cropping operations. This
is expected to put some upward pressure on emissions, although relatively stable projections for
cattle numbers to 2020 suggest that this pressure will be limited in the short to medium term
(Centre for International Economics 2013, pp. 21–22).
Western Australia also relaxed its land clearing restrictions during 2013. Farmers are now allowed
to increase their annual land clearing rate for specified purposes from 1 to 5 hectares without a
permit (Jacobs 2013).
In Tasmania, the Tasmanian Forest Agreement protects 500,000 hectares of World Heritage-listed
forests from deforestation. In December 2013, the Commonwealth Government provided funding
to the council overseeing this agreement for another six months. Potential changes to this agreement
could increase deforestation emissions (Commonwealth 2013, p. 980).
A range of policies have been used to reduce LULUCF emissions in other countries (see Box D.8).

Box D.8: International approaches to LULUCF

Other countries have adopted regulatory and pricing approaches to preserve forests.
Measures are generally designed to meet a broad range of environmental and
conservation objectives, rather than solely aiming to reduce emissions.
Brazil provides an example of a regulatory approach. In the early 2000s, deforestation
accounted for about 75 per cent of Brazil’s total emissions. Deforestation emissions
have decreased by 82 per cent to 2011, due to stronger law enforcement, technology
systems and prevailing lower agricultural prices (Climate Policy Initiative 2013, p. 7).
New Zealand provides an example of a price-based approach to LULUCF. Its
Emissions Trading Scheme (ETS) was introduced in 2008 and is estimated to have
reduced emissions by 77 Mt CO2-e between 2008 and 2012. This is in addition to
existing forestry rules that limit the ability to harvest New Zealand native forests
(New Zealand Ministry for the Environment 2013).
The Canadian province of Alberta has also adopted a price-based approach. The
Alberta Offsets System, which has some similarities to the Australian CFI, provides
offset credits for projects in several sectors, including LULUCF, and is used by largeemitting facilities to meet their emissions intensity reduction obligations. LULUCF
activities that have approved protocols include afforestation and conservation
cropping. California also includes forestry projects in its compliance offsets program
under the California Cap and Trade Program, which commenced in January 2013.
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D9.3.1 Other estimates of land sector emissions
reductions
Grundy et al. (forthcoming 2014) reports that with strong price incentives non-harvest carbon
plantations and native vegetation could greatly increase sequestration to 2050. It also reports low
volumes of sequestration before 2030, even with strong price incentives, due in part to probable
slow uptake of new land uses and the physical characteristics of carbon sequestration.
From 2031 to 2050, Grundy et al. (forthcoming 2014) finds average annual emission reductions
of between 100 and 500 Mt CO2-e would be economically and technically feasible if payments to
landholders are broadly consistent with the CFI and the carbon price trajectories in the medium
and high scenarios modelled by the Treasury and DIICCSRTE (2013). The upper end of this range
suggests there is potential to achieve 80–100 per cent reduction in Australia’s emissions in 2050
(compared to 2000 levels) with little or no use of international units, through a combination of land
sector credits and emissions reductions in energy and other sectors.
Emission reductions from reforestation and afforestation is projected to decline in the decades after
2050 as plantings mature. Many of the LULUCF emissions reduction opportunities could create
substantial co-benefits such as reduced erosion, protection of biodiversity and improved water quality.

D9.3.2 Barriers to emissions reduction
The uptake of CFI emissions reduction projects by landowners or investors depends on the amount
of revenue generated and the level of risk they are willing to accept. In the case of forestry, the
revenues generated will need to be sufficient to offset the opportunity cost of alternative land uses.
Specific risks and uncertainties for the CFI include:
•• Relative agricultural commodity prices—high terms of trade for agricultural output may
work against investing in CFI projects that involve forestry on potential agricultural land.
Previous estimates of reforestation potential have indicated that landowners would typically
only consider reforesting non-irrigated dryland, which has relatively low agricultural returns
(Burns et al. 2011, p. 24).
•• Price of emissions units—a volatile or uncertain market for emissions units can be a disincentive
for landowners considering participating in CFI projects. Under the CFI, landowners and investors
receive ACCUs for carbon sequestration projects as trees or soils sequester carbon from the
atmosphere. Once the trees or soils have stored as much carbon as they can, the project ceases to
receive returns, but landowners may continue to incur management costs (Burns et al. 2011, p. 13).
•• Permanency—CFI projects that sequester carbon are required to maintain that sequestration
‘permanently’ (for 100 years in the case of forestry projects), which may dampen the
uptake of projects. Land value can be adversely affected due to limitations on its future use
(ClimateWorks 2013, p. 44).
•• Capital constraints—some projects will require significant upfront investment. For instance,
reforestation projects generally require significant capital upfront for land preparation and planting,
but will make returns over an extended time period as the forest grows.
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New tree plantations have high upfront investment costs, a long project life and long payoff
periods given the time taken for trees reach their peak sequestration rate. To offset some of
this risk, strong financial incentives may be needed to drive investment. This is supported by
Grundy et al. (2014 forthcoming), which finds that very little carbon sequestration would be
supplied to 2050 at gross payments, equivalent to a carbon price, below $40/t CO2-e, with potential
supply expanding with payments in the range from $40–$80/t CO2-e. Further, Polglase et al.
(2011, pp. 2, 20) found that gap payments may be necessary to encourage tree plantings on marginal
land where biodiversity co-benefits may be greatest.

APPENDIX D FIGURE D.39 (FORMERLY D.43)
160
314

Appendix D
Deforestation

140

Afforestation & reforestation
Forest management

120

Vegetation regeneration
Cropland management

100

Emissions (Mt CO2-e)

Appendix D10
80
Waste

Grazing land management
Net LULUCF

60

D10.1 Waste emissions overview
40

Waste includes solid waste and wastewater from residential, commercial and industrial activity.
Waste
20 emissions are primarily methane and nitrous oxide, which arise as organic waste decomposes
in the absence of oxygen. Emissions from solid waste in landfill comprise about 80 per cent of the
0
sector’s
emissions, with wastewater accounting for about 20 per cent, and incineration and other
sources
for the remainder.
-20
The waste sector is a relatively small contributor to Australia’s emissions, accounting for about
-40
15 Mt1990
CO2-e (3 per
the national2005
emissions 2010
total in 2012
(Figure D.40).
and2030
1995cent) of2000
2015
2020 The Treasury
2025
DIICCSRTE modelling projects waste emissions could be about 1 per cent of total national emissions
to 2030 under the medium scenario.
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Figure D.40: Waste share of Australia’s emissions, selected years, 1990–2030
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Waste sector emissions have decreased by about 8 per cent (just over 1 Mt CO2-e) since 2000,
continuing the trend seen in sectoral emissions since 1990 (26 per cent decrease). This has been
due to a range of policies and regulations that have diverted waste from landfill and the uptake of
emissions reduction technologies, including capturing emissions for electricity generation.
Since 2000, emissions intensity of wastewater has declined by about 14 per cent and the emissions
intensity of landfill by about 8 per cent (Figure D.41). In 2008, there was a large increase in the
diversion of waste, resulting in a large reduction in solid waste volumes sent to landfill.
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Figure D.41: Solid waste emissions intensity, 1990–2030
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The Treasury and DIICCSRTE modelling projects total waste emissions will stabilise at about
15 Mt CO2-e by 2030 under a no price scenario, despite increases in total waste generated.
Under the other modelled scenarios, emissions are projected to fall even further to between
APPENDIX D FIGURE D.43 (FORMERLY D.48)
7 and
9 Mt CO2-e (Figure D.43).
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D10.2 Waste emissions outcomes, contributors and
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Despite continued increases in recycling and other alternative waste treatments, the Treasury and
DIICCSRTE’s modelling projects the volume of waste deposited at landfills could grow by 14 per cent
(3 Mt CO2-e) from 2000 levels by 2030, due to continued population and economic growth.
Over the same period, in the low and high scenarios emissions can be reduced by between 58 and
70 per cent on 2000 levels. This includes a projected decline in solid waste emissions intensity of
between 63 and 73 per cent on 2000 levels by 2030. Under these scenarios, emissions will fall by
4–5 Mt CO2-e from 2000 levels by 2020, and 8–9 Mt CO2-e by 2030 (Figure D.43).
Wastewater volumes are projected to grow by nearly 50 per cent on 2000 levels by 2030. Over
the same period, the Treasury and DIICCSRTE modelling shows that under the same low and high
scenarios, emissions can be reduced by between 10 and 20 per cent on 2000 levels. This equates to
a projected decline in wastewater emissions intensity of between 40 and 46 per cent on 2000 levels
by 2030. Under these scenarios, emissions will fall by 0.1–0.6 Mt CO2-e from 2000 levels by 2020,
and 0.3–0.7 Mt CO2-e by 2030 (Figure D.43).

