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Dear Review Committee
Please find enclosed a submission by the Australian National University (ANU) Climate Change
Institute and Energy Change Institute to the Review of Australia’s climate change policies.
The mission of the ANU Climate Change Institute (CCI) is to contribute to climate change
solutions through innovative, interdisciplinary approaches to research and teaching, drawing on
the wealth of expertise across the University, and to connect our work to governments, the private
sector and civil society.
The ANU Energy Change Institute (ECI) combines leading research and teaching on the
technologies, efficiency, policy, law, sociology and economics of moving to a sustainable and
dominantly renewable energy future.
Together the CCI and ECI comprise more than 400 researchers on climate change and energy
from throughout the ANU.
We would welcome the opportunity to meet with members of the Review Committee to discuss
our submission further.

Yours sincerely,

Professor Ken Baldwin
Director, ANU Energy Change Institute

Professor Mark Howden,
Director, ANU Climate Change Institute

Introduction
The ANU Climate and Energy Change Institutes represent over 400 researchers from throughout
the university, including experts on the earth’s systems, climate impacts and adaptation, climate
change mitigation, institutional responses to climate change and transformational approaches. In
the energy sphere, our members’ expertise encompasses science, engineering, economics,
policy, regulation and sociology.
Given the wide-ranging nature of the Review and the diversity of expert researchers at the ANU,
we have chosen to contribute an overall submission, in parallel with some individual researchers
who are providing their own submissions in their specific area of expertise.
In this regard we will refer to the following individual submissions by ANU Climate and Energy
Change experts:
-

Dr Paul Burke’s submission provides an analysis of Australia’s emissions reduction
policies.
Professor Andrew Blakers’ and Dr Matthew Stocks’ submission outlines a roadmap to
greenhouse neutrality for Australian energy generation and use.

Significant to this review, we wish to emphasise the importance of a climate change policy which
includes all dimensions of climate change: climate science, impacts, mitigation, and adaptation. A
policy which addresses only mitigation is best considered an emissions policy, rather than a
climate change policy.
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Australia’s Future Emissions Targets
Prepared by Professor Frank Jotzo, Crawford School of Public Policy, ANU.
Key message: Longer-term emissions targets are essential to signal Australia’s intent on
climate change action to the world community, and to help guide investors’ expectations.
The experience of rapid change in energy technologies should inform the decision making
process for post-2030 targets.
Australia will be expected to make a commensurate contribution to the global climate change
mitigation effort. Australia’s relatively high per capita emissions, high per capita income and large
potential to reduce emissions all tend to indicate that a relatively strong emissions reductions
target would be considered a commensurate contribution. Australia’s longer term target also
needs to be considered in the context that for global temperature stabilization, global emissions
need to be net zero in the longer term.
Modelling of the presumed future economic effects of emissions reductions policies has an
important role in informing the decision about a national target. In undertaking and evaluating
such modelling, it should be kept in mind that the experience with such modelling exercises over
the past decade (including government studies in Australia) has consistently been that the
availability and cost of low-emissions technologies turn out better than assumed in the modelling.
Prominent examples are the drastic reduction in solar PV costs, electricity demand reductions by
households, and the emerging technical options to integrate very high shares of renewable
energy into the power grid. None of these factors were properly anticipated in the modelling
studies of just ten years ago, and hence the estimates of economic costs in these studies were
likely too high.
The setting of longer term emissions targets also needs to be seen in the context of broader
economic structural change. Much of Australia’s high emissions infrastructure is relatively old,
which can help facilitate a transition to a lower emissions economy and ultimately decarbonisation
while maintaining economic growth and prosperity.

For further discussion on these points regarding Australia’s future emissions
targets
Contact Professor Frank Jotzo, ANU Crawford School of Public Policy at
Frank.Jotzo@anu.edu.au or +61 2 6125 4367.
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Lack of consideration of health impacts and
opportunities with regards to climate change
Prepared by Professor Robyn Lucas, Research School of Population Health, ANU.
Key message: We need to consider the health impacts of climate change and policy
responses.
There is not a single health-related climate change policy included in the document, despite
health risks being recognised as an important driver of action on climate change.
The set of questions at the end of each section should also include health considerations in
addition to jobs, investment, trade competitiveness etc. For example policies to reduce emissions
in the transport sector have particular health benefits around improving air quality and also
encouraging active transport which has a range of health and other benefits.
Climate change is a major contributor to current and future health inequities; that is, avoidable
differences in health between different population groups within Australia. Climate change policies
should specifically address what effects they will have on equity, including health equity.

For further discussion on these points regarding health and climate change
Contact Professor Robyn Lucas, ANU Research School of Population Health at
Robyn.Lucas@anu.edu.au or +61 2 6125 3448.
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Financing emissions reduction technology
Prepared by Dr Matthew Stocks, ANU Research School of Engineering, ANU.
Key message: Low cost finance is critical for lowest emission reduction technology costs.
Low cost finance is critical to minimising the cost of low emission electricity generation.
Finance costs are strongly connected to risk. There are several policy approaches that reduce risk
for project development and reduce the cost of finance.
a) Reduce risk on the income stream through long term power purchase agreements (PPA)
b) Provide access to low cost finance through government support agencies
c) Provide long term (10+ years) policy direction to reduce risk in long term planning
Policy makers should ensure that their policy decisions are leading to reductions in the cost of
finance so that the lowest cost solutions to reducing emissions are enabled.
This piece has relevance to the following questions from the Climate Change Policies Review
Discussion Paper.
1. Australia’s Paris target: Australia has committed to considering a potential long-term
emissions reduction goal for Australia beyond 2030. What factors should be considered in
this process?
2. Australia’s Paris target: What are the issues in the transition to a lower emissions
economy with respect to jobs, investment, trade competitiveness, households (including
low income and vulnerable households) and regional Australia?
3. Electricity generation: What are the opportunities and challenges of reducing emissions
from the electricity sector? Are there any implications for policy?

