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[ PREFACE

The Nuclear Fuel Cycle Royal Commission was established
by the South Australian Government on 19 March 2015 to
undertake an independent and comprehensive investigation
into the potential for increasing South Australia's participation
in the nuclearfuel cycle, specifically in four areas of activity:

- expanded exploration, extraction and milling of minerals
containing radioactive materials

- the further processing of minerals and the processing
and manufacture of materlals containing radioactive
and nuclear substances

- the use of nuclearfuels for electricity generation

- the establishment of facilities forthe storage and disposal
of radioactive and nuclear waste.

In each of these areas, the Commission was required to
examine and report by 6 May 2016 on the feasibility,
viability, risks and opportunities associated with a potential
expansion of the nuclear fuel cycle from the perspectives
of the environment, the economy and the community,
including regional, remote and Aboriginal communities.

The Commission committed to conducting an independent,
evidence-based process that was open and transparent.
From the outset, its focus was on understanding facts and
not accepting perceptions.

The Commission's process was independent of government,
industry and lobby groups. It was conducted by a dedicated
group supported by external expertise engaged by the
Commission.

At the outset, the Commission produced Issues Papers
inviting submissions on the associated risks and
opportunities of each of the activities in the cycle.

In response to the Issues Papers, the Commission received
as evidence more than 250 submissions from a wide range
of individuals and organisatlons in the private, public and
not-for profit sectors.

In its public sessions conducted from September 2015,

the Commission heard oral evidence from 132 expert
witnesses from Australia and overseas, which was streamed
live on the Internet.

It also conducted its research, in Australia and overseas. As
part of considering the commercial viability and economic
impacts of potential nuclear activities specific to South
Australia, the Commission engaged organisations with the
expertise and experience to undertake detailed assessments.

Internationally, the Commission held meetings and site
inspections at nuclearfuel cycle facilities and with experts in
Asia, Canada, Europe, the United Arab Emirates, United
Kingdom, and United States of America.

The major elements of this evidence were drawn together
in the Commission's Tentative Findings, which were
published on 15 February 2016, with an invitation for
responses to better inform this report. About 170 responses
that directly addressed the contents of the Tentative
Findings were received.

In conducting an open and transparent process, and to
encourage participation in its activities as the inquiry
proceeded, the Commission engaged widely with the South
Australian community, including five rounds of community
information sessions in regional, remote and Aboriginal
communities.

The Commission's approach has produced a large volume of
information, which supports the reasoning and findings in
this report. The submissions, public session videos and
transcripts, financial assessment reports and Tentative
Findings responses are published on the Commission's
website, www.nuclearrc.sa.gov.au

This report represents both an end and a beginning: the
culmination of the Commission's work, but the start of
consideration by South Australians as to whetherthey want
to increase the state's participation in the nuclear fuel cycle.
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[ SUMMARY

South Australia can safely increase its participation in nuclear
activities. Such participation brings social, environmental,
safety and financial risks. The state is already managing
some of these risks, and the remainder are manageable.

Some new nuclearfuel cycle activities (see Figure Sl)

are viable. One in particular, the disposal of international used
fuel and intermediate level waste, could provide significant
and enduring economic benefits to the South Australian
community.

Viability analysis undertaken forthe Commission determined
that a waste disposal facility could generate more than

S100 billion income in excess of expenditure (including a

$32 billion reserve fund forfacility closure and ongoing
monitoring] overthe 120-year life of the project (or $51
billion discounted at 4 per cent). Given the significance of the
potential revenue and the extended project timeframes, the
Commission has found that were such a project to proceed,

it must be ed and controlled by the state government, and
that the wealth generated should be preserved and equitably
shared for current and future generations of South
Australians. This presents an opportunity that should be
pursued.

Social consent is fundamental to undertaking any new nuclear
project. Social consent requires sufficient public support

in South Australia to proceed with legislating, planning and
implementing a project. Local community consent is required
to host a facility. In the event that this involves regional,
remote and Aboriginal communities, consent processes must
account fortheir particdarvalues and concerns.

Political bipartisanship and stable government policy are also
essential. This is particularly important given the long-term
operation of facilities and the need for certainty for potential
client nations.

Figure S.1: The nuclearfuel cycle
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EXPLORATION AND MINING OF
RADIOACTIVE ORES

The Commission found that the administrative and regulatory
processes that manage current exploration and mining
operations are sufficient to support a safe expansion of
activity. However, the existing regulatory approvals processes
for new uranium mines are unnecessarily duplicative at

the state and federal levels. The Commission therefore
recommends that the South Australian Government

pursue the simplification of state and federal mining
approval requirements for radioactive ores, to deliver a
single assessment and approvals process.

There is good geological reason to believe new commercial
deposits of uranium could be found in South Australia,

but the challenge is that vast areas in the state remain
unexplored. There are a number of barriers to industry
investment in further exploration while commodity prices
are relatively low.

Expanded uranium exploration and mining would provide
additional benefits to the state. To realise this potential, the
Commission recommends that the state government
further enhance the integration and public availability of
pre-competitive geophysical data in South Australia.

It should undertake further geophysical surveys in priority
areas, where mineral prospectivity is high and available data
is limited. It should also commit to increased, long-term and
counter-cyclical investment in programs such as the Plan for
Accelerating Exploration (PACE) to encourage and support
industry investment in the exploration of greenfield locations.

While lessons learned from legacy sites in Port Pirie and
Radium Hill are now incorporated in contemporary regulatory
standards for new operations, the Commission recommends
that for future developments the South Australian
Government ensure the full costs of decommissioning and
remediation with respect to radioactive ore mining projects
are secured in advance from miners through associated
guarantees.

FURTHER PROCESSING
AND MANUFACTURE FROM
RADIOACTIVE ORES

The Commission found the most significant environmental
and safety risks associated with further processing of
uranium for use in nuclear reactors are posed by chemicals
ratherthan radioactivity. Many of these materials are already
used and safely managed in Australia. Some risks would
require new regulatory frameworks.

XIV' NUCLEAR FUEL CYCLE ROYAL COMMISSION

South Australia is technlcally capable of providing these
services; however, there are significant barriers to entering
these commercial markets. Further, these markets are
currently over-supplied. The Commission considers that the
provision of these services would not, either singularly or in
combination, be commercially viable in the next decade.

There could be a potential competitive advantage if further
processing services were linked with a guarantee to take
back used fuel for permanent disposal. This concept of
fuel leasing could in turn provide additional employment
and technology-transfer opportunities. The Commission
recommends that the South Australian Government
remove at the state level, and pursue removal of at the
federal level, existing prohibitions on the licensing of further
processing activities, to enable commercial development
of multilateral facilities as part of nuclear fuel leasing
arrangements.

In relation to the production of medical isotopes, there

are potential opportunities to expand existing facilities in
the state. The Commission recommends that the South
Australian Government promote and actively support
commercialisation strategies for the increased and more
efficient use of the cyclotron at the South Australian
Health and Medical Research Institute (SAHMRI).

ELECTRICITY GENERATION
FROM NUCLEAR FUELS

The Commission looked closely at reactor safety and the
major accidents associated with nuclear power plants.
While acknowledging the severe consequences of such
accidents, the Commission has found sufficient evidence of
safe operation and improvements such that nuclear power
should not be discounted as an energy option on the basis
of safety.

Taking into account the South Australian energy market
characteristics and the cost of building and operating a range
of nuclear power plants, the Commission has found it would
not be commercially viable to develop a nuclear power plant
in South Australia beyond 2030 under current market rules.

However, there will in coming decades be a need to
significantly reduce carbon emissions and as a result to
decarbonise Australia's electricity sector. Nuclear power,

as a low-carbon energy source comparable with other
renewable technologies, may be required as part of a lower-
carbon electricity system. While the development of other
low-carbon technologies will influence whether nuclear power
would be required to meet Australia's future energy needs,

it would not be able to play a role unless action is taken now



to plan for its potential implementation. The Commission
recommends that the South Australian Government
pursue removal at the federal level of existing prohibitions
on nuclear power generation to allow it to contribute to a
low-carbon electricity system, if required.

In developing Australia's future electricity system there is a
need to analyse the elements and operation of that system
as a whole, and not any single element in isolation. This will be
significant in determining the role that nuclear and any other
technologies should play. The Commission recommends that
the South Australian Government promote and collaborate
on the development of a comprehensive national energy
policy that enables all technologies, including nuclear,

to contribute to a reliable, low-carbon electricity network
at the lowest possible system cost.

Glven the prospect that new reactor designs, and in particular
smaller reactors, might be viably integrated in the Australian
electricity network, the Commission recommends that the
South Australian Government also collaborate with the
Australian Government to commission expert monitoring
and reporting on the commercialisation of new nuclear
reactor designs that may offer economic value for nuclear
power generation.

MANAGEMENT, STORAGE AND
DISPOSAL OF RADIOACTIVE WASTE

There are large inventories of used nuclearfuel and
intermediate level waste in safe but temporary storage
around the world. Used nuclearfuel, a solid ceramic in metal
cladding, generates heat, is highly radioactive and hazardous.
The level of hazard reduces over time with radiation levels
decreasing rapidly during the first 30 to 50 years of storage,
with the most radioactive elements decaying within the

first 500 years. However, the less radioactive but longer-
lived elements of used nuclearfuel require containment

and isolation for at least 100 000 years. The most serious
accident involving used nuclear fuel involves potential
exposure to radiation. Used fuel in storage or disposal cannot
cause an explosion similarto that associated with a severe
accident at a nuclear reactor.

There is international consensus that deep geological
disposal is the best available approach to long-term disposal
of used fuel. The Commission has found that there are now
advanced programs in a number of countries that have
developed systems and technologies to isolate and contain
used nuclearfuel in a geological disposal facility for up to one
million years. The most advanced of these will commence
operation in the 2020S.

The safety of deep geological disposal is assured through the
combined operation of geology and engineered barriers, and a
detailed understanding of the radiological risks associated with
used nuclearfuel. The evolution of geological conditions during
the past hundreds of millions of years is well understood,

and therefore future behaviour over hundreds of thousands

of years can be predicted with confidence following detailed
study. Engineered barriers are designed and constructed to
complement the surrounding geology, and thereby provide a
passively safe system of isolation and containment.

The predicted future interactions between the used fuel,

the engineered barriers and the surrounding geology are
complex, but can be modelled and tested with a high degree
of precision. The Commission has therefore found that South
Australia has the necessary attributes and capabilities to
develop a world-class waste disposal facility, and to do

so safely.

To determine its viability, the Commission deliberately took
a cautious and conservative approach to assessing used
fuel inventories and potential global interest in international
used fuel disposal. Based on those inputs, the Commission
determined that a waste disposal facility could generate
$51 billion during its operation (discounted atthe rate of

4 per cent]. Further analysis indicated that by accumulating
all operating profits in a State Wealth Fund, and annually
reinvesting half the interest generated, a fund of $445 billion
could be generated over 70 years (in current dollarterms).

There is a range of complex and important steps that

would need to be taken to progress such a proposal.

The Commission has therefore recommended that the

South Australian Government pursue the opportunity to
establish used nuclear fuel and intermediate level waste
storage and disposal facilities in South Australia consistent
with the process and principles outlined in Chapter10 of
this report. This includes suggested immediate steps, and
those that may arise in the future. The immediate steps are
forthe government to:

a. make public the Commission's report in full

b. define a concept, in broad terms, forthe storage and
disposal of international used fuel and intermediate level
waste in South Australia, on which the views of the South
Australian community be sought

c. establish a dedicated agency to undertake community
engagement to assess whether there is social consent
to proceed
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d. in addition, task that agency to:

i. prepare a draft framework forthe further development
of the concept, including initial siting criteria

ii. seek the support and cooperation of the Australian
Government

iii. determine whether and on what basis potential client
nations would be willing to commit to participate.

The immediate next steps should be undertaken free from
any debate about whether expenditure of public money in
pursuing this opportunity is contrary to law. The government
may quite properly want to seek further information or
greater detail on matters considered by the Commission.

It may also seek information in anticipation of a community
request. Therefore, the Commission recommends that

the South Australian Government remove the legislative
constraint in section 13 of the Nuclear Waste Storage
Facility (Prohibition)Act 2000 that would preclude an
orderly, detailed and thorough analysis and discussion

of the opportunity to establish such facilities in South
Australia.
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L CHAPTER1: THE ENERGY FUTURE

1. The energy sector in Australia is undergoing
transformation. This transformation needs to be
guided by stable medium- to long-term government
policies to encourage investment. Such policies

should be based on evidence, not opinion or emotion.

There can be no doubt that the energy sector in Australia
and elsewhere is changing dramatically. Although the major
trends of this transformation are increasingly apparent, the
extent and pace of change are not.'The trends include a
decentralisation of electricity generation, the retirement

of ageing coal plants, the development of new generation
technologies, a focus on and preference for

low-carbon energy sources, and changes in networks and
the way in which the costs of these networks will be met.'

It remains unclear which energy options Australia will
embrace.' The CSIRO'S comprehensive Future Grid Forum
Research Program, in analysis undertaken in 2013 and
2015, indicates that any of a range of possible scenarios
for Australia's future electricity system remains plausible.”
Any claim that there is certainty about future outcomes
should be treated with caution.

The evidence suggests that the pace of changes to the
energy sector will depend upon government policy, and will
not be driven by technology and cost alone.' The transition
pathway to low-carbon sources will be influenced by their
relative costs and policy choices such as the incentives
provided for new capacity to be installed.' The changes in
transmission and distribution networks will be influenced
by the extent of decentralised generation, ongoing reliance
on networks to provide reliability of supply, and a desire for
decentralised generators to sell surplus electricity.' It will
also be influenced by the development of new pricing
models to equitably fund networks among their users.

All these matters will also be influenced by consumer
behaviour in adopting new technologies for generation,
storage and demand management.

Energy transformation will require substantial capital
investment in both generation and networks.' Investment
in generation has been affected by uncertainty about
future policy,' recently demonstrated by the effect on
investment from changes in 2012 to legislated subsidies
in favour of renewables.' This is not to express a view
about the desirability of those changes but to illustrate
that investment is highly sensitive to policy uncertainty.

Given the complexity of the issues and cost of
transformation, planning must be based on evidence."
That evidence should focus on a combination of cost,
reliability and carbon intensity. This is discussed in greater

detail in Chapter 4 Electricity generation. It is critical that
long-term decision making should not rely solely on what
is presently popular.

2. The opportunities forfuture South Australian
participation in the global markets for uranium ore
and other nuclearfuel cycle services are highly
dependent on the policies and decisions of all
nations to address climate change.

The Paris Agreement negotiated at the 2015 United Nations
(UN) Climate Change Conference agrees to overall global
reductions aimed at limiting any rise of the global average
temperature to well below 2 degrees Celsius Ec) above
pre-industrial levels. The Paris Agreement allows signatories
to develop their own measures for reducing emissions and
does not identify mechanisms for determining a country's
share of reductions."

This tlexibillty makes medium and long-term predictions
about the actions needed to be taken to transition to
low-carbon systems challenging. While the goal and
general trends are known, neitherthe pace of change
northe transition pathway for any country can be
identified with certainty."

This is significant to the development of future energy
generation technology, including nuclear energy and the
industries that supply it." The suitability of nuclear power
for any country depends on the other power generation
options available, as well as its political, economic and social
circumstances. Many countries have already pursued
nuclear power, some have committed to pursuing it, some
are considering it, and others have decided against it or
decided to abandon it."

Forthis reason considerable caution must be exercised in
making predictions about the future growth of nuclear power.
There are firm global commitments to growth in installed
nuclear capacity from current levels of about 380 gigawatts
(GWe) to about 450 GWe by 2030." However, firm
predictions beyond 2030 are much more problematic.

Estimates by the International Energy Agency (IEA) based
on emissions targets consistent with the Paris Agreement's
‘well below 2 °C' target, show very substantial growth

in nuclear generation." That scenario is possible, as are
scenarios with little or no growth. Ambitious projections

of long-term nuclear industry growth have a history of

not being realised. It is forthat reason the Commission

has not relied on such projections in its reasoning.
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3. Significant additional global action will be required
to achieve the 'well below 2 °C' target. The slower
the abatement action taken now, the greater the
action that will need to be taken later, and the
greater its costs and impact on the economy.

Before the Paris conference, countries informed the UN of
their stated intentions to reduce carbon emissions."

The intended nationally determined contributions reflected
a range of commitments to reduce emissions of greenhouse
gases, the most significant of which is carbon dioxide."

Even if implemeted, modelling suggests that these
commitments will only limit the increase in global temperature
to about 2.7 °C.' That central estimate is within a fairly wide
range of an increase up to 4 °C. Even assuming countries
meet their commitments, the ‘well below 2 °C' target will
require significant further action."

If one takes the approach of a total carbon budget reflecting
the total permissible emissions into the atmosphere, it can
be seen that the slower the abatement actions taken now,
the fasterthe need for abatement in the future." Modelling
of emissions mitigation schemes to reduce global warming
demonstrates that delaying emissions reductions from
2020 to 2032 would require more than a doubling of
reduction rates to meet the same target."

Moreover, analysis suggests that the speed of abatement
will affect its ultimate cost." Delayed abatement will, in
the interim, increase risks of temperature increase,
entrench a more emissions-intensive economy and defer
cost reductions in low-emissions technology." This will
lead to higher eventual costs of abatement. Further, costs
have been projected to increase at a rate disproportionate
to the delay."

4. It will be necessary to significantly transform
Australia's energy sectorto both reduce emissions
and support pathways to decarbonise other
economic sectors such as transport.

Australia has many options in reducing emissions from
electricity generation. They include measures to improve
efficiency and new technologies that manage demand."

Given that electricity generation in Australia accounts for
about one-third of national carbon emissions," there is a
need to transform the electricity generation sector to
meet future carbon emission targets.
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There is a widely held view, although it is not current policy
in Australia, that to achieve the 'well below 2 °C' target it
will be necessary to have an energy sector with zero net
emissions by 2050." Modelling suggests that it is unlikely
that Australia could fully decarbonise its electricity sector by
2050 by relying on renewables alone. Combined cycle gas
turbines will be required for system stability in the absence
of other dispatchable generation. The importance of this
timeframe is that such a transition is necessary to facilitate
transformations in other sectors. For example, to switch
fuel from carbon-intensive energy sources in industry

and transport it is necessary to support a transition from
carbon-based fuels to either electric- or hydrogen-fuelled
vehicles, which is now incentivised in some countries."

5. Nuclear power is presently, and will remain in
the foreseeable future, a low-carbon energy
generation technology.

Some energy generation technologies, particularly those

that burn fossil fuels, generate substantial carbon emissions
during their operation, while others such as solar photovoltaic
(PV), concentrated solarthermal, wind and nuclear do not."
However, all energy generation technologies create emissions
overtheir life cycle. These emissions are generated during
plant construction (including in the extraction, manufacture
and use of building materials such as steel, concrete and
silicon), operation, maintenance and decommissioning.'2

A large number of studies of life cycle emissions from
electricity generation have been undertaken over several
decades, with divergent results.

The National Renewable Energy Laboratory (NREL), the
primary laboratory for renewable energy and energy
efficiency research and development in the United States,
undertook a peer-reviewed analysis and harmonisation

of all earlier studies on carbon emissions from various
electricity generation technologies. The significance of the
harmonisation was that the assumptions and parameters of
the various studies were assessed, allowing for their direct
comparison.” The output of the analysis has been adopted
by the Intergovernmental Panel on Climate Change (IPCC).