Box D.9: Waste to energy

Methane from decomposing waste can be captured from landfills or waste collection
ponds and combusted to generate electricity. The electricity can be used on site or
supplied to the electricity grid. Captured methane from waste is classed as biogas,
a renewable source, and the emissions reductions derived from the displacement of
fossil fuels are reflected in the stationary energy sector.

D10.3 Progress in waste emissions reduction
D10.3.1 Waste emissions reduction opportunities
The largest contributors to further emissions reduction in the waste sector are expected to be
continued diversion of waste from landfill, methane capture and waste-to-energy. These activities
are driven by a range of regulatory drivers, policy drivers and market-based incentives.
Alternative waste treatments have grown significantly since 1990, resulting in a significant amount
of waste being diverted away from landfill (see Table D.7). Since this time, a major driver for the
growth of alternative waste treatments has been the impact of regulatory frameworks. These have
operated at all levels of government and span local planning controls, environmental safeguards and
community standards, and have served to direct waste streams away from landfill where feasible.
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Australian states and territories have adopted a broadly similar hierarchy of waste resource
management options, in the following order:
•• avoiding unnecessary resource consumption as the first preference
•• adopting alternative waste treatments, including reuse
•• reprocessing, recycling and energy recovery
•• disposing via landfill or effluent streams.
Some states have embodied this hierarchy into legislation such as the Waste Avoidance and Resource
Recovery Act 2001 (NSW).
Strategic policy frameworks have also been developed at all levels of government. The National
Waste Policy, for instance, is a major national policy that was endorsed by COAG in 2009, and sets
Australia’s waste management and resource recovery direction to 2020. In partnership with the
states and territories, the policy establishes strategic direction and best practice in the areas of waste
avoidance and waste diversion.
The management of waste continues to be a strong policy focus for state governments. For example,
New South Wales recently released its Draft Waste Avoidance and Resource Recovery Strategy
to 2021, for public consultation. The draft strategy includes targets for reducing waste generation,
litter and landfill, and increasing recycling rates. Victoria recently released two draft waste strategies
detailing how the state will invest in waste infrastructure and maximise resource recovery.
Recycling and other waste diversion activities are projected to increase under a no price scenario,
contributing to the emissions reductions outlined earlier. In the future, waste avoidance and
alternative waste treatments are expected to be crucial in offsetting the growing quantity of waste
generated that would otherwise be sent to landfill. With appropriate policies, incentives and funding
in place, Blue Environment (2011, p. 8) estimates that by 2030 as much as 70 per cent of all solid
waste could be slated for resource recovery, reducing as much of 80 per cent of emissions.
Since the late 1990s, there has been a growing number of market-based schemes established in
many jurisdictions across Australia to encourage the reduction of waste and emissions. The diffusion
of emissions capture and waste-to-energy technologies is influenced by demand, technology costs
and regulations, and also by other market-based schemes that provide price incentives, such as
the RET. Since 2001 under the RET, waste facility operators have been able to earn certificates for
capturing waste methane for electricity generation.

Table D.7: Total national generation of waste and disposal to landfill,
1940–2007
Year

1940

1950

1960

1970

1980

1990

2000

2007

Waste generated (kt)

9,600

10,100

15,200

17,700

17,100

16,400

25,600

42,700

Disposed to landfill (kt) 9,600

10,100

15,200

17,700

17,100

16,400

19,600

21,300

Landfilled portion

100%

100%

100%

100%

100%

77%

50%

100%

Source: Modified from Department of the Environment, Water, Heritage and the Arts 2010
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ClimateWorks (2013, p. 23) noted that between 2001 and 2011 waste operators were credited with
over 6 GWh of electricity generation under the RET, representing more than 7 per cent of large-scale
renewable energy generation. Waste-to-energy technologies have grown sufficiently in scale and
may soon contribute about 800 GWh of electricity into the NEM annually (SKM-MMA 2012, p. 77).
There is enough generation capacity from captured methane to power more than 200,000 homes,
with an additional 45 MW of new landfill electricity generation projects currently in development,
and a further 18 MW under assessment.
The modelling undertaken by the Treasury and DIICCSRTE includes the impact of the RET in all
scenarios. Under the no price scenario, the small emissions reduction projected to 2030 can be
attributed to a combination of factors, including the continuing impact of the RET.
In addition to the national RET, state-based schemes promoting effective treatment or diversion
of waste have also contributed to the diffusion of emissions reduction technologies. The GGAS
operated in New South Wales from 2003 to 2012 and gave operators credits to capture emissions
and certificates for electricity generation from landfill gas, similar in function to the RET. This scheme
helped to incentivise the uptake of landfill gas capture technologies by giving landfill operators
additional revenue streams via the market for offset credits. This scheme was closed in 2012. The
CFI now offers incentives for eligible landfill gas capture projects.
The CFI provides price incentives for the reduction of emissions associated with legacy waste (waste
deposited prior to 1 July 2012). Since its introduction, the CFI has registered more projects related to
waste than from any other sector. According to the Clean Energy Regulator (2013), the CFI has 69
registered waste projects involving gas capture, combustion and diversion in January 2014. These
projects have resulted in about 3.9 million Australian carbon credit units being issued, representing a
reduction in emissions of almost 4 Mt CO2-e. Given that only legacy waste is eligible for CFI credits,
the CFI is projected to be most pronounced in the first few years of operation, and will decline into
the future as the emissions from legacy waste decline.
The price difference between landfilling and alternative waste treatments is expected to shrink
under the low, medium and high scenarios, which would make alternative waste treatment a more
attractive option. There is some evidence that reducing the price difference of landfill relative to
alternative waste treatments drives waste streams away from landfill (PC 2006, pp. 153–7). This
has previously been addressed via increased landfill levies in some Australian states and in the UK
(UK Committee on Climate Change 2013, p. 218).

D10.3.2 Barriers to waste emissions reduction
Due to a range of pricing, demand and regulatory differences across states and municipalities,
the level of landfill diversionary activity differs, indicating that additional emissions reduction
opportunities may exist.
The installation of new technologies involves large capital costs that may take an extended period of
operation to recover. This suggests that a strong and stable price incentive or a clear and enforceable
regulatory requirement would be needed to further incentivise investment in these technologies.
New waste treatment technologies and processes, such as food and electronic waste treatment and
thermal treatment plants, may also face hurdles from community acceptance, land availability, local
planning requirements and funding.
The level of demand can also be a barrier to effective waste diversion or emissions reduction,
as towns in rural and regional areas often do not generate enough waste for operators to justify
investing in costly alternative waste treatment facilities or technologies.
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Calculating caps—
assumptions,
methods and tests
Appendix E1
Introduction

Under current legislation, the Authority is required to recommend annual caps under the carbon
pricing mechanism to 2020. Chapter 13 sets out the relevant considerations and associated analysis.
This appendix presents the assumptions and methods used to estimate emissions, calculate
caps and test the robustness of recommended caps against a range of possible futures. It draws
extensively on the results of the economic modelling discussed in Chapter 10 and Appendix F.
All emissions are presented using Fourth Assessment Report (AR4) global warming potentials
unless otherwise stated.
All references to covered emissions refer to emissions covered by the carbon pricing mechanism.

