








Native ecosystems

Native ecosystems are vital to Australia’s greenhouse gas dynamics because they both store and
emit large volumes of greenhouse gases, which fluctuate depending on disturbance and climate
variability. Australia is the world’s most fire-prone continent, and fire is a particularly influential
factor on the carbon cycle in many native ecosystems. This is also influenced by the climate,
through the effects of temperature and rainfall on plant growth and its impact on fire regimes.
Deforestation contributes significantly to Australia’s greenhouse emissions (9% in 2008, much
reduced from levels in the 1980s and 1990s). This contribution has been reduced with recent land-
clearing restrictions. Around half of these emissions result from the clearing of regrowth on grazing
properties. As with integrating trees into farming landscapes through afforestation, strategically
retaining strips of regrowth in pastoral landscapes has been suggested as a low-cost abatement
opportunity, with little impact on productivity and with the potential to improve the condition of
surrounding pasture by reducing wind and erosion, as well as providing shelter for stock.

CSIRO

Nearly a third of Australia’s terrestrial carbon is stored in tropical savannas, the continent’s
most fire-prone biome in which half or more of the land may burn each year. These fires currently
contribute 2-3% of the nation’s total accountable emissions and have an important bearing on
rates of carbon sequestration. Consequently, there is growing interest in curbing the extent and
severity of these fires using Aboriginal early season mosaic burning techniques, which produce
cooler, less-destructive fires. This could generate livelihoods in remote Aboriginal communities,
reduce the risk of wildfires, encourage native species and — through reduced greenhouse gas
emissions and increased carbon storage — help to lower Australia’s emissions. An existing project
using this approach has been estimated to reduce emissions from a 28 000 km? area by 100 000

tonnes CO,-e/year.*
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It may also be possible to increase carbon stocks in stands of managed native forests. Based on
the findings of the Green carbon report,> CSIRO has examined the idea that harvesting of native
forests reduces carbon stocks and cessation of harvesting activities in native forests would allow
carbon stocks to build. A high level of uncertainty surrounds this option, and future research
needs to refine the estimates of carbon stocks, the longer term impacts of harvesting and fire, and
the fate of carbon stored in forests and timber products.

Finally, it is important to realise that native forests dominate the carbon and water cycles in
Australia and that climate change poses a significant threat to native forests and to their carbon
stocks. Droughts, fires, pests, and disease in these native ecosystems could potentially overwhelm
any gains made in carbon storage.

Soil organic carbon and biochar

Carbon exists in soils in organic and inorganic forms. Only the organic component is currently
considered in greenhouse gas emissions accounting. Soil organic carbon can consist of materials
ranging from recently decomposed plant residues through to well-decomposed materials and
particles of charcoal. Typically, soil organic carbon accounts for less than 5% of the mass of upper
soil layers and diminishes with depth. The total store in the top 30 cm (the depth over which most
organic soil carbon is held) for Australian soils usually ranges between 5 and 250 t C/ha.

Although methods exist to quantify the amount of organic carbon contained in a soil at any
one location, spatial and temporal variations can contribute significant uncertainty to estimates
of soil carbon stocks. Spatial variations of up to 20 t C/ha within paddocks are common, with
much greater variations existing between soil and landscape types. Soil organic carbon can also
vary within and between years according to climate and farming methods used. Collectively, these
factors present a major challenge to measuring changes in soil organic carbon stocks over time at
individual paddock and landscape scales with any significant degree of confidence.

The amount of organic carbon present in a soil is determined by the rate at which organic
matter is added and the rate at which it decomposes. Organic carbon in soils turns over
constantly. New carbon is regularly added to soil though the growth of plants and the addition of
organic matter in and on the soil. The carbon fixed over short time periods by photosynthesis in
growing plants is an input to the soil carbon system, but does not in itself represent long-term
carbon storage. Decomposition converts part of the existing soil organic carbon and plant residue
carbon back into CO,. Temperature, rainfall, land management, soil nutrition, and soil type all
influence the size of the soil carbon pool by determining the rates of plant and vegetation inputs
and decomposition. The term sequestration means achieving and maintaining a net increase in the
amount of organic carbon present in a soil.
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There are two main ways to build soil carbon: by increasing the amount of organic matter
entering the soil or by reducing CO, losses — and Australia’s approach to soil carbon management
will depend on both. For example, reduced tillage of some cropping land may reduce the rate at
which soil organic carbon decomposes. Retaining plant residues (e.g. stubble) increases plant
growth through reduced fallow periods and the addition of organic residues or biochar can also
help lift soil carbon by increasing carbon addition rates or by adding materials that do not
readily decompose.

Past clearing of farmland and tillage has generally led to declines in the organic carbon content
of most soil types. Some land-management practices may reduce the rate of soil organic carbon
decline or potentially increase soil organic carbon compared with more traditional management
practices. Minimum tillage and no-till are already practised on much of Australia’s 27 million
hectares of cropping land and, if such practices were extended across the other 9 million hectares,
croplands may offer 2 to 5 Mt CO,-e abatement per year. Other practices such as changes to
cropping systems (stubble retention, changing crop rotations, increasing frequency of pasture
leys, and increasing fertilisation), increasing production by incorporating a higher proportion of
legumes (nitrogen fixers), and reversal of existing degradation (saline, acidic, and eroded land) by
planting perennial species may all contribute. The biggest gains are likely to come from converting
cropping land to secondary forest or pasture. The area converted will depend on the economics of
land-use change, the opportunity costs of forgone food production, and social factors.

The 400 million hectares of Australia’s rangelands represent the biggest theoretical
opportunity for locking up carbon in landscapes outside forestry options. Estimates of
sequestration potential in these landscapes are based heavily on evaluations of the extent of
their degradation, and assumptions about the extent to which carbon stocks can be increased by
reducing grazing or changes in pasture management. Recent estimates of what might be attainable
nationally are in the order of 4-50 Mt CO,-e per year.*> %7 At present too little is known to be
confident of these estimates.

Biochar is a form of charcoal created by burning organic matter in a closed system under
conditions of low oxygen availability. In closed systems, the gases released during the formation
of biochar can be captured and used for energy generation. The chemical nature of biochar
stabilises this form of organic carbon against biological decomposition. It can act as a long-
term carbon storage material relative to the typically more decomposable material from which it
was created. The chemical and physical properties of different biochars depend on the original
material used and conditions under which the biochar was produced. The most beneficial
sources of organic material for biochar production are carbon-rich waste streams, including
human wastes, forest thinning (or custom-grown carbon forests), and agricultural by-products.
The removal of crop residues explicitly for the creation of biochar is not recommended because
it may lead to reductions in soil organic carbon levels, soil biological activity, and nutrient
cycling. This may result in detrimental effects on soil productivity (and ultimately soil organic

104 Chapter 8.



carbon content), reducing carbon sequestration gains made through the creation and application
of biochar.