As shown in Figure 1.1, the median estimates underthe NREL
analysis ranked the emissions of nuclear (12 grams carbon
dioxide equivalent per kilowatt hour (gCO,-e/kWh) within

the range of solar PV (18-50 gCO0,-e/kWh, depending on
technology choice) and wind (12 gCO0,-e/kWh).



Electricity generation technologies powered by renewable resources

Electricity generation technologies powered
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Figure 1.1: Life cycle greenhouse gas emissions for electricity generation technologies

Data sourced from National Renewable Energy Laboratory, 'Life cycle assessment harmonization results and findings', NREL.gov, last modified 21 July

2014, www.nre|.gov/analysis/sustain_|ca_results.htm|

Note: gCO,-e/lkWh=grams carbon dioxide equivalent per kilowatt hour

That nuclear has emissions in the range of solar PV, wind,
concentrated solar thermal and other renewables is supported
by other significant contemporary studies.” In each case,
those technologies are substantially less carbon-intensive
than gas and significantly less again than coal. Across earlier
studies the estimated emissions range for nuclear has varied
considerably.” This variation arises from different methods
for performing harmonisation over a large range of studies—
some may be less complicated to perform, but result in less
precision,” The NREL study is significant because of its
comprehensive and detailed analysis.

The breakdown of carbon emissions for nuclear energy has
been estimated to be approximately one-third for activities
and services associated with manufacturing nuclearfuel,
one-third for construction and decommissioning, and one-
third for operation, storage and disposal of waste."The life
cycle carbon emissions for nuclear power have decreased
marginally in recent years. This is due to increased energy

efficiency, particularly the shift to centrifuge enrichment
techniques from the more energy-intensive gaseous
diffusion, and the higher proportion of low-carbon electricity
used in nuclear conversion, enrichment and

fuel fabrication.'8

Nuclear will continue to be a low-carbon option forthe
foreseeable future. Studies have shown that even a
substantial decline of ore grades to levels far lower than
those currently mined in Canada or Australia (from either
uranium-specific or polymetallic deposits) would have a
minor effect on carbon emissions from nuclear power.'9
In any event, if uranium demand were to increase there is
significant potential for the discovery of new deposits
with economic grades. Were that to occur, the emissions
intensity of mining uranium would not increase."
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6. In Australia, nuclear power cannot contribute to
emissions reductions before 2030 because of the
long lead time to make new capacity operational.
It could contribute afterthat time, which may be
important if more rapid action is required to be
taken to reach a net zero emissions target from
energy generation by 2050.

Following a lengthy period in which new reactors were

not constructed in Europe and the United States, recent
experience in those countries indicates that new nuclear
capacity has taken substantially longer to construct than
planned." Construction of new reactors has at best, in
countries outside Europe and the United States, been
completed in about six years." The fastest development of
a new global nuclear program is in the United Arab Emirates;
ittook 10 years from the initial policy decision in 2008 to
the planned start of operations in 2017. This program had
the advantage of replicating nuclear plant designs already
constructed and licensed in their country of origin.

When construction times are combined with the time it
would take to develop a regulatory structure and implement
policy," the earliest likely date at which nuclear power could
come into operation in Australia would be from 2030."

The Commission does not accept views that a nuclear
power capability would take longer on the basis that a
decade-long period of decision making and planning

would be required." Those timeframes reflect a business-
as-usual approach and do not account for a targeted focus
on achieving an outcome to address a recognised need.

In the event thatfast and rapid action is required by

Australia after 2030, nuclear power might play a useful role.

This becomes partlcularly significant if the nation makes
only modest progress in reducing emissions before 2030
and is required to committo eliminating carbon emissions
from electricity generation by 2050. In pursuing a policy of
rapid decarbonisation, nuclear power might be a useful and
significant contributor.

7. It would be wise to plan now for a contingency in
which external pressure is applied to Australia to
more rapidly decarbonise. Action taken now to
settle policy forthe delivery and operation of
nuclear power would enable it to potentially
contribute to reducing carbon emissions.

Australia’s current emissions reduction targets, and any
further contributions, both national and international, were
the subject of discussion before the UN 2015 Climate
Change Conference.
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In the period leading up to the first progress review of the
Paris Agreement in 2020, Australia's future commitments
could again be the subject of discussion. That will occur in
the context of other countries forming views about their fair
share of abatement and the respective contribution of other
nations to achieving the overall goal.

In that time, Australia may come under pressure to
decarbonise more rapidly than it had planned. It is
apparent from the Paris Agreement, with its associated
national commitments, that the politics of climate change
abatement remain fluid.

Australia’s current commitments require it to reduce
emissions to five per cent below 2000 levels by 2020,

giving a target of 530 megatonnes carbon dioxide equivalent
(MtCO,-e)." Australia's emissions are projected to be

656 MtCO,-e in 2019-20, requiring a further reduction

of 126 MtCO,-e to meet the target." Firm commitments

to further reductions have not yet been made.

Previous policy measures aimed at addressing carbon
emissions have proven politically contentious. This has led
to limited discussion and consideration of potential policy
options. As scientific evidence on the impact of climate
change mounts, perhaps it is time for a change in approach
to facilitate a scientifically led debate. Long-term policy
options need to be considered now if the nation is to avoid
the disproportionate consequences of attempting to quickly
reduce carbon emissions from electricity generation.

The Australian Government will formally review its current
and future carbon abatement commitments in 2017."
This would be an ideal time for scientific ratherthan
politically led discussions about future options.

The scope of the review has not been defined. In view of
what is said elsewhere in this report, it will be important for
such a review to contemplate not only Australia's current
and short-term commitments, but also to prepare a strategy
to meet longer-term goals, with sufficient flexibility to
accommodate future developments.

8. While it is not clear whether nuclear power would be
the best choice for Australia beyond 2030, it would
be prudent for it not to be precluded as an option.

Australia should position itself to be able to take advantage
of all the potential options in the event of a requirement for
rapid emissions reduction." It would be wise to facilitate a
technology neutral policy forAustralia's future electricity
generation mix.



To make a range of technologies available, action is
required now.

In the case of nuclear power, those actions include the:
- amendment of existing legislation

- setting of key policies that would send relevant signals for
private sector investment

- development of an electricity market structure

- development of a new regulatory framework that addresses
key principles of non-proliferation, safety and security in
the use of nuclear energy.™

If such preparatory steps are deferred, nuclear power would
continue to be precluded as an option—meaning that it would
always be an option overthe horizon.

Making nuclear power available as an option does not mean
it would be the best choice forAustralia in 2030. Other
developments may well lessen the need for it. However,

that should not be assumed. The present considerable
optimism about the future cost of renewable generation and
storage does not ensure certainty about these outcomes."
Nor should the development of nuclear be regarded as static.
As nuclear projects are implemented in other countries, and
as new systems are developed, particularly small modular
reactors, the costs of nuclear may demonstrate that it should
be part of a low-cost, low-carbon energy system in Australia.
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CHAPTER 2: EXPLORATION, EXTRACTION
AND MILLING

The activity under consideration is the
expansion of the current level of exploration,
extraction and milling of minerals containing
radioactive materials in South Australia.

WHATARE THE RISKS?

9. Exploration activities for all minerals are most
commonly undertaken by remote geophysical
reconnaissance and low-density soill
rock geochemical methods, which pose low
environmental risks. Where drilling occurs, the
existing administrative and regulatory processes,
if properly applied, are sufficient to manage
the environmental and other risks.

Most modern exploration methods cause little environmental
disturbance, as they involve geophysical data collection,
surface sampling and stream sediment analysis.'

In the case of uranium, the exploration process is similarto
that for any other mineral commodity. Geophysical surveys
are used to detect characteristics associated with uranium
mineralisation, including anomalies in measured radioactivity,
magnetism, gravity and electrical conductivity. They are first
performed from the air to identify sites of interest, which are
then surveyed on the ground.' Surface features of the site,
such as soil, stream sediment and geology, are sampled and
analysed to obtain further information about the underlying
geology and potential mineralisation.'

Depending on the results of the geophysical surveys and
surface exploration, physical investigation of the underlying
geology is undertaken. This involves borehole drilling into the
ground to obtain a sample of rock material." Technical analysis
of the sample provides information about gamma radiation,
groundwater and other physical characteristics, and chemical
analysis is undertaken to quantify the geochemistry.'

These characteristics can then be used to model the
framework of the underlying geology and identify
further targets for exploration.'

More significant environmental impacts associated with
mineral exploration may arise from the use of borehole
drilling, which can directly affect surface water, groundwater,
sail, flora and fauna.' When a site is selected for exploration
drilling, it is cleared of vegetation. Depending on the density
of that vegetation and the topography of the area, this can
be done with minimal impact, although drilling areas may
require heavy machinery to excavate sumps, as well as to
cleartracks and drill pads.' Drilling activity may cause other
impacts that require monitoring and management, including
light, dust, vibration and noise.’

Exploration for minerals in South Australia is undertaken in
accordance with licences issued by the state government.
A program for environment protection and rehabilitation
(PEPR) approved by the Department of State Development
(DSD) is also required before activities commence."A PEPR
provides details about the mineral commodity targeted by an
exploration company and the proposed exploration program,
including landowner and native title holder engagement
strategies and environmental management measures.

The PEPR approach requires companies to take account of
environmental risks before, during and after exploration."

When exploration programs finish, a company is required to
return the sites to their natural, pre-exploratlon state, as far
as possible", for example, by 'ripping' tracks, which loosens
compacted topsoil to promote regeneration of the native
vegetation.” If exploration activities are likely to cause a
significant environmental disturbance or are to occur in
sensitive environmental areas, for example, national parks,
there are provisions for the state government to require
financial bonds."

Once DSD is satisfied with the PEPR, a tenement area

will be granted for a specified term of up to five years."

A radiation management plan (RMP), prepared in accordance
with guidelines issued by the South Australian Environment
Protection Authority (EPA), is also required to ensure
adequate radiation protection of workers, the public and the
environment." The EPA is South Australia's independent
environ mental regulator.

In South Australia, uranium exploration has a history of
compliance with environmental protection measures,
although there have been instances where this has not
occurred. For example, in 2008, Marathon Resources was
found to have inappropriately disposed of wastes at sites
where it had undertaken exploratory drilling. The regulator
required the company to undertake rectification works, which
were appropriately completed and independently verified."

10. Mining and milling activities for all minerals pose
risks to human health and the environment, which
need to be managed. If expanded, uranium mining
and milling activities in South Australia would
create similar risks to those arising from current
uranium mining activities.

The methods used in Australia to mine uranium are
underground, in-situ leaching (ISL), also known

as in-situ recovery, and open-cut." There are other
extraction methods, such as acid heap leaching, not currently
used commercially in Australia."
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Figure 2.1: A cross-section of an underground mine

Olympic Dam in South Australia, which is owned and
operated by BHP Billiton, is an underground mine that uses a
sub-level apen stope methad (see Figure 2.1). This method is
complex and requires extensive infrastructure.”” In addition
to the mine (see Figure 2.2), the operations at Olympic

Dam include tailings storage dams, waste rock storage
areas, product storage areas, an ore processing plant,
administrative and residential buildings, and infrastructure
1o facilitate transport and the supply of utilities.

Operations at underground mines pose risks to workers,

the environment and, potentially, members of the public.”’

If appropriate risk management strategies are not
implemented, mining operations might result in underground
collapse, rock fall, dust and noise pollution, and exposure to
radiation and other radioactive particulates, causing harm to
workers and the public, or environmental contamination.®?
Prevention and mitigation measures are used to reduce the
risks of underground mining activities in accordance with
regulatory requirements.?® This would continue to be the
case if underground operations using the present mining
method were to be expanded.

Some of the environmental impacts identified in current

and former mines elsewhere in Australia are maore
challenging than in the arid conditions of South Australia.
The geochemical composition of a uranium ore body,

in particular the presence of sulphides, increases the
potential for uranium to migrate through the environment.
That migration is assisted by water in areas of wetter
climatic conditions.** As a result, strategies for managing the
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environmental impacts of uranium mining activities need
to consider nat only the nature of the extraction method,
but also local climatic and geochemical conditions.

MINE WASTES

Uranium mining requires a radioactive waste management
plan (RWMP) that is approved by the EPA and updated as
requested by the operator or the regulator. ARWMP outlines
how a proponent will manage risks to the environment
resulting from mining processes, including the production and
management of radioactive wastes.”

Mine wastes, known as tailings, comprise solid and liquid
chemical wastes generated through milling and leaching
processes. They often include fine suspended particles of
rock mixed with acids and other chemicals. In the context

of uranium mining, tailings generally contain radioactive
elements, including radium and radon.”® However, inadequate
containment at tailings dams is @ more significant hazard
than the radioactivity level.*’

Aloss of containment has the potential to result in tailings
breaching the dam containments and seeping into underlying
geology and aquifers. If breaches occur, the tailings can
render groundwater unsafe for use by humans and fauna.

For these reasons, tailings dams and facilities are engineered
and reinforced to avoid seepage or structural collapse.
Tailings dam engineering plans must be reviewed by DSD
before approval is given to start mining activities.** Mining
companies are required to monitor and report annually

on the integrity of their tailings dams and their retention



Figure 2.2: Underground mining at the Olympic Dam mine

Image courtesy of BHP Billiton

performance. In its most recent environmental protection
and management program report, BHP Billiton stated there
had been no recent embankment failures and that the
groundwater beneath the tailings storage facility had not
reached a level where it interacts with vegetation, indicating
that any potential seepage was being managed.”

Other general and mine-related wastes, both liquid and solid,
are generated during mining activities and, once the mine
has closed, are retained on the mine site." If these wastes
interact with surface or groundwater, they can produce
leachate, which can infiltrate and contaminate the underlying
groundwater." Leachate can contain contaminants, including
radionuclides, heavy metals and acids, which can render the
groundwater unusable. Waste and tailings facilities must

be suitably lined with clay or geotextile fabrics to prevent
their interaction with the surrounding environment." At the
end of mining operations,tailings dams are required to be
capped to ensure that wastes are contained and risks to the
environment are managed.

GENERATION OF DUSTAND HANDLING OF ORES

Underground and open-cut mining poses a risk to workers
through exposure to radioactive dust particulates and
radon gas", particularly due to the use of explosives, heavy
machinery and processing equipment, and other ground
disturbances." There is a known association between
exposure to these sources and historical experience of
lung cancers in workers in uranium mines, where those
mines operated with limited or no protective measures

for workers."

In modern uranium mining operations, such as those at
Olympic Dam,the EPA-approved RMPS contain measures

to protect the health of workers. A key control is to minimise
direct handling of materials containing uranium. This is
achieved through the use of machinery and automation, for
example, in uranium oxide packing facilities. Other controls
include dust suppression by wetting dry surfaces, ventilation
to remove radon gas, real-time air quality monitoring, and
filtration systems, including in the cabins of trucks used
underground. For workers, measures include wearing
personal protective equipment, cleaning uniforms and
showering.'6

The radiation exposure of employees is monitored and

doses are compiled in reports to the EPA, which are publicly
available." Data on radiation doses to uranium mine workers in
Australia is collated by the Australian Radiation Protection and
Nuclear Safety Agency (ARPANSA) in the Australian National
Radiation Dose Register (ANRDR)." As set out in Chapter 7:
Radiation risks, the data shows that the exposure of workers is
significantly lower than the regulated limit.

In a submission to the Commission, it was asserted that the
RMP at Olympic Dam had not been updated between 1998
and 2013." The implication was that protection measures
in mining operations had not been effectively regulated by
the regulator or managed by the operator. The evidence is
that at all times there was an effective RMP at Olympic Dam
that had been approved by the EPA, the regulator. During
the period in question,the EPA had not needed to amend
the plan and the measures in the plan were implemented,
as evidenced by the EPA'S regular inspection of the mine's
radiation safety measures.'® Therefore, the criticism made
is not a basis for suggesting that radiation protection could
not be effectively managed at Olympic Dam or elsewhere in
the future.
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IMPACTS ON FAUNA

Tailings flulds are acidified and contain other harmful
chemicals. In an arid environment, the water held in

tailings dams can attract native fauna. When fauna access
tailings dams, the result can be illness or death. Significant
numbers of birds and mammals have perished in the past
in tailings facilities at Olympic Dam." BHP Billiton has since
implemented measures to minimise the interaction between
the fauna and tailings dam water, including fencing and
light and noise-deterrent systems, which have reduced
but not eliminated the risks." Netting of the dams has
also been proposed.”

RISKS TO WATER SOURCES

Water is required during mining operations for minerals
processing, dust suppression and equipment washing.

As mines tend to be located in remote areas, away from
major pipeline infrastructure, water is a critical resource.

It can be sourced from the surface, including lakes and
rivers, orfrom aquifers. In so doing, there is the potential for
over-extraction of groundwater. As well as depleting water
resources, this could cause soils and remnant water to
become saline.

The water requirements at Olympic Dam are substantial,

with operations using an average of 37 megalitres of
groundwater a day."" Water is primarily supplied to operations
from \Nellfields A and B, which draw from the Great Artesian
Basin, and are located 120 kilometres (km) and 200 km
respectively north-east of operations."

The quantity of water used is limited by BHP Billiton's
operating licence, which is issued by the South Australian
Department of Environment, Water and Natural Resources.

A monitoring program is incorporated in the licence to track
water use. The quantities of water extracted are recorded and
are publicly available in annual reports. Current extraction is
within the regulated limits."

Concerns have been expressed in the past that water
consumption at Olympic Dam was having a negative effect
on the environmentally sensitive Mound Springs, where
water from the Great Artesian Basin reaches the surface.™
However, ongoing monitoring has not identified any changes
in the springs beyond those predicted when Olympic Dam
was established and those stated in the 1997 environmental
impact statement. This is demonstrated by measurements of
the rate of flow and monitoring of flora commljnities.'8

Figure 2.3: The Four Mile ISL wellfield, with inset showing pipework linking into a well-house

Image courtesy of Heathgate Resources
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Figure 2.4: A cross-section of an in-situ leach uranium mine

1. In-situ leach (ISL) mining in South Australia is
conducted in aquifers, which, because of their
natural salinity and radon content, have no human
or stock use. As in underground mining, the risks
of ISL mining are managed by operators under the
supervision of regulatory authorities.

ISL mining recavers uranium from permeable sandstone
deposits by continuously recirculating a leaching solution
through mineralised ore zones, mobilising the uranium
and then recovering and concentrating the uranium at
surface facilities.*”

The type of leaching solution used—whether acidic or
alkaline—depends on the composition of the geology and
environmental considerations. The South Australian ISL
mines—Beverley, Beverley North and Four Mile—use dilute
sulphuric acid and hydrogen peroxide to extract the
uranium from the host rock.*

ISL mines require bath extraction and monitoring wells, as
well as a system to transport the solution containing uranium

ta a processing plant. Unlike underground or open-cut mining,

the uranium is extracted with minimal ground disturbance.

This is indicated in Figure 2.3, which shows the wellfields
at Four Mile and the above-ground pipework, which
ultimately leads to the associated processing plant.

When mining operations conclude, it is possible to remove
all above-ground facilities and remediate the site as close
as possible to its form before mining.