Appendix E2
Default caps
As outlined in Chapter 13, the Authority calculated default caps using the Liable Entities Public
Information Database (CER 2014a) figure for 2012–13 covered emissions (Table E.1).

Table E.1: Calculation of default caps
2012–13
Covered emissions
Default caps

2013–14

2014–15

2015–16

2016–17

2017–18

2018–19

2019–20

n/a

n/a

247

235

223

211

199

285

Note: All figures in Mt CO2-e.
Source: Covered emissions 2012–13 from Liable Entities Public Information Database (CER 2014a)

To estimate the 2020 target implied by the default caps, the Authority calculated the total 2013–
2020 emissions budget corresponding to these default caps (Table E.2). The national emissions
budget is almost equal to the budget for a 2020 target of 15 per cent below 2000 levels (excluding
carryover), or 19 per cent (including carryover).
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Table E.2: 2013–2020 national emissions budget implied by default caps

Caps (2015–2020)

1,108

Fixed-price-period emissions (2013–2015)

+1,784

Uncovered emissions (2016–2020)

+1,385

Global Warming Potentials adjustment

+16

Voluntary action (GreenPower and voluntary cancellation of renewable energy certificates)

+16

Government purchase of international units

0

Carryover (from first Kyoto Protocol commitment period)

–116

National carbon budget (2013–2020)

4,194

Note: All figures in Mt CO2-e. Totals do not sum due to rounding. Uncovered emissions include CFI estimates.
Source: Climate Change Authority based on Treasury and DIICCSRTE 2013 and GreenPower 2013

Appendix E3
Assumptions and methods for estimating emissions
outside the caps
This appendix sets out the emissions estimates used to calculate caps and, where relevant, explains
the method used to derive those estimates.

E3.1 Whole-of-economy emissions during the fixedprice period
The Authority has estimated Australia’s domestic emissions for the fixed-price period (Table E.3).
The estimate is based on the medium scenario from the modelling. Two additional adjustments were
made to ensure the estimates are consistent with current legislative settings:
•• the estimate of 2014–15 fixed-price emissions is based on the three-year fixed-price sensitivity
test, which assumes the legislated fixed price applies in 2014–15. In contrast, the medium scenario
assumes a floating price in 2014–15
•• the estimate of 2013–14 and 2014–15 emissions is adjusted based on the heavy on-road vehicle
sensitivity test, which assumes the equivalent carbon price does not apply to heavy on-road
vehicles. In contrast, the medium scenario assumes the equivalent carbon price applies to heavy
on-road vehicles from 2014.

Table E.3: Emissions during the fixed-price period (2012–13 to 2014–15)
2012–13

2013–14

2014–15

National emissions

593.07

593.04

597.57

Adjustment for heavy on-road vehicles (add)

n/a

0.06

0.20

Total fixed-price emissions

1,783.93

Note: All figures in Mt CO2-e. Adjustment for heavy on-road vehicles in 2013–14 reflects forward-looking behaviour by some entities. Numbers may
not sum due to rounding.
Source: Treasury and DIICCSRTE 2013
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E3.2 Credits from the Carbon Farming Initiative
CFI credits for the flexible-price period are based on the medium price scenario (Table E.4), adjusted
(increased) to include projects that have transitioned to the CFI from existing national and statebased schemes. This has been subtracted from the national emissions budget when calculating caps.
The estimate takes into account:
•• emerging information on the cost of eligible emissions reduction activities
•• CFI project uptake rates
•• the development of new CFI methodologies.
Credits are assumed to be generated in the year the emissions reductions occur. Further information
on the CFI is provided in Appendix C of the Treasury and DIICCSRTE modelling report.

Table E.4: Assumed credits from the CFI (2015–16 to 2019–20)
2015–16

2016–17

2017–18

2018–19

2019–20

Total

11.35

12.54

14.46

15.73

16.99

71.07

Note: All figures in Mt CO2-e. Numbers may not sum due to rounding.
Source: Climate Change Authority analysis based on data from Treasury and DIICCSRTE 2013 and the Clean Energy Regulator

E3.3 Opt-in emissions
The Authority has estimated opt-in emissions and added these to the budget available for caps
(Table E.5). The estimate has been developed based on data on applications for opt-in from the
Clean Energy Regulator, and estimates from the modelling exercise on how these emissions might
change over time. It is also informed by discussions with liable entities that have not yet applied to
opt in, but may do so in the future.
Opt-in emissions reduce uncovered sector emissions and from this point forward are excluded from
the estimate of uncovered sector emissions.

Table E.5: Opt-in emissions (2015–16 to 2019–20)
2015–16

2016–17

2017–18

2018–19

2019–20

Total 

15.41

13.63

13.95

14.23

14.50

71.72

Note: All figures in Mt CO2-e.
Source: Climate Change Authority analysis based on data from Treasury and DIICCSRTE 2013

E3.4 Below-threshold emissions
The Authority has estimated below-threshold emissions for sectors other than waste, and
deducted this from the budget available for caps (Table E.6). The estimate has been developed
by comparing historical emissions from covered activities with liable emissions under the carbon
pricing mechanism using data from the Clean Energy Regulator. The estimate is also informed by the
modelling exercise, including the growth rate of covered emissions from the medium price scenario.
Below-threshold emissions for the waste sector are included in the total estimate of uncovered
emissions (Table E.6).
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Below-threshold emissions increase uncovered sector emissions and from this point forward are
included in the estimate of uncovered sector emissions.

Table E.6: Below-threshold emissions (2015–16 to 2019–20)
2015–16

2016–17

2017–18

2018–19

2019–20

Total

2.37

2.40

2.42

2.45

2.47

12.12

Note: All figures in Mt CO2-e. Numbers may not sum due to rounding.
Source: Treasury and DIICCSRTE 2013

E3.5 Uncovered emissions during the flexible-price
period
The Authority has estimated emissions from sources not covered by the carbon pricing mechanism,
based on the medium price scenario. This estimate includes below-threshold emissions and excludes
opt-in emissions. The Authority adjusted these estimates to remove the impact of the equivalent
carbon price on heavy on-road vehicles (so the final estimate reflects emissions levels with no
equivalent carbon price on heavy on-road vehicles) (Table E.7).

Table E.7: Uncovered emissions during the flexible-price period
(2015–16 to 2019–20)
2015–16

2016–17

2017–18

2018–19

2019–20

Uncovered emissions

260.11

261.86

261.21

260.16

259.81

Adjustment for heavy on-road vehicles (add)

0.35

1.22

1.99

3.11

3.61

Total uncovered emissions

1,313.44

Total uncovered emissions including CFI

1,384.50

Note: All figures in Mt CO2-e.
Source: Treasury and DIICCSRTE 2013

E3.6 Adjustment for accounting discrepancies—
changes in global warming potentials
Different global warming potential (GWP) values will be used to calculate emissions in the carbon
pricing mechanism and in Australia’s national emissions budget until 2017–18, when the rules are
harmonised. The Authority estimated the discrepancy arising from this difference for 2015–16 and
2016–17 (Table E.8), and deducted it from the budget available for caps. A small residual discrepancy
relating to waste sector emissions will continue after 2016–17. This discrepancy is not material, so
no further adjustment has been made.
The estimate is based on the projected level of emissions covered by the carbon pricing mechanism
in the medium price scenario. Emissions are estimated using both sets of GWPs (the IPCC AR2
values are used for the carbon pricing mechanism, and AR4 values for the national emissions
budget), and the differences summed.
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Table E.8: Global warming potentials adjustment (2015–16 and 2016–17)
2015–16

2016–17

Covered emissions (AR2)

350.21

351.20

Covered emissions (AR4)