The process of generating biomass, producing biochar, and applying biochar to soil has the
potential of sequestering carbon from the atmosphere and storing it in a stable form in soil.
However, a full life-cycle analysis of all processes involved in the creation and land application of
biochar is needed to define the net impact on reducing greenhouse gas emissions. The production
of biochar also has the potential to yield bioenergy in the form of synthesis gas (or ‘syngas’) or
biofuels that can substitute for carbon-polluting fossil fuels. Additionally, some biochars have
been shown to enhance soil fertility. This can reduce fertiliser requirements and thereby emissions
associated with fertiliser production, delivery, and application.

In order for biochar to be a useful sequestration and soil amendment tool, it is important that
pyrolysis facilities are close to biomass production sites and locations for biochar use: otherwise
greenhouse gas emissions and costs associated with transport would reduce the magnitude of
any offsets and affect the economics of the operation. In the immediate future, and with existing
production technologies, biochar is only likely to operate on a limited scale in situations where
existing processing plants collect organic material for biochar production. One example is the
potential to use biomass waste from the sugar cane industry (bagasse).? Estimates of sequestration
potential from this process in Queensland are around 4 Mt CO,-e per year.

Livestock methane

Ruminant animals (such as sheep and cattle) emit methane as a by-product of digesting feed. In
2008, this contributed 55 Mt of CO,-e to Australia’s national Kyoto accounts, corresponding to 9.6%
of Australia’s total greenhouse gas emissions and the largest component of agricultural emissions.
The contribution is defined by the total number of animals and the emission rate per animal,
which, in turn, is controlled by the animal’s diet and management. Methane production by these
animals represents lost energy that would otherwise be directed towards animal growth; hence,
reducing methane emissions offers a win-win situation by increasing livestock productivity and
reducing livestock greenhouse gas emissions per animal.
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Reducing stock numbers would, at first glance, appear the most practical way to reduce
Australia’s livestock emissions. However, because most grazing land is unsuitable for other
productive uses, this would have an adverse impact on food production and employment.
Ecological interactions also make the abatement gains from this action difficult to calculate. For
example, in some parts of Australia’s rangelands, grazing reduces grass biomass, fire frequency,
and competition with tree and shrub seedlings, potentially allowing regeneration of shrubs and
trees, which might increase carbon stock in the long run. It has also been suggested that, in the
absence of a parallel reduction in demand for meat, reduced livestock numbers in Australia would
likely be offset to some extent by increased production overseas.

There is no single, high-impact strategy currently available to reduce emissions per animal. A
range of approaches, tailored to specific industry sector constraints, could be expected to reduce
per animal emissions by 10-20% in the next decade, and perhaps up to 40% in the longer term.?
Options include dietary manipulation, modification of rumen fermentation, feedstock quality,
and selective breeding for reduced emissions. Dietary manipulation is an option available today,
while others, such as the modification of rumen fermentation and animal breeding, will take
longer to have an impact. In general, options that increase animal growth rates and reproductive
performance can reduce emissions intensity and increase producer profitability. Often, best-
management practices that reduce emissions per unit of saleable product (emissions intensity)
also offer advantages in restoring land condition by removing livestock from marginal or sensitive
areas and increasing biodiversity.

In addition to direct emissions from sheep and cattle, methane can also be produced from
manure. Such emissions are generally low in grazing situations, but more-intensive production
systems where manure is concentrated in lagoons or ponds can cause more significant levels
of methane production. Emissions from manure contribute over 1.5 Mt of CO,-e per year to our
national emissions, principally from dairy and piggery sources.! In intensive and large operations,
this methane can be captured and used to displace fossil fuel use. Realistically, two-thirds of these
emissions could be abated with appropriate incentives, with additional abatement from avoided
fossil fuel use in energy production.?
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Cropping emissions

In 2008, agricultural soils contributed 15 Mt CO,-e, principally from nitrous oxide (N,0) emissions
associated with the use of fertilisers.! Emissions of N,O from soils under cropping systems occur
principally when excess inorganic nitrogen is present in the form of nitrate. High soil nitrogen
levels, particularly under wet soil conditions, are a significant driver of greenhouse gas emissions
associated with fertiliser use. Both cost savings and greenhouse gas emissions abatement are
possible by controlling inputs of nitrogen fertiliser, with the aim of improving the match between
crop nitrogen demand and nitrogen supply. Benefits can be obtained by matching the timing, rate,
and method of application (for example, surface placement versus incorporated or banded, and
liquid versus solid forms). The main goal is to minimise the potential occurrences of denitrification
and nitrification. In many cases, the actions required to reduce emissions through fertiliser use in
agriculture are identical to best-practice strategies to maximise the efficiency of fertiliser use and
minimise undesirable environmental impacts such as the contamination of waterways.

Conclusion

Although there is significant potential to build vegetation and soil carbon stocks, offset emissions,
and enhance the productivity of Australia’s soils, this is limited by our climate, by the soil’s own
capacity, by the necessity for Australia to continue to balance land use for the range of production,
environmental, and livelihood needs of its people, and by biodiversity considerations. For these
reasons, carbon prices or incentives to store carbon will have to be sufficient to encourage the
widespread adoption of carbon sequestration practices by landholders. With clear evaluation of
the wider benefits to productivity and environmental services, and appropriate incentives and
complementary measures, carbon storage can be part of ‘win-win-win’ outcomes for greenhouse
gas abatement, food production, and the environment. Using our land and modifying our land
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management wisely can give us time to reduce sources of emissions from other sectors of the
economy and may offer some ongoing carbon pollution abatement potential (while affording
landscape and production benefits) that reduces the overall cost to the economy of climate-
change action. Additionally, the generation of carbon credits or offsets from agricultural land

has the potential to be a major source of income in rural Australia, allowing landowners to
further diversify income streams. As we identify opportunities to use our rural lands for carbon
sequestration, we need to be mindful of the liabilities and constraints we might impose on future
landowners: engaging in carbon forestry or changing land management to increase soil carbon
pools restricts future land management decisions and, in some cases, places an onus on land
managers to maintain particular land-management regimes. Finally, as we act, we need to consider
the implications of our decisions on existing — and developing — international agreements on
greenhouse gas abatement, and on global food security.
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CHAPTER 9.

Mitigation strategies
for energy and
transport

Australia has an abundance of clean energy options from which to choose. Its future will undoubtedly
involve a wider range of different energy sources, which are suited to particular niches.

o
®

Renewables are expected to feature more prominently in Australia’s energy mix by the 2020s.