Background
Most technologies that support lower emissions (wind, photovoltaics, hydro, solar thermal,
pumped hydro storage, batteries) are long lived, high capital investments with no fuel cost and low
ongoing maintenance costs. The cost of finance is therefore important to determine project
economics. A commonly accepted approach to evaluate the viability of a project is to look at net
present value which is the discounted benefits minus costs added together over the life (L) of the
project.

If the net present value over the life of the project is positive, it is a worthwhile investment. The
term “r” is the discount rate, which in practice is the real cost of finance (interest rate – inflation).
The cost of finance means that the future benefits (energy) are discounted due to the need to
repay the capital expenditure. The effect of the total discount increases the further into the future
the benefit is accrued. The lower the discount rate, the greater the value of the future benefits
and the more likely a project will be viable.
The levelised cost of electricity (LCOE) is frequently used to compare energy projects. It is the
average price of energy (benefit) that the project needs to receive for the project to break even
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(net present value = 0). For most renewable projects which have low fuel and maintenance costs
it is dominated by the initial capital cost.

≈

Initial Capital Investment

LCOE

The impact of the cost of finance can be clearly seen in a typical example in Figure 1. This shows
the levelised cost of a typical long lived (25 year) capital intensive investment (in this case, an offshore wind farm) as a function of the cost of finance (weighted average cost of capital or WACC).
As can be seen from the blue line in Figure 1, if the WACC is 8%, half of the final cost of the
generated electricity is due to the finance costs. High capital cost projects require low cost
finance to minimise energy costs.

Figure 1. The effect of discount rate (WACC) on the levelised cost of electricity for an off-shore
wind farm with a 25 year life (BVG Associates).

Examples of low cost projects
The ACT government reverse wind auctions are an excellent example of where good policy helps
to drive down costs. The ACT reverse auctions guarantee a fixed payment for the electricity that
is generated with no market variation risk to the project developed. The resulting risk for the
income stream is low since the ACT government is a guaranteed customer. The risk is shared
between the project developer and the PPA provided. Consequently, financiers can offer lower
cost finance due to the reduced income risk.
The second round auction enabled record low wind prices for Australia and NSW. The Hornsdale
bid of AUD$77/MWh is equivalent to a real price of AUD$65 (adjusted for inflation of 1.5%).
Victoria and Queensland are adopting similar approaches, recognising the benefits to reduced
costs of the ACT scheme.
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A review of the worldwide record low cost solar projects highlights the importance of power
purchase agreements.
1) Dubai, UAE – US$29.9/MWh for 800MW
2) Chile – US$29.1 MWh for 120MW
3) Mexico – US$35/MWh for 426MW
4) USA – US$S39/MWh for 100MW
5) Peru – US$48.5/MWH for 185MW
The PPA does not reduce the capital cost of the project or improve the technology. It reduces
income risks and therefore the cost of finance.

Key take-away: do not assume fixed finance costs or discount rates
Policy development around low emissions pathways must consider the cost of finance. Reducing
finance has a major impact on the energy cost of capital intensive low emission solutions.
Comparisons of different policy options often assume fixed discount rates. Different policy
instruments will strongly affect the cost of finance. The lowest cost solutions may develop from
the right choice of policy.
Discuss the implication of policy choices on finance costs with key players such as ARENA, the
CEFC, project developers and financiers. This should help guide good economic modelling and
subsequent policy decisions.

For further discussion on these points regarding financing emissions reduction
technology
Contact Dr Matthew Stocks, ANU Research School of Engineering at
Matthew.Stocks@anu.edu.au or +61 2 6125 9876.
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Electricity generation
Prepared by Professor Ken Baldwin, Director, ANU Energy Change Institute

What are the opportunities and challenges of reducing emissions from the
electricity sector? Are there any implications for policy?
Australia’s energy generation comprises 35% of greenhouse gas emissions so this sector is a
clear opportunity for significant emissions reductions starting in the near term. The challenges
and policy implications are summarised below.

How can energy and climate policy be better integrated, including the impact of
state-based policies on achieving an effective national approach?
A good starting point to integrate energy and climate policy is to include environmental goals in
the National Electricity Objectives, as indicated below. A coordinated national approach is
needed that embraces the States to ensure that the goals and structure of the National Electricity
Market (NEM) in particular provide a coherent framework.