358.06

359.35

Difference

7.85

8.15

Total 

16.00

Note: All figures in Mt CO2-e.
Source: Treasury and DIICCSRTE 2013

E3.7 Adjustment for voluntary action
The Authority estimated the emissions reductions associated with GreenPower purchases and the
voluntary cancellation of Renewable Energy Certificates (RECs) for the period 2012–13 to 2019–20
(Table E.9), and deducted this from the national emissions budget when calculating caps. This helps
ensure GreenPower and the voluntary cancellation of RECs deliver emissions reductions additional
to Australia’s national target.
The estimate of GreenPower purchases is based on 2011 purchases (the latest available audited
data) from the GreenPower administrator. It is assumed that GreenPower remains a constant
share of total electricity demand over the period to 2019–20. Emissions reductions associated with
GreenPower are calculated based on the average emissions intensity of the electricity grid on a stateby-state basis. Electricity demand and emissions intensity are based on the medium scenario.
The estimate for the voluntary cancellation of RECs is based on the average cancellation for 2010,
2011 and 2012 from the Clean Energy Regulator. It is also assumed that the voluntary cancellation
of RECs remains a constant share of total electricity demand over the period to 2019–20. Emissions
reductions associated with the voluntary cancellation of RECs are calculated based on the national
average emissions intensity of the electricity grid. Electricity demand and emissions intensity are also
based on the medium scenario.

Table E.9: Adjustment for voluntary action (2012–13 to 2019–20)
2012–13

2013–14

2014–15

2015–16

2016–17

2017–18

2018–19

2019–20

GreenPower

1.77

1.78

1.88

1.87

1.85

1.82

1.78

1.75

Voluntary cancellation
of RECs

0.25

0.25

0.27

0.26

0.25

0.24

0.23

0.23

Total

16.47

Note: All figures in Mt CO2-e. Numbers may not sum due to rounding.
Source: Based on GreenPower 2013, Treasury and DIICCSRTE 2013 and the Clean Energy Regulator
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E3.8 Carryover from the first commitment period of
the Kyoto Protocol
The carryover from Australia’s first commitment under the Kyoto Protocol (for the period 2008–12)
is estimated to be 121.5 Mt CO2-e (DoE 2013). This is calculated by comparing Australia’s assigned
amount against domestic emissions for the 2008–12 period. This estimate is then reduced by
5.1 Mt CO2-e to account for the estimated emissions reductions from relevant voluntary action
(GreenPower purchases and the Greenhouse Friendly program) for the same period.
The Commonwealth Government has already cancelled 2.3 Mt CO2-e of assigned amount units
(CER 2014b). This means Australia has an estimated 116.4 Mt CO2-e to carryover.

Appendix E4
Assumptions and methods for year-by-year shape
of caps
As outlined in Chapter 13, the Authority’s general preference is to have caps that follow the shape of
the national trajectory. To determine the annual caps, the total budget available for caps is distributed
across the flexible-price period at the same declining percentage rate as the national trajectory.
The annual caps are then assessed to ensure they are sufficient to accommodate free allocation
and early auction of carbon units, and to avoid impacts on the carbon price.

E4.1 Free allocation and early auction
The Authority estimated the number of carbon units required for free allocation under the Jobs
and Competitiveness Program by analysing production levels for eligible industries in the medium
scenario. Free allocation under the Energy Security Fund, and early auction of carbon units, are
scheduled according to regulations and previous government policy. Table E.10 summarises the
annual requirements, which are well below the recommended caps in every year.

Table E.10: Carbon units required for free allocation and early auction
(2015–16 to 2019–20)

Jobs and Competitiveness Program
(estimate)

2015–16

2016–17

2017–18

2018–19

2019–20

106

108

108

106

105

Energy Security Fund

42

42

0

0

0

Early auction

40

20

0

0

0

Total

188

169

108

106

105

Note: All figures in Mt CO2-e. Numbers may not sum due to rounding.
Source: Based on Treasury and DIICCSRTE 2013 data
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E4.2 Minimising carbon price effects due to import limits
Caps calculated for the 15 per cent target plus carryover are robust across all carbon price scenarios
(low, medium and high). The 12.5 per cent sublimit on Kyoto units binds in every year, and the overall
50 per cent limit on international units does not bind in any year. Figure E.1 illustrates the result for
the medium scenario.
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F

The Authority requested assistance from Treasury and DIICCSRTE to provide input to its economic
analysis for the Targets and Progress Review. The Treasury and DIICCSRTE undertook economic
modelling of different climate change mitigation scenarios in close consultation with the Authority.
The modelling was also used as a basis for the government’s 2013 emissions projections (DoE 2013).
This appendix outlines how the modelling was used to inform different parts of this Review.
Treasury and DIICCSRTE (2013) and the consultants’ reports on the electricity, transport and
agriculture sectors are published on the Authority’s website.

Appendix F1
Modelling approach
The Treasury and DIICCSRTE modelling report uses a suite of models because no single model
adequately captures the global, national, state and sectoral dimensions or focuses on all relevant
aspects of mitigation policy in Australia.
The suite includes two top-down, computable general equilibrium (CGE) models developed in
Australia—the GTEM and the Monash Multi-Regional Forecasting (MMRF) model. These are
economy-wide models that capture the interactions between different sectors and among producers
and consumers. The model for the Assessment of Greenhouse Gas Induced Climate Change
(MAGICC) is used to estimate atmospheric concentrations based on the emissions trajectories from
the international scenarios. Sector-specific models for electricity generation (undertaken by ACIL
Allen Consulting), transport (CSIRO), agriculture (CIE) and forestry and waste (DIICCSRTE) are
used to complement the CGE models, enriching the understanding of the economy’s likely response
to climate change mitigation policy (Figure F.1). The Treasury and DIICCSRTE modelling report and
consultants’ reports provide further detail on the use of these models and their integration.
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APPENDIX F FIGURE F.1 (FORMERLY C.1)
Figure F.1: How the suite of models fits together

Forestry

Australian
CGE model
MMRF

Global CGE
model GTEM

MAGICC

Transport

Agriculture
and waste

Electricity

Note: A solid arrow indicates direct transfer of results as an input/output; a dashed arrow indicates use of results for calibration.
Source: Treasury and DIICCSRTE 2013
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The modelling investigates the future economic and emissions outlook for Australia. As outlined in
Chapter 10, assumptions about policy settings are especially challenging as Australia’s are currently
APPENDIX F FIGURE F.2 (FORMERLY C.2)
being revised. The modelling assesses the economic impacts of achieving different targets in the
context of the current legislative settings. Assuming the carbon pricing mechanism is in place, a key
uncertainty
is the future level of the carbon price. Assumptions about the level of international action
0.85
and0.84
the extent of international permit trading are important determinants of the level of Australia’s
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0.83 price. These assumptions also affect the prices of the goods Australia imports and exports,
and 0.82
have implications for energy exports
in particular.
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modelled. They assume the world takes action to stabilise
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in the
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Reductionreport.
Further
detail is provided in Chapter 2 of the Treasury and DIICCSRTE modelling
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in demand:
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Reference
0.77
Economic
activity
and emissions are projected for three scenarios with carbon pricing and the CFI,
Comparison
and 0.76
for one scenario
in which there is neither carbon pricing nor the CFI. The Australian carbon price
Split
scenarios
are further outlined in Box 10.1 of Chapter 10 and the Treasury and DIICCSRTE modelling
0.75
246
247
248
249
250
report. 245
Electricity demand (TWh)

The international scenarios form the backdrop for the domestic scenarios (Table F.1). The ambitious
international action scenario forms the backdrop for the high scenario; the carbon price is sufficient
to drive the cuts in global emissions required to give a 50 per cent probability of limiting warming
to no more than 2 degrees. The medium international action scenario forms the backdrop to the
medium and low scenarios; the lower carbon price drives more gradual cuts in global emissions,
resulting in additional warming.
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Table F.1: International and domestic scenarios modelled
International action scenario

Domestic action scenario

Ambitious action—stabilisation around 450 ppm CO2-e

High scenario

Medium action—stabilisation around 550 ppm CO2-e

Medium scenario*

Medium action—stabilisation around 550 ppm CO2-e

Low scenario

Medium action—stabilisation around 550 ppm CO2-e

No price scenario

*Referred to as ‘central’ price scenario in the Treasury and DIICCSRTE modelling report.