Promising technologies exist for coal with carbon capture and storage for base-load power generation,
but these will depend critically on the price society places on carbon. Prolonged uncertainty over carbon
pricing could risk delays in investment, because generators will be reluctant to invest in any technology
that may be ‘stranded’ by subsequent policy decisions.

# Energy saving technologies, demand reduction, and distributed power generation will help to lower
national carbon emissions.
% Changes in the transport sector will be driven far more by oil prices than by carbon prices. Electricity

may become the transport fuel of choice with Australian motorists and transport operators, with the use
of some LNG gas, diesel, and biofuels. Hydrogen fuel cells may eventually replace batteries in electric
vehicles.

Australia has a high per capita emissions intensity and has a higher energy use per unit of

GDP than the OECD average (Figure 9.1). This is a function of the structure of the economy and

Australia’s international comparative advantages. Among these advantages are low-cost fossil

fuel and mineral resource extraction and processing industries. The main disadvantage is large

transport distances, both within Australia and to its overseas customers. The position of Australia

relative to other countries in terms of emissions per person is shown in Figure 9.1 and in terms

of energy sources in Table 9.1. This is the starting point for changes in mitigation strategies for

Australia compared with the rest of the world.
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A Figure 9.1: Per capita greenhouse gas emissions.!

Table 9.1: Fuel mix contributing to primary energy supply? 3

Fuel OECD 2006 Australia 2007-8
Share (%) Share (%)

Coal 20 37
QOil 41 36
Gas 23 22
Nuclear 10 0
Renewables 6 5
Total 100 100

Australia’s use of oil primarily reflects the transport sector, which is dependent on oil for 94%
of its energy usage. The remaining oil is used in the agriculture, mining, and chemical industries.
Coal is mainly used for electricity generation, which is dependent on coal for 80% of its energy
generation. This is in contrast to the average for the OECD, which uses proportionately less coal,
but generates 10% of its electricity using nuclear power.

For electricity production, Australia has over three times the greenhouse gas emissions per
capita than the OECD average, while for transport Australia’s per capita emissions are some 30%
higher. Consequently, a significant portion of the future reductions in greenhouse gas abatement
will need to come from these sectors.
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Taking into account a variety of drivers discussed further below, CSIRO’s modelling has
produced a number of scenarios, one of which is shown in Figure 9.2. This shows how much of,
and where, the greenhouse gas savings may be found in energy and transport in trying to achieve
550 ppm CO,-e in the atmosphere by 2100.
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A Figure 9.2: The projected level of emissions to be saved by different mitigation strategies
(compared with expected ‘business as usual’ emissions, which includes 20% renewables
by 2020 - as mandated by government). (CCS = carbon capture and storage)

In broad terms, the modelling shows that, after taking into account the retirement of existing
coal plants and some adoption of efficient vehicles and low-emission fuels, around one-third of
the nation’s energy greenhouse emissions savings could be expected to come from energy
efficiency plus demand reduction, one-third from renewables, and one-third from carbon capture
and storage (CCS).
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Major drivers for change, uncertainties and implications

There is no simple path to selecting the most effective technologies for mitigation. It is a complex
interplay between uncertain technology costs, future energy prices, and policy options.

The main drivers of innovation and the rate of take-up of new energy technologies are the
cost of petroleum for the transport sector, the price of carbon for the power generation sector,
and the uncertainty of future technology costs. These factors are also fraught with the greatest
uncertainty.

Recent projections from modelling by the Australian Treasury Carbon Pollution Reduction
Scheme suggest a gradual increase in the price of carbon of around 4% per annum over several
decades to 2050.* If this rate of increase was built into a cost for carbon emissions, such as a
national emissions trading scheme or similar, it would imply a gradual, rather than a rapid, shift to
new technologies. Gradual adjustments make the transitions for the economy easier. That means
that it will take longer for carbon prices to reach the break-even point whereby some low-emission
power station investments recoup the cost of emissions reduction, compared with a power station
without emissions reduction. Investors need a high level of confidence that a project will be
viable, given that the normal life of a power plant is several decades. In the absence of a clear
indication of a carbon price in the near term, the only certain policy driver for the sector is the
20% renewables target.

Complicating the picture is a consistent trend in public opinion favouring renewables over
coal or nuclear energy. Meanwhile, due to strong worldwide interest in demand for energy and
improved energy technologies generally, the cost of all forms of energy generation has risen. This
combination of factors may cause hesitation and impose further delays on decisions in Australia
to invest in base-load power generation. Unless plant costs fall — or electricity prices rise — to
reduce the level of investment risk, it is plausible that investment in base-load power generation
will be delayed for one to two decades, with consequent energy shortages.

Oil prices, rather than pressure to reduce emissions, are likely to be the main influence on the
evolution of Australian transport technology in the foreseeable future. The impact at the pump of
an oil price above US$200 a barrel — as anticipated by the US Energy Information Administration
(US EIA) in one of its higher-range scenarios — is some 10 times larger for motorists and transport
operators than a carbon levy, which may add no more than 10-25 cents a litre (depending on the
carbon price), and even this would be over three to four decades. High world oil prices, driven by
resuming economic growth and concerns about global peak oil and energy efficiency regulation,
will be the main signals to shift to fuel and transport alternatives, and these signals are likely to
occur within the next two decades.

There remains significant uncertainty about the future price of oil, which is volatile on both
daily and multi-year scales. Although current oil prices are high enough to encourage significant
investment in new oil field production, it is unclear how long new oil production will be able to
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TWh

offset the decline in production from existing oil fields. If a global production peak occurs in the

near term, and alternative fuels are unable to fill the gap sufficiently rapidly, fuel prices may at

times increase by several dollars a litre in order to curtail global demand.

The role of innovation

Australia has an abundance of clean energy opportunities, many of which must feature in our

diverse energy future. Figure 9.3 illustrates the result of modelling by CSIRO, which shows one

possible (but not the only) scenario of the adoption of a number of the electricity generation

technologies most commonly considered.
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Figure 9.3: CSIRO projection of potential mix of Australian clean energy sources for electricity
production out to 2050 showing the changes in technology mix to achieve emissions reduction.
(CCS = carbon capture and storage, pf = pulverised fuel, DG = distributed generation)
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Each of these technologies faces obstacles to its continued use and/or future deployment —
including cost, state of development, environmental issues, government policy, the need for
storage technologies, and public acceptability. The energy mix we achieve by the mid-century will
thus depend on which technologies are best able to overcome the various barriers facing them and
prove to be most adaptable to the Australian policy environment.