ISL mining produces a range of potential environmental risks
that are specific to this particular form of extraction. These
are discussed below. In South Australia, ISL activities are
presently undertaken in aquifers that have no human or
stock use because of their high natural salinity and radon
content (8 natural breakdown product of uranium).®'

POTENTIAL CONTAMINATION OF NON-TARGET
AQUIFERS

ISL mining requires the injection and extraction of a leaching
solution at pressure into the underlying target aquifer (see
Figure 2.4)** It is necessary to manage the potential for

the migration of leaching solutions to areas outside the
designated extraction zone, such as underlying or overlying
aquifers. As part of this, the movement of fluids within a
target aquifer is modelled to enable the planning of the
rates and location of injection and extraction.
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The risk of migration is managed through constant monitoring
and modelling of underground movements of leaching fluids."
This is done through a ring of nearby monitor wells, which are
installed beyond the mining zone." Water samples are taken
regularly from these wells to allow forthe early detection of
any unplanned migration of mining fluids."

In leaching the uranium, some solution is removed from the
extraction circuit to ensure that the target aquifer does not
become over-pressurised, as this could cause the solution
to migrate. The removed fluid, known as the 'bleed’, is stored
as liquid waste awaiting disposal.

SOLID AND LIQUID WASTES

ISL mining produces both solid and liquid wastes. The liquid
wastes include the bleed solution and other solutions resulting
from the recovery of uranium at the processing plant. They
are saline, moderately acidic and contain some unrecovered
uranium. These liquid wastes are held in evaporation ponds to
reduce theirvolume before disposal into a designated aquifer,
in accordance with the approved RWMP."

The long-term impact of the injection and disposal of fluids
into an aquifer is presently understood to be mitigated

by the process of natural attenuation, which neutralises
contaminants in groundwater over time without the need
for further intervention." The process takes place due

to chemical interactions between the groundwater and
underlying geology."

ISL miners in South Australia plan to remediate post-
extraction groundwater at their operations through natural
attenuation." Where this occurs, the mechanisms and
rate at which the remediation will occur should be
supported by laboratory tests and modelling.*

Heathgate Resources, the operator of the Beverley

and Beverley North mines, is planning to undertake a
trial program of remediation by natural attenuation."

The trial would require demonstration before the post-
extraction stage in line with EPA approvals and, should
natural attenuation not be demonstrated to be occurring,
the company would be required to undertake alternative
measures to remediate the affected aquifers." At the
Beverley and Four Mile mines, there is evidence to suggest
that natural attenuation will take place over the long term
in accordance with the modelling to date."

ISL mines also produce solid low level radioactive wastes,
such as used equipment from processing and laboratory
activities. However, these wastes are produced in smaller
quantities at ISL operations than at underground mines. The
wastes are managed in purpose-built repositories that are
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regulated by the EPA and operated in accordance
with ARPANSA requirements."

RISKS FROM RADIOACTIVE MATERIALS

Heathgate Resources has an EPA-approved RMP,
which identifies the potential pathways through which
workers could be exposed to radiation as radon decay
products, radioactive dust, gamma radiation and surface
contamination." Radiation protection measures include
the use of personal protective equipment and hygiene
practices.66

Further, operational areas are monitored forthe presence

of radioactive materials and workers are required to wear
thermoluminescent dosimeter badges, which measure their
external exposure to gamma radiation." Mine operators
calculate annual doses to workers and include this
information in an annual report to the EPA." The data is also
provided to ARPANSAfor inclusion in the ANRDR."

12.  The lessons that have emerged from the state-
owned uranium mine at Radium Hill, which closed
in 1961, and the associated treatment plant at
Port Pirie have been incorporated into current
regulatory frameworks.

The Radium Hill mine was operated by the South Australian
Government from 1954 until November1961. Uranium ore
was extracted and transported by rail to the Rare Earths
Treatment Plant at Port Pirie, also operated by the state
government. At the treatment plant, the ore concentrate was
processed into uranium oxide concentrate through an acid
leach and ion exchange process. The treatment plant ceased
uranium processing activities in 1962, although the site was
subsequently used for other commercial activities. The state
government continues to manage the sites of those facilities.

The activities on those sites were not planned, operated,
regulated or decommissioned in accordance with current
practice, nor would they have been permitted underthe
current regulatory framework. Typical of the conduct of
mining activities in that era, operations were primarily
focused on orderly production and without any evident
contemplation of environmental impacts.' Risks to the
health of workers were considered, although radiological
risks were not prioritised."

The lack of environmental consideration is demonstrated by
numerous characteristics of each site. In the case of Radium
Hill, crushed waste rock containing traces of radioactive

ore was used to construct roads and other infrastructure.”
Closure of the site simply involved the removal and sale

of plant." The tailings dam, which was not an engineered



Figure 2.5: From left, the Radium Hilltailings dam in 1964; in 1980 before rehabilitation; and in 2015

Images on left courtesy of the Department of State Development

structure but was built using uncompacted tailings, was
not capped when the mine closed. As a resultthe wind
dispersed tailings into the surrounding landscape.”

In the 1980S the government capped the tailings dam at
Radium Hill; however, this was only a short-term solution to
the problem of dispersion. Figure 2.5 shows that subsequent
erosion is occurring and the tailings are being exposed,
although to a lesser extent than before they were capped.”
In future, it will be necessary to increase the capping
thickness and reduce the angle of the dam walls to

stem erosion."

At the Port Pirie treatment plant, the tailings dams were
built on tidal mud flats, a sensitive marine environment,
and are uncapped. Although mitigated by levees, the risk
remains for further dispersion of radioactive materials and
metallic elements during flooding caused by king tides."

The failure to considerthe environment in the planning,
operating and decommissioning of these facilities has
resulted in ongoing management challenges. Although
subsequent assessments of both sites show they do not
pose a serious radiological risk to the health of visitors to
the sites", the state government is required to continue

to monitor and manage potential environmental
contamination. Environmental reports in relation to both
sites identify the need for longer-term management plans,
although these are yetto be completed.”

These experiences have fed into today's regulatory
frameworks for mines, which are directed towards protecting
the environment using management and preventative

measures.

The current regulatory regime rcquires:

- the environmental consequences of mining activities to
be addressed in the establishment and operation of mines
and associated facilities. The licensing process for new
mines requires comprehensive environmental impact
statements, involving associated investigation and
testing to ensljre the risks are properly characterised
and can be appropriately managed'

- the remediation of mine sites as part of their planned
closure, to minimise ongoing risks to the environment.
To avoid environmental legacy issues and associated
costs, the PEPR must be approved by regulators before
the mine starts operating and is regularly updated during
the life of the mine"
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13. Generally, the risk of post-closure impacts from
exploration and mining is addressed by a regulator
holding a financial security or bond.The amount
of the bond reflects the estimated cost of
remediation and is usually adjusted over the
mine's operational life.

The South Australian Government seeks financial assurances
in the form of bonds or bank guarantees from mining
companies and, in some cases, exploration companies to
coverthe costs of environmental remediation should the
company not be able to do so adequately." DSD calculates
the value of the assurance based on its assessment of

the greatest amount of environmental disturbance that
could occur, and, depending on its level of confidence in the
assessment, may include a contingency." DSD engages
quantity surveyors to assist in accurately estimating the
cost of remediating each aspect of the project, and it may
review the estimate if operations change significant|y.88

The bond system was not standard practice when Olympic
Dam, the state's largest mining project, was established ",
thereby making it an exception. BHP Billiton has made an
internal financial provision to address estimated remediation
and closure costs forthe mine.'> Any future expansion of
Olympic Dam would come under a new indenture that would
take account of the bond requirement; however, this would
not be implemented until a decision was made to proceed
with the expansion.”

ARE THE ACTIVITIES FEASIBLE?

14.  Given the detailed knowledge of uranium deposits
in South Australia, the similarity of geological
characteristics in the north of the state, and what
is known about the development of mineral systems,
there are good reasons for concluding that new
commercial uranium deposits can be found in
the state.

South Australia has approximately 25 per cent of the world's
known uranium resources, or about 80 per cent of Australia's
uranium resources (see Figure 2.6)."

There are a range of well understood primary and secondary
uranium deposits in South Australia. Figure 2.7 shows the
identified deposits and their relative size.

Olympic Dam is the largest known uranium deposit in the
world." It is a primary uranium deposit associated with
copper, iron oxide, gold, silver and rare earth elements, and
is hosted in the 1.5 billion-year-oW Hiltaba Suite Granite."
Other primary deposits have been located in South
Australia, most recently at Carrapateena."

Primary uranium deposits are known to have formed through
hydrothermal systems or the movement of magmatic fluids
from deep within Earth's crust. These fluids moved under
pressure through the underlying geology, transporting
uranium and other minerals, and consolidated closerto the
surface." Experience from discoveries of deposits in other
mineral systems has shown that where one primary mineral
deposit is discovered, other deposits of the same mineral
composition are likely to exist. The process of formation also
can indicate the size of related deposits. A large primary
deposit may be associated with numerous smaller deposits.
This inference can be shown as a Zipf curve." Figure 2.8
plots on a Zipf curve South Australia's primary uranium
deposits. Based on these, there is likely to be a range

of undiscovered significant uranium deposits.

The potential for primary uranium deposits suggests

there are likely to be many secondary deposits, which

are formed within ancient river systems (paleochannels].

The uranium-enriched fluids that are derived from the erosion
of a primary deposit are transported by groundwater, where
they eventually accumulate due to a change in water or rock
chemistry. Those deposits are localised and generally contain
small quantities of uranium.” The uranium in the Frome
Embayment at Beverley is a secondary deposit hosted

within sandstone as a series of uranium roll-fronts, derived
through the weathering of the exposed uranium-enriched
rocks of the northern Flinders Ranges."

15. Despite reliable estimates that further commercial
deposits of uranium exist in South Australia, there
are numerous barriers to the successful exploration
for those deposits. These barriers are shared with
exploration projects for other minerals.

Exploration for uranium is similarto other minerals and is
conducted only when a number of conditions are satisfied.
An exploration company will carefully assess these
conditions before seeking an exploration licence.

A market for a mineral commodity must exist or be reasonably
likely to exist, although opportunities for uranium in particular
can be difficult to assess given the prevalence of long-term
contracts in that market,'00 Access to investment is also
required before exploration activities start."" Once an ore
body is identified, an exploration company will quantify that
deposit, including its mineral characterisation, location and
economic potential.' Specific aspects, such as recovery
costs, are also generally quantified in the business case

for exploring for a particular deposit.
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Figure 2.8: Known uranium deposits containing mineral resources and reserves in South Australia

Data supplied by the Department of State Development

Consistent with other minerals, the successful development
of a uranium deposit requires access to supporting
infrastructure, such as roads, railways, airfields and ports,
and services, including electricity, water and gas.

In South Australia, minerals explorers are required by their
licence conditions to report their exploration expenditure
to DSD. That information shows that uranium exploration
expenditure has decreased significantly in the past decade
from a high of $118 million (M) in 2007/08 to $2.3m in
2074/15 a 98 per cent reduction — see Figure 2.9. There
has been a decrease in expenditure of about 77 per cent
since 2012/13.

EXTENT AND THICKNESS OF COVER

In significant parts of South Australia, crystalline rock-
bearing minerals underlie a deep layer of sedimentary cover
(see Figure 2:10).°° Depending on the depth of that cover,
the geochemistry of uranium and other minerals is obscured
and cannot be properly detected through remote-sensing
technigues. In some cases, the only way to accurately
understand the underlying geology is by drilling, which

only provides data for a small area. This poses a technical
challenge to identifying the locations of mineral-bearing
rock and, if discovered, to economically extracting the ore.

That challenge is recognised by government, industry and
academic institutions, with a range of strategies being
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developed to support an increase in exploration. A prominent
national strategy is UNCOVER, which seeks to promote

more collaboration and information sharing to address a
common set of key issues associated with extensive cover.
UNCOVER has led to the development of further policies,
including the National Mineral Exploration Strategy, by the
state and federal governments and the Industry Roadmap by
the exploration industry.”® Although these policies indicate
there is broad agreement as to what could be done to
overcome this barrier to exploration, and initiatives such as
South Australia's Plan for Accelerating Exploration (PACE)

are consistent with the identified priorities’?, the full benefits
of the implementation of UNCOVER are yet to be realised.

COST OF DRILLING ACTIVITIES

Exploration drilling programs are expensive: about

S500 /metre using diamond drilling methods.” If the target
mineralisation were hosted in crystalline basement geology
(see Figure 2.10) averlain by barren sedimentary rock,

the cost to drill down to the uranium-bearing minerals
would be significant.

The Adelaide-based Deep Exploration Technologies
Cooperative Research Centre (DET CRC) is conducting
research inta lowering the cost of exploration drilling

and acquiring data.” This has led to the development

of the Coiled Tubing Drilling Rig for mineral exploration,
complemented by the Lab-At-Rig® continuous geochemical



140

120

100

80

$ million

60

40

20

O 3 % > D O ©
O © O O O O O
S S R AR IR 2

O
@a@\ oY DI S % P

A
0@\6
S

& ) O N A > A 5
0/\\0 0%\6 0@\ <>,\(_\)\ 0,\f\\ Q,Q/\ C)'\%\ <>,\I><\
O o O o> > o> o> v

Figure 2.9: South Australian uranium exploration, 1999/2000 to 2014/15

Data supplied by the Department of State Development

testing attachment." These innovations are designed

to facilitate better characterisation of the geophysics

and geochemistry of the geology being drilled, assisting
geologists to tailor drilling strategies for greater efficiency.

LOW PROBABILITY OF SUCCESS IN DRILLING
AT GREENFIELD LOCATIONS

Exploration companies target regions of known

mineral potential (brownfield exploration) to increase

the likelihood of discovering an economic mineral depasit
(see Figure 211)7°

There is greater risk associated with exploration in

greenfield locations, which have not been surveyed before.”®
When combined with the high cost of exploration, this lower
probability of success makes greenfield exploration less
attractive. To offset risk, greenfield exploration requires
technical skill and knowledge of the target mineralisation.
This involves interpretation of high-resolution geoscientific
data and experience in locating mineral deposits.

In addition to the expense associated with drilling, these issues
have led to a paucity of drilling data across large areas of South
Australia”” An example is the Pandurra Formation (extending
from Whyalla towards Coober Pedy in central South Australia),
which is considered prospective for uranium. It is estimated
that only 27 holes penetrating the basement geclogy have
been drilled within a 40 000 square kilometre area."®
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Figure 2.10: Depth to crystalline basement in South Australia

Map supplied by the Department of State Development
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Figure 211 shows the drilling locations in South Australia
and demonstrates that large parts of the state are
under-explored, with no drilling or only shallow drilling.

LACK OF WIDESPREAD APPLICATION
OF NEW SENSING TECHNOLOGY

Geophysical surveying of South Australia has been conducted
on a wide scale by the South Australian Government and
other research organisations, including the collection of
magnetic, radiometric and gravity data."’ This data provides a
general characterisation of the state's surface geology (to a
depth of about 30 cm) and, to a lesser extent, the underlying
geological structures.® Exploration companies and research
organisations conduct geophysical surveys on a finer scale
directly on the Earth's surface using methods such as
‘magnetotellurics, a technique that measures electrical and
magnetic fields to understand geophysical structures.

The larger the range of the geophysical survey, the larger

the resolution, so a detailed survey is required to identify
subtle geological features. Geophysical surveying on a detailed
scale is not used often, as itis costly to commission.’®* This
has led to gaps in the high-resolution geoscientific data sets
available for some parts of the state.
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THE NEED TO ENHANCE THE STATE'S
HIGH-RESOLUTION GEOSCIENTIFIC DATASET

Extensive geoscientific data has been collected throughout
the state, which can assist in identifying areas with mineral
potential. The data is consalidated in the South Australian
Resource Information Geaserver, a public electronic database
administered by the state government, which comprises

data contributed by past exploration companies, research
organisations and its own surveys. Despite there being gaps
in the overall coverage of the state, this comprehensive
dataset is high quality and is internationally well-regarded.

However, there is potential to further enhance the utility

of this dataset to explorers. In practice, each geophysical
technique is employed independently and provides
information about a specific geophysical aspect, whereas the
characteristics of many aspects are relevant to a commercial
decision to investigate an area's mineral potential.

To that end, combining the different aspects of the dataset
into a single comprehensive framework would further
enhance the system and its potential to deliver benefits.
Although this would present challenges’™, ongoing
technological developments assaciated with the collection
of geophysical data, including cheaper instrumentation
and higher data storage and processing capacity'*®, make
integration more feasible. Given that the South Australian
Government already maintains a substantial central
repository for geoscientific data obtained by other entities,
itis logical that it would take a leading role in both integrating
the data and making it accessible to the public.

PACE was devised ta support increased exploration
investment in greenfield drilling activities. Through the
program, the state government offers a financial contribution
o0 an explorer to assist in meeting the costs of drilling
activities. In return, the explorer provides the geological
samples collected during drilling to the government for
consolidation in the Drill Core Reference Library, which
promotes greater understanding of areas where little
exploration has occurred in the past.

This co-investment strategy has underpinned an additional
$700m in private mineral exploration investment over 10
years and has increased South Australian mining revenue
by $2400m."* It also contributed to the significant



discoveries of the Carrapateens, Four Mile and Prominent
Hill deposits.™” Although optimistic economic circumstances
and encouragement from other discoveries also impact
significantly on increased exploration expenditure in South
Australig, it is evident that PACE made a strong contribution
in supporting that growth.™" In November 2015, the South
Australian Government invested a further $20m in a new
two-year cycle of PACE, known as PACE Copper, which
provides financial support for greenfield drilling activities.

These outcomes show that the mineral exploration industry is
better placed to take advantage of upward trends in the markets
for their targeted commaodities when they invest in projects
during less favourable economic conditions. It is ideal for
government to support that investment on a ‘counter-cyclical
basis, that is, at a time when overall exploration expenditure is
low.™* Such a strategy could alleviate some of the challenges
associated with developing viable mining operations that are
discussed in this chapter, namely the significant length of
time required to establish a mine. Therefore, it is necessary

ta consider the means by which support for greenfield drilling
projects can be sustained over the longer term.

IN WHAT CIRCUMSTANCES ARE
THE ACTIVITIES VIABLE?

The average price of South Australian uranium (U,0,)
during the past decade has been about $70 a kilogram (kg)
(see Figure 2:12), although it recently increased.

The current price of about $S80 per kg is considered too
low by some companies to develop or operate a mine.

Exploration for any new mineral deposit is high-risk and
success is limited.”*® Globally, there have been fewer than
10 newly identified greenfield resources for uranium in the

past decade.” There is also considerable risk in converting
a depasit into a mine.*® As well as investment hurdles,
there can be technical difficulties with the mineralogy and
dispersion of the ore in the deposit.*® Deposits are often
deep, requiring underground infrastructure to be built to
access the deposit, increasing the time to extraction.
take up to 20 years from discovery to extraction for
large-scale mines.

[t can

Navigating state and federal government processes to

obtain new uranium mine approvals in South Australia

and other Australian jurisdictions can take a long time.

For example, it has taken Toro Energy more than 10 years

to be in a position to develop the uranium depasit at Wiluna

in Western Australia."*? Proposals require long-term, detailed
scientific and engineering investigation and analysis in the
form of an environmental impact statement, which can take
considerable time and expense to collate.** In some instances,
the commadity market for uranium has decreased to the extent
that a mine considered financially viable at the outset of the
process is no longer viable by the time it is approved.