The high, medium and low domestic action scenarios assume Australia has a fixed carbon price
in 2012–13 and 2013–14, and then moves to a flexible price. A sensitivity analysis on the medium
scenario is also modelled, with a fixed price in 2014–15 and a flexible price starting in 2015–16, in
accordance with the current legislation. This changes emissions levels in 2014–15, which affects
the cap calculations presented in Part E and Appendix E. However, it has no material impact on the
economic results, so it is not used in the analysis in chapters 10, 11 and 12.
DIICCSRTE engaged consultants to undertake detailed modelling of Australia’s electricity, transport
and agriculture sectors. The consultants also undertook a range of sensitivity analyses for each
sector. Further detail on this modelling is provided in the consultants’ reports published on the
Authority’s website.

Appendix F3
Emissions data
Historical and projected emissions for the period 1990 to 2030 are taken from the Treasury and
DIICCSRTE modelling report.
In the modelling, historical emissions data for the period 1990 to 2011 are based on the National
Greenhouse Gas Inventory report 2010–11 (DIICCSRTE 2013a); these have been converted to CO2-e
values using GWPs from the IPCC’s Fourth Assessment Report (AR4) to permit simple comparison
over the full period. Emissions in 2000 of 585.88 Mt CO2-e are used as the basis for the emissions
reductions targets and trajectories. For 2012, historical emissions are based on preliminary estimates
of the National Greenhouse Gas Inventory, with the exception of waste and LULUCF emissions,
which are modelled estimates. Historical emissions for LULUCF for the period 1990 to 2012 are
adjusted to be consistent with the new accounting rules agreed for the second commitment period
of the Kyoto Protocol. Emissions data for the period 2013 to 2030 are modelled estimates. Further
details are provided in Box 6.1.

Appendix F4
Australian action in a global context
The modelling is used to inform part of the analysis of countries’ targets presented in Chapter 4. The
modelling is used for Figure 4.3 and in Appendix B to compare countries’ 2020 targets with their
projected BAU emissions. The BAU emissions are estimated from the GTEM reference case for some
countries, and the domestic emissions for Australia are estimated from the no price scenario from
MMRF. All Australian population estimates are from GTEM. Further information on the other data
used for the comparison analysis can be found in Appendix B.
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Appendix F5
Form and scope of goals
Net emissions reductions due to the election of optional land-use activities from bottom-up
modelling undertaken by DIICCSRTE are used in chapters 7 and 11 and Appendix D to calculate the
implications of land sector accounting changes for Australia’s 2020 target.
The impact on the 2020 target is calculated as follows:
1. The total additional emissions reduction over 2013–2020 provided by land sector accounting
changes (under Article 3.4 of the Kyoto Protocol including forest management) is calculated as
the difference between the 2013 modelling projections with and without Article 3.4 including
forest management (see Appendix B of the Treasury and DIICCSRTE modelling report).
2. Projected emissions reductions are identified from CFI projects in forest management, crop land
management, grazing land management and revegetation. These are subtracted from the total
additional emissions reduction in (1), giving 90 Mt CO2-e of emissions reduction that would occur
because of the Article 3.4 changes, regardless of policy incentives.
3. The resulting cumulative emissions reduction from (2) is converted to an equivalent strengthening
in the 2020 target that would result in the same cumulative emissions reduction over the period
2013–2020.
This calculation is not affected by changes in global warming potentials since the 2012 projections,
as the relevant emissions are carbon dioxide only.

Appendix F6
Australia’s emissions budget to 2050
Calculations of Australia’s emissions budget to 2050 outlined in Chapter 8 draw on the international
modelling from GTEM and further information provided by Treasury. Details are in Appendix C.

Appendix F7
Economic implications of Australia’s emissions
reduction goals
The modelling is a key input to the Authority’s analysis of economic impacts. All domestic scenarios
are used to assess the outlook for the Australian economy and domestic emissions, in the context
of different levels of international action and carbon prices.

F7.1 GNI adjustment for the high scenario
The modelling was used to estimate the GNI impacts of moving to a stronger target.
The scenarios reported in the Treasury and DIICCSRTE modelling report assumed a 5 per cent target
for the central- (referred to as ‘medium’ in this Review) and low-price scenarios, and a 25 per cent
target for the high-price scenario.

targets and progress review final REPORT february 2014

333

To assess the impact of moving from the minimum 5 per cent target to a 19 per cent target, the
Authority requires GNI levels for a 5 per cent target for all price scenarios. The Authority adjusted
the GNI results for the high-price scenario to remove the costs of achieving the stronger 25 per cent
target, using the following method:
1. The cost of the additional imports was added back. A 5 per cent target requires fewer international
emissions reductions to be purchased than a 25 per cent target. For example, in 2020 it requires
41 million fewer Kyoto units and 76 million fewer European Union allowances (EUAs) to be
purchased. This increases GNI in 2020 by $5.9 billion.
2. The positive terms of trade effect was added back (this stems from lower international transfers
associated with imports, and is the same effect described in Section 3.7.2 of the modelling report).
This effect is 0.3 times the cost of imports, increasing GNI in 2020 by an additional $1.8 billion.
The additional revenue impact described in Section 3.7.2 of the modelling report is not included
in the modelling scenarios and did not need to be removed for the Authority’s estimate of the
5 per cent target.
This methodology was used to adjust GNI in each year of the flexible-price period. Throughout
Chapter 10, the adjusted GNI for the high scenario is used.

F7.2 Calculating the GNI costs of stronger targets
Starting from the common 5 per cent target, the methodology discussed in Section 10.3.1 was used
to calculate the impact of moving to stronger targets. The costs are based on the additional imports
required to move from 5 per cent to the recommended target; specifically, the difference in annual
caps for a 5 per cent and a 19 per cent target. Table F.2 shows the average annual GNI growth rate
between 2013 and 2020 for each of the price scenarios.