As they progress through R&D to development, demonstration, and adoption, most new
technologies follow a similar path. Figure 9.4 shows how cost estimates rise as a technology
approaches its first deployment, then fall as it begins to be more widely adopted and costs
stabilise. However, there is no guarantee that the cost declines demonstrated by one technology
will be replicated by all technologies.

Development curve Learning curve

1st commercial plant

Demonstration Early deployment stage

Intermediate stage

Expected cost ($/kw)

Mature
technology

Cumulative capacity

A Figure 9.4: Generalised curve showing the rising cost of technology as it is developed
from the research and development phase, then the fall in cost as it is deployed.
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Basically, learning curves indicate that the more of a particular technology that is built and
used, the cheaper it becomes. However, many factors can alter the shape of the curve - for
example, when demand for a technology exceeds supply, it temporarily drives up prices (as
has happened with wind power in recent years). Government policies — such as Australia’s 20%
Mandatory Renewable Energy Target — can also drive the adoption of technologies faster along the
learning curve nationally and internationally. Technologies can be accelerated down the learning
curve when they share components or have components that interlink, and learning also can be
accelerated by technology diffusion between countries. A technology may also undergo a step-wise
change due to a new research discovery that drops the price — as thin film solar photovoltaic (PV)
technology is expected to do.’

Figure 9.5 shows CSIRO’s near- and longer term projections of the electricity generation costs
of different energy options when a carbon price is added, and the learning curve methodology
applied, to an economic model of electricity generation. The model shows investment in capital
when required to meet demand and generate electricity at the lowest price, up to the year 2050.
Investing in capital pushes technologies ‘down’ the learning curve so they become cheaper (Figure
9.4). This then encourages further investment in the now-cheaper technology. In the model,
technologies compete in terms of price, and the cheaper technologies will then generate the most
electricity.b In this particular scenario, by 2030 - and with a carbon dioxide price of AU$52 per
tonne — wind could be more competitive than the fossil fuel technologies, even though its capital
cost is still relatively high.

Figure 9.5 shows the need to balance decisions about capital costs for plant, fuel cost, and
carbon dioxide storage costs on a comparative basis. Renewable technologies have high capital cost
but no fuel costs, while gas turbine technologies have the lowest capital cost but high fuel cost.

Companies planning investment in generation assets, which may have a useable life of decades,
also need to model specific site costs, market behaviour, capital service costs, fuel contracts, and
the impact of policy options in specific locations.
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A Figure 9.5: CSIRO simulations of the cost of electricity (represented as levelised cost of
electricity LCOE) for different technologies for two CO,-e prices. (CCS = carbon capture
and storage, pf = pulverised fuel, O&M = operations and maintenance)
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Energy and transport technologies

The following section summarises the state of development and role of key electricity and
transport technologies and processes important to reduce CO, emissions.

I. Efficiency, demand reduction, and distributed power generation

Energy efficiency gains can come from all sectors. The First Opportunities report for the Federal
Energy Efficiency Opportunities Program’ reported that 199 large companies have identified energy
saving opportunities equivalent to 1.1% of Australia’s greenhouse gas emissions, with savings

to boilers, furnaces, kilns, chemical processes, and electrical equipment and mobile equipment.
Other savings may come from non-industrial sectors, where there have been low incentives

for improvements in the past. Prospective areas for improvement include the building sector,
commercial air-conditioning, residential water heating, improved insulation, and commercial

and domestic lighting, with a more complete breakdown provided in the IPCC Fourth Assessment
Report.® These will save energy, and so reduce costs for businesses and households, if non-
financial barriers to the implementation of energy investments can provide win-win opportunities.
However, they may have disadvantages such as loss of function, convenience, and performance.
Furthermore, the uptake of energy-efficiency opportunities may be hindered by lacking or
misaligned incentives and market failures.

Demand reduction can be achieved in many ways, such as the use of ‘smart agents’ and
‘intelligent grids’. Here, sensors monitor and report information about energy use that can be used
to manage supply and demand to a central controller. For example, systems that sense whether
rooms are occupied — and that can regulate lighting, heating, and cooling accordingly — can reduce
overall demand for power.

Many modern buildings are designed with considerations of reduced energy use in mind, such
as natural lighting, thermal load management via the use of appropriate building materials, siting
of buildings, and the use of shading, breezes, and vegetation. Demand reduction can be stimulated
by government incentives and regulation, and is very often another case of win-win: making sense
for both the economy and climate.

Distributed power generation seeks to achieve energy savings by generating electricity
close to the point of use — even inside the actual building that uses the energy. Small generators
that burn fossil fuels are more efficient overall and are less greenhouse gas intensive if their
waste heat is captured and used locally for heating and cooling. Combining heating, cooling, and
power production can potentially double the efficiency of fuel use. Small-scale generation is more
responsive to local demand and, in some circumstances, can achieve greater cost savings overall
when the network costs are considered.
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Although distributed generation achieves
even greater greenhouse gas reductions
when the source of energy is renewable, such
as solar, wind, or geothermal power, there
is another aspect that must be considered.
The current Australian electricity grid was
designed to supply power to consumers from
a small number of large centralised power
stations. In order to achieve a reliable and
stable supply from a significant number of
distributed generators along with the current
large centralised power stations, the electricity
grid will require significant augmentation and
capital investment.

2. Renewables and nuclear

Solar power holds great promise as the energy
source of the future. There are two categories
of solar power that may play a role in future

electricity generation: photovoltaics and solar

CSIRO

thermal.
Photovoltaic (PV) technologies convert sunlight directly to electricity through the properties
of photoactive materials. The main challenge for PV developers is to find the ideal combination
of low production cost, optimum conversion efficiency and output, the cost of greenhouse gases
emitted in making the materials, and the longevity of the cells in the environment. Silicon-based
PV technology has developed over the past three decades, with significant gains in efficiency,
and units have been commercially available for some time. However, the cost per kilowatt hour
and the need to store electricity for night-time use remain barriers. Second-generation thin-film
PV technologies such as CdTe have been introduced, with higher efficiencies and lower costs for
large-scale PV power plants, while third-generation PVs, such as organic solar cells (PV or dye),
are early stage technologies that promise rapid and cheap production, but their efficiency is still
significantly lower than for silicon units.
Solar thermal technologies concentrate the Sun’s rays to produce heat that can then be used
to heat water, induce chemical reactions, or drive other energy processes. The main technologies

include:
#% domestic solar hot water systems
% ‘trough’ collectors that focus the Sun’s rays along a single axis where the receiver is
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located and which tracks with the Sun. They are cheap to make and produce steam at up
to 300°C, which can be used to produce electricity or heat for industry.

