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Summary

Geosequestration of carbon dioxide (CO2) means injecting it into geological formations
deep underground, where it will be held away from the atmosphere for hundreds, if not
thousands, of years. The oil and gas industry has been investigating the potential of
geosequestration to deal with the large amounts of CO, that occur naturally mixed with
methane in many natural gas fields. One large-scale tria of this processis underway at a
gas field in the Norwegian sector of the North Sea.

In the last few years, much more ambitious proposals intend using geosequestration to
reduce greenhouse gas emissions (GHG) released when fossil fuels are burned,
especially when coal is used to generate electricity. Around 80 per cent of Australia's
electricity is supplied by coal-fired power stations, and these are currently responsible
for greenhouse gas emissions of nearly 170 Mt CO»-e per annum, about 30 per cent of
Australia’ s total emissions. A technical system that could reduce these emissionsto a
small fraction of their present level, while allowing continued burning of coal, has great

superficial apped.

A partnership called COAL21 has been established by the coa mining industry, the
coal-fired electricity generation industry, Commonwealth and state governments and
research bodies, including CSIRO, to support and promote research on the technologies
that will be needed for geosequestration. In March 2004, COAL 21 launched its national
action plan for reducing GHG emissions arising from coal-fired electricity generation.

Ministers of the Commonwealth Government give the impression, perhaps
unintentiorally, of having seized on this vision as the key to solving Australia s GHG
emission problem. The same emphasis, though not explicitly stated, runs through the
recent Energy White Paper and was strongly supported by the Prime Minister when
launching it.

However, there is no publicly available analysis to demonstrate that this is the best
energy policy option. A following statement by the responsible Federal Minister is
certainly not an adequate basis for sound policy.

The coal industry produces 80 per cent of our energy and the redlity is that
Australiawill continue to rely on fossil fuels for the bulk of its expanding power
requirements, for as long as the reserves last.

This discussion paper examines how much emissions abatement geosequestration may
be able to deliver, how soon it may be able to do so, what the cost of such abatement
may be and how it compares with other energy policy options to reduce emissions.

Technology status

A system to geosequester CO; will be very complex, and involves much more than
burying the gas underground. It would first involve either converting the fossil fuel to a
gas before combustion and extracting the CO», or capturing the CO, from the stream of
combustion gases. It would require a mechanism to transport the CO, from the point of
production to the geosequestration site, and then to inject the CO; into the geological
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formation. The CO; capture step is in many ways the most complex and difficult. On
the other hand, it is the final geosequestration step that is most uncertain over the long
term. For these reasons we use the term CO, capture and storage, abbreviated to CCS, in
the remainder of this paper, to include al elements of the whole system.

Capturing CO, from existing power stations would require the use of large and
expensive equipment and use large amounts of energy, thereby reducing overall power
station efficiency. For these reasons, retrofitting existing power stations to capture CO-
is not considered by the industry and research communities to be a cost-effective route
to CCS. A very large research effort is therefore being committed to new coal utilisation
technol ogies that would reduce the cost and complexity of capturing CO-. Technologies
that could be applied directly to electricity generation include integrated gasification
combined cycle (IGCC) and oxy-fuel combustion. The production of hydrogen or liquid
fuels from coal could a so be associated with CO, capture. IGCC is perhaps the most
advanced of these, but it is still much more expensive than conventional coal-fired
generation and requires further technical improvements. There are a small number of
commercial-scale plants in operation around the world but the technology is not used in
Australia.

Transport of CO; is perhaps the best understood and least complex part of the whole
system, but is aso relatively energy intensive and will require large investmentsin
pipeline infrastructure. Research over recent years has improved knowledge of areas
where the geology may be suitable for long-term underground storage of CO,. At
present, sites have been identified within a reasonable distance of coal-fired power
stations (and associated coal mines) in Queensland, Victoria and Western Australia.
However, there are no identified sites within 500km of the coal- fired power stationsin
the Newcastle- Sydney-Wollongong area of NSW and at Port Augustain South
Australia, which together account for about 39 percent of Australia’s current net CO,
emissions fromelectricity generation. This is considered to present a formidable cost
barrier to the use of CCS technology with electricity generation in these areas.

Overadl, the main barriers to large-scale application of CCS are the immaturity of the
technology, the energy penalty and the cost of capture. A technology roadmapping
exercise supported by COAL21 set 2014-15 asthe earliest possible date for operation of
apilot-scale coal-fired electricity generation project with CCS. Given the size and
complexity of the technology development task required, this may be optimistic. CCS
power station technology systems are not yet operating on a commercial scale anywhere
in the world.

Cost and cost effectiveness
In order to determine the potential performance of coal-fired electricity generation with
CCS, in terms of both electricity generation and emission abatement, it is necessary to
draw together data on:

the capital and operating costs of the system (with a given cost of coal);

the overall thermodynamic efficiency of supplying electricity, allowing for the
energy penalty of CCS; and
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the ultimate level of emissions.