Table F.2: Average annual growth in GNI per person 2013–2020
Target

High scenario

Medium scenario

Low scenario

5 per cent

0.73%

0.80%

0.82%

19 per cent including carryover

0.67%

0.78%

0.82%

F7.3 Assessing the impact of Australia’s target on
the international carbon price
A central question in analysing the economic implications of Australia’s emissions reduction
goals under the current legislation is whether its choice of 2020 target would have an impact
on the international carbon price. As outlined in Chapter 10, for this analysis we have assumed
that Australia’s decision to move to a stronger target would not have a material impact on the
international carbon price.
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Under the current legislative settings, limits on the use of Kyoto units and the ability to bank units
for future use mean the Australian carbon unit price is expected to track the European price. The
majority of stakeholders consider that Australia will have little or no impact, because changes in
Australian demand would not be big enough to shift the European market. The European Union
emissions trading system (EU ETS) covers roughly 2,000 Mt CO2-e (European Commission 2013),
while the Australian carbon pricing mechanism covers about 300 Mt CO2-e, making the European
market almost seven times bigger than the Australian market. Further, the European market
currently has a substantial surplus of roughly two billion units, in part due to the sustained economic
downturn. As a result, a stronger Australian target will reduce the supply of Australia’s domestic
units, but have only a small impact on aggregate demand for international units.
The Authority has consulted extensively on this question, including with market analysts and traders,
and liable entities. Many stakeholders, including the Australian Industry Group and the Investor
Group on Climate Change, indicated Australian carbon prices would be likely to follow European
prices.
Some analysts consider that a stronger target in Australia would increase the international price.
For example, in August 2013 Bloomberg New Energy Finance (BNEF) projected that Australia
moving to a 15 per cent target could increase the Australian carbon unit price by an average of
$7.80 (2020 Australian dollars) (€4.70) over the period 2016–20 when compared to its 5 per cent
scenario (2013a). Under this scenario, BNEF forecast an Australian carbon unit price of $80.40
in 2020, compared to $71.60 in 2020 under a 5 per cent target (in 2020 Australian dollars).
Other stakeholders suggested that the European price is largely contingent on the outcomes of
proposed EU ETS structural reform, and finalisation of Europe’s emissions reduction goals for the
post-2020 period. These reforms could change the underlying demand and supply balance for
European allowances, in which case additional demand from Australia may have a modest price
impact.
Even if Australia’s target did have a price effect, the scale of the projected change would not be
expected to materially change domestic economic activity or impacts on Australian businesses and
households. Moreover, the scale of the projected change is small relative to the scale of uncertainty
in the carbon price itself. In July 2013, analyst forecasts of the carbon price in 2020 ranged from
roughly $6 to $80 (RepuTex 2013; BNEF 2013b)—a much wider range than any potential impact
of a stronger Australian target on the international price.
The Authority has considered three carbon price scenarios spanning a wide range of possible future
market conditions, which provide a robust basis to illustrate the potential costs. Table F.2 illustrates
the GNI impacts for the different price scenarios, which show the potential range of impacts if
Australia was to have an effect on the international price.

F7.4 Impact of the target is different to impact of the
carbon price
As discussed in Section 10.3.4, the impact of the target is different to the impact of the carbon price.
There is a common misconception that stronger targets mean much higher economic costs, with
greater distributional consequences. This is not the case under the current legislation, where the
carbon price is not expected to be materially affected by the target.
In determining the economic impact of the target, both the policy choice and the level of the target
are relevant. Under the current legislation, economy-wide costs are quite small; the economy
continues to grow and incomes continue to rise, even with a strong target. However, under a different
policy the impacts could be different. The results from the medium scenario, with illustrative 5 and
25 per cent targets, demonstrate the scale of potential effects.
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F7.4.1 Policy choice
Depending on Australia’s policy choice, costs may not be very transparent (for example, raising
general tax revenue can have diffuse effects) and may be higher than under the current legislation.
Current legislated policy applies a carbon price to certain emissions sources (including electricity
generation, direct combustion, landfills and industrial processes). This increases the cost of these
emissions-intensive activities and shifts the economy towards lower emissions activity.
The carbon price imposes costs at the individual commodity level (for example, higher electricity
prices); the whole-of-economy level (for example, lower GDP growth) and household income level
(for example, lower GNI per capita growth).
Table F.3 shows the scale of these effects, using the results from the no price scenario compared
to the medium scenario (with a 5 per cent target).

Table F.3: Electricity prices and economic impacts with a 5 per cent 2020
target in different scenarios
Electricity prices 
(residential retail)

GNI per capita

GDP

2012 levels

Varies across markets

$62,350

$1.475 trillion (2012)

No carbon price

Changes to residential retail electricity prices over the $66,700 (2020)
period 2012–2020 vary across jurisdictions, ranging
0.84% average annual
from:
growth to 2020
•• 24% above 2012 levels in 2020 in Queensland
(an increase of $50 per MWh) to

$1.882 trillion (2020)
3.10% average annual
growth (2012–2020)

•• 1% below 2012 levels in 2020 in Tasmania
(a fall of $1 per MWh).
Medium scenario

Changes to residential retail electricity prices over the $66,450 (2020)
period 2012–2020 vary across jurisdictions, ranging
0.80% average annual
from:
growth to 2020
•• 35% above 2012 levels in 2020 in Queensland
(an increase of $73 per MWh) to

$1.877 trillion (2020);
0.31% lower than no
price
3.06% average annual
growth (2012–2020)

•• 7% above 2012 levels in 2020 in the Northern
Territory (an increase of $18 per MWh).

Note: GNI per capita figures are rounded to the nearest $50.
Source: Climate Change Authority based on Treasury and DIICCSRTE (2013) and ACIL Allen Consulting (2013)

Removing the carbon price will unwind these economic impacts. Alternative policy will have its own
impacts. More detail would be required to estimate impacts for the Direct Action Plan. If new policy
was less efficient than a carbon price, the impact on GDP and GNI would be greater. Distributional
effects, including the impact on electricity prices, would depend heavily on policy choice.

F7.4.2 Level of the target
Under the current legislation, a stronger target is expected to lead to more imports of international
emissions units. Australia is small compared to the global carbon market, so is not expected to have
material impact on the carbon price. As a result, a stronger target is not projected to have material
direct impact on the economy, liable entities or the prices of goods and services such as electricity.
The main economic impact of the target choice arises from international transfers associated with
imports, and lower government revenue from having fewer units to auction.
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Table F.4 shows the scale of these effects using the results from the medium scenario, assuming
a 5 and 25 per cent target.

Table F.4: Electricity prices and economic impacts with a 5 and 25 per cent
target in the medium scenario
Electricity prices

GNI per capita

GDP

2012 levels

Varies across markets

$62,350

$1.475 trillion (2012)

5 per cent target

Residential retail tariff in 2020
is about 10% higher than in the
no price scenario (ACIL Allen
Consulting 2013). Ranges from:

$66,450 (2020)

$1.877 trillion (2020)

0.80% average annual growth
to 2020

3.06% average annual growth

$66,250 (2020)

Same as for 5 per cent

•• 1.4% in Darwin-Katherine
Interconnected System to
•• 13% in Victoria.
25 per cent target

Same as for 5 per cent

0.76% average annual growth

Note: GNI per capita figures are rounded to the nearest $50
Source: Climate Change Authority based on Treasury and DIICCSRTE (2013) and ACIL Allen Consulting (2013)

Appendix F8
Australia’s emissions outlook
The Review of Australia’s emissions outlook and progress towards its medium- and long-term
goals draws on the four scenarios from the modelling (no price, low, medium and high) to show the
scale and source of emissions reductions that may be elicited with different price incentives. The
sensitivity analysis from the bottom-up models is also used. The Authority’s approach to reporting
sectoral projections is outlined below.

F8.1 Integrating sectoral and economy-wide model
projections
F8.1.1 Emissions levels
The Authority has used emissions levels as reported in the Treasury and DIICCSRTE modelling report
for all sectors for the period 2013 to 2030.
The approaches used to estimate sub-sector level emissions depend on the level of detail available
from different models:
•• for transport, agriculture and electricity (for example, emissions from coal-fired electricity
generation), the Authority has used sub-sector ratios from the sectoral models to apportion
emissions
•• for all other sectors, sub-sector emissions are based on information from Treasury and DIICCSRTE
modelling.
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F8.1.2 Timeframe for projections
The Treasury and DIICCSRTE modelling provides emissions projections for the period 2013 to 2030.
The sectoral models provide emissions projections from 2031 to 2050 for electricity, transport and
agriculture.
As evident from the Treasury and DIICCSRTE modelling report and the consultants’ reports, there
are small differences between some of the projected emissions from the sectoral models and the
projected sectoral emissions from MMRF. For consistency over time, and where appropriate, the
Authority has derived emissions from electricity and transport for the period 2013 to 2050 by
applying the growth rates from the sectoral models to the level of emissions in 2030 from the
Treasury and DIICCSRTE modelling report. Other sector emissions and economy-wide emissions
are not projected beyond 2030.