Approvals for new mines are usually handled exclusively

by the relevant state or territory government. However,
because federal legislation (the Environment Protection
and Biodiversity Conservation Act 1999) refers to uranium
mining as a ‘nuclear action™*, there is a requirement for
Australian Government approval before a licence is granted.
Whether any added environmental benefit flows from

this duplication in process has been questioned by
numerous organisations.

Federal and state governments have sought to address
these issues through administrative arrangements that
establish agreed criteria sufficient to meet the requirements
of both levels of government. An ‘assessments bilateral’

has been agreed that specifies the requirements for
assessing the environmental impacts of new mines, such
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Figure 2.12: Average prices of South Australian uranium, 1999/2000 to 2014/2015
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that proponents need to meet one set of criteria ratherthan
two."™ A bilateral arrangement relating to approvals, through
which an approval by the state could be used as the basis
for an Australian Government approval, is being negotiated
between the federal and South Australian governments."

Even if the administration of the processes could be
coordinated, they remain separate, have different timeframes
and may still require different information—despite their
common purpose. These parallel processes can result in
differing conditions being imposed on the same activity, or
duplicated conditions, which effectively require the same
studies to be undertaken twice to demonstrate compliance.
This has increased the anticipated costs of, and timeframes
required for, regulatory approval for new uranium mines."®

18. Increases in the uranium price will not occur
until existing global inventories are used. Recent
commercial decisions in Australia by those
currently operating or developing uranium mines
do not offer any clearindication of the position in
the longerterm.

The international uranium market is currently oversupplied
with uranium.™ This has changed the way in which suppliers
and customers have traditionally transacted, as customers
move to purchase uranium on the spot market rather than
entering into long-term contracts.™ It is unlikely that
demand will increase, with a corresponding price rise,

until at least 2018." The potential for a future increase

is contingent on several factors, including the extent to
which Japan restarts its nuclear reactors following the
Fukushima Daiichi nuclear accident and China's decisions
as to its sources of uranium."

Uranium is produced either alone or, as is the case at Olympic
Dam, as a by-product during the recovery of other minerals."
The uranium price has minimal impact on the production of
uranium at Olympic Dam, as the mine's principal source of
revenue is copper, to which uranium production is tied."

BHP Billiton's decision in 2012 to postpone a planned
expansion of Olympic Dam and investigate less capital-
intensive designs was principally related to activity in the
global copper market, not uranium.™

Mines using the 1SLtechnique have been established at

four locations in South Australia: Beverley, Beverley North,
Four Mile and Honeymoon. Although these mines produce
uranium exclusively, Four Mile is the only operation that is
currently extracting uranium." The Beverley wellfields are
currently under care and maintenance. At Beverley North,
the Pepegoona satellite plant is offline pending infrastructure
modifications aimed at increasing future production.™
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Uranium recovered at Four Mile is pumped to the Pannikin
satellite plant at Beverley North, before being transported
to the Beverley plant forfurther processing.™ Operations
at the Honeymoon ISL mine were suspended in 2013 due
to high production costs and ongoing difficulties in
achieving design capacity.™

Outside South Australia, the Ranger mine in the Northern
Territory has been operational since 1981, but in recent years
has decreased its production of uranium, as it has shifted from
direct ore extraction to processing stockpiled ore." Production
in 2014 was 1165 tonnes (t) uranium oxide concentrate (UOC)
due to an incident at the mine in December 2013." In 2015

it rose to 2005 t." Plans to develop an underground mine

on the Ranger Project Area have been suspended, with the
owner citing the current operating environment and the end, in
2021, of its mining authority as reasons." If a final investment
decision is made to develop the Wiluna deposit in Western
Australia, the mine is predicted to produce 695 t of uranium

a year." Mines at the Kintyre and Yeelirrie deposits, also in
Western Australia, are planned, although final investment
decisions are yet to be taken.™

19. In recent years, the annual output of South
Australian uranium mines has been between 4000
and 5000 tonnes UOC. Increasing output beyond
those levels would require the reinstatement of
production at some mines, and to be substantially
increased, would require investment in the
development of new production capacity.

South Australian uranium production in 2014/15 was valued
at about $346.5m (see Figure 2.13). Average production of
UOC during the past decade was 4438t per year,

with an average annual value of about S321m."™ Since
2012/13, prodijction volumes have decreased by 17 per cent,
with a corresponding decrease in royalties payable to the
state government from $17.8m to $15.9m in 2014/15."

In 2014/15, Olympic Dam produced 3144t UOC and Four
Mile produced 922 t."° Increasing the state's uranium output
beyond current levels would require bringing the mines
presently under care and maintenance back into production.

However, significant increases in production levels could only
be achieved through substantial investment in new capacity.
A new ISL mine could be established more quickly than an
underground or open-cut mine, although as production
levels from South Australian ISL mines indicate, its impact

on overall production would not be as substantial.™

BHP Billiton is currently investigating the benefits of
incorporating another uranium ore processing method, heap
leaching, into its processing flow at Olympic Dam.
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This method involves treating the mined ore with an acid
solution over about a year so that uranium and some copper
may be extracted more efficiently during later stages of

the process.””? While uranium ore could be processed more
efficiently if these trials prove successful, it is unclear whether
this would have any impact on a decision to increase output.

20.  Uranium production has produced benefits to the
South Australian economy, and will continue to do so.

21.  Anexpansion of uranium production would add
value to the economy, but expectations should be
tempered. Even were production to increase to meet
very optimistic demand forecasts prompted by strong
climate action policies, the value of production over
the long term and associated royalties are relatively
small in terms of the state'’s total revenues.

South Australian uranium production has, considering its
aggregate value over the past 15 years, made a substantial
economic contribution: see Figure 213, In 2014/15, South
Australia’'s uranium exports met about 4.5 per cent of global
demand."”® This is the lowest level since 2010/11.7#

Itis difficult to predict long-term uranium demand given its
dependence on a variety of factors, including the structure
of global policy measures to reduce greenhouse gas
emissions and the extent to which nuclear energy plays

a partin those measures. However, should there be a
significant increase in global demand for nuclear energy,

the contribution that uranium production could potentially
make to future prosperity in South Australia can be placed
in some context.

The International Energy Agency (IEA), in anticipation of the
2015 United Nations Climate Change Conference in Paris,
released forecasts on future electricity demand and the
potential growth of low-carbon energy sources if action is
taken to address greenhouse gas emissions and to limit
global average temperature to ‘well below 2 °C" above
pre-industrial levels. The scenario developed by the IEA
assumes that nuclear capacity will be expanded substantially
by 2030, resulting in additional capacity of 274 gigawatt
electrical (GWe) ”* It alsa estimated that installed capacity
could be between 520 GWe and 837 GWe in 2040."7°

If this scenario were to be realised, global demand for UOC
would be expected to be about 130 kilotonnes (kt) in 2030
and about 170 kt in 2040."7 If South Australis were to
maintain its current share of the global uranium market, and
assuming that production capacity could be expanded, its
UOC production would increase to about 67100 t of uranium
by 2030 and about 7700 t by 2040."7%

If that expansion were to occur, and the UOC price were to
increase and stabilise at about $128 per kg in 2030 and
beyond, the total revenue from South Australia uranium

sales would be about $770m in 2030 and about $980m

in 2040."7° At current rates, the South Australian Government
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would receive royalties of $40m in 2030 and $50m in
2040."° To place these values in context, the total mineral
and petroleum royalty received in 2014 was $237.5m."

Therefore, the increased royalties that would flow from
greater uranium production, even at very optimistic
levels, would not have a significant impact on South
Australia's economy.

Other views have been expressed about the economic
potential that increased uranium production might offer

to the Australian economy, including what would occur

if Australian producers were to capture a greater share of
an expanding world market for uranium." The economic
benefits described would be significant if they were
realised. However, it is important to place those projections
in context. To realise the potential benefits would require
both substantial investment to expand production capacity
well beyond present levels by 2040, as well as substantial
increases in installed nuclear capacity internationally.

The situation would be different if South Australia were to
take further steps in processing uranium into fuel for nuclear
reactors. The value that can be derived from those activities
is higherthan that associated with uranium exports. The
potential viability of facilities undertaking those activities is
addressed in Chapter 3: Further processing and manufacture.

22. Energy generation technologies that use thorium
as a fuel component are not commercial and are
not expected to be in the foreseeable future.
Further, with the low price of uranium and its broad
acceptance as the fuel source forthe most dominant
type of nuclear reactor, there is no commercial
incentive to develop thorium as a fuel. Although
South Australia possesses numerous thorium
deposits, it does not have a competitive advantage
in that resource as it does with uranium.

Thorium is common in the earth's crust (about three to

five times more abundant than uranium) and is principally
associated with monazite, a by-product of heavy mineral
sands mining.™ There is a mineral sands mine near Ceduna
in South Australia. However, operations at that mine were
suspended in February 2016 due to market conditions.™

The identified global thorium resource is estimated at about
6212 kt", of which Australia's total proven thorium reserve
is approximately 595 kt." Thorium is not currently mined
in Australia."

The long-term outlook forthe thorium market will be tied to
developing a technology that can consume thorium as a
fuel in nuclear reactors.'88 No commercial nuclearfuels
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based on, or containing, thorlum are currently available"9,
although some prototype reactors exist, and organisations
in Canada, China, India and Norway are undertaking
research."° Despite research efforts aimed at developing
thorium into a viable nuclearfuel, it is unlikely to be used in
commercial nuclear activities in the foreseeable future.'91

Even if thorium-bearing fuels were developed for commercial
use, the quantity of thorium required in a fuel source would
be much less than the quantity of uranium required to
produce the same amount of energy." This being so, there
is unlikely to be significant increased demand forthorium
and no appreciable increase in investment in extraction
operations.
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CHAPTER 3: FURTHER PROCESSING AND
MANUFACTURE

The activity under consideration is the further
processing of minerals, and the processing
and manufacturing of materials containing
radioactive and nuclear substances (but not

for, or from, military uses) including conversion,
enrichment, fabrication or reprocessing in
South Australia.

CONVERSION, ENRICHMENT
AND FUEL FABRICATION

WHATARE THE RISKS?

23.  For conversion, enrichment and fuel fabrication
facilities, the most significant environmental and
safety risks are posed by toxic, corrosive and
potentially explosive chemicals, rather than
the radioactivity of the materials.

Facilities undertaking conversion, enrichment and fuel
fabrication activities use both chemical and physical
processes to transform natural uranium into reactor fuel.

In conversion, enrichment and fuel fabrication facilities,

the predominant risk to workers' health arises from handling
uranium hexafluoride (UF,)', a compound of uranium and
fluorine. It is a toxic, volatile solid at ambient temperature, but
is easily converted into a gas for enrichment. If it comes into
contact with water or water vapour during any step of the
process, UF, forms hydrofluoric acid (HF), a corrosive gas or
aqueous liquid that is toxic by inhalation and skin contact.'

It also forms uranyl fluoride (UO,F,), which is chemically
toxic if inhaled or ingested.' The toxic effect of UF, exposure
depends on its concentration, moisture level and the
duration of contact. The chemical hazards of UF, are of
greater concern than the radiation hazard due to the low
radiotoxicity of uranium."

Other chemical risks are posed by hydrogen (H,), a potentially
explosive gas, and fluorine (F,), a reactive, corrosive gas

that is toxic by inhalation or skin contact.' These risks are
well understood and effectively managed and regulated

in Australian industry." Chemical safety control systems
comprise: infrastructure that prevents releases, measures
that mitigate consequences in the event that releases

occur, and personal protective equipment for workers.'

The environmental risks associated with these processes
stem mainly from the chemical nature of the compounds
involved, not their radioactivity—the compounds have
flammable, toxic, corrosive or reactive properties that
can cause harm if not properly managed.' Many of

these compounds are already used safely and managed

responsibly in Australian chemical manufacturing processes
and are subject to assessment under the National Industrial
Chemicals Notification and Assessment Scheme (NICNAS).'

Greater environmental risks stem from the possible build-

up, movement and chemical nature of uranium as a heavy
metal, than from the release of lighter molecules, such as

H,, which are less likely to accumulate in soil or aquifers
(although these still need to be assessed).” If released into
the environment, UF, reacts with water vapour, resulting in
insoluble uranium compounds that ultimately settle in soil
and underwater sediments." While uranium is not particularly
mobile, it can become soluble in oxidising conditions over
long periods." The chemical nature of the potentially released
compounds poses a higher risk than the radiological hazard,
which is low."

Facilities for these further processing activities have
measures in place that mitigate the consequences of the
potential accidental release of hazardous substances.
These include:

- routine sampling and monitoring, both inside and
outside site boundaries"

- highly engineered storage systems for UF, and other
hazardous materials, such as specialised, leak proof
steel containers"

- tail gas venturi scrubbers"
- training and supervision"

- emergency response planning and coordination with
local authorities.'8

Conversion, enrichment and fuel fabrication activities
produce wastes that require management to ensure

the safety of workers and to protect the environment.
Conversion and enrichment processes create hazardous
liquid wastes." Fuel fabrication produces various industrial
and combustible wastes, including dewatered waste sludge
and uranium materials.' Conversion of uranium oxide (U,0,)
into UF, results in a number of impurities, including vanadium,
sodium, iron and molybdenum, becoming concentrated

and separated." Some of these elements can be captured
and may have monetary value, particularly molybdenum®;
others are benign and can be disposed of as landfill. Each of
the waste streams is managed according to strict protocols
within facility licences. Technigues exist to minimise the
hazardous materials in the waste produced during further
processing activities, such as filtering or scrubbing gaseous
discharges, and recovering and reusing the chemicals in
liquid discharges."
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The proliferation risks of those technologies, particularly
those associated with enrichment, are addressed in
Chapter 7: Radiation risks.

FURTHER PROCESSING OF URANIUM

Uranium oxide (U,0,) cannot be used as a fuel to
generate electricity without further processing.
The processes that transform U,0, into fuel are
conversion, enrichment and fuel fabrication.

Uranium conversion involves the chemical change of
mined and milled U,0, into a gas: uranium hexafluoride
(UF6). Enrichment follows conversion to increase the
concentration of the uranium-235 (*'U) isotope from
its natural level of 0.7 per cent to between 3 and 5

per cent. It is necessary to enrich uranium before it
can be used in most types of nuclear reactor.

The final step in preparing uranium for use in a reactor
is fuel fabrication. This process transforms uranium
back into an oxide form (UO,) and then into dense
ceramic pellets, which are sealed into zirconium metal
tubes. These are then arranged into fuel assemblies
that can be loaded into a reactor core.

A more detailed explanation of these processes is
contained in Appendix C: Further processing methods.

Sources: International Atomic Energy Agency (IAEA), Getting to the core of
the nuclear fuel cycle: From the mining of uranium to the disposal of nuclear
waste, IAEA, Vienna, pp. 4-5: Argonne National Laboratory (AN L), Human
health fact sheet: Uranium, 2005, p. 58.

24.  The risk of significant releases of radioactive
materials into the environment during normal
operation at conversion, enrichment and fuel
fabrication facilities is low because of the nature
of those materials.

Conversion, enrichment and fuel fabrication processes
produce radioactive wastes, which pose a low radiological
risk because of the nature of those wastes." The main
wastes are listed below:

- Depleted uranium—the process of enriching uranium
produces a large amount of depleted uranium (DU)
hexafluoride." Commonly referred to as 'tails™, DU is a
by-product of the manufacturing process and requires
secure storage." Under some market conditions, the tails
can be re-enriched, butthe volumes of DU are large and
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enrichers have long-term programs to ‘de-convert' DU tails
to a stable oxide form, recycling the resultant fluorine.”

- Decay daughters of uranium—very small amounts of
naturally occurring radioactive elements may accumulate
in the chemical process circuits of uranium conversion
(and de-conversion) facilities. These are the natural decay
daughters of uranium." The total amount of these wastes
is negligible and generally below regulatory exemption
limits." If the wastes exceed these limits, thetj are retained
as low-level waste (LLW) and disposed of accordingly.

- Contaminated liquid surfactants—further processing
facilities use liquids to wash materials that can become
contaminated with low levels of uranium compounds.
These liquids can generally be concentrated and the
uranium recycled into the process circuit. During this
process, protective clothing and equipment can become
contaminated and are also retained as LLW.

- Contaminated filters—further processing facilities
have active filtering and scrubbing systems fortheir
gaseous and liquid discharges. These systems produce
contaminated filters, which are retained as LLW."

The potential rupture of a containment vessel during the
handling, transport, storage and waste disposal phases of
processing can lead to contamination of the facility and
effects on workers and the environment." The extent

of these risks depends on the radioactive substances,
types and extent of radiation emitted, and their physical
and chemical forms." Radioactive releases after a serious
accident at a facility are also possible. However, the
radiological consequences would be limited due to the
low radiotoxicity of the uranium compounds involved."

The high temperature treatment (calcining) of uranium oxides
and grinding operations on uranium fuel ceramics during

fuel fabrication pose dust hazards." If inhaled or ingested,
low-level airborne radioactive materials present health risks
to workers." These risks are managed by the use of personal
protective equipment, ventilation and air filtration systems,
alarm systems and safe operating practices”, as well as
continuous monitoring of radiation doses at each facility

to ensure exposure is as low as reasonably achievable.'8
Regulatory bodies also have a role in ensuring that safety
measures are effective.'9

Uranium enrichment and light water reactorfuel fabrication
plants handle uranium that is isotopically enriched in
uranium-235 ("'U). The risk of a ‘criticality incident' (an
uncontrolled fission chain reaction occurring for a short
period releasing radioactivity, including neutrons, which are
particularly harmful to health") in such a facility is very low



due to an industry-wide "'U enrichment limit of 5 per cent.
Below such a limit criticality is practically impossible outside
a reactor environment." A contained and controlled criticality
is safely maintained in a nuclear reactor during an operational
cycle.

In addition to the regimes that manage risks associated
with chemicals discussed earlier, there are established
administrative, engineered and regulatory controls that
effectively manage the radiological risks of further
processing activities, including the waste streams. Radiation
dose limits and requirements for radiation protection are set
in accordance with Australian and international standards
as developed by the International Atomic Energy Agency
(IAEA]."

If conversion, enrichment or fuel fabrication facilities were
developed in South Australia, limits would apply to fix
maximum safe levels of radiation exposure. In addition, the
design and operation of manufacturing facilities forthe
purposes of radiation protection would need to be licensed by
the South Australian Environment Protection Authority (EPA)
under the Radiation Protection and Contro/Act 1982 (SA)."

ARE THE ACTIVITIES FEASIBLE?

25.  There is no technical impediment to providing
conversion, enrichment or fuel fabrication
services in Australia.

Conversion, enrichment and fuel fabrication are services
provided on a commercial basis in an international market."

While the technology required to develop and operate
conversion, enrichment and fuel fabrication facilities is
sophisticated, particularly in the case of the last two, its
transfer to South Australia would be technically feasible."”
Arrangements would need to be made to acquire such
technology from experienced overseas operators or
vendors. The security and non-proliferation obligations that
would need to be addressed for enrichment technology
also would need to be considered." Accessing the skilled
workforce required to construct and operate such facilities
would be feasible, given Australia's existing trade base and
competencies in advanced manufacturing industries."”