%

% linear Fresnel technology in which the linear receiver is stationary and is heated by
tracking mirrors to provide outputs similar to the ‘trough’ collectors

*

dish collectors that track the Sun and focus the Sun’s rays on a receiver

*

‘heliostat’ and tower collectors that focus the Sun’s rays to a single point to produce very
high temperatures (of the order of 1000°C) to drive chemical processes, and make steam
or hot air to run electrical turbines.

Although solar technologies are still expensive, the technology is improving constantly,
energy prices are changing, and the ‘learning curve’ promises more competitive solar thermal
technologies within a decade or so.

Wind power is currently the most adoptable of the renewable energies and is being deployed
on quite a large scale across Australia. Obstacles to its use include the high capital cost of the
generators (driven by strong global demand), its intermittency, power fluctuations, the need to
store power during calm conditions, and varying levels of local public acceptance. Many of the
best wind sites in Australia are already taken. Those that remain may be more distant from the
grid, have less favourable wind conditions, and may be less profitable for investors; these factors
will eventually slow adoption, increasing the opportunities for other technologies.

Nick Pitsas/CSIRO

Both solar and wind power require the development of cost-effective energy storage facilities to

be able to mitigate power fluctuations, to provide energy at night-time for solar, or during periods
of calm for wind power.
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Biomass energy - for electricity or fuels — is seen as having considerable potential if sustainable
use can be established and costs reduced through new technologies. CSIRO’s assessment of
bioenergy prospects is based on zero competition with food for agricultural resources. The best
prospects occur when the biomass source is close to the place where the energy is consumed: for
example, when the bagasse produced by the sugar cane industry is burned to produce heat and
electricity used for sugar refining.

Hydro power has limited large-scale expansion opportunities in Australia due to public
aversion to the large-scale impacts on river systems, limited accessible sites, and declining rainfall
in the south.

1L A

Source: Adriana Downie, Pacific Pyrolysis CSIRO

Hot fractured rocks are still being developed as a potential base-load energy source for the
future. Obstacles include current high drilling costs, geological uncertainty, low relative power
efficiencies, the amount of water needed to access the heat which is lost in the process, and the
proximity of the grid. If these can be overcome, hot fractured rocks could emerge as a reliable,
low-cost source of base-load power.

Ocean energy - Australia has access to vast ocean resources: some of the best in the world for
wave, current, and tidal energy, especially along the WA, Victorian and Tasmanian coasts. However,
the technologies are still at an early stage in their development and, like some other renewables,
suffer from intermittency, distance from the grid, and uncertainty about long-term maintenance
and operational costs. Australia’s ample resources of solar and wind energy mean that these may
be fully developed before ocean power can become financially competitive.
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Nuclear energy may become an economic option for power generation in Australia, but
the main barriers to its adoption include high capital costs, long lead times, lack of a trained
workforce, and current lack of public support.

3. Fossil fuel energy and carbon capture and storage

Although energy efficiency and renewable energy hold out great promise for a low-carbon
economy, the world is heavily committed to the use of fossil fuels through its existing generation
infrastructure, which will continue to provide the bulk of electricity generated for some time. In
addition, many developing economies see coal use as the lowest-cost option to provide electricity
for the growth of their economies and to increase the living standard of their people.

Carbon capture and storage (CCS) is the pathway for reducing greenhouse gas emissions
from fossil fuels used for large-scale electricity generation. The aim is to capture the CO, released
when coal is burned and then store it in stable geological formations, deep underground. It is
worth noting that oil, natural gas, and CO, have been stored naturally in such formations for many
millions of years.

The three most promising CCS technologies are gasification, oxyfuel combustion, and post-
combustion capture.

* Gasification involves reacting coal with controlled amounts of oxygen and water at
high temperature and pressure to produce raw syngas. When combined with syngas
processing, the ultimate products are CO, and hydrogen. The pressurised CO, can be
separated for storage and the hydrogen burned in special turbines to produce electricity,
with water as the only emission.

*

Oxyfuel combustion burns coal in a CO,/oxygen mixture with recycled flue gas (instead
of nitrogen/oxygen when air is used). The flue gas is predominantly CO,. Some is
removed, cleaned, dried, and pressurised for geological storage. Gasification and oxyfuel
combustion are termed pre-combustion low-emissions coal technologies.

* Post-combustion capture involves reacting the flue gas from a conventional
combustion power station with a chemical solvent to capture the CO, before the flue gas
is emitted. The chemicals are regenerated and reused. The CO,, now in concentrated
form, can be cleaned, dried, and pressurised for storage. The potential advantage of post-
combustion capture is that it can be retrofitted to existing coal plants.

Implementation of CCS in a timely and secure way faces a number of challenges. The principal
challenge is that, although elements of the technology chain currently exist, there has as yet been
no demonstration of an integrated process at a commercial large-scale power station. However,
there are numerous programs worldwide, including in Australia, that aim to demonstrate CCS

technology on a commercial scale.
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Besides CCS, other ways to process bulk CO, so that it is ‘locked up’, or achieves savings
elsewhere, are being investigated:
% Mineralisation, where CO, is reacted with naturally occurring minerals to form very
stable carbonate rocks that can be stored in mines, or even used in building materials.

* Algal cultures, where the CO, and added nutrients are used to grow algae with a
high lipid content for the production of biodiesel for transport fuels and thus displace
petroleum fuels, with consequent greenhouse gas savings.

Other developments based on fossil fuels aiming to reduce CO, emissions include:

* Gas, which is seen largely as a ‘transitional fuel’ for peak power generation, bridging
between today’s systems and CCS or renewables in future. However, natural gas is in high
demand worldwide and the power generators that use it are exposed to fluctuations in
supply, demand, and price. There is also rapid development of coal seam gas in Australia
which provides another source of this valuable resource.

% Hybrid technologies that combine fossil fuels, CCS, and renewables are also promising.

These include: coal-fired power supplemented by solar thermal energy to reduce the
amount of coal burned, reduce emissions, and boost efficiency; and solar/gas systems.

*

The development of much more efficient ways of converting the chemical energy in
coal to electricity. Two such promising technologies are large diesel engines fired with
specially prepared slurries of fine coal and the direct carbon fuel cell.

4. Transport sector

Over the next 10 years, and allowing for a
cost for carbon, CSIRO modelling® !° projects
that diesel, electricity, liquefied petroleum gas
(LPG), and natural gas (particularly in freight)
will all increase their share of the transport
fuel market (Figure 9.6). These fuels all have
some existing production and distribution
infrastructure, but will require more to make
them readily accessible.

Tracey Nicholls/CSIRO
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In the longer term, beyond 2020, advanced biofuels that do not compete directly with food
production, and synthetic fuels derived from gas and coal, are also expected to come into wider
use once production infrastructure has had time to scale up. How widely they are adopted will
depend on primary fuel prices and greenhouse gas emission targets.