F8.1.3 Additional subsector detail
Some activity and any additional subsector details (for example, fuel shares) have been sourced from
the sectoral models and the Treasury and DIICCSRTE:
•• electricity supply mix is based on ACIL Allen Consulting (2013) using as-generated gigawatt hours
for projections, and BREE (2013) for historical disaggregation
•• transport fuel use and modal shares are based on Reedman and Graham (2013) for projections,
and BITRE (2011) and BREE (2013) for historical disaggregation
•• agriculture activity is based on CIE (2013)
•• direct combustion activity is based on Treasury and DIICCSRTE emissions data and National
Greenhouse Gas Accounts (DIICCSRTE 2013b) rebased to AR4 GWPs
•• waste production activity is based on data sourced from DIICCSRTE.

F8.2 Attributing changes in emissions since 2000 due
to changes in activity or emissions intensity
The Authority developed an approach to attribute estimated changes in emissions over a period
between simultaneous factors, such as between a change to activity level and a change to emissions
intensity. The results are presented in Appendix D. This approach has been used for electricity and
transport sectors only. For all other sectors, changes in emissions are based on absolute emissions
changes and do not distinguish the contribution of changes in activity from changes in intensity.
Activity levels and emissions intensity at the start and end of the period are used as reference
points. The year 2000 is used as the primary start point, as it is the base year for Australia’s national
emissions reduction goals.
The method is designed to:
•• facilitate analysis of the factors contributing to changes in emissions and highlight the largest
contributors
•• ensure all changes in emissions could be attributed to contributors without double-counting—and,
as a result, be additive, so that:
–– the sum of changes attributed to each contributor is equal to the total change across all
contributors
–– the sum of changes attributed to consecutive time periods is equal to the total change from the
start to the end of the whole period.

Forestry
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Figure F.2 illustrates the method, apportioning a reduction in emissions between lower activity and
lower emissions intensity.
APPENDIX F FIGURE F.2 (FORMERLY C.2)
Figure F.2: How changes in emissions are quantified and attributed
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Source: Climate Change Authority

Figure F.2 compares demand and supply intensity in a given year against a reference year. The total
change in emissions is represented by the area between the reference and comparison curves—in
this example, 10.5 Mt CO2-e. Part of the change is attributed to the small reduction in demand—
1.3 Mt CO2-e. The remainder is attributed to the reduction in supply-side emissions intensity—
9.2 Mt CO2-e.

Appendix F9
Caps for the carbon pricing mechanism
The caps calculations presented in Chapter 13 and Appendix E draw on the emissions projections
from the modelling. Details of the scenarios used and associated calculations are provided in
Appendix E.
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Glossary
2 degree goal

A global goal to limit global average warming to less than 2 degrees above pre-industrial levels.

accounting framework

The rules that specify how to estimate greenhouse gas emissions and what emissions count
towards an emissions reduction target.

agriculture emissions

Emissions resulting from livestock digestive processes (enteric fermentation), manure
management, nitrous oxide emissions from cropping and pastureland soils, prescribed burning of
savannas and burning of agricultural residues.

Annex I countries/Parties

Industrialised countries and economies in transition listed in Annex I to the United Nations
Framework Convention on Climate Change.

Assessment Report

Comprehensive assessment of the state of climate change science published by the
Intergovernmental Panel on Climate Change.

Australian carbon unit

An emissions unit established by the Clean Energy Act 2011 (Cth), issued for the purposes of the
carbon pricing mechanism. The total number of units issued each year does not exceed the cap.

business-as-usual
emissions trend

Emissions that would occur without any policy intervention (or additional policy intervention).

cap

The year-by-year limit on emissions from sources covered by the carbon pricing mechanism.

carbon capture and
storage

Technologies that capture carbon dioxide emissions from energy production or industrial
processes, and inject it below land or the sea into underground geological formations.

carbon dioxide equivalent

A measure that quantifies different greenhouse gases in terms of the amount of carbon dioxide
that would deliver the same global warming.

Carbon Farming Initiative

An Australian emissions offset scheme that credits emissions reductions from certain sources,
such as forestry and agriculture, that are not covered by the carbon pricing mechanism.

carbon price

The price of an emissions unit.

carbon pricing mechanism An emissions trading scheme that puts a price on Australia’s greenhouse gas emissions. It was
introduced under the Clean Energy Act and applies to Australia’s biggest emitters (called ‘liable
entities’).
carryover

The accounting framework under the Kyoto Protocol that allows a country performing better than
its Kyoto target to ‘carry over’ the extra emission units to the next commitment period.

Certified Emission
Reduction

An emissions unit issued under the Clean Development Mechanism, for emissions-reduction
projects in developing countries. These CERs can be traded and sold, and used by industrialised
countries to help meet their emissions reduction targets under the Kyoto Protocol.

cumulative average
growth rate

A constant rate of growth that delivers equivalent change over a period.

climate system

A highly complex system consisting of five major components—the atmosphere, the hydrosphere,
the cryosphere, the land surface and the biosphere, and the interactions between them.

commitment period

The timeframe of binding national goals under the Kyoto Protocol. The first commitment period
was five years from 2008–2012. The second commitment period is eight years from 2013–2020.

covered emissions

Emissions from sources covered by the carbon pricing mechanism.
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Direct Action Plan

The government’s proposed policy to reduce greenhouse gas emissions and establish a
clean-up and environment conservation program. A central element of the plan is the
Emissions Reduction Fund.

decarbonise

The process of reducing emissions; for example, in an economy or sector.

direct combustion
emissions

Emissions released when fuels are combusted for stationary energy purposes, such
as generating heat, steam or pressure (excluding electricity generation). These emissions
are released by large industrial users, and by small, dispersed residential and commercial
consumers.

electricity emissions

Emissions released when fuels, such as coal and natural gas, are combusted to generate
electricity.

eligible international
emissions unit

An international unit that is accepted for compliance under the carbon pricing mechanism,
including Kyoto Protocol-certified reduction units, emissions reduction or removal units,
and other units identified by the government under the legislation.

emissions budget

A cumulative emissions allowance over a period of time.

emissions intensity

A measure of the amount of emissions associated with a unit of output; for example,
emissions per unit of gross domestic product.

emissions reduction

The act or process of limiting or restricting greenhouse gas emissions.

Emissions Reduction Fund A $3 billion fund proposed by the government to allocate money through a reverse
auction to emissions reduction tenders to projects designed to reduce emissions.
emissions reduction goal

Any emissions reduction objective, such as an emissions reduction target or target
range, an emissions budget or an emissions trajectory. Includes a pledge to reduce
or limit emissions made under the United Nations Framework Convention on
Climate Change.

emissions reduction
target

A goal for national emissions in a specific year.

emissions rights

The rights of individuals or countries to emit greenhouse gases.

emissions trading scheme

A market-based approach to reducing emissions that places a limit on emissions
allowed from all sources covered by the scheme. Emissions trading allows entities
to trade emissions units with other entities. In general, trading can occur at the
domestic, international and intra-company levels.

emissions unit

Represents a unit of one metric tonne of carbon dioxide equivalent.

equivalent carbon price

Part of the carbon pricing arrangements established under the Clean Energy Act.
Applies to certain liquid fuels and synthetic greenhouse gases through adjustments
to fuel excise arrangements, and to the Ozone Protection and Synthetic Greenhouse
Gas Management Act 1989 (Cth). The equivalent carbon price paid will be equal
to the effective carbon price paid by liable entities under the carbon pricing
mechanism.