Are there particular concerns or opportunities with respect to jobs, investment,
trade competitiveness, households and regional Australia that should be
considered when reducing emissions in the electricity sector?
Because of the disseminated nature of renewable energy, there is enormous opportunity for jobs
growth compared to less employment-intensive, conventional centralised electricity generation. In
particular, wind farms and solar installations (particularly rooftop) will bring significant employment
to regional areas.
Further, in relation to trade, as noted below there is a considerable risk that if Australia does not
adopt a carbon pricing mechanism, then other countries may place a price at their borders on
Australian imports with a high carbon content.
A further opportunity arises from the collateral health benefits from decarbonising the electricity
sector e.g. through improved air quality, as well as indirectly through emissions reductions that
mitigate ongoing climate change which has a wide range of effects on human health.

Energy policy
Government policy uncertainty over the last decade has disincentivised investment in the energy
sector – and this has pushed up the cost of finance and hence the cost of electricity supply.
What is needed is a bipartisan approach to national energy policy to drive much-needed
investments that will last fifty years or more, over which time we will see the complete
decarbonisation of the economy.
Government energy policy therefore needs to sit within an overarching framework of climate
policy, for which the energy sector is the most rapid pathway to decarbonisation.
It is widely recognised by economists in Australia and around the world that the most efficient way
to decarbonise is to employ a carbon-pricing mechanism.
The interim report of the Finkel review of the NEM recommended one type of carbon pricing
mechanism – an emissions intensity scheme for the energy sector.
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This was based on recommendations by the Australian Energy Market Commission, the
Australian Energy Market Operator, the Climate Change Authority and almost universally by big
business. More recently, the Electricity Network Transformation Roadmap report by the CSIRO
and Energy Networks Australia provided further endorsement of a carbon pricing scheme.
Many major corporations – energy generators, manufacturers and financial institutions – now
operate their own projected internal price on carbon so they can plan for an inevitable
decarbonised future.
Australia may be forced into implementing a carbon pricing mechanism by other countries which
will place a price at their borders on Australian imports with a high carbon content.
Key message: The electricity sector needs a carbon pricing mechanism to efficiently drive
decarbonisation.
In addition to carbon pricing, we need to establish much-needed environmental goals in the
National Electricity Objectives to achieve decarbonisation.
The energy industry agrees that there is no economic or environmental argument for building a
new coal-fired power station in Australia, and the Australian taxpayer should not foot the bill to
subsidise one.
Gas will also play a role as a transition fuel, chiefly by helping to meet peak electricity demand.
Increases in Australian gas prices in the short-to-medium term driven by overseas markets will
increase the adoption of cheaper renewables such as solar and wind, and will also accelerate
electrification to replace domestic and industrial gas use.
As the penetration of renewables increases, there is a need for overcapacity and for storage to
address intermittency, and for increased network infrastructure.
Careful attention therefore needs to be paid to smart-grid software, power engineering
technologies and strong network interconnection to optimise the integration of renewables with
storage, along with demand side response.
Key message: Reform of the NEM needs to include environmental objectives that will lead
to a rapid decarbonisation of the sector as a fast track for reducing emissions.
A suggested pathway to 100% renewable electricity follows.
100% renewables pathway
Deployment of wind, solar photovoltaics (PV), pumped hydro energy storage (PHES) and
increased high voltage (HV) interconnectors between the states allows the NEM to reach 100%
renewable electricity with high reliability and at zero net cost. Wind and PV will replace retiring
coal and gas plants at lower cost than the alternative replacement (new coal and gas).
1. Wind and PV constitutes nearly all new generation capacity in Australia, and half the world’s
new generation capacity (equal to the combined amount of coal, oil, gas, nuclear, hydro and
all others)
2. Pumped hydro energy storage (PHES)* constitutes 97% of worldwide energy storage.
3. Wind, PV, PHES and HV interconnectors combine to ensure affordable grid stability.
4. The cost of both wind and PV continues to fall rapidly. There is no end in sight to cost
reductions.
5. According to our studies, the cost of electricity ($/Megawatt-hour) from single new-build
generators is approximately:
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Wind
Solar PV
Supercritical black coal
Gas

$65/MWh (in 2016) falling to $50/MWh
(2020s)
$79/MWh (in 2016) falling to $50/MWh
(2020s)
$66/MWh
$78/MWh

6. We have modeled the cost of electricity in a 100% renewable electricity system (90% wind
and PV plus existing hydro and bio). The cost includes not just the wind and PV, but also
pumped hydro storage and high voltage interconnectors between states.
7. At 2016 prices the whole-system cost is $93/MWh. At 2020s prices the cost is $75/MWh.
8. About two thirds of Australia’s fossil fuel generators will reach the end of their technical
lifetimes by 2036, and will need to be replaced.
9. Wind and PV, supported by HV interconnectors and PHES, will be decisively cheaper in the
2020s than new coal and gas.
10. PHES offers ancillary services including high-inertia, fast-ramping and synchronous capacity
for frequency and voltage support.
11. Wide distribution of wind and PV over a million square kilometres to access different weather,
coupled with increased HV interconnection and PHES, confers high reliability at modest cost.
12. Any desired degree of grid stability can be achieved at modest cost by adding more off-river
PHES at multiple locations (and/or demand management).
13. Rooftop PV will continue to expand as costs continue to reduce.
14. Several thousand people will be employed during 2017 and 2018, and beyond, constructing
several gigawatts (GW) of new ground mounted PV, and several more GW of wind, in regional
areas.
15. What needs to be done?
a. Provide a clear retirement schedule for existing coal and gas power stations to allow
for smooth uptake of PV and wind. This retirement schedule should be consistent with
the national emissions reduction target. Retirement could be accomplished through
carbon pricing, an emissions intensity scheme or similar.
b. Commence planning for large scale construction of PHES and HV systems in the
2020s
c. Encourage large scale uptake of electric vehicles and electric heat pumps (for low
temperature space and water heating).
Key message: Plan for a smooth transition from coal and gas to renewable energy
sources. Plan for pumped hydro energy storage and high voltage systems. Encourage
large scale adoption of electric vehicles and heat pumps.
* PHES can provide effectively unlimited storage at modest cost, even in dry states such as South
Australia. There are hundreds of potential sites outside national parks in all states. Pairs of
reservoirs, typically 10 hectares each, are separated by an altitude difference of between 300 and
700 metres, in hilly terrain or ex-mines outside national parks and away from rivers, and joined by
a pipe with a pump/turbine. Water circulates between the upper and lower reservoirs in a closed
loop to store and generate power. Very little water is required relative to conventional fossil fuel
power stations. Existing hydro systems can be fitted with more tunnels, generators and pumps to
accomplish the same task.
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References
This submission also refers to submissions by the following ECI members:



Dr Paul Burke: submission on Australia’s emissions reductions policies.
Professor Andrew Blakers and Dr Matthew Stocks: submission for a roadmap to
greenhouse neutrality for the Australian energy sector generation and use.

In addition, we refer the Review to the ANU ECI publications website:
http://energy.anu.edu.au/publications
which includes relevant submissions to:


The Standing Committee on the Environment and Energy inquiry into Modernising
Australia’s Electricity Grid:
http://energy.anu.edu.au/files/ANU_ECI_Parlia.pdf



The Independent Review into the Future Security of the National Electricity Market:
http://energy.anu.edu.au/files/NEM_Review_ECI_Baldwin_Franklin_3March2017.pdf



The Senate Select Committee into the Resilience of Electricity Infrastructure in a Warming
World:
http://energy.anu.edu.au/files/ANU%20ECI%20Submission%20SenateSelectCommittee%
20StorageElectricityResilience%203Feb2017.pdf

For further discussion on these points regarding electricity generation
Contact Professor Ken Baldwin, ANU Energy Change Institute at Kenneth.Baldwin@anu.edu.au
or +61 2 6125 4702.
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The Built Environment: Cities
Prepared by Professor Barbara Norman, Adjunct Professor ANU Climate Change Institute and
Director of Canberra Urban & Regional Futures, Faculty of Arts & Design, University of Canberra.

Introduction
This section of the submission focusses on critical issues concerning how cities can adapt to
climate change in Australia.
It is based on Climate Ready Cities Policy Information Brief 2, which was prepared by Professor
Barbara Norman and released by the Australian Government in December 2016. Key points have
been highlighted below but it is recommended that the Review also considers the full Policy
Information Brief, available at the following link:
Norman, B, 2016, Climate Ready Cities Policy Information Brief 2 2016, National Climate
Adaptation Research Facility, Griffith University, Qld.

What are the opportunities and challenges of reducing emissions for households,
SMEs and the built environment? Are there any implications for policy?
Please refer to Professor Andrew Blakers’ and Dr Matthew Stocks’ submission which outlines a
roadmap to greenhouse neutrality for the Australian energy sector. Their submission addresses
households, small to medium enterprises and the built environment sectors.

Are there particular concerns or opportunities with respect to jobs, investment,
trade competitiveness and regional Australia that should be considered for
households, SMEs and the built environment?
Key message: Preparing cities to be “climate ready” is critical to minimising risks to jobs,
investment and trade competitiveness, and improving resilience to projected increasing
climate change impacts throughout Australia.
Cities are highly vulnerable to the risks of climate change, especially in coastal locations.
Climate change impacts on the built environment and major infrastructure (transport, energy)
include more heatwaves, extreme rainfall and intense cyclones, harsher fire weather and more
severe storm surge associated with sea level rise. The impacts of such changes to the built
environment and major infrastructure (transport, energy) will have immediate and damaging
effects on urban communities, the urban environment and a city’s productivity.
The future stresses and impacts facing large urban centres are multifaceted and will
require an integrated approach to long-term planning strategies in order to minimise risks
to urban communities. This need for integration may have implications for future urban
governance arrangements, including defining the roles of each level of government in
development ‘climate ready cities.’ Effective collaboration between policy makers, city planners
and emergency services will facilitate development of appropriate urban disaster prevention
strategies.
Adaptation actions and policies will affect the built environment, urban ecosystems and
energy, water and transport provision and infrastructure. Adaptation will require and
involve actions by all levels of government and engagement with the private sector. Actions
will range from policies on national critical infrastructure, to developing capital city plans to
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designing and building more localised ‘climate smart precincts’. The Organisation for Economic
Co-operation and Development (OECD) emphasises the multi governmental nature of climate
change adaptation and the important role that cities can play with the support of higher levels of
government. A key message is that local action takes place in the context of national frameworks.
Integrating climate change adaptation into city management and future urban strategies will
require a major effort in coordination and capacity building both within city and wider community
understanding.
Future stresses on the built environment will require more resilient buildings and
infrastructure. The future is predicted to see an increase in heatwaves, extreme rainfall, intense
cyclones, harsher fire weather, coastal storms and sea level rises. All these will affect the built
environment, therefore construction of more resilient buildings and infrastructure in future will be
required to adapt to these impacts.
Smart Infrastructure at the national and local level. Financial incentives for adaptation can be
made available at the city level in partnership with the private sector. Financial arrangements can
also be developed so that local urban communities can undertake more preventative actions.
The following are some opportunities to develop more ‘climate ready cities’:


Major urban planning strategies are a powerful tool to implement climate change
adaptation in large urban centres. Urban and regional plans are constantly being
reviewed, which provides the opportunity to embed climate change adaptation polices into
the development of large urban centres. For example, guiding the location of urban growth
corridors for Sydney, Melbourne and Brisbane into areas of minimum risk from the impacts
of climate change (water security, floods, high fire risk, storm surge) will prevent
substantial damage and consequent costs into the future. Regeneration strategies will also
be required to retrofit existing built environments for climate change.



Climate sensitive urban design recognises that on the ground local actions will
need to adapt to changing environments. Measures can include landscape plans to
increase shade, local water and energy systems to minimise use and vulnerability and
building materials and design such as natural ventilation in warmer climates to reduce heat
impacts. Many cities’ responses are focused around urban forest strategies and urban
greening strategies. Precinct-based planning can provide the opportunity to integrate
these measures on a wider scale.



Smart infrastructure at the national and local level will need to increasingly adapt to
environmental change. An example is more localised energy distribution including
renewable energy. Financial incentives for adaptation can be made available at the city
level in partnership with the private sector (e.g. the City of Melbourne 1200 Buildings
program). Financial arrangements can also be developed so that local urban communities
can undertake more preventative actions, for example coastal adaptation measures
(restoring mangroves and dunes) to reduce coastal erosion and inundation. Energy
efficiency will be a priority in a hotter environment, and the Building Energy Efficiency
Disclosure Act 2010 already places mandatory disclosure obligations on many commercial
buildings.



Public investment in quality open space and the public realm is a practical local
adaptation response that can have multiple benefits for the community and the
environment. Retaining and improving the quality of local open space can be achieved
through integrated plans for ‘living infrastructure’ that protect the health of urban
ecosystems facing stress under environmental change. The surrounding urban
communities also benefit significantly with good open space providing the opportunity for
healthy communities through more active living.
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This submission also refers to submissions by the following ECI members:



Dr Paul Burke: submission on Australia’s emissions reductions policies.
Professor Andrew Blakers and Dr Matthew Stocks: submission for a roadmap to
greenhouse neutrality for the Australian energy sector generation and use.

For further discussion on these points regarding Climate Ready Cities
Contact Professor Barbara Norman, ANU Climate Change Institute and The University of
Canberra at barbara.norman@canberra.edu.au or +61 2 6201 5644.
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Land and Agriculture
Prepared by Professor Justin Borevitz (ANU Research School of Biology), Dr Heather Keith (ANU
Fenner School of Environment and Society) and Dr Rebecca Colvin (ANU Climate Change
Institute). Reviewed by Professor Mark Howden (ANU Climate Change Institute).

Preamble
The land and agriculture sectors are significant contributors to Australia’s greenhouse gas (GHG)
emissions, and they also present opportunities to serve as part of Australia’s solution to the
challenges of climate change.
●

●

●

●

●

●

Globally, the land and agriculture sector is a significant source of emissions:
Agriculture, forestry, and other land uses contribute about 24% of global GHG emissions,
but emissions from historical human disturbance of the land sector has resulted in 35% of
the accumulated anthropogenic emissions1. Around 12% of global GHG emissions from
2000 to 2010 were due specifically to deforestation and forest degradation2.
The land and agricultural sector is a significant source of emissions in Australia:
Agriculture directly produced around 16% of Australian GHG emissions (as at 2008).
Incorporating on-farm activities, energy use, and land use change, agriculture and land
contribute about 28% of Australia’s GHG emissions3.
Land is also a significant sink for atmospheric CO2: Globally, land has been a net sink
for CO2, absorbing about a quarter of the CO2 emitted to the atmosphere by human
activities over the past three decades4, however the capacity of land to serve as a sink for
CO2 is weakening, and may reverse in the future5.
Soil carbon is critical: Soil holds a significantly greater amount of carbon than
vegetation, meaning that any changes to soil carbon will have a large effect on land sector
emissions6.
Climate change will affect the ability of the land sector to act as a CO2 sink: Climate
extremes and variability effects, particularly increasing drought, fire and floods, will lead to
areas of the land sector becoming a net source of CO2, and other areas becoming an
unstable sink of CO27.
Agricultural practices matter: Changing agricultural regimes can make a contribution to
reducing atmospheric GHG concentrations8, though cost-effective options are needed9.