The development of facilities in Australia to provide these
services is prohibited by legislation. The Environment
Protection and Biodiversity Conservation Act 1999 (Cth)
(EPBC ACt) prohibits the federal Ministerforthe Environment
from approving the construction or operation of nuclear
processing facilities, except for conversion facilities.'8

Those provisions were introduced as part the anti-nuclear
platforms of parties that held the balance of power in the
Senate at the time.'9

In South Australia, both conversion and enrichment activities
are prohibited by the Radiation Protection and Control Act.
This prohibition may be removed by proclamation by the
Governor, only if satisfied that arrangements are in place to
control such operations.' For these activities to be feasible
the EPBC Act would need to be amended and, in South
Australia, an appropriate proclamation made.

In addition to the repeal of any prohibition, a regulatory
structure would need to be developed to provide forthe
licensing and ongoing regulation of such facilities. This would
provide prospective operators with certainty about the
regulatory environment in which they would be operating.

IN WHAT CIRCUMSTANCES ARE THE
ACTIVITIES VIABLE?

26. At present, the market for uranium conversion,
enrichment and fuel fabrication services is
oversupplied. The extent of the oversupply
suggests current suppliers will be able to meet
demand in the short to medium term.

The demand for conversion, enrichment and fuel fabrication
services is directly related to the number of operating
nuclear power plants. Demand forthose services will at any
point reflect the needs of power plants several years in the
future.51

The reduction in the number of operational nuclear power
plants, primarily as a result of shutdowns in japan, has
reduced demand for these services, significantly affected
price and resulted in overcapacity."

The precise amount of capacity oversupply is in contention."
While there is underutilised capacity in existing facilities, its
extent is affected by secondary sources of supply”, such

as the transferto civil use of excess military stockpiles or
enriched uranium and the re-enrichment of depleted uranium.

The long-term prospect for further demand of processing
activities is uncertain. Not only is it challenging to estimate
the extent to which low carbon energy demand will be met
by nuclear generation, but also the demand for conversion,
enrichment and fuel fabrication services will depend on
national policies on domestic self-sufficiency. For example,
the conversion, enrichment and fuel fabrication needs of new
Chinese reactors aim to be met domestically."
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Figure 3.1: Current and projected global demand and supply for UF, conversion (tonnes uranium)

Data sourced from World Nuclear Association, The nuclear fuel report: Global scenarios for demand and supply availability 2015-2035, 17 edn, 2015, p. 117, fig. 6.3

CONVERSION

Conversion services are presently provided by a small
number of major suppliers in Canada (Cameco Corporation),
France (AREVA), Russia (ROSATOM) and the United States
of America (ConverDyn).*

In 2015, the World Nuclear Association (WNA) estimated that
production capacity in excess of demand was about 22 per
cent, as shown in Figure 3.1. Secondary supplies are available
from the waste streams of earlier enrichment, which contain
uranium and can themselves be enriched. Other secondary
sources include reprocessed uranium and inventories held by
Russia and the US Department of Energy.”” These supplies
are estimated to be equivalent in quantity to overcapacity
from primary sources.

The WNA estimates suggest that increased use of existing
capacity would meet growth in demand to at least 2033.°*
This estimate is consistent with the International Energy
Agency’s view of the projected growth in nuclear power
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plants that would arise if the policy commitments made
before the 2015 United Nations Climate Change
Conference were implemented.*®

ENRICHMENT

Enrichment services are currently provided by organisations
in Germany, the UK and Netherlands (URENCQ), France
[AREVAJ, Russia (ROSATOM) and the USA (URENCO) 5
Other, smaller suppliers in China (China National Nuclear
Corporation) and Japan (Japan Nuclear Fuel Limited) are
mostly used to meet domestic demand.®’



Demand is met primarily by enrichment plants, with secondary
supplies sourced from the down-blending of highly enriched
uranium released from military stockpiles, the re-enrichment
of depleted uranium fuels, and the underfeeding of centrifuge
plants. A combination of factors, including the 2011 Fukushima
Daiichi accident, premature shutdown of power stations in
Europe and the USA, and inventories held by traders, has led to
an accumulation of primary enrichment capacity and enriched
uranium inventories.®”

The current level of oversupply in the enrichment market is
approximately 18 to 25 per cent** WNA demand forecasts in
2015 suggest that current enrichment capacity (measured in
separative work units or SWU) could meet demand until 2025, as
shown in Figure 3.2. Beyond this periad, the WNA forecasts that
prospective capacity in China would meet growth in demand.

FUEL FABRICATION

Fuel fabrication services are currently provided by companies
across 16 nations in Asia (China, India, Japan, Kazakhstan,
Korea), Eastern Europe (Romania, Russia), Western Europe
(France, Germany, Spain, Sweden, United Kingdom), North

America (Canada, USA) and South America (Argentina, Brazil).
The main fabricators across these countries are typically
reactor vendors and include AREVA, Westinghouse and
Mitsubishi. The market includes a significant number of
organisations that have developed fabrication capacity to
meet local demand, such as the utilities company KEPCO in
Korea and entities in India and Pakistan.®* Fabricators that
are also reactor vendors, which previously only produced fuel
for their own reactor design, are increasingly producing fuel
for competitors’ reactor designs.®

Overcapacity for fuel fabrication services cannot be
described in the same terms as conversion and enrichment.
This is because fuel fabrication services do not produce a
commodity, but 8 manufactured product. Suppliers compete
by offering improved performance through improved fuel
designs. Therefore, the existing overcapacity, estimated to
be more than double current requirements, is not simply due
0 a fall in demand; it is also because multiple suppliers have
the capacity to produce a diverse range of fabricated fuel
designs suitable for a range of reactors.®®
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Figure 3.2: Current and projected global demand and supply for enrichment services

Data sourced from WNA, The nuclear fuel report, p. 136, fig. 7.5
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27.  An Australian operator seeking to supply conversion,
enrichment or fuel fabrication services would face
significant barriers to entry.

Because Australia does not produce nuclear energy,

any facility to further process uranium would supply only
international markets. This is significant because all facilities
providing conversion, enrichment and fuel fabrication
services are in countries that have a domestic nuclear
energy industry. The largest and most dominant providers
of each of those services are sustained by supply to
substantial nuclear energy programs in their own countries
in addition to meeting international requirements."

The absence of a domestic nuclear energy market in
Australia is but one challenge to the development of
further processing services in South Australia

The markets forthese services are characterised by a small
number of global service providers that operate specialised
facilities." Incumbents have significant advantages:

- Current commercial enrichment technologies are owned
and controlled by two principal global suppliers, URENCO
and TENEX. It would be necessary to reach licensing
arrangements with one of them at a price which allowed
the activity to be conducted profitably. Furthermore,
the licensing of that technology in the case of URENCO
and TENEX requires international legal agreements to be
reached with the governments that own that technology.
In the case of URENCO, an arrangement to establish one
facility took more than five years to be reached.”

- Links between fuel fabrication technology and the
technology of a reactor vendor mean that at present all fuel
fabrication facilities are owned by reactor suppliers, with
the sole exception being one fabricator closely cooperating
with a vendor.

- The vertical integration of some suppliers that provide
further processing services diminishes the capacity of an
entrant to secure contracts for any one service.

- Production, particularly enrichment, can be expanded at
existing facilities. Afacility can be expanded by adding
further cascades, avoiding the cost of establishing and
licensing a newfacllity.

- Long-term contractual arrangements forthe supply of
most services are in place and privately negotiated. This is
the case for many arrangements forfurther processing,
and universal forthe supply of fuel fabrication services."
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In addition to facing these challenges, new entrants

would also face the challenge of acquiring skills and other
capabilities, developing infrastructure, and licensing facilities
and products. In the case of fuel fabrication, it would be
necessary to undergo the expensive and time consuming
process of obtaining safety certification of fuel designs from
licensing authorities in customer countries.

An operator might seek to provide more specialised services
than those directed at nuclear energy. For example,
developing fuels for research reactors or target plates for
medical isotope production would not face the same barriers.
In those cases, an arrangement with a domestic operator

to meet requirements such as security of supply might
sufficiently alterthe normal circumstances faced by a

new participant to permit entry.

28. Financial assessments concerned with the potential
viability of a new entrant point to, at best, marginal
investment outcomes for further processing
facilities based on proven technologies and a limited
range of positive investment outcomes for facilities
based on proprietary or unproven technology.

As further processing services are provided on a commercial
basis, assessment of their viability is best undertaken by

an investor with relevant knowledge and experience in

that market. There can be no substitute for such analysis.
However, because further processing activities are prohibited
and cannot be licensed in Australia, no commercial operator
is likely to undertake such an assessment.

To address viability, financial assessments of potential
profitability of facilities established in Australia were
undertaken forthe Commission."

Those assessments concluded that further processing
facilities based on current and proven technologies were

at best marginal investments and, in many cases, had
negative returns." Positive returns were indicated for
facilities that used proprietary or unproven technologies,
although significant investments would need to be made to
demonstrate and commercialise those technologies. Those
conclusions, and the analysis undertaken, are described in
detail in Appendix D: Further processing—analysis of viability
and economic impacts.

Those assessments proceeded on the basis that new
facilities without any market advantage needed to compete
with existing operators. That means the assessments do not
answer whether a facility would be viable if established in
partnership with an existing operator or if it had market
power due to a unique, attractive offering.



The analysis:

addressed the profitability of standalone conversion,
enrichment and fuel fabrication facilities; the combination
of conversion and enrichment; and a vertically integrated
operation providing all three services

addressed different technological or process options

far each further processing service—both dry and wet
conversion processes, gas centrifuge and laser enrichment,
and, in the case of fuel fabrication, fuels for both light water
and heavy water reactors

.

undertook estimations based on facility capacities similar
to those currently operating internationally

developed life cycle cost estimates for developing each
of the further processing facilities and its supporting
infrastructure in South Australia

.

assessed revenues based on prices that were the
long-term average for the supply of conversion and
enrichment services, and on published reports of
agreements for fuel fabrication services.

25%

20%

Internal rate of return

15%

10%
-8 -56 -54 -52

Gas centmfuge(
Capex: $7623m

5%

0%

. Unproven/niche technologies NPV = net present value

The financial analysis found, as shown in figure 3.3, that:

A conversion facility using a wet process is not viable in
most future scenarios and marginal in some.” It would be
viable if the price for conversion services were at or above
the long-term average of A$21 per kilogram of uranium.

A dry conversion facility is potentially viable under a wider
range of prices than wet. However, dry conversion is used
commercially in only one international facility.

An enrichment facility using gas centrifuge technology
would not be viable under a wide range of scenarios.
This is the case even if prices reverted to their long-term
histarical average of AS$182 per SWU by 2030.

Despite substantial private investment, laser enrichment
technology has not yet been demonstrated to be feasible
on a commercial scale.”” However, if it could be delivered

Dry conversion
Capex: $247m

Laser enrichment
Capex: $2616m

Fuel fabrication
Capex: $977m

Wet conversion
Capex: $437m

$ $2 S4 $6 S8
NPV (A$ billions real 2015 after-tax)

Capex = capital expenditure

Proven technologies

Figure 3.3: Commercial viability of standalone further processing facilities
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at approximately half the capital cost of gas centrifuge
enrichment, as has been asserted in evidence to the
Commission"”, it would have considerable value as a
disruptive technology.

This would require substantial additional investment

in research, development and the demonstration of
commercially unproven technology. The Commission has
not included these costs in its viability analysis.

c. Fuel fabrication facilities could be commercially
viable, the more profitable being those concerned

exclusively with fabricating fuel for light water
reactors.

Afuel fabrication facility established in South Australia could
generate a positive return on investment if such a facility
could capture approximately g per cent of the market for
fabricated light water reactor fuel". Capturing this share
would depend on South Australia establishing a unique
selling proposition that it does not currently have.

29.  Overall, given the barriers to entry, market
oversupply, uncertainty around future growth and
limited range of positive investment outcomes,
there would be no opportunity forthe commercial
development of further processing capabilities in
South Australia, assuming they were in competition
with existing suppliers.The position could be
different for an existing supplier seeking to
expand its operations.

The analysis undertaken forthe Commission suggests that
even if prices for each of these services were to return to
their long-term averages, bearing in mind the barriers to entry
and at bestthe marginal viability of proven technologies,
there is not likely to be any opportunity forfurther
commercial processing activities in South Australia.

That position would be different if:

a. substantial growth in the demand for services from
nuclear power stations being developed in Asia could
not be met by existing global or domestic capacity

b. demonstration of the feasibility of a technology
(for example, laser enrichment) substantially reduced

the cost of establishing a facility

c. an alternative competitive advantage was demonstrated
relative to existing suppliers (for example, security

of supply, non-proliferation and/orfuel leasing
arrangements).
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Although the first two of these scenarios are not presently
probable, neither are they implausible. The third would
depend on pursuing waste storage and disposal options
addressed in this report and, if they were successful,

would represent a realistic opportunity. Capitalising on the
opportunity created by any of those circumstances would
depend on reaching an agreement with the holder of the
technology, either under licence or in partnership, to support
a new facility in South Australia.

30. Proximity of uranium mining would not, by itself,
present a competitive advantage for conducting
processing activities. However, the concept of fuel
leasing has the potential to alterthat position.

It does not appearthat transport costs of uranium oxide
concentrate are such a significant component of the costs
of conversion, enrichment and fuel fabrication services

as to provide a competitive advantage. As such, close
proximity to where uranium is mined does not itself justify
the development of domestic conversion facilities.

An Australian facility would benefit only from avoiding the
cost of transporting UOC to a converter located elsewhere,
presently in Europe or Canada. This cost advantage is
estimated to be less than 3 per cent of the cost per kilogram
of the UOC."* However, this potential advantage would be
offset by the disadvantage that an Australian conversion or
enrichment facility would experience in having to transport
its output - a specialised activity - to fuel fabricators in

the northern hemisphere. Whetherthere is any remaining
advantage would require identifying specific customers, and
assessing a range of other factors, which are too uncertain to
be the subject of this analysis.

The Commission's financial analysis of further processing
activities did not take account of the potential effect of a fuel
leasing service. Such a proposal might affect the growth in
demand forfurther processing services by providing a unique
service that combines used fuel management and further
processing. Such a service would be particularly valuable

for customers with substantial used fuel management
challenges. This would signlficantly alterthe market share
and price assumptions underlying the financial analysis. Fuel
leasing is discussed in Chapter 5.



REPROCESSING

31. Reprocessing of used nuclear fuel has proven to be
a risky technology to introduce, and its commercial
viability has been undercut by the availability
and low cost of uranium. Without nuclear power
generation, a used fuel reprocessing facility would
not be needed in South Australia, nor would it be
commercially viable.

After several years of being used, nuclear fuel is discharged
from the reactor core. At this point, there are two pathways
for the fuel. The first, reprocessing, involves the separation
of plutonium (Pu) from the irradiated uranium."” The other is
to temporarily store, and later dispose of, the used fuel in a
deep geological repository.

In the standard method of reprocessing, known as PUREX
(plutonium and uranium recovery by extraction], the used
fuel is cut up and dissolved in hot nitric acid and the
plutonium and uranium are separated from fission products
and heavy by-products.” Both are subsequently converted
to oxide powders. Both the plutonium and uranium can

be recycled and manufactured to produce uranium oxide

or mixed oxide (MOX) fuels for use in a limited number of
reactors." A further description of aqueous reprocessing
and other methods is given in Appendix C.

Reprocessing has been undertaken only in countries with
nuclear power programs. The countries currently engaged in
reprocessing are France, Japan, Russia, India and the UK."

Reprocessing has proven to be highly expensive and
technically complex. The cost of extracting and reprocessing
the plutonium for use as nuclearfuel is greater than the
cost of new uranium.” There is a sufficient global supply of
uranium at low cost for existing and committed reactors,'6

Regarding the technical complexity, two countries with highly
sophisticated nuclear industries and considerable expertise,
japan and the UK, have faced significant difficulties in
successfully developing commercial reprocessing facilities.
Japan's Rokkasho reprocessing plant has been under
construction for more than two decades. To 2013, the
estimated start-up date had been postponed 20 times."
The facility is now expected to be operational in 2018." In
2011, the Japan Atomic Energy Commission predicted that
the construction and operating costs of the facility over 40
years would amount to about US00120 billion, approximately
10 times the cost of interim storage." The UK'S recent
reprocessing plant, the Thermal Oxide Reprocessing Plant
(THORP), faced a number of challenges in its operation" and
never operated at its intended capacity. THORP will cease

reprocessing by 2018 due to falling domestic customer
demand and following the completion of existing international
contracts."

A number of responses to the Tentative Findings suggested
a more favourable view of reprocessing should have been
taken in light of future reactor developments." The long-term
prospects of those technologies are addressed in Chapter

4: Electricity generation, and in Appendix E: Nuclear energy
— present and future. Those responses do not alter the view
that a new reprocessing facility based on current technology
would not be economically viable under current and likely
future market conditions." For these reasons, and without
the development of domestic nuclear power generation,
there would be no need to develop a reprocessing facility

in South Australia. Given this finding, the environmental

risks associated with the activity do not require further
consideration. The proliferation risks associated with
reprocessing and separated plutonium are addressed

in Chapter 8: Non-proliferation and security.

NUCLEAR MEDICINE

32.  The Australian Nuclear Science and Technology
Organisation (ANSTO) already operates a research
reactor and associated facilities for manufacturing
molybdenum-99 in Sydney. Considering the cost of
duplicating this infrastructure and the nature of the
market, it would not be profitable or cost-effective
for South Australia to engage in this activity.

The use of radioactive isotopes for imaging, diagnosis and
the treatment of illness and disease, broadly known as
nuclear medicine, plays an essential role in modern medical
practice." Radioisotopes are targeted at specific tissues to
help detect and monitor health issues, orto deliver doses of
radiation to selected areas to treat disease without damaging
surrounding healthy tissue.

Radioisotopes for medical procedures are produced in either
a reactor or cyclotron, depending on the type required. The
majority of the most commonly used medical radioisotopes
are produced in only a small number of research reactors
around the world." Because most isotopes decay swiftly
after production, location of production and transportation
are critical issues.96

Currently, the most commonly used radioisotope in
diagnostic procedures is technetium-99m (""Te),

which is produced from the decay of its parent isotope,
molybdenum-99 ("Mo)." In Australia, this is produced
exclusively in ANSTO'S OPAL research reactor in Sydney."
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Figure 3.4: The cyclotron at the South Australian Health and
Medical Research Institute

Image courtesy of SAHMRI

ANSTO is constructing a new nuclear medicine manufacturing
plant, which will significantly expand its capacity to
manufacture "Mo: it plans to triple production to meet
increasing Australian and some international demand.'9

The radioisotope ""Te can be produced using non-reactor
technologies; however, unlike research reactors, they are
unable to do so efficiently and in sufficient volumes to meet
demand."*® Noting that ""Te has a short half-life

(six hours), production must be close to where it is used.

South Australia imports "Mo for medical procedures from
ANSTO."" At present, there is no demand in Australia for

a second reactor for medical purposes.™ There would be
significant barriers to establishing a reactor in South Australia
for this purpose, not least the expense and complexity of

the required infrastructure.™"

33.  There are opportunities, complementary to
ANSTO'S activities, to make greater use and
expand the capabilities of the cyclotron and
laboratories concerned with the manufacture of
radiopharmaceuticals at the South Australian
Health and Medical Research Institute (SAHMRI).