European Union
Allowance

An emissions unit issued in the European Union Emissions Trading System.

fleet-average CO2
emissions standards

A policy requiring vehicle suppliers to meet an efficiency standard (expressed as
carbon dioxide emissions), based on the average size or weight of all new vehicles
they sell (a fleet-average). This approach allows suppliers flexibility to sell a mix
of vehicles that aligns with their commercial strategy and consumer preferences.

fugitive emissions

Greenhouse gases emitted during the extraction, production, processing, storage,
transmission and distribution of fossil fuels such as coal, oil and gas.
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global emissions budget

The total amount of emissions projected to result in a given rise in global temperature. Budgets
are expressed in terms of probabilities to reflect uncertainties about the exact temperature effect
of a given amount of emissions. The Authority has adopted a 67 per cent chance of causing
warming of less than 2 degrees as its reference for Australia’s goals.

global warming

Used interchangeably with climate change.

global warming potential

An index measuring the radiative forcing of a well-mixed greenhouse gas in the atmosphere,
relative to carbon dioxide, in order to compare its equivalent contribution to global warming.

greenhouse gas

Any gas (natural or produced by human activities) that absorbs infrared radiation in the
atmosphere. Key greenhouse gases include, carbon dioxide, water vapour, nitrous oxide, methane
and ozone.

gross domestic product

A measure of the value of economic production in the economy.

gross national income

An economic measure that reflects gross domestic product, the terms of trade and international
income transfers.

industrial

The period after 1750.

industrial process
emissions

Emissions from industrial processes including metal production, synthetic greenhouse gases,
chemical processes, mineral production and other processes. Excludes emissions from
combustion for energy purposes.

Intergovernmental Panel
on Climate Change

An international scientific body operating under the auspices of the United Nations. Its role is to
review, assess and synthesise the latest information on climate change.

land use, land use change
and forestry (emissions)

Emissions associated with human-induced changes in land use, such as deforestation,
afforestation and forest management.

Kyoto gases

Greenhouse gases covered under the Kyoto Protocol. These are: carbon dioxide (CO2), methane
(CH4), nitrous oxide (N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur
hexafluoride (SF6). The second commitment period also includes nitrogen trifluoride (NF3).

Kyoto Protocol

An international agreement adopted under the United Nations Framework Convention on
Climate Change in 1997. It includes binding national targets for developed countries and flexible
mechanisms including the Clean Development Mechanism (CDM).

Kyoto unit

Emissions units eligible for compliance with Kyoto Protocol targets—these include assigned
amount units (AAUs), certified emission reduction units (CERs), emission reduction units (ERUs)
and removal units.

marginal price of
emissions reduction

The cost of reducing emissions by one additional tonne.

Megawatt electric

Electrical power output of a generator in megawatts, as distinct from other power outputs such as
heat generated.

national carbon budget

Australia’s cumulative emissions allowance over a period of time, referred to in the Clean Energy
Act. This report uses ‘national emissions budget’ to mean the same thing.

National Greenhouse Gas
Inventory

An annual time series compilation of Australia’s emissions data, prepared by the Department of
Environment in line with UNFCCC guidelines.

net targets

The recommended emissions reduction goals are net of trade. This means that any international
emissions reductions Australia buys will count as reductions towards its target—but any
emissions reductions sold overseas cannot be counted. Emissions in Australia could be higher
than the target if offset by purchases of international emissions reductions.

parts per million

A measure of the concentration of greenhouse gases in the atmosphere. One part per million is
equivalent to one cubic centimetre of gas per cubic metre of air.

pre-industrial

The period before 1750.
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radiative forcing

A measure of the influence that a factor has on the energy balance of the climate system. Positive
forcing tends to warm the surface, while negative forcing tends to cool it.

Renewable Energy Target

A Commonwealth Government scheme that places a legal obligation on electricity retailers
and large electricity users to buy a certain proportion of their electricity from renewables-based
generation.

stationary energy
emissions

Emissions from electricity generation and direct combustion.

target conditions

The conditions the Commonwealth Government has specified in relation to its emissions
reduction target range for 2020, and reflected in international agreements.

terms of trade

The ratio of the price of a country’s exports, relative to its imports.

trajectory

An indicative year-by-year emissions pathway to an emissions goal.

trajectory range

A range within which future targets and trajectories may be set.

transport emissions

Emissions from vehicles, combusting or otherwise, converting fuels to move people and freight,
reported across four modes—road, rail, domestic aviation and domestic shipping. International
aviation and shipping emissions are excluded from Australia’s national inventory.

uncovered emissions

Emissions from sources not covered by the carbon pricing mechanism; includes emissions
covered by the equivalent carbon price.

unit shortfall charge

If a liable entity under the carbon pricing mechanism does not surrender a sufficient number of
emissions units then they must pay a charge equal to the unit shortfall multiplied by a specified
amount greater than one. The charge provides an incentive to surrender sufficient units.

United Nations
Framework Convention
on Climate Change

An international treaty that commits signatory countries (Parties) to stabilise greenhouse gas
concentrations in the atmosphere at a level that would prevent dangerous human-induced
interference with the climate system.

voluntary action

The autonomous decision of individuals, companies or governments to reduce greenhouse gas
emissions, such as to offset emissions to be carbon-neutral.

waste emissions

Emissions, mainly methane and nitrous oxide, that arise as organic waste decomposes in the
absence of oxygen.
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and Acronyms
ACU

Australian Carbon Unit, issued under the carbon pricing mechanism

ACCU

Australian Carbon Credit Unit, issued under the Carbon Farming Initiative

AR2

Second Assessment Report of the Intergovernmental Panel on Climate Change

AR4

Fourth Assessment Report of the Intergovernmental Panel on Climate Change

BAU

business-as-usual

CO2

carbon dioxide, a greenhouse gas

CO2-e

carbon dioxide equivalent

CCS

carbon capture and storage

CDM

Clean Development Mechanism of the Kyoto Protocol

CER

Certified Emission Reduction unit, created under the Clean Development Mechanism

CFC

chlorofluorocarbon

CFI

Carbon Farming Initiative

CGE

computable general equilibrium (model)

CH4

methane, a greenhouse gas

COAG

Council of Australian Governments

CSG

coal seam gas

DIICCSRTE

Department of Industry, Innovation, Climate Change, Science, Research and Tertiary Education

DoE

Department of the Environment

EEO

energy efficiency opportunities

EOR

enhanced oil recovery

EU

European Union

EUA

European Union Allowance, emissions rights issued under the EU ETS

EU ETS

European Union Emissions Trading System

EV

electric vehicle

GDP

gross domestic product

GGAS

Greenhouse Gas Reduction Scheme, a New South Wales policy to reduce emissions

GNI

gross national income

GJ

gigajoule (energy, one billion (109) Joules)

Gt

gigatonne (mass, one billion (109) metric tonnes)

GTEM

global trade and environment model
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GW

gigawatt (power, one billion (109) watts)

GWh

gigawatt-hour (energy, equal to 3.6 TJ)

GWP

global warming potential

HCFC

hydrochlorofluorocarbon, a greenhouse gas

HEV

hybrid electric vehicle

HFC

hydrofluorocarbons, a greenhouse gas

ICEV

internal combustion engine vehicle

IEA

International Energy Agency

IPCC

Intergovernmental Panel on Climate Change

Kt

kilotonne (mass, one thousand metric tonnes)

LCOE

levelised cost of electricity

LNG

liquefied natural gas

LULUCF

land use, land use change and forestry

MMRF

Monash Multi-Regional Forecasting (model)

MJ

megajoule (energy, one million (106) Joules)

Mt

megatonne (mass, one million metric tonnes)

MW

megawatt (power, one million watts)

MWe

megawatt electric

MWh

megawatt hour (energy, equal to 3.6 GJ)

N2O

nitrous oxide, a greenhouse gas

NEM

National Electricity Market

NGER

National Greenhouse and Energy Reporting

NGGI

National Greenhouse Gas Inventory

PFC

perfluorocarbon, a greenhouse gas

PHEV

plug-in hybrid electric vehicle

PJ

petajoules (energy, 1015 joules)

ppm

parts per million

PPP

purchasing power parity

QELRO

quantified emission limitation or reduction objective, form of national carbon budget used in the
Kyoto Protocol

REC

renewable energy certificates

RET

Renewable Energy Target

SF6

sulphur hexafluoride, a greenhouse gas

t

tonne (mass, one metric tonne)

TJ

terajoules (energy, 1012 joules)

TWh

terawatt-hour (energy, equal to 3.6 PJ)

UNEP

United Nations Environment Programme

UNFCCC

United Nations Framework Convention on Climate Change
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