Realistically, only four additional transport fuel options are capable of being produced in large
enough volumes to satisfy a significant part of the needs of the transport sector in the next two
decades and supplement traditional fossil transport fuels — biofuels, liquefied natural gas (LNG),
compressed natural gas (CNG), and electricity.
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o Figure 9.6: Likely changes in share of different transport fuels under a high oil price scenario.

Biofuels could, in theory, supply around one-quarter of transport needs without having a
significant impact on food production or soil nutrient quality. In the short term, ethanol and
biodiesel blends will continue to be available, using crop wastes, tallow, and cooking oil. However,
from around 2020-25, the principal future sources of biofuels will be lignocelluloses and plant oils
(from crop stubble and forestry residues or special energy crops such as algae), thereby improving
both Australia’s balance of trade and greenhouse gas emissions. Biofuels are not completely
emission-free because, among other inputs, they use fossil fuels in the biomass feedstock
production process. However, in the long run, agriculture will probably move to lignocellulose-
based biofuels and algal biodiesel for its motive energy.
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LNG is a niche fuel more likely to suit long-distance transport operators, because the cost of
converting vehicles is high and can only be re-couped by significant fuel savings. LNG is cheaper
than diesel at present. However, in the longer term its costs are likely to follow those of oil as
Australia’s domestic gas industry becomes increasingly exposed to rising international oil and
gas prices.

Electricity may emerge as the Australian transport fuel of choice for the majority of motorists
and transport operators in the longer term. It is expected that the share of vehicles drawing
electricity from the grid will increase from a handful today (excluding rail, which currently draws
8 petajoules) to at least 10% by 2030 (Figure 9.7). As hybrid vehicle technology matures, it will
enable drivers to achieve 80% of their (city) mileage using electricity: using fossil fuel only for
the 20% of trips that are outside battery range. The rate of electrification will depend critically on
world oil prices relative to electricity prices and battery costs.
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A Figure 9.7: Projected increasing electrification of road transport
vehicles, based on mid range oil prices and a carbon price.
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A challenge for electrification of the transport fleet will be the source of electricity. If this is
provided by coal-fired power stations, a large increase in CO, emissions will ensue. Therefore
electrification of the transport fleet in response to rising petroleum prices may constitute another
driver for the commercial introduction of CCS and/or renewables.

Although synthetic fuels made from coal and natural gas are among Australia’s possible
transport energy options, the fact that they involve large greenhouse gas emissions means they
are not likely to attract large-scale investment in the medium term: certainly not before carbon
capture and storage (CCS) has been fully demonstrated. Synthetic fuel plants also suffer from the
same investment risks as large-scale coal power generation, being multi-billion-dollar investment
projects dependent on uncertain revenue drivers (in this case, the international oil price, rather
than carbon prices).

Hydrogen is a clean fuel that can be made from fossil fuels or by splitting water into its
constituents, hydrogen and oxygen. However, the development of a cost-effective vehicle fuel cell
to convert hydrogen into electrical power is lagging behind other sources of power for electric and
hybrid vehicles: as of 2010, there were no hydrogen-fuelled cars commercially available anywhere
in the world, and only a very few demonstration models. The fuel cell’s acceptance as a technology
will depend on its price relative to competing sources, consumer preferences for the range
of hydrogen vehicles compared with electric vehicles, and the lead/lag time of the roll-out of
refuelling infrastructure. In the medium term, however, the option exists to replace the batteries
in an electric vehicle with a hydrogen fuel cell. The availability of hydrogen fuel could be fairly
easily achieved by locating small units that use electricity to split water into hydrogen and oxygen
at service stations, car parks, and elsewhere.
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Conclusion

Making the right energy choices for Australia’s future from among our abundant resources

and technologies is profoundly complex. Often it will be an issue of which energy source, or
combination of sources, best suits a particular context — rather than trying to pick a single
‘winner’. Australia’s greatest need is for low-emissions technologies that are competitively priced,
resilient, and flexible enough to cope with a range of possible future energy challenges and
demands. Technologies whose costs fall quickest will tend to predominate, even though they may
be more expensive at present. All options are still in the mix for a future energy system, with
many niches and opportunities. Rather than advocating a single solution, it will be important for
us to have the skills to identify the most advantageous combinations of solutions.

Australia has more energy options than almost any other country — and the systems we develop
ought logically to reflect that diversity. The technologies we choose will not necessarily be
invented or developed here: instead we can become a leading-edge user of the best the world has
to offer.
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CHAPTER 10.

Reducing energy
demand: the
imperative for
behavioural change

% The Australian public will have a powerful influence over the pace and extent of climate change
mitigation and adaptation strategies and actions adopted by the nation. Deep cuts in Australia’s
greenhouse gas emissions will depend on a combination of technological innovation, economic reform,
and societal change, achieved with public consent.

% There is considerable scope for individuals to reduce their own carbon footprint, and there is growing
public support for a transition to a ‘green economy’.

Face-to-face communication and knowledge sharing to overcome the gaps in knowledge are critical.

5%

Mitigation is not an activity for the agriculture, forestry, energy, and transport sectors alone. The
Australian public will have a powerful influence over the pace and extent of national climate change
mitigation strategies. Deep cuts in Australia’s greenhouse gas emissions will only emerge through a
combination of technological innovation, economic reform, and societal change: all achieved with
public consent. This applies especially to two areas. First, there are the many things individuals
can do, in their own lives and work, to reduce the burden of greenhouse gas emissions that future
Australians will have to bear. To date, however, the actions of the majority of Australians to reduce
their personal greenhouse gas emissions have been minimal. To achieve a significantly greater

rate of change will require a major alteration in public attitudes. The second calls for broad public
understanding, not only of the issues surrounding climate change itself, but especially of the range
of low-emission energy technologies and smart energy-saving methods that will emerge over the
coming years. It is here that public preference, consumer choice, and community sanction will

play a critical role in determining the eventual mix of technologies adopted by Australia. This mix
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will cover the full spectrum, ranging from low-emission coal-fired electricity to solar thermal and
photovoltaic, wind, geothermal, nuclear, hydroelectricity, biofuels, cogeneration, and demand
management, through to energy efficiency and other energy approaches.! Public familiarity with
these alternatives, their technical pros and cons, and their associated costs, will have an important
bearing on the national debate and the extent to which politicians feel empowered to make far-
reaching decisions for Australia to transition to a low carbon economy.