South Australia's cyclotron, a particle accelerator, is

located atthe SAHMRI (see Figure 3.4). It produces a range
of radioisotopes in relatively small volumes for medical
applications within the state.™ It is also used for research
and development of new techniques and products in the field
of nuclear medicine." It has capacity for further utilisation.""
Manufacturing radiopharmaceuticals using the cyclotron
produces very small quantities of short-lived wastes, which
are managed on site and regulated by the South Australian
EPA. South Australia has significant expertise and skill in

this field, within hospitals, universities and at the Molecular
Imaging and Therapy Research Unit at SAHMR1.""'
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There is a range of opportunities to expand the cyclotron's
current capabilities that could be realised with further
investment.™ These lie in the research and development
of new techniques for manufacturing radioisotopes for
medical applications, the skilling of Australian and
overseas technicians, and research to develop new
imaging techniques and therapies. They relate to"":

a. producing and handling positron emission tomography
(PET] isotopes, by assessing the manufacture and
diagnostic effectiveness of new or prospective
positron emitters

b. undertaking new, commercially focused trials on
promising radiopharmaceuticals of both diagnostic
and therapeutic types

c. developing new micro-dosimetry tools and methods
for verifying the effectiveness of therapeutic
radiopharmaceuticals—this has commercial potential
because it facilitates the licensing of new drugs that
use radionuclides

d. examining how to commercially produce the alpha
and beta emitting radionuclides that are emerging
as components in new and promising therapeutic
radiopharmaceuticals.

Expansion of the cyclotron's capabilities could be realised
gradually. Incremental steps could include™:

a. installing a beam-splitting system with increased targets
to facilitate further research and experimentation
into prospective and novel areas of nuclear medicine,
including tracers, proton therapy and targeted alpha
therapy

b. developing a unique expertise and training capacity on
an international scale in these novel areas of nuclear
medicine, potentially within an on-site training centre

c. developing infrastructure to enable the commercial
manufacture of iodine-123 (") for use in specialised
imaging and diagnosis. Following closure of the Australian
cyclotron that supplied this isotope, it is currently
imported from Canada." As well as import replacement,
there is scope to exportto the Asia-Pacific market

d. developing a range of novel research and development
programs using the enhanced cyclotron capabilities.

Investments in such infrastructure could enable South
Australia to develop an internationally recognised centre
of expertise in nuclear medicine research. Collaboration
between the SAHMRI, South Australian universities, other
research organisations and the private sector would be
central to the successful development of such a centre.
A plan would need to be developed to address the
strategies required to realise such opportunities.
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CHAPTER 4: ELECTRICITY GENERATION

The activity under consideration is the
establishment and operation of facilities to
generate electricity from nuclear fuels in
South Australia.

WHATARE THE RISKS?

34. Nuclear power plants are very complex systems,
capable of producing large amounts of energy.
They are designed and operated by humans,
who can make mistakes.

Nuclear power reactors are carefully engineered vessels
that enable the heat energy produced from the fission of
uranium nuclei to be captured, through boiling water and
creating steam, and transferred to a steam turbine
electricity generating system. The electric power output
of new light water reactors being deployed today is up to
1600 megawatts electric (MWe).' Modern reactor designs
are described further in Appendix E: Nuclear energy -
present and future.

The risks associated with generating nuclear power are
fundamentally related to the large amount of energy
produced in the relatively small volume of a reactor core.
Hazards that must be managed and controlled in a reactor
include the rate of fission heat produced and, in certain
circumstances associated with the failure of equipment

or control systems, the potential release of radioactive
materials.' During normal operation, excess heat in a reactor
is removed by a coolant, which in most modern reactors

is water. When a reactor is shut down, whether for routine
reasons or due to an accident, the fission chain reaction
immediately stops; however, thermal energy remains in the
fuel and the radioactive decay of fission products produces
new heat.' This can cause damage to, and even melting

of, fuel material if the heat is not removed by a coolant.'

Fuel cooling in all scenarios is of paramount importance
as coolant loss can quickly develop into a serious loss-
of-coolant-accident (LOCA). Nuclear engineers and safety
analysts focus extensively on ways to avoid fuel damage
in all credible and simultaneous LOCA pathways, including
coolant pipe breaks and loss of powerto coolant pumps.

While reactor design plays a significant role in overall safety,
human operation is equally important: human error in
management, control, maintenance and accident response
can have severe consequences. Human error and reactor
design flaws have been shown to be critical contributing
factors to operating inadequacies, equipment damage and
technical failures that can lead to major accidents.'

Modern reactor designs incorporate many safety
mechanisms to protect against operator error, as
discussed in Appendix E.

35.  There have been three major accidents in nuclear
power plants involving the release of radioactive
material into the environment: Three Mile Island
in 1979, Chernobyl in 1986 and Fukushima Daiichi
in 2011. Each accident has been thoroughly and
credibly investigated to determine both the
causes and lessons to be learned.

The three major reactor accidents have been carefully
analysed and better understood through root-cause
investigations, resulting in numerous principles that could
be applied to improve safety. Credible studies include
those by the International Atomic Energy Agency (IAEA],
the United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) and the United States
Nuclear Regulatory Commission (NRC).'

The broader health impacts are addressed in
Chapter 7: Radiation risks.

THREE MILE ISLAND

In March 1979, one of the two Three Mile Island nuclear
reactors in Pennsylvania, USA, suffered a serious loss

of coolant. The combination of equipment failures and
inadequate operator safety training and response led to
a loss of water to remove heat from the reactor's core.'
This caused the partial melting of fuel assemblies.’
Primary water flow to the damaged core was eventually
restored many hours later.' No deaths or injuries resulted.
The vast majority of radiation released from the core was
contained within the reactor containment building, with
only insignificant amounts being released to the
environment." The reactor has remained out of
operation since the accident."

An initial inquiry" and subsequent analyses of the accident
have led to many improvements in plant design and
operation, as well as increased scrutiny and more stringent
safety requirements from the regulator in the USA."

CHERNOBYL

The Chernobyl reactor in Ukraine was a Russian RBMK
design, unique to the former Soviet Union. Such a reactor
used natural uranium forfuel, water as a coolant, and
graphite as a moderator. This kind of reactor could be
unstable in certain operating conditions. If an RBMK reactor
lost its coolant its nuclear reaction proceeded faster, due to
the greater moderating effects of graphite in the absence
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of water, rather than the reaction stopping itself as in the
case of light water reactors. Also, RMBK reactors lack the
level of containment that light water reactors have.

The accident at the Chernobyl reactor in April 1986 was
due to this instability, combined with serious deficiencies
in safety culture, operator experience and management
capability."* Through bypassing safety systems during

an unauthorised experimental test of the reactor control
system, the core became unstable, leading to an increase
rather than a decrease in fission heat production as the core
temperature rose.” This induced two chemical explosions
and a consequent fire that ultimately caused the death
of two workers and the release of a significant amount of
radioactive material into the environment over 10 days.

FUKUSHIMA DAIICHI

In March 20711 the Great East Japan earthquake and tsunami
triggered a nuclear accident at the Fukushima Daiichi nuclear
power plant. The circumstances are explained in greater detalil
in Appendix F: The Fukushima Daiichi accident. In summary,
the reactors at the Fukushima Daiichi plant were early-model
boiling water reactors. Flooding caused a loss of both on-site
and off-site electrical power and led to the loss of reactor
core cooling capability in three reactors.” This ultimately
resulted in a LOCA that caused fuel melting and fission
product release.” The parallel generation of hydrogen gas
resulted in chemical explosions, causing significant structural
damage to plant buildings.” Thorough examinations of the
incident identified various deficiencies including:

1. critical weaknesses in plant design and in emergency
preparedness in the event of severe flooding.*° These
included an insufficiently high flood wall, emergency
power supplies that were vulnerable to flooding, and a
more limited form of primary containment compared
to modern reactors

2. weaknesses in Japan's regulatory framework in both a
lack of regulatory independence and multiple decision
makers, which obscured lines of responsibility

3. the absence of an appropriate safety culture within
the reactor operator, the nuclear regulator and the
government®, resulting in 8 number of unchallenged
assumptions®, including that the plant was so safe that
an accident of this magnitude was simply unthinkable,
and that electrical power could never be lost at a plant for
more than a short time

4. lower preparedness among plant operators for the
conditions and stresses that could arise in the event
of a severe accident.
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Table 4.1: Environmental releases for specific radionuclides from the Three
Mile Island, Chernobyl and Fukushima Daiichi accidents

Accident

lodine-131 (PBq)

Caesium-137 (PBq)

Three Mile Island® 000055 -
Chernobyl® 1760 85
Fukushima Daiichi® 100-500 6-20

a. L Battist & HT Peterson Jr, ‘Radiological consequences of the Three Mile Island accident,
Office of the Standards Development, US Nuclear Regulatory Commission,
Washington DC, 1980, p. 264
b. UNSCEAR, Sources and effects of ionizing radiation, vol. ||, scientific annex D, 2008, p. 49.
c. UNSCEAR, Sources, effects and risks of ionizing radiation, vol. |, scientific annex A,
2013, p. 40
Note: The becquerel (Bg) is the SI unit of radioactivity equal to one decay event per second.
One petabecquerel (PBg) is equal to 10 Bg.

RELEASES OF RADIATION

The major radioactive substances released into the
environment during these accidents are summarised in

Table 41 Two radionuclides, the short-lived iodine-131 (1),
with a half-life of eight days, and the long-lived caesium-137
(3/Cs), with a half-life of 30 uears, were particularly significant
for the radiation doses they delivered to the environment.
Strontium was also released, but the additional radioactivity
assaociated with its release was negligible when compared
with natural background levels.

At Three Mile Island, although fission praducts were released
from the damaged core into the containment vessel, only
very small amounts of radioactive substances were released
into the environment** At Fukushima, considerable amounts
of radioactive substances, predominantly caesium and iodine,
were released into the enviranment® The effective dose of
radiation ta the Japanese public was about 10-15 per cent

of the comparable dose to the European populations
affected by radiation from Chernobyl.

The three majar nuclear accidents have shown that the
numerous complex interdependencies at nuclear power
plants need to be understoad, monitored and controlled
so that reactor cooling is maintained at all times. Many
analyses of the accidents have advanced the industry’s
understanding of how accidents comprise a progression
of events from an initiating incident.*® This has helped

to reduce the probability of LOCAs in modern reactors
through improvements in physical engineering and design



measures, sophisticated instrumentation, automated
operational controls and interlocks, and strengthening safety
cultures." The establishment and subsequent updates of
international nuclear safety reporting mechanisms through
the Convention on Nuclear Safety (1994) have also fostered
international cooperation and information sharing on lessons
learned among nuclear power plant operators.'o

In the year that followed the Fukushima accident, many
countries cooperated in a comprehensive assessment of
nuclear risk and safety (so-called 'stress tests'] to review
the design of nuclear power plants against site-specific
extreme external hazards." These tests have led to useful
recommendations, including the installation of additional
backup electrical power and cooling water sources."

To mitigate the potential release of radioactive materials,
measures have been developed and implemented in many
countries. These measures include improved emergency
response planning, reactor operatortraining, human-
factors engineering, and radiation protection strategies,
including administering iodine tablets to potentially affected
individuals." Following the Fukushima accident, all of
Japan's remaining nuclear reactors were shut down for a
review of their safety. Reactors are permitted to restart only
afterthese reviews and are subject to a new regulatory
framework. The restarts are progressive and are proceeding
slowly," due primarily to community resistance. Three of
46 reactors have been restarted to date.

In September 2012, the IAEA Director General initiated an
inquiry into the Fukushima Daiichi accident. The resultant
report, The Fukushima Daiichi accident: Report by the
Director General, and its associated technical volumes,
released in 2015, identified a number of lessons forthe
global nuclear industry that built on those learned from the
stress tests, previous nuclear accidents and other studies
of the Fukushima accident." Lessons presented in the
report focused on:

1. the design of nuclear power plants and their
safety systems

2. radiation containment

3. the need to properly prepare for multiple severe external
hazards that simdtaneously or in sequence affect
operations at nuclear power plants

4. the need to strengthen regulatory oversight and
assessment of plants

5. the need to create safety cultures in which stakeholders
question basic assumptions and continually improve
operational safety.'6

While there can be no guarantee that severe accidents

will not occur again, they are rare, given there have been

16 000 cumulative years of nuclear power plant operation

in 33 countries.The risk of a nuclear accident should not of
itself preclude the consideration of nuclear power as a future
electricity generation option."

If nuclear power were to be contemplated in South Australia,
the responsible operator would be able to benefit from the
accumulated safety knowledge of the global nuclear industry,
including the lessons learned from prior accidents. As well,
relevant local reactor safety expertise from the Australian
Nuclear Science and Technology Organisation (ANSTO) and
the Australian Radiation Protection and Nuclear Safety
Authority (ARPANSA) is available.

IS THE ACTIVITY FEASIBLE?

37. Nuclear power is a mature, low-carbon electricity
generation technology. Its deployment is
characterised by large upfront capital costs
and long periods of construction and operation.
It offers high capacity and reliability, but does
not efficiently follow the peaks and troughs of
a highly variable demand profile.

The use of nuclear fission to commercially generate
electricity was first achieved over 60 years ago."
Today the world's fleet of commercial nuclear power
plants is predominantly made up of a small number of
established water-cooled designs.'9

Since the 1950S, reactor designs have continued to evolve
to deliver increased efficiency and improved safety.”

Large, modern designs incorporate independent safety
systems that are both 'active: which include electrically
powered pumps and valves, and 'passive’, which take
advantage of fundamental physical forces and mechanisms
such as gravity and natural convection to maintain cooling

to the reactor core." 'Defence in depth' is another key safety
feature of modern reactors; it ensures multiple barriers are

in place to provide protection should a single barrierfail."

Nuclear power plants are essentially baseload generators
that run contlnuouskj. Their ability to operate flexibly to
meet variations in demand depends on the reactortype
and the refuelling cycle. The typical features of modern
nuclear reactor designs are addressed in Appendix E.
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In recent years, the complexity of some larger-capacity
reactor designs and more stringent reliability and safety
requirements have increased the difficulties of plant
construction." These have been key drivers of the cost

and schedule overruns that have characterised recent
construction programs", including several plants in Europe
and the USA. Further, contemporary constructlon experience
has declined given the lapse of time between current building
programs and those undertaken decades ago." Recent
estimates of the cost of construction excluding finance (the
overnight construction COSt) in Europe and the USA range
from A$9.25 billion for a Westinghouse AP1000 plantto
A$14 8bn for an AREVA-designed EPR plant, with estimated
construction schedules ranging from six to fifteen years,
including cost and schedule over-runs." The quoted contract
price of the United Arab Emirates' current build program

is slightly lower, at A$7.1bn for each of the fourAPR1400
reactors under construction. However, it is not known
whetherthe vendor has been able to deliverthe project
within its contracted projection.”

Some evidence suggests that, forthe current generation of
large reactors, integrated construction programs involving
multiple reactors of standardised design may have greater
success in adhering to planned costs and achieving shorter
build schedules." The Commission's approach to estimating
the capital construction cost of a nuclear power plant for
the purpose of analysing its viability forAustralia is explained
in Finding 45 and in Appendix G: Nuclear power in South
Australia—analysis of viability and economic impacts.

38.  The technology to develop a nuclear power plant
could be transferred readily from experienced
commercial vendors. Careful consideration would
need to be given to appropriate siting to ensure
that water requirements for reactor operation
could be met sustainably.

A number of commercial reactor vendors are capable

of partnering with a South Australian entity forthe
construction and operation of a nuclear power plant.

In nations new to nuclear power, partnerships for the
development of a plant typically include arrangements to
allow for knowledge transfer and local workforce training."
The lack of experience with nuclear power generation in
South Australia would not preclude the development of

a nuclear power plant at an appropriate site."
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The geophysical characteristics necessary for safe and
efficient plant operation include low seismicity and ready
access to adequate amounts of water for the current
generation of large light water reactors." While most parts
of South Australia are gedogically stable, sustainable
access to water resources would need to be carefully
assessed, given the reliance on water for cooling in

most modern nuclear power plants.

In relation to the location for any potential large nuclear
power plant in South Australia, a coastal site would be
necessary to meet the significant water requirements for
cooling using saltwater." These requirements are addressed
in detail in Appendix E.

Coastal siting might be a lesser consideration for future
small modular reactor (SMR) designs, which have not yet
been commercially developed." Importantly, freshwater
requirements for plant operation also need to be
considered."

39. If nuclear power were to be considered in
South Australia, analysis should focus on a
proven design that has been constructed with
active and passive safety features. For commercial
electricity generation in the foreseeable future
this would include analysis of potential small
modular reactors based on light water designs
because of their suitability for integration in
smaller markets, but not advanced fast reactors
or other innovative reactor designs.

Any consideration of nuclear power in South Australia
would need to focus on a reactor design with the following
characteristics:

1. A proven design licensed by a reputable nuclear safety
regulator. This would avoid project, technical and
commercial risks and costs associated with construction
of first-of-a-kind technology." It also would increase
confidence thatthe design would be able to be licensed
in Australia, as it would need to comply with the relevant
Australian licensing and regulatory framework. It may also
reduce the level, and associated costs and timeframes, of
the design assessment required.

2. A design previously constructed, ideally multiple times,
would allow cost and schedule to be determined with
greater certainty." As nuclear power plant construction
projects proceed overseas, reported construction costs
should be monitored closely and independently verified.



3. A reactor design should be based on recent construction,
with an experienced team and specialist workforce."

4. The design should incorporate proven active and passive
safety features for nuclear power plants (see Appendix E
for a detailed explanation) that capture lessons learned
from ongoing operations and fault scenarios.

Several proven designs incorporate the required and
preferred design features identified above, and it Is likely that
more will become available in the next decade." In particular,
given the current maturity of the technology, it is likely

that light water SMR designs will be available." The smaller
capacity of SMRS makes them attractive for integration in
smaller electricity markets such as the National Electricity
Market (NEM) in South Australia.”® For this reason, it will be
important to follow the development of such reactors.

Although there are no commercially operational examples
of light water SM Rs", several are in advanced stages of
development and the early phase of licensing." A study
commissioned by the British government to address

the potential availability of identified light water SMR
designs confirmed the need for further detailed technical
analysis. The study found SMRS would require A$1bn-2bn
of development funding over five to seven years to be
commercialised. Commercial deployment of a design
would provide credible evidence of capability and cost.

In comparison, advanced fast reactors and other innovative
reactor designs are unlikely to be feasible orviable in the
foreseeable future (see Appendix E)." The development of
such a first-of-a-kind project in South Australia would have
high commercial and technical risk." Although prototype and
demonstration reactors are operating, there is no licensed,
commercially proven design. Development to that point would
require substantial capital investment." Moreover, electricity
generated from such reactors has not been demonstrated to
be cost competitive with current light water reactor designs.'6

The recent conclusion of the Generation IV International
Forum (GIF)", which issued updated projections for fast
reactor and innovative systems in January 2014", suggests
the most advanced system will start a demonstration

phase (which involves completing the detailed design of

a prototype system and undertaking its licensing,
construction and operation) in about 2021."

The demonstration phase is expected to last at least

10 years and each system demonstrated will require funding
of several billion US dollars." As a result, the earliest possible
date for the commercial operation of fast reactor and other
innovative reactor designs is 2031." This timeframe is
subject to significant project, technical and funding risk.