1

IPCC, 2014: Climate Change 2014: Mitigation of Climate Change. Contribution of Working Group III to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S. Kadner, K. Seyboth,
A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlömer, C. von Stechow, T. Zwickel and J.C. Minx
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
2 Mackey, B, Prentice, IC, Steffen, W, House, JI, Lindenmayer, D, Keith, H & Berry, S 2013, 'Untangling the confusion around land
carbon science and climate change mitigation policy', Nature Climate Change, vol. 3, no. 6, pp. 552-557.
3 Department of Climate Change (2010) National Inventory Report 2008 – Volume 1. The Australian Government Submission to the
UN Framework Convention on Climate Change May 2010. Department of Climate Change, GPO Box 854, Canberra, ACT 2601 p.
297. www.climatechange.gov.au.
4 Settele, J., R. Scholes, R. Betts, S. Bunn, P. Leadley, D. Nepstad, J.T. Overpeck, and M.A. Taboada, 2014: Terrestrial and inland
water systems. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability .Part A: Global and Sectoral Aspects. Contribution of
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field, C.B., V.R. Barros, D.J.
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy,
S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA, pp. 271-359.
5 Jones, C. D., et al. "Simulating the Earth system response to negative emissions." Environmental Research Letters 11.9 (2016):
095012.
6 Kindermann, G.E., I. McCallum, S. Fritz, and M. Obersteiner, 2008: A global forest growing stock, biomass and carbon map based
on FAO statistics. Silva Fennica, 42(3), 387-396.
7 Frank, D, Reichstein, M, Bahn, M, Thonicke, K, Frank, D, Mahecha, MD, Smith, P, van der Velde, M, Vicca, S, Babst, F, Beer, C,
Buchmann, N, Canadell, JG, Ciais, P, Cramer, W, Ibrom, A, Miglietta, F, Poulter, B, Rammig, A, Seneviratne, SI, Walz, A, Wattenbach,
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future impacts', Global Change Biology, vol. 21, no. 8, pp. 2861-2880.
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Agriculture and forestry are vulnerable to climate change and need to adapt: Climate
adaptation in the agricultural sector will contribute to farm incomes, food security and
enhanced natural resource management under a changing climate and create
opportunities for agricultural investment and growth in the sector10.
Native forests and other woody vegetation provide large, relatively stable stocks of
carbon: Management of native forests and other woody vegetation to protect and restore
carbon stocks is a critical abatement activity, which also has many co-benefits for the
environment and provision of ecosystem services2,13. However, perverse impacts, such as
reduced water availability due to higher water uptake rates from plantation forests
compared to crops for example must be recognised and managed11.

What are the opportunities and challenges of reducing emissions from the land and
agriculture sectors? Are there any implications for policy?
Key message: Carbon accounting and management practices can be improved.
Native forest could be protected and managed to secure the carbon stocks held in the
biomass and soil, while providing other critical life supporting services and environmental
co-benefits. Prioritising management and protection of existing native forests will have the
greatest immediate and on-going benefits, while planting new forests will be important for future
sequestration as they mature. Protecting native forests, restoration of native vegetation,
reforestation and afforestation are important in addressing climate change12. However, at present
native forest is being harvested and replaced by regenerating trees that remain younger over the
harvest rotation and thus store less carbon. Native forests, and particularly old growth forests,
have higher stocks of carbon, water, soil fertility, and habitat than new plantings13. Most cleared
landscapes take hundreds of years without major disturbance to begin to replenish stored carbon
stocks14. Initiating new plantings in succession is also important for the centuries ahead to begin
restoring the carbon lost by deforestation and degradation, but this does not substitute for
protection and management of carbon stocks in existing native forests 13.
Carbon accounting systems can be strengthened: Carbon accounting (i.e. the
measurement of carbon stocks in soil and biomass) would be improved if it considered
land management practices and ecosystem types. Different land, agriculture, and forest
management regimes have different outcomes in terms of emissions reductions through time15.
Presently, carbon accounting measures land use types in order to account for carbon stocks, but
does not differentiate based on land management regimes which can vary as much as land use
types16. The practice of carbon accounting would be improved if land management practices were
included given their divergent impacts on carbon stocks. A carbon accounting and management
methodology for native forests is required to provide best estimates for national accounting and to
9