Chris Taylor/CSIRO

Australian attitudes to energy technologies

Recognising that knowledge and understanding will be critical to support the transition to a
low carbon economy, CSIRO has been researching public attitudes to climate change and energy
technologies for several years.?> This has established that the Australian public:

% agrees that climate change is an important issue to Australia, particularly the 18-25 age
group (82% of respondents agreed that global warming has been established as a serious
problem and immediate action is necessary, or that there is enough evidence that global
warming is taking place and some action should be taken®)

% still has limited knowledge about the causes of climate change and what can be done to
mitigate it (in a survey of more than 2000 Australians, the average response to a quiz on
energy and environmental issues was equivalent to guessing, and many people didn’t see
the link between their own energy consumption and greenhouse gas emissions”)

# can be quite concerned and depressed about the enormity of the problem

% recognises there is a role for government, industry, and themselves in responding to
climate change

% is willing to pay for necessary changes.
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Nick Pitsas/CSlO

CSIRO research® has found that the highest level of public support was for solar and wind
technologies, followed by other renewable forms of energy. When asked to rank the priority they
would give to funding for the deployment of various energy options, participants ranked solar
highest, followed by wind, wave/tidal then geothermal. Carbon dioxide capture and storage
(CCS) ranked marginally better than coal-fired power, but it remains the technology least familiar
to the general public. Opinion on nuclear power, although it has warmed somewhat, remains
sharply polarised.

The public is also realistic in appreciating that new technologies mean higher energy costs.
Most participants in the study indicated that they would be prepared to pay up to AU$50 more a
quarter for electricity. A significant number already subscribe to green power, ranging from 49%
in Brisbane to 13% in Perth. Participants were also quick to identify the need for transparency in
pricing and support for low-income families if electricity prices were to increase.
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Changing individual behaviour

It is known from the remarkable shift in public behaviour towards water during the droughts of
the early 21st century, that profound changes in individual attitudes and practices are possible

in relatively short spans of time. The scope for individuals to reduce their carbon footprint is, if
anything, even greater than is the case for water, owing to the array of opportunities available.
These include electricity use, transport habits, food choices, waste disposal, consumption
patterns, house design, home heating and cooling, and so on. However, one of the main challenges
is to make the issue of energy consumption sufficiently potent so that individuals are motivated to
implement personal strategies to reduce their own impact on the climate. The public claim to be
put off taking action because of a lack of technical knowledge or understanding of climate science
and the issues surrounding it.° Education would seem, therefore, to be an essential component of
attitudinal change.

CSIRO

One of the most important findings from CSIRO’s research with members of the public is
the importance of face-to-face communication and knowledge sharing to overcome the gaps
in knowledge about the issue and technologies. In response CSIRO has developed Energymark,

a process based on the well-established Watermark (http://www.watermark.org.au/) concept

for grassroots action on water saving.!® Energymark works by engaging those citizens who are
determined to do something to reduce their own personal carbon footprint, to work with CSIRO
to convene a group of friends, family, or work colleagues to contemplate the topic of climate and
energy over an 8- to 12-month period.

In the first 12-month trial carried out by CSIRO in the city of Newcastle, New South Wales, 172
citizens managed to reduce their collective greenhouse gas emissions by 27%. In the process,
average household electricity consumption in the group fell from 14 420 to 9029 kilowatt hours,
with participants managing to cut their power use by 35% through the use of energy-saving
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appliances and the way they used appliances in the home. They also cut their transport emissions
by 27% by using more public transport and walking rather than taking the car, their household
waste by 16%, and their beef consumption by 28.5%. The Newcastle City Council has asked to
become a world testing ground for the approach.!!

Opportunities for the individual to save energy in daily life, such as those trialled in Newcastle,
are set out in The CSIRO Home Energy Saving Handbook, which explains ‘how to save energy, save
money and reduce your carbon footprint’.!? The book explains that the first step is understanding
your own carbon footprint. To help the public understand this, they are asked to think of it in
terms of domestic garbage bags, each holding 100 g of CO, (or its equivalent). Thus a household
of three typically fills 500 000 bags a year with CO, from all its activities: the aim is to eliminate
as many of these ‘bags’ as possible by energy savings and other measures. The book provides
examples of practical things that Australians can do in their daily lives to reduce their greenhouse
emissions, rating the effectiveness of these actions by the number of ‘garbage bags of CO, avoided’
and according to ease and affordability. For example:

Small steps with a big impact: Bags avoided
% Improve heating and cooling of home up to 12 000
# Change to cold water clothes washing 8000

% Turn off spare fridge 4000

% Dry clothes on a line 3000

#% Replace incandescent lights with low-energy bulbs 7000

# Eat foods with lower carbon content 10 000

% Reduce purchases by 10% 14 000

% Grow your own vegetables and compost waste 17 000

% Car pooling and cycling. 20 000

Smart investments: Bags avoided
% Adopt passive heating and cooling up to 24 000
% Replace electric heaters with natural gas up to 80 000
% Use solar, gas, or heat pump for hot water up to 34 000
% Buy an energy efficient fridge or washing machine 6000

% Go for low-wattage lighting 10 000

% 75% of your journeys by bike or public transport. 20 000

Giant leaps:

Bags avoided

% Base house design on the surrounding environment up to 37 000
% Install solar, wind power, or micro-hydro for domestic electricity 50 000
% Buy a hybrid car. 19 000
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Target audiences and processes

CSIRO has developed a range of social processes for engaging communities on issues around
climate mitigation. The choice of process depends on the audience and topic. With climate change
mitigation, the four main audience groups are:

%

influential stakeholders, such as politicians, media, NGOs, chief executives, and so on.

%

the general community.

*

the education sector — not only schools and universities, but also through museums,
science centres, and so on.

*

communities or groups affected by particular energy projects.!?

In modern society there is little time to learn about and attend to issues, such as climate
change, that seem to many as having little effect on their immediate day-to-day tasks. CSIRO’s
work to engage public groups through various processes, such as Energymark, underlines the
importance of working face-to-face to create the interest, discussion, and dissonance that allow
people to grow their understanding, change attitudes, and take action. People are strongly
motivated by the idea of being good citizens and often enjoy working in groups of like-minded
individuals. However, they are also looking for leadership and for reliable, objective information
from trusted sources such as CSIRO and universities. Trust is a critical element, and having
multiple sources of reliable advice can help to overcome the confusion that arises when competing
arguments over climate change are aired.

Apart from the Energymark concept, another process for raising awareness and changing
behaviour is ‘Carbon Kids’, an educational program developed by CSIRO Education to enable
primary and secondary school classes to work together to achieve reductions in their carbon
footprint.