It extends by six years a similar assessment undertaken

by GIF in 2002." This means that such designs could

not realistically be ready for commercial deployment in
South Australia or elsewhere before the late 2030S,

and possibly later."

40.  The future viability of nuclear power, as for any
generation source, can only be analysed as part
of the electricity supply system in which it would
be integrated.

The potential viability of a new nuclear power plant in South
Australia cannot be determined by simply comparing its
associated costs with those of other electricity generating
technologies." Commercial profitability would be determined
by the more complex issues of how, when, and at what

price the electricity produced by any new generating plant
would be made available to customers." This requires an
understanding of the established market structure, its

rules of operation and its likely evolution."

South Australia is part of the NEM, which is one of the
longest continuous electricity transmission systems in

the world. The NEM supplies electricity to about10 million
customers across the Australian Capital Territory, New South
Wales, Queensland, South Australia, Tasmania and Victoria."
The main network is a legacy system—designed in the
1980s—comprising more than 300 generators that supply
electricity via the transmission network." Six cross-border
interconnectors connect the transmission networks of the
participating regions, with the amount of electricity imported
or exported at any given time limited by the capacity of the
transmission line." Figure 4.1 shows the physical generating
and transmission assets in the South Australian subregion of
the NEM. The coal-fired power plant located at Port Augusta
has been omitted as it will cease operation in 2016.
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Figure 4.1: The South Australian region of the National Electricity Market (NEM), detailing power stations, transmission networks and interconnectors
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Figure 4.2: NEM generation capacity by region and fuel source, 2015

Data sourced from the Australian Energy Regulator (AER), State of the energy market report,
30 June 2015, p. 29

Black and brown coal-fired generators represented 53 per
cent of installed generation capacity in the NEM in 2014/15
(see Figure 4.2 and Figure 4.3), but supplied 76 per cent

of output.®® This high share of coal-fired generation
contributes more than one-third of national carbon
emissions, and means the Australian electricity sector is ane
aof the most carbon-intensive in the world (see Figure 4.4).

The retirement of a significant percentage of that capacity is
already planned over the next two decades.

There is currently no mechanism to impose the cost of
emissions on generators, although this was enacted by
carbon pricing from 1 July 2012 to 30 June 2014. During this
time coal-fired generation output declined by 12 per cent,
but it quickly recovered when carbon pricing was abolished.
The Large-scale Renewable Energy Target (LRET) scheme,
which was launched in 2001, aimed to decrease the carbon
emissions intensity of the NEM by providing a financial
incentive for renewable energy generation technologies

B 5iack coal 3371%)

Brown coal (14.1%) . Liquid (16%)
B cesiosw B otrer16%)
B oo e7%)

Wind (6.7%)

Figure 4.3: NEM generation capacity by fuel source, 2014/15

Data sourced from AER and Australian Energy Market Operator (AEMO)

to enter the market The LRET is not a technology—neutral
scheme: it offers incentives to develop a group of renewable
technologies—most significantly wind and solar PV. Different
policies are likely to have differing economic impacts and
costs in reducing CO, emissions. They also have different
effects in different NEM regions (see Box: South Australia's
electricity price competitiveness to 2030 and beyond).

A review of policies, their effectiveness and economic impacts
will be released by the Climate Change Autharity in 20716.

Approximately 58 per cent of coal-fired and 24 per cent of
gas-fired generation in the NEM was first commissioned
more than 30 years ago, as shown in Figure 4.5, although
this does not account for capacity expansions and upgrades
after commissioning. Consequently, a significant number of
generators have fully amortised capital costs, allowing them
to operate at low short-run marginal costs and therefore
offer low wholesale prices for the energy they generate. Any
new capacity would be more expensive because capital costs
would need to be recovered. At some stage, as the existing
generators require replacement, incentives for investment in
new generation capacity may need to be contemplated.
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Figure 4.4: Electricity sector emissions for various OECD countries in 2011

Data sourced from A Stock, Australia’s electricity sector: Ageing, inefficient and unprepared, Climate Council of Australia, 2014, p. 8
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Figure 4.5: First commissioning date of operational baseload capacity in the NEM

Data sourced from the Chamber of Minerals and Energy of Western Australia, submission to the Nuclear Fuel Cycle Royal Commission, p. 22

A significant amount of generating capacity will be withdrawn ~ Generators need to be able to offer their electricity at a

from South Australia during the next few years due to the sufficiently competitive price to ensure selection for
closure and mothballing of coal and gas-fired generators. dispatch and are only able to sell electricity at very high
This will place mare reliance on importing electricity from prices when demand exceeds available supply.

Victoria through the interconnectors, unless generation

o As shown in Figure 4.6, electricity demand in the NEM has
capacity is replaced locally.

declined during the past five years due to several factors

Generators in the NEM sell electricity through a wholesale including high electricity prices, penetration of roof-top

spot market. As an energy market, generators are paid solar phatovoltaics (PV), increased energy efficiency and
based on the energy they supply, and the cheapest offers the closure of aluminium smelting and manufacturing

of electricity at any time are dispatched to meet demand. facilities, for example, automative factory closures in Victoria
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Energy consumption (terawatt hours)

BASELOAD VERSUS PEAKING GENERATORS

Generation technologies differ in terms of their
flexibility of operation and consequently their ability
to take advantage of fluctuations in the market.

Baseload generators such as coal and nuclear are
typically operated to maintain a constant level

of generation, and are therefore most profitable
when required to meet a steady and predictable
level of demand.

Peaking generators such as gas are able to start up
quickly compared with other generation technologies,
and therefore have the flexibility to react to sharp
increases in demand. Peaking generators can still

be profitable even though they may only operate for
several days a year. Because they are the only source
of supply at such times, they are able to charge large
wholesale prices, enabling them to meet their costs
despite their infrequent operation.

220
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Figure 4.6: Energy consumption in the NEM—actual and predicted

and South Australia.“® This decline, which was not predicted
by the industry, has resulted in the temporary and permanent
removal of some capacity from the NEM

The flat demand for electricity has negated the need for
further generation investment in the near future, with the
vast majority of new generation being LRET-incentivised wind
energy.”® However, the intermittent nature of wind generation
can lead to it supplying a large amount of energy during low
demand periods, resulting in low and even negative wholesale

prices at these times. This presents a challenge for baseload
generation technologies to compete financially.

The South Australian region of the NEM is characterised by
significant peaks in its demand profile on both short and long
time scales. This is predicted to continue, with the maximum
demand forecast to reach 2.2 times the average demand by
2024-25, easily the largest ratio of any region in the NEM,
as shown in Figure 4.7 and discussed in Box: South
Australia’s electricity price competitiveness to 2030

and beyond.”” This poses a significant challenge for the
commercial viability of large-scale plant because although

a large amount of capacity is needed to meet maximum
demand, the amount of time this maximum capacity is used
is limited.

The minimum operational demand typically occurs in the middle
of the day, and, given this coincides with the maximum operation
of solar PV, has caused a steady decrease in operational
minimum demand in South Australia during the past several
years. By 2023-24, it is expected that solar PV will completely
meet demand between 12:30 and 14:30 on particular minimum
demand days.”” Conversely, the uptake of solar PV has had

little impact on operational maximum demand, particularly as
peak demand typically occurs between 16:00 and 21:00 on hot
summer days, when solar PV is past peak operation.

As discussed, total demand in South Australia is relatively
small compared with other regions in the NEM, with maximum
demand between 2900 megawatts (MWe) and 3400 MWe.
Large-scale generators typically have capacity of about
1000 MWe, approximately ane-third of current maximum
demand in South Australia.
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Figure 4.7: Ratio of maximum demand to average demand for each region in the NEM

Data sourced from AER, State of the energy market report, 30 June 2015, p. 26

d.There is substantial, and growing, intermittent
generating capacity, which relies on interstate
coal generation and peaking gas generation to
continuously balance supply and demand.

In 2014/15, wind and solar PV made up 34 per cent and

7 per cent respectively of South Australia’s total generation
capacity. This high penetration of intermittent generation
necessitates having a large amount of capacity that is ready
to meet demand in periods of low wind and sunlight. Demand
cannot always be met by local generation, requiring South
Australia to import electricity from Victoria via the Heywood
and Murraylink interconnectors.” This is typically sourced
from coal-fired generation due to its low cost.”®

e. The penetration of wind has altered the
operational characteristics of existing gas and
coal generation from baseload to load following.

Because wind farms typically have very low short-run marginal
costs, they can place particularly low-cost bids in the NEM,
which consequently sees all wind energy dispatched in South
Australia when itis available.”® As a result, fossil fuel plants
that were historically operating as baseload generation are
now operating as peaking generation, that is, periodically
dispatched to meet peak demand rather than constantly
supplying the minimum demand.
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f. South Australia’s relative isolation from the wider
NEM due to limited transmission interconnection
inhibits the import and export of electricity.

The import and export of electricity across state
borders is limited by the physical constraints of the
interconnectors—200/220 MWe for Murraylink and
460 MWe (currently being upgraded to 650 MWe) for
Heywood.®

g.Relative to other regions of the NEM, South
Australia has one of the highest average wholesale
prices and some of the greatest price volatility.

South Australia has had either the highest or second-highest
average annual electricity wholesale price in the NEM for
each of the past nine financial years.”® This has negatively
affected the competitiveness of energy-intensive industries
in the state. Additionally, South Australia has experienced
significant price volatility (both highs and lows) in the past
few years compared to other NEM regions. Price volatility

in South Australia has been driven by coal and gas plant
withdrawals, concentrated generator ownership (lack of
competition), and limited capacity to import electricity via the
interconnectors (see Box: South Australia’s electricity price
competitiveness ta 2030 and beyond).*®



SA'S ELECTRICITY PRICE COMPETITIVENESS TO 2030 AND BEYOND—POLICY IMPACTS

The Commission’s modelling considered the effect on
wholesale electricity prices in a scenario where there
was no nuclear, but increasing renewable generation to
2030 and beyond. This assessment was necessary to
both form a baseline against which the introduction of
nuclear generation could be contrasted and identify
any supply shortfall that a nuclear generator could fill.

This analysis offers some insights into the policy effects
of reducing carbon emissions to South Australia’s future
electricity competitiveness relative to other regions of
the NEM to 2030 and beyond.

Over recent years, the South Australian subregion of the
NEM has had some of the highest average wholesale
electricity prices in the nation. These prices make up
part of the retail electricity price paid by businesses

and households. The other parts are the cost of the
transmission and distribution network, taxes, and
subsidies paid to generators. Figure 4.8 compares

South Australian wholesale prices with those of

other NEM subregions since 2006/07.

The volatility in South Australia’s wholesale electricity
prices (the extent to which prices range from highs to
lows) relative to the other NEM states is shown in Figure
4.9. South Australia experiences a much higher frequency
of both negative and very high regional reference prices
relative to the other NEM states. The very low price events
are attributable to significant electricity supply from
intermittent renewables during periods of low demand,
whereas the very high price events are attributable to a
combination of factors, including on occasion the need to
rely on open cycle gas turbines when there is little or no
supply from intermittent renewables.

The modelling undertaken for the Commission
distinguished between two means of delivering low-carbon
energy generation to meet abatement targets between
2017 and 2030:

1. continuing policies, such as the LRET scheme and
emissions reduction fund, which is not technology
neutral (a Current Policies scenario).

2. introducing market mechanisms, such as a carbon
price, which is technology neutral (the New Carbon
Price scenario).

After 2030, the model assumed that a carbon price would
apply. The scenarios and corresponding assumptions are
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Figure 4.8: Annual average regional wholesale price across mainland
NEM states from 2006/07 to 2014/15

Data sourced from Australian Energy Market Operator (AEMO), Average price tables
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Figure 4.9: The frequency of negative and very high regional wholesale
prices in NEM regions relative to the average, 2013-15

Data sourced from AEMO, Pricing event reports

explained in greater detail in Table G.2 and Figure G.2 in
Appendix G: Nuclear power in South Australia—analysis of
viability and economic impacts. The wholesale price was
derived from the lowest-cost mix of technologies that was
determined based on the current Australian estimates of
the costs of renewables and storage shown in Figure G.3
of Appendix G. These assume subtantial cost reductions
for both renewables and storage technologies.

Under both scenarios the average wholesale electricity
price is higher in South Australia than it is now. However,
the two policies had significantly different effects on
electricity price competitiveness for South Australia.
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SA'S ELECTRICITY PRICE COMPETITIVENESS TO 2030 AND BEYOND—POLICY IMPACTS (CONT'D)

Current policy mechanisms [not technology neutral)

A continuation of current policy interventions was
shown to lead to continuing growth and relatively

higher concentration of renewable generation in South
Australia, compared to other regions (see Figure 4.10).
The difference arises in the analysis as a result of better
wind resources in South Australia; the presence of
existing low-cost generation in some other regions,
which diminishes the attractiveness of installing new
capacity; and differences in state-based policies
supporting new renewable capacity.

This policy has clear implications for wholesale price
competitiveness in South Australia, as shown in Figure 4.11.
In the period between 2017 and 2030, it leads to wholesale
electricity prices in the state being 20 per cent higher than
the NEM average. The comparatively higher price in the
model arises from a combination of effects that includes the
predicted high penetration of renewables in South Australia,
the lack of diversity in the local generation mix to meet

the balance of demand, and the lower shares of renewable
generation in other regions of the mainland NEM.

Carbon price policy mechanism (technology neutral)

If a technology-neutral policy such as a carbon price
were introduced to drive emissions reductions, there
would be more uniform growth in the share of renewable
generation across the mainland NEM states, as shown
in Figure 4.10. This is because all generators must meet
the full costs of their carbon emissions, including low-
cost generators in other regions. Under this policy South
Australia was still estimated to have the greatest share
of renewable generation; however average wholesale
prices in the state became similar to other regions as

a carbon price leads to a rapid increase in renewable
capacity from 2017, as shown in Figure 4.11.

Prices converge under both scenarios beyond 2030,
as a carbon price is assumed to apply under both
scenarios modelled.

Ernst & Young, Computational general equilibrium modelling assessment,

report prepared for the Nuclear Fuel Cycle Royal Commission, Adelaide,
February 2016, section 3.2, pp. 26-27.
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Figure 4.10: Renewable generation as a proportion of total generation
by 2050 in the mainland NEM states under the Current
Policies or New Carbon Price scenarios

Data sourced from Emnst & Young, CGE modelling assessment, underlying market model data
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IN WHAT CIRCUMSTANCES
IS THE ACTIVITYVIABLE?

44.  An assessment of the viability of establishing
a nuclear power plant in the South Australian
NEM would require a full systems investigation.

Whether any additional electricity generator, including a
nuclear power plant, would be able to deliver a sufficient
return on investment in the South Australian NEM depends
on whether it would be dispatched to supply electricity at
a price that generates profits. This would require a full
systems analysis of:

- the costs of establishing and operating a new nuclear
power plant in South Australia™

- the levels of future demand in the South Australian NEM
atthe time that such a plant might be operating, which in
turn would require an analysis of the earliest reasonable
date of operation™"

- the costs and outputs of the generators that would be
competing to meet that demand—both existing generators
and those likely to be integrated into the grid overthe same
time—which would inform analysis of the wholesale prices
with which a new nuclear power plant might need
to compete'

- the impact of carbon abatement policy measures on
the electricity market™

- wholesale prices in the South Australian subregion
following the introduction of any new generating
capacity."

45. Based on analyses addressing these issues, it
can be concluded that, on the present estimate
of costs and under current market arrangements,
nuclear power would not be commercially viable
to supply baseload electricity to the South
Australian subregion of the NEM from 2030 (being
the earliest date for its possible introduction).

The Commission did not find that nuclear power is 'too
expensive' to be viable or that it is 'yesterday's technology'.
Rather, it found that a nuclear power plant of currently
available size at current costs of construction would not be
viable in the South Australian market under current market
rules.”’ The outcome of this analysis is consistent with a
wide range of realistic scenarios. It does not necessarily
apply to other jurisdictions in Australia. In fact, some of

the modelling suggests that nuclear might well be viable
elsewhere, as the challenges facing baseload generation

in South Australia are not shared with other regions of the
NEM. This is explained in more detail below, and in Appendix
G: Nuclear power in South Australla—analysis of viability
and economic impacts.

CAPITAL COST OF NUCLEAR

The development of a nuclear power plant involves a
substantial upfront capital investment before operating
revenues are earned. The amount of this investment

is therefore criticalto an analysis of viability. To have
confidence in its estimated costs, the Commission
applied the following criteria:

1. The reactortechnology had to have been successfully
constructed and commissioned elsewhere at least
twice by 2022.

2. All cost estimates were to be based on realised-cost
benchmarks or, if they were not available, independently
verified estimates.

In terms of attempting to establish the likely capital costs of a
new nuclear power plant, the Commission assessed that the
most reliable data is recent, realised benchmarks in project
development and construction timeframes. In the case of new
technologies that have not been constructed, such as SMRS,
the Commission considered that it was necessary to take a
conservative approach to projected costs until they could

be demonstrated. It did not considerthe costs of advanced
reactors that are not commercially proven and hence have

no reliable bases for estimating costs.

The estimate of total costs used by the Commission for
construction of a large pressurised water reactor (PWR) is

set out in Table 4.2. The estimate is derived from known costs
of the Westinghouse AP1000 PWR (1125 MWe) based on
available realised costs forthe four units (two each at Vogtle
and VC Summer) under construction in the USA." The known
costs were adjusted as they relate to the construction of
reactors in pairs, whereas the costs estimated in Table 4.2 are
for a single reactor. The analysis sought to apply costs to local
conditions by estimating additional expenditure associated
with establishing supporting infrastructure such as electrical
connection, reserve capacity, roads and wharf facilities, and
water supplies. Separate estimates were made for greenfield
and brownfield sites, which took account of the proximity of
existing infrastructure.

Table 4.2: Capital and supporting infrastructure costs for a large nuclear
reactor (PWR) at a brownfield and greenfield site

Site PWR (1125 MWe) (AS 20147)
Brownfield site $8962m ($7966/kW)
Greenfield site $9323m ($8287/kW)

a. Includes pre-construction, licensing, supporting infrastructure and connection costs.
Note: Megawatt electric (MWe): per kilowatt (IkW).

Data sourced from WSP/Parsons Brinckerhoff, Final report: Quantitative analysis and initial
business case - establishing a nuclear power plant and systems in South Australia, report
prepared forthe Nuclear Fuel Cyc e Royal Commission, Adelaide, February 2016, section 6.
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Because of the potential for plants with smaller capacity to
successfully integrate with the South Australian NEM, the
Commission considered the viability of light water SMRS

of less than 400 MWe. Because even the most advanced
designs for such SMRS have not been commercially
licensed, there are no available benchmarks.

The Commission undertook the analysis based on two of
the more advanced SMR designs, which are in the process
of licensing and appear to have prospects for commercial
deployment." In the absence of a demonstration of the
SMR'S actual costs, the Commission was not prepared to
acceptthe projections of costs made by nuclear power
plant vendors. These projections ranged from A$7000 to
A$8000 per kilowatt, which is substantially lowerthan the
Commission's analysis."" While the Commission accepts that
the projections represent the target for vendors, and are in
some cases their best estimate of costs, it could not
confidently proceed on that basis.