Henry, B, Charmley, E, Eckard, R, Gaughan, JB & Hegarty, R 2012, 'Livestock production in a changing climate: adaptation and
mitigation research in Australia', Crop and Pasture Science, vol. 63, no. 3, pp. 191-202.
10 Howden, SM, Soussana, J-F, Tubiello, FN, Chhetri, N, Dunlop, M & Meinke, H 2007, 'Adapting agriculture to climate change',
Proceedings of the national academy of sciences, vol. 104, no. 50, pp. 19691-19696.
11 Schrobback, P, Adamson, D & Quiggin, J 2009, 'Turning Water into Carbon: Carbon sequestration vs. water flow in the MurrayDarling Basin', 53rd Annual Conference of the Australian Agricultural and Resource Economics Society, Cairns, 10-13 February 2009,
http://ageconsearch.tind.io//bitstream/47616/2/Schrobback.pdf.
12 Houghton RA, Byers B, Nassikas AA (2015) A role for tropical forests in stabilizing atmospheric CO2. Nature Climate Change 5:
1022-1023.
13 Keith H, Lindenmayer DB, Macintosh A, Mackey BG. 2015. Under what circumstances do wood products from native forests benefit
climate change mitigation? PLoS ONE doi:10.1371/journal.pone.0139640.
14 Harmon ME, Ferrell WK, Franklin JF (1990) Effects on carbon storage of conversion of old-growth forests to young forests. Science
247(4943): 699-703.
15 Macintosh, A, Keith, H & Lindenmayer, D 2015, 'Rethinking forest carbon assessments to account for policy institutions', Nature
Climate Change, vol. 5, no. 10, pp. 946-949.
16 Ajani, JI, Keith, H, Blakers, M, Mackey, BG & King, HP 2013, 'Comprehensive carbon stock and flow accounting: A national
framework to support climate change mitigation policy', Ecological Economics, vol. 89, no. pp. 61-72.
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assess abatement activities. The Intergovernmental Panel on Climate Change (IPCC) is
conducting a refinement of inventory practices for consideration at an IPCC Plenary session in
May 201917. Improvements to carbon accounting methodologies for Australia and the IPCC could
benefit from coordination and cooperation between the Department and the IPCC.
Carbon accounting systems can be strengthened: Biocarbon (carbon held in vegetation,
soil) needs to be considered distinct from geocarbon (carbon held in geological deposits)
when accounting for carbon stocks and flows. Currently, accounting for GHG inventories is
based on flows alone. This is appropriate for geocarbon, where flows are one-way and mostly due
to anthropogenic causes and little geocarbon is created on our time scale. Accounting for
biocarbon in flows alone and reported as a net flow, however, is inappropriate due to the two-way
and cumulative exchange between biocarbon stocks and the atmosphere. Additionally, these
flows consist of a mix of natural and anthropogenic sources18. Carbon accounting could more
accurately reflect changes in GHG concentrations by differentiating between carbon stocks and
flows, and managing biocarbon distinct from geocarbon.
There is an opportunity to investigate the potential of Australia’s degraded soils to serve
as carbon sinks. Degraded soils have high capacity for carbon sequestration19. Australia’s
degraded agricultural lands can be viewed as an opportunity to re-fill the bank after previous
losses, which will have the combined benefits of sequestering carbon and providing a sustainable
asset for agricultural production. The first priority is amelioration of degrading factors, like erosion,
tillage, salinity, and acidification, together with restoration of vegetation and soils. Soil modification
with biocarbon from roots, organic matter, biochar, and enhanced rock weathering are also means
to increase carbon stocks and fertility of degraded soil, thus further improving carbon
sequestration. Complicating factors, including the economic risk and social viability of such
initiatives, require consideration to ensure the carbon sequestration potential of Australia’s soils is
pursued sustainably and equitably.

What can be done to realise further benefits from emissions reduction activities
beyond carbon abatement?
Key messages: Promote co-benefits. Improve the Emissions Reduction Fund.
Emissions reduction activities can be recognised for their primary impacts, as well as their
significant co-benefits. Actions such as protecting native forests, restoring degraded
ecosystems, sustainable agricultural practices and revegetation on agricultural land, which
contribute to climate change mitigation, also provide co-benefits beyond emissions reductions20.
These co-benefits can include outcomes such as: improving soil fertility and productivity;
conserving biodiversity; securing water quality and supply; reducing salinity; enhancing nutrient
cycling21. Focusing on these co-benefits, and promoting projects which realise co-benefits, will
emphasise the range of outcomes from emissions reduction activities in land and agriculture.
However, costs and dis-benefits must also be recognised, for example the potential of new
plantations to require water licences in water-limited catchments such as the Murray Darling
Basinxii.
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Actions which have benefits for both mitigation and adaptation can be prioritised to gain
enhanced outcomes from investments. Improved land management for agriculture and forests
can serve both as mitigation actions and as adaptation actions. For example, on-property streamor river-side revegetation sequesters carbon (mitigation), and provides erosion protection from
extreme weather events (adaptation)22. No-till farming limits losses to the atmosphere from soil
carbon stocks (emissions reduction) and improves water use efficiency (adaptation)23. Restoration
of native ecosystems can sequester carbon (mitigation) and increases capacity of ecological
processes to adjust to climate extremes and variability (adaptation). Integrating mitigation
activities with adaptation in the land sector will generally provide greater benefits for the
agricultural productivity and the environment as well as emissions reductions.
Further develop The Emissions Reduction Fund (ERF) systems: end of crediting period.
The ERF has a crediting period for carbon sequestration projects of 25 years. In sequestration
projects that involve forestry plantations to take up atmospheric carbon into biomass, the fate of
this sequestered carbon is not clear at the end of these projects. Harvesting the plantations would
undermine the gains made during the sequestration project, or at least reduce average carbon
stocks over subsequent rotations. Management at the end of the crediting period is required for
sequestration projects under the ERF to ensure GHG reduction gains are long-lasting and
therefore effective.
Further develop The Emissions Reduction Fund (ERF) systems: baselines and
additionality criteria. The ERF voluntary abatement scheme uses a reverse auction system and
requires information about (1) ongoing emissions of a project, and (2) the emissions which would
have occurred without the project. Project proponents have better access to this information than
the government, meaning that it is possible for proponents to indicate their projects are performing
against overly generous baselines (i.e. reporting lower than realistic baselines against which
performance is measured)24. This is a challenge, as projects that would be occurring regardless
without the scheme are likely to receive funding due to both the lack of clear baseline data leading
to comparative low costs of projects, and the inability to distinguish projects that are not promoting
any significant additional action. To address this, the ERF may be strengthened if it were to avoid
funding low-return projects based on poor data, or independent evaluation of baseline data may
be instituted. Ideally, the incentive system would be replaced by an emissions tax or emissions
trading system24.