Despite some limitations, citizens’ panels provide an excellent framework for tackling complex
issues that can be applied in various contexts at the local, national, or international level. CSIRO
has found that the rich deliberation that participants enjoyed is well received and it is clear that
shifts in attitudes take place as a result of the interactions with trusted experts, as well as from
hearing the views of fellow citizens. This has led many participants to question the underlying
assumptions they hold about the various technology solutions. This work provides a strong
foundation for helping the Australian public to understand more about climate change and the
range of energy technologies required to achieve a low-carbon economy.
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Conclusion

The next few years will be critical in deciding whether or not Australia — and the world - is
successful in mitigating greenhouse gas emissions sufficiently to avoid ‘dangerous’ climate
change as described in reports by the IPCC, Nicholas Stern, Ross Garnaut and others.!* !> However,
effective mitigation will require the united forces of government, industry, and the community
to make it happen. The public has made it clear in numerous polls that it wants action, but it is
also looking to others in positions of influence to lead it in what to do and which technologies

to support. At the same time, the public is an important driver in the whole process — and its
expectations will have a powerful influence over the actions of government and industry. Studies
concluding that the public is willing to pay for the changes strongly suggest Australia should be
doing more. Many Australians are taking climate change seriously, as best evidenced by a range
of personal mitigation actions: for example, through small steps such as changing light bulbs,
cold water washing, and walking instead of driving the car, to installing various distributed
energy options, including solar hot water systems, solar photovoltaic systems, or purchasing
green power. Action on climate change will only be successful through the combined efforts of
government, industry, and the public at large.
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CHAPTER 11.

Responding to a
changing climate

% Evidence from many different sources shows human activities are contributing to the Earth’s changing
climate.

5%

The impacts of climate change on Australia, its industries, and people over the coming decades and
centuries will be significant, with some of these impacts already apparent.

5%

The Earth is committed to some degree of climate change as a result of past greenhouse gas emissions,
so we will need to adapt to this change.

5%

Adaptation on a scale far more extensive than is currently occurring will be essential in all walks of life
if we are to limit the social, economic, and environmental impacts of climate change.

5%

Action within the next decade to lower greenhouse gas emissions will reduce the probability and
severity of climate change impacts.

3%

Agriculture and forestry hold great potential for mitigating greenhouse gas emissions through
afforestation, soil carbon management, and better management of livestock and cropping emissions.

# Making the right energy choices for Australia’s future from among our abundant options will often be a
matter of choosing the energy source, or combination of sources, for a particular context.

% Practical and sometimes beneficial or low cost actions can make significant progress in tackling climate
change.

The evidence amassed by CSIRO, the Australian Bureau of Meteorology, universities, and

other scientific institutions around the world shows overwhelmingly that human activities are
contributing to the Earth’s changing climate. Even if there were mechanisms in place to halt and
eventually reverse the growth in net greenhouse gas emissions, their long life in the atmosphere
means some climate change is already ’locked-in’ as a result of past emissions. We will need to
adapt to this committed change, which will challenge us with rising temperatures and sea levels,
increasing storm intensity, and greater risk of fire, flood, and drought. Evidence shows that
proactive adaptation to these challenges can create future opportunities for growth, development,
and sustainability.

135



While some impacts of climate change will take many decades to unfold, it is increasingly likely
that the level of global warming will exceed the 2°C threshold of ‘dangerous’ climate change.
There is a limited window of opportunity before thresholds for largely irreversible environmental
impacts are reached. Action within the next decade to lower greenhouse gas emissions will reduce
the probability and severity of climate change impacts.

Australia has a significant task ahead if the nation chooses to make large reductions in its
greenhouse gas emissions. We have a relatively high per capita emissions intensity and energy use
per unit of GDP. This is a function of the structure of our economy, which includes low-cost fossil
fuel and mineral resource extraction and processing industries. On the other hand, Australia is
endowed with a very wide array of low-carbon energy resources. Exploiting these resources would
create new industries, and may have other co-benefits such as improved energy security.

Our choices will have different sets of impacts over time on the economy, environment, and
society. Many global economies are leading Australia in their responses to climate change and
are using these responses to create new economic opportunities. In partnership with industry,
government, and the community CSIRO continues to work to understand the range of responses,
solutions, and opportunities available to Australia.

The following central messages of this book summarise the conclusions drawn from many
years of research carried out by CSIRO, the Bureau of Meteorology, universities, and many other
organisations.

The science of climate change,
and the role of humans, is clear

Observations on land and in the oceans, of
ocean level, acidity, and salinity, and of other
aspects of the climate system give us a picture
of our climate over time. There is a great deal
of evidence from many different sources that
the Earth’s climate has warmed over the last
century. It is very likely that the primary cause
of this warming is the emission of greenhouse
gases (carbon dioxide and others) by human
activities.

CSIRO
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Australia is highly vulnerable to climate change

Projections of future climates from mathematical representations of the Earth’s climate system
indicate that it is very likely that warming and other climate changes will continue and also
accelerate through the coming century if emissions of greenhouse gases continue to increase. The
impacts of climate change on Australia, its industries, and people over the coming decades and
centuries will be significant, and changes can now be clearly seen in stresses on our water supplies
and farming, changed natural ecosystems, reduced seasonal snow cover, and extreme events.

Gregory Heath/CSIRO

Adaptation can reduce the impacts of climate change that are
already locked-in

Significant climate change impacts are unavoidable due to the greenhouse gases that are already in
the atmosphere, as well as likely future emissions. The impacts of climate change will pose a large
risk to human wellbeing in the future, and will require the drawing up of action plans at national,
state, regional, and local levels to adapt to the most likely changes. Adaptation on a scale far more
extensive than is currently occurring will be essential in all walks of life if we are to limit the social,

economic, and environmental impacts of climate change.
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Reducing greenhouse gas emissions can limit the impact of
climate change

Adaptation alone cannot absorb all the projected impacts of climate change, especially over the
long term. Some of these can be further avoided, reduced, or delayed by effective reduction in
global net greenhouse gas emissions. Agriculture and forestry hold great potential for mitigating
greenhouse gas emissions through afforestation, soil carbon management, and better management
of livestock and cropping emissions. Making the right energy choices for Australia’s future from
among our abundant resources and technologies will often be an issue of which energy source,

or combination of sources, best suits a particular context. Australia’s greatest need is for low-
emissions technologies that are competitively priced, resilient, and flexible enough to cope with a
range of possible future energy challenges and demands. All options are still in the mix for a future
energy system with many niches and opportunities.

In summary, the work of CSIRO and others shows that human-driven climate change is real, that
it is already happening, and that its impact on our society, economy, and environment will be
far-reaching. The timeframe for choosing the form and level of response to reduce these impacts
is limited. While the choices are challenging, research shows that there continues to be support
within the Australian community and industry for addressing climate change and capturing the
opportunities. Through practical and sometimes beneficial or low-cost actions, we can make
significant progress in tackling climate change.
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