When this is done, taking appropriate account of the large uncertainty in the cost of
CCS, it isclear that coal-fired generation with CCS will be more cogly than a number
of other low-emission electricity generation options including natural gas-fired
combined cycle gas turbines, gas-fired cogeneration, wind and many types of biomass.
All these technologies are far more mature than CCS; they are proven, aready in
widespread commercia use, but also, particularly in the case of wind, likely to fall
considerably in cost over time as further experience with the technologies is gained.
Importantly, increasing the efficiency of energy use is much more cost-effective than
any of these electricity supply technologies, having negative costs after a much shorter
payback time.

When account is taken of the costs of abatement (measured by $/tonne CO,-e of
abatement), energy efficiency, natural gas, wind and biomass are more economically
attractive than CCS as abatement options. It is difficult to see how coal- fired power
stations with the additional cost of CCS will be able to compete with the aternative
means of cutting emissions, at least for some decades. This conclusion applies not only
to the period between now and when CCS technology is ready for commercial use,
which will be 2020 at the earliest, but also for a considerable period after CCS could
begin to be widely used.

This conclusion takes no account of the risk that one or more of the technologies
involved in a complete CCS system will prove to be unviable, i.e. cannot be made to
operate reliably at the expected cost. History, including recent Australian history, is
replete with examples of ambitious attempts to develop new technologies which either
failed to realise the hopes held for them, or failed altogether. Two examples are BHP
Billiton’s Boodarie hot briquetted iron plant and Australian Magnesium Corporation’s
Stanwell Magnesium Project. The conclusion also takes no account of environmental
risks, particularly the risk that CO, may escape from some storage sites.

How much can CCSreduce emissions?

A spreadsheet model has been devel oped to estimate the potential for CCS to reduce
emissions from coal-fired electricity generation in Australia. CCS is assumed to have a
‘best case’ abatement capacity in that it is technically feasible, capable of long-term
storage, environmentally safe and commercialy viable. CCS demonstration power
stations are assumed to be built between 2016 and 2020, with commercial viability
being achieved in 2020. CCS is not applied in NSW and South Australia because of lack
of sequestration sites. It is applied only to new plant, and modelling is extended out to
2030.

The most recent ABARE projections are taken as the base case for energy demand, and
two other scenarios with increased end- user energy efficiency are a'so modelled. The
ability of CCS to reduce emissions from coal-fired electricity generation was compared
to the abatement potential of increased end-user energy efficiency, and replacement of
new coal-fired generation with gas-fired generation and renewable energy.
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It was found that use of CCS alone would reduce emissions by about 9 percent in 2030,
and cumulative emissions from 2005 to 2030 by only 2.4 percent. A scenario with
modestly increased energy efficiency, corresponding to the efficiency potential assumed
in the Energy White Paper, could reduce emissions in 2030 by about the same amount,
and cumulative emissions by twice as much. This would be achieved at zero or even
negative cost.

If gas-fired generation and renewable energy were built instead of new coal-fired
generation, to achieve the same cumulative abatement by 2030 as CCS would require
only adoubling of the current very modest MRET target, and double that of additional
gas-fired generation.

Scenarios that include more extensive energy efficiency improvements, though still well
within identified technical potential, combined with use of gasfired generation and
renewables instead of new coal-fired plant, could reduce emissions in 2030 by more
than five times as much as CCS aone, and cumulative emissions by ten times as much.

The key to these results is that end-use efficiency, gas-fired generation, wind power and
some types of bioenergy are currently commercially available, and so do not have to
wait until 2020. While it is possible CCS may be an effective abatement option after
2030, use of currently available technologies will reduce emissions much sooner and at
lower cost, and make any abatement task for CCS easier.

Is CCSgood energy policy?

In the absence of a decisive change in policy, growth in Australia s energy-related
greenhouse emissions will mean that national emissions exceed the Kyoto commitment
level by around 2009, and keep growing thereafter. The present policy of modest energy
efficiency improvement plus CCS for electricity generation may slow but not reverse
the growth in emissions from about 2020 onward. It is not difficult to envisage
international pressures, both diplomatic and economic, that could place Australia under
strong pressure to reduce emissions well before this time. Present policy does nothing to
shield Australia from such arisk and is unlikely to be the best way of maximising
Australia s overall energy security.

For the foreseeable future, end-use efficiency, gas-fired generation and wind will
continue to have lower costs than coal-fired generation with CCS. Over the longer term,
notwithstanding its cost disadvantage, CCS may become more attractive as the scale of
necessary GHG emission reductions increases. It may, for example, be needed to reduce
emissions to 50 percent below 1990 levels by 2050, which is the sort of emission
reduction needed to achieve ultimate stabilisation of atmospheric CO, concentrations.
Over the next two decades, however, a policy that neglects or excludes other low-
emission technologies, in favour of coa with CCS, will place Australiaon an
unnecessary high-cost path to reducing emissions. Thisis not an economically optimal
policy for reducing greenhouse gas emissions from the energy sector.

The Australia Institute