Are there particular concerns or opportunities with respect to jobs, investment,
trade competitiveness, households and regional Australia associated with policies
to reduce emissions in the land and agricultural sectors?
Key message: Reframe emissions reductions efforts in the land and agriculture sector to
focus on sequestration opportunities and co-benefits, as 'soil boom', on par with past
mining boom, that links mining and agriculture to create fertile, biodiverse, productive
landscapes.
There are economic opportunities in protecting forests which can be recognised. Evidence
from the Central Highlands of Victoria show that jobs and investment figures are improved in
scenarios with forest conservation for emissions reduction, compared with current practices of
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timber harvesting25,26. Additional benefits from valuing forests for carbon storage include
protection of ecosystem services, such as water supply and quality, habitat for biodiversity, and
recreation. Embracing the economic benefits from forest carbon storage will allow for greater
economic opportunities and jobs in regional areas, compared to current practices.
Training in improved land management practices provides opportunity for regional youth.
Australia’s next generation of higher-tech farmers are increasingly motivated to address climate
change27. Investment in the regions could be directed toward training young Australians in
improved agricultural practices and forest plantation management, including enhancing soils, to
develop long-term sustainable land management. This will provide skills to the next generation
beyond emissions reductions through climate-stabilising land and agricultural management
practices, and will contribute to addressing the challenges for regional Australia of youth outmigration and rural depopulation. Existing institutional structures such as Landcare and regional
schools and universities could be supported to provide these opportunities.
An Australian carbon market would be strengthened through inclusion of land and
agriculture sector activities, and vice versa28. This would encourage innovation and
investment in the land and agriculture sectors through competition and commercialisation of
practices and technologies. This would also ensure that the substantial GHG contributions from
the land and agriculture sectors are effectively included in Australia’s policy and market
instruments. Land use emissions would fall and net sequestration with cumulative storage will
likely emerge.
Policy stability is needed to encourage investment, but so is some degree of reform. Policy
uncertainty and instability limit investment. We recognise that we have suggested substantial
changes to the current policy approach, and that ongoing review and amendment is important for
ensuring appropriate and effective policy for climate stability. To allow for adaptive policy while
providing certainty to investors (including investors such as landholders, farmers, forestry
managers), thorough consultation with a broad cross-section of constituents is recommended
ahead of any significant changes. If Australia is to meet its emissions reduction targets, limits on
emissions could be tightened progressively with increasing ambition at each review stage. In
particular, engaging across political and ideological lines and genuine incorporation of community
perspectives will increase the likelihood of policy outcomes which are widely supported, and are
long-lasting.

For further discussion on these points regarding land and agriculture
Contact Dr Rebecca Colvin, ANU Climate Change Institute at Rebecca.Colvin@anu.edu.au or
+61 2 6125 4672.
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Research, development, innovation and technology
Prepared by Associate Professor Matthew Hole, Research School of Physics and Engineering,
ANU.

What is the role of research, development, innovation and technology in reducing
Australia’s emissions? Are there any implications for policy?
Key Message: Providing adequate support for climate and energy research within our
Universities is essential to ensure we have the innovation capacity to address our climate
change targets.
Investment in research, development, and innovation in clean energy generation and
technologies has the capacity to reduce global as well as national emissions. Examples of
this span time horizons and scale, from the development and adoption of improved efficiency
renewables through to the long term development of fusion power. PERC solar cells, for instance,
were developed at the University of New South Wales in 1988-89 by Professor Andrew Blakers
and colleagues, and as at 2017 represent 25% of the world market, with the latest International
Technology Roadmap for PV projects indicating that they will reach 55% market share over the
next decade. This is a major contribution to the global economy and environment.
In concert, climate science research informs the nation of the impact of complementary
land use mitigation strategies in reducing Australia’s emissions, as well as the local
adaptation required in a warming climate. A strong climate and clean energy research portfolio
forms a critical part of Australia’s global responsibility towards lowering emissions and developing
profitable, sustainable agriculture and forestry. The research sector is critical in providing trusted
information to the public across a range of dimensions of climate change.
An omission from the Discussion paper is the profile of the University research sector in
research, development, innovation and technology in reducing Australia’s emissions.
The University sector is host to nearly all ARC investment in energy R&D, and a significant
fraction of ARENA funded R&D activity. In addition to these schemes, the University sector
invests in energy R&D that is Australian government derived, principally through research block
grants administered by the Department of Education and Training. Much of this is invested in
intellectual capacity by supporting academics, although support is also supplied to professional
staff and infrastructure. In some areas of energy research, such as fusion power, Australia’s core
competency lies entirely in the University sector. The continuing erosion in recurrent support for
the University sector limits the capacity of research, development, innovation and technology to
reduce Australia’s emissions.

Are there particular concerns or opportunities with respect to jobs, investment,
trade competitiveness, households and regional Australia associated with policies
to reduce emissions in the land and agriculture sectors?
Key Message: Universities educate and train those who will address climate change,
reduce our emissions and drive the energy revolution.
A critical function of the University sector is the education and training of a generation of
Australians who will inform future Governments about the risks and policy implications to Australia
from global warming, and who will crucially implement the low-emissions energy revolution as well
as a range of other economic, social and environmental activities which bring sustained
prosperity.
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For further discussion on these points regarding research, development,
innovation and technology
Contact Associate Professor Matthew Hole, ANU Research School of Physics & Engineering at
Matthew.Hole@anu.edu.au or +61 2 6125 7606.
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