Given this, the capital costs of SMR systems forthe
purposes of the Commission's study was estimated to be

5 per cent higherthan that of the large-scale PWR costs
presented in Table 4.2, on the basis that a small plant has

not been demonstrated to achieve the economies of

scale of a large plant." The costs of licensing and project
development were added to that. The cost estimates used by
the Commission for constructing two types of SMR, including
supporting infrastructure, on either a brownfield or greenfield
site are set out in Table 4.3.

Table 4.3: SMR capital and supporting infrastructure for two designs

SMR (285 MWe)
(AS 20147)

SMR (360 MWe)
(AS 20147

Brownfield site | $2942m ($10 323/kW) | $3302m ($9173/kW)

Greenfield site | $3331m ($11689/kW) | $3692m (S10 256/kW)

a. Includes pre-construction, licensing, supporting infrastructure and connection costs.
Note: Megawatt electric (MWe): per kilowatt (IkW).
Data sourced from WSP/Parsons Brinckerhoff, Establishing a nuclear power plant, tables ES1-8.

The cost estimates used by the Commission are, in the case
of a large nuclear reactor (PWR), substantially higherthan

those used in the Australian Energy Technology Assessment
2013 Model Update (AETA 2013), but similarto those used

in the Australian Power Generation Technology Report in
2015, set out in Table 4.4." Internationally, the IAEA and the
International Energy Agency (IEA) have published costs in

the same order as the AETA 2013 costs. The Commission's
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higher costs are substantially explained by its use of a
lower exchange rate (the long-term average], inclusion of
pre-construction and project development costs (excluded
in the AETA analysis), and supporting infrastructure such
as port facilities.

Table 4.4: PWR and SMR capital and supporting infrastructure costs for a
brownfield site

Australian Energy Technology $6392/kW $11 778/
Assessment 2013 Model Update kw
(first-of-a-kind COSts)’
EPR1/CO,CRCAustralian Power
Generation Technology Report(2015)"

$9000/kW N/A

a. Bureau of Resources and Energy Economics, Australian Government, Canberra, 2013.
b. Electric Power Research Institute, 2015, p. 127.
Note: Per kilowatt (IkW).

TIMEFRAME FOR INTRODUCTION AND LIKELY
DEMAND ATTHAT TIME

The Commission considers 2030 to be the earliestthat

a nuclear power plant could reasonably be expected to

start operation in South Australia. This allows 14 years for
establishing regulatory systems and expertise, undertaking
a detailed assessment of the nuclear supply chain before
pre-licensing activities, licensing, project development and
construction for a large plant. This is an ambitious timeframe,
but the Commission considers it reasonable if there were

an imperative for development.™

Total network demand at that time will depend on the extent
to which some renewable generation, energy storage and
electric vehicle technologies are deployed. While increased
roof-top solar PV would reduce demand, electric vehicles
would both increase total consumption and change the
demand profile. The extent to which these technologies
may be deployed will be substantially driven by cost
reductions that may be realised up to 2030.

To account forthis uncertainty, the Commission's analysis of
future demand in the NEM is based on separate projections for
the residentlal, business and industrial sectors (incorporating
network losses), including reducing demand to take account

of solar PV generation and storage 'behind the meter: that

is, local storage within businesses and residences. Different
projections were made, taking account of growth in demand
for electric vehicles, other economic activities (including
population growth) and the effect on demand caused by
consumers' response to increasing prices.



COMPETING GENERATION TECHNOLOGIES

To determine which technologies would be able to offerthe
lowest overall wholesale electricity prices to meet expected
demand in 2030, the Commission used the most recent
Australian estimates of costs published in the Australian
Power Generation Technology Report (2015]." It also took
account of expected reductions in cost previously published
as part of the AETA 2013 update™, as shown in Figure G.3in
Appendix G.

The cost of nuclear power plants is assumed to remain stable
to 2050. Responses to the Tentative Findings have criticised
that position, suggesting that cost reductions should have
been assumed in response to rising global deployment.

In the Commission's view there is significant uncertainty in
relatlon to realising such cost reductions, given the lack of
demonstrated evidence to date in Western democracies.

IMPACT OF CARBON ABATEMENT POLICIES

The mix of generation technologies likely to be competing
with a nuclear power plant and theirwholesale costs would
also be affected by the scope and timing of policy measures
to reduce the CO, emissions intensity of the energy sector.
Such measures could affect the wholesale price of electricity
and, if they are targeted, advantage particulartechndogies.
The modelling undertaken forthe Commission took this into
account.

Significant uncertainty remains in relation to the policy
measures that are likely to be implemented. To reasonably
account for the likely impact of such measures, the
Commission developed what it considers are plausible
scenarios. These scenarios are based on existing measures
(for example, the emissions reduction fund and LRET),

recent policies (for example, a carbon price and emissions
trading scheme], and the Australian Government's emissions
reduction goals for 2030."

Based on each of the above inputs, market modelling was
undertaken to determine the lowest-cost mix of generation
in the wholesale market that would make up the NEM to
2050. The model also determined the price of electricity
that would correspond to this mix. This is discussed in
further detail in Appendix G

Nuclear power, on current costs, was not part of the lowest-
cost mix." Instead, significant growth in intermittent
renewable generation was estimated to be supported by

a combination of 900 MWe of combined cycle gas turbine
capacity, the current level of peaking gas generation of

950 MWe and behind-the-meter energy storage. The mix
of installed gas generation was found to comprise about

25 per cent of South Australia's total generation in 2030
and 22 per cent in 2050™

46.  The conclusion that nuclear power is not viable
in South Australia remains the case:

a.on a range of predicted wholesale electricity prices
incorporating a range of possible carbon prices

The Commission undertook analysis to determine whether
the implementation of various carbon abatement policy
measures could improve the viability of a nuclear power
plant in South Australia. The analysis included hypothetical
scenarios ranging from less stringent measures to more.
They were:

- a continuation of the emissions reduction fund to meet
abatement objectives of 26-28 per cent of 2005 levels
by 2030 and implementation of a carbon price beyond
2030 to meet an emissions reduction of 80 per cent of
2000 levels by 2050 (Current Policies scenario)™

- the implementation of a carbon price in 2017
to meet the same emissions reduction objectives as
those achieved under current policies (New Carbon
Price scenario)"8

- the implementation of a carbon price in 2017
to meet an emissions reduction objective of 65 per cent
of 2005 levels by 2030 and complete decarbonisation
by 2050 (Strong Carbon Price scenario).™

Only the Strong Carbon Price scenario would achieve
emissions abatement consistent with the ‘well below

2 °C'target affirmed atthe 2015 United Nations Climate
Change Conference in Paris."® Such a scenario significantly
increased the wholesale price of electricity under current
market rules (see Figure 4.12).

As would be expected, the potential viability of a nuclear
power plant in South Australia improved under more
stringent carbon policies, but remained unviable even
underthe Strong Carbon Price scenario.
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Data sourced from Ernst & Young, CGE modelling assessment, section 5.9, figure 47

Further, the construction and operation of a nuclear power
plant were found not to have a positive rate of return at a
commercial cost of capital of 10 per cent under any of the
carbon abatement scenarios. The estimations of viability
presented in Table 4.5 represent the best-case scenario for
nuclear, operating as a baseload plant in South Australia with
an expanded interconnection of up to 2 gigawatt electrical
(GWe), if it were commissioned in either 2030 or 2050.

Table 4.5: Profitability at a commercial rate of return (10 per cent) of large
and small nuclear power plants commissioned in 2030 or 2050
under the New Carbon Price and Strong Carbon Price scenarios

Net Carbon Price Strong Carbon Price
Net present value

(AS$ billion 2015)

Net present value
(A$ billion 2015)

Year of commission 2030 2050 2030 2050
Small modular -22 -19 -18 -14

reactor (285 MWe)

Large nuclear -74 -64 -63 -47

power plant

(1125 MWe)

Data sourced from DGA Consulting/Carisway, Final report for the quantitative viability analysis
of electricity generation from nuclear fuels, report prepared for the Nuclear Fuel Cycle
Royal Commission, Adelaide, February 20786, section 6, tables 35-36]

58 CHAPTER 4 NUCLEAR FUEL CYCLE ROYAL COMMISSION

The establishment of a large nuclear power plant in the
South Australian NEM was assessed to lead to an almost
one-quarter decline in average wholesale prices (see Figure
412). While positive for South Australian consumers, this
would dramatically affect the revenue earned and thus the
viability of such a plantin this market.

This effect on wholesale prices is due to the relatively small
size of the South Australian market. The introduction of a
large nuclear power plant would be likely to have a much
smaller impact on wholesale prices in Victoria and New
South Wales because its output would form a much smaller
portion of total demand. The modelling undertaken for the
Commission indicated that a large nuclear generator in
South Australia selling half its electricity in Victoria (through
transmission) would only decrease whalesale prices in
Victoria by 3 per cent.

A small nuclear power plant was not viable. This is not

due to its effect on reducing wholesale prices, which fell

by only 6 per cent (see Figure 412). Rather, its viability

was mainly affected by its anticipated 15-30 per cent higher
construction cost per kilowatt when compared with a large
plant. This underscores the need ta carefully follow the actual
costs in small nuclear plant developments globally and

any potential relevance to South Australia.

Modelling showed that under current levels of
interconnection, up to half of all nuclear generation from
either a small or large nuclear power plant in South Australia
wauld not be used (generation shedding). This would have

a significant effect on the viability of a nuclear power plant,
doubling the levelised cost of energy generation. It would
also lead to the less efficient operation of the installed

level of renewable generation, as about 40 per cent of
output would be unused over a year unless grid storage
systems were developed.

However, as the penetration of intermittent generation

in South Australia increases, so too will the viability of
additional interconnection capacity between the state and
the rest of the NEM."?* This is to facilitate both the export of
renewable electricity and the reduction of peak electricity
prices in South Australia when there is reduced supply from
intermittent sources. A joint AEMO/ElectraNet study in
2071 that assessed the viability of transmission upgrades



found that only a relatively small upgrade to the Heywood
interconnector was justifiable at that time. However, it
anticipated that under some carbon abatement scenarios,
consistent with the strong policies analysed by the
Commission, an expansion of capacity to 2000 MWe
would be viable in 2025."

For those reasons the modelling undertaken for the
Commission analysed the effects on viability of a South
Australian nuclear power plant if transmission were
substantially expanded to 2000 MWe, enabling the plant
to export substantial additional electricity into the eastern
regions of the NEM. Even with such exports, the analysis
showed that a large nuclear plant was not viable."

d.under a range of predictions of demand in
2030, including with significant uptake of
electric vehicles.

Nuclearwas not viable even on more optimistic views of
future demand. The Commission analysed demand on a
number of bases, including those with the largest forecast
uptake of electric vehicles. Electric vehicles would be
expected to add to grid demand through fuel switching
from oil and to alter demand profiles depending on the time
of charging, but also to contribute to storage in the network.
Even in more optimistic scenarios of uptake, equal to

20 per cent of the light vehicle fleet in South Australia,
neither a large nor small nuclear power plant in South
Australia was assessed to generate a positive rate of return.

47.  Off-grid nuclear poweris also unlikely to be
viable in South Australia in the foreseeable
future because of low demand, even assuming
optimistic growth of mining activities, and the
likely location of that demand.

An off-grid electricity market, not connected to the

NEM, supplies mining and remote communities in South
Australia." There is currently 77 MWe of installed off-grid
generating capacity, dominated by diesel and natural gas
generators, to meet 236 GWh of demand.™ More than

80 per cent of the electricity consumed meets the
requirements of industrial customers, predominantly mine
operators.™ However, the off-grid industrial sector is a small
subset of the total electricity requirements of the mining
industry in South Australia.

In 2014, studies undertaken at the request of the South
Australian Government estimated that total electricity
demand from the mining sector was 1.7 terawatt hours
(TWh) and was estimated to rise to up to 6 TWh by
2023-32, under ambitious scenarios.™ Even if those

outcomes were realised, it is unlikely that new nuclear
power plants would be the economic option to supply
the required electricity, forthree main reasons:

1. Mining operators require flexible energy systems that
are able to scale up and down in response to fluctuations
in operational requirements." This affects the capacity
utilisation of a generator. A nuclear power plant, because
of its high capital costs, requires high levels of utilisation
to be viable.

2. The construction and operation of a new nuclear plant
in a remote location is likely to increase capital costs,
making it less attractive than established a|ternatives."o

w

. Even if a mining region were likely to generate the large
and stable demand necessary to support a nuclear
power plant, it may nevertheless be more cost effective
to connectthat mining region to the NEM for its power
needs, the cost of which could be estimated with
greater certainty than a nuclear power plant."

48.  While nuclear generation is not currently viable,
it is possible that this assessment may change.
Its commercial viability as part of the NEM in South
Australia under current market rules would be
improved if:

a.a national requirement for near-zero CO,
emissions from the electricity sector made it
impossible to rely on gas generation (open cycle
gas turbine and combined cycle gas turbine) to
balance intermittency from renewable sources

Gas-fired generation plays a significant role in providing
reliable supply under all future low-carbon scenarios forthe
electricity sector. Underthe Commission's model of a Strong
Carbon Price scenario, gas was estimated to deliver more
than 30 per cent of generation across the NEM by 2050.™
Combined cycle gas turbine generation, even under a Strong
Carbon Price scenario, was estimated to be profitable despite
greater emissions intensity than nuclear.

However, implicit in the Commission's and other models of
a future low-carbon electricity sector is that international
carbon permits could be acquired to offset gas-fired
generation emissions. The viability of gas-fired generation
would be affected if eitherthe cost orthe credibility of
emissions permits did not meet expectations." Either
outcome would result in a higher domestic carbon price
that would improve the relative viability of nuclear power
generation as part of the lowest-cost, low-carbon mix

of energy generation.
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SOUTH AUSTRALIA'S FUTURE ENERGY GENERATION MIX

There is considerable optimism about the potential
of renewable technologies to meet South Australia's
electricity needs. However, even with anticipated
substantial reductions in costs, wind, solar PV and
energy storage alone will not provide the lowest-cost
mix of electricity generation.

Developments in renewable electricity generation
technologies, particularly wind and solar, are of
considerable interest and importance to the community.
Reductions in the costs of such technologies during

the past decade have been fasterthan anticipated, and
further reductions are forecast. Modelling undertaken for
the Commission and others suggests that intermittent
renewable generation and storage technologies will
make up a substantial share of the future lowest-cost
mix of supply.

However, the output of those models shows that even
with expected cost reductions and favourable carbon
emission abatement policies, the lowest-cost generation
mix does not consist of wind, solar and storage alone.

In most cases, it also incorporates a significant level of
firm, dispatchable fossil fuel-based generation capacity
to constantly match demand with supply. That is the
case even under strong climate action scenarios.

This is due to a combination of our electricity demand
profile, the intermittent nature of wind and solar
generation, and the cost of installing new capacity.

Given the demand peaks experienced in South Australia,
the amount of wind, solar and storage capacity that would
be required to reliably meet those peaks is substantial.
However, as each additional wind, solar or storage unit is
installed, it is likely to be required only to supply electricity
to meet an increasingly smaller portion of demand.

Based on such limited utilisation, the revenue able to

be achieved will eventually be insufficient to recover

the costs of the unit's installation.
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It is cheaper overall for gas-fired generation to be
deployed to meet the highest peaks of demand, as

gas plants are generally profitable as long as they can
supply a sufficient level of demand at a higher price

than the cost of fuel. This may have adverse implications
forthe cost of decarbonisation of the electricity sector
if expected price reductions in renewable energy
technologies are not realised.

This is the reason future scenarios for an electricity system
comprising only renewable energy sources often include

a substantial share of geothermal and/or pumped hydro
generation. The question remains as to whether either

of these technologies is commercially feasible and cost
effective at the required scale, as compared to gas-fired
and/or nuclear, as discussed at Findings 51-54.

' Ernst & Young, CGE modelling assessment, section 6.

N DGA Consulting/Carisway, Final report for the quantitative viability analysis of
electricity generation from nuclear fuels, report prepared for the Nuclear Fuel
Cycle Royal Commission, Adelaide, February 2016, sections 4.6-4.7.

' Ernst & Young, CGE modelling assessment, section 5.5.8.

' Khalipour & Vasallo, ‘Leaving the grid: an ambition or a real choice’,

Energy Policy 82, July 2015.

! DGA Consulting/Carisway, Final report, section 5.2.2; Ernst & Young,

CGE model/ing assessment, section 5.5.8.



b.the intermittency of renewables could not be
supported adequately by cost-effective storage
at scale or by new demand sources such as ‘power
to fijci; which converts surplus power into a
transport fuel source

Residential and grid-scale energy storage offers the
potential to store surplus energy from intermittent wind
and solar generation when supply exceeds demand, and to
later release that energy when demand exceeds supply."
Although residential storage is not yet commercially
viable™, all current modelling assessments, including
those undertaken forthe Commission, see storage playing
a significantly larger role in supporting the establishment
and integration of additional intermittent renewable
generation capacity.™

Similarly, other emerging technologies such as power-to-fuel
arrangements may offer the potential to convert surplus
electricity to a transport fuel in the form of hydrogen.™
However, these technologies are yet to be demonstrated

at scale in Australia.

Storage and power-to-fuel technologies also offer the
potential to displace capital expenditure on the transmission
and distribution networks. However, if the expected
reductions in the cost of these technologies are not
realised, the potential for nuclear powerto provide reliable
generation capacity to balance the intermittency of wind
and solar would be improved.

c. system augmentations required to support
substantially greater wind generation and
commercial solar PV were more expensive
than anticipated

Intermittent generation capacity requires electricity
network support, therefore potentially increasing costs
in several ways.

For example, it requires additional capacity to be installed
that substantially exceeds the demand for energy from
the network. That overcapacity is required to manage the
intermittency of supply and allow forthe storage of
sufficient energy in the system so that it may be
released during periods of low supply.™

Further, new wind and commercial solar PV generation
plants need to be connected to the NEM. As the optimal
locations for such plants within reasonable proximity to the
existing transmission network reach capacity, extensions
to the transmission network would be required to connect
increasingly more remote |ocations.'39

The increasing costs of that network augmentation have
not been studied in detail.™

Integrating more intermittent generation in the NEM

would also require augmentation of the transmission and
distribution networks to reduce congestion during periods
of peak supply from roof-top PV and wind generators
when instantaneous generation exceeds transmission
capacity A 2013 AEMO study estimated that without such
augmentation in South Australia, up to 15 per cent of the
installed total energy output of wind generators may be
curtailed by 2020-21 due to transmission constraints."

If system augmentations are more expensive than current
estimates, the cost of deploying additional wind and solar
PV generation would increase. This would improve the
relative viability of a large or small nuclear power plant
because it is likely to be able to be integrated into

existing networks without significant augmentation.

d.the costs and risks associated with demonstrating
and integrating carbon capture and storage with
fossil fuel generation at scale are greater than
presently anticipated

Carbon capture and storage integrated with combined cycle
gas turbine generation was estimated by both the Future
Grid Forum's and ClimateWorks Australia's analyses of future
low-carbon energy systems to meet a significant share of
generation by 2050." In the modelling undertaken forthe
Commission, the technology was also shown to be viable
under current estimates.

However, as discussed at Appendix G, those outcomes

are premised on cost projections assuming technical
solutions that are yet to be realised. If these solutions do not
eventuate, ortheir costs are more expensive than currently
anticipated, the potential role of a nuclear power plant as a
low-carbon source of reliable electricity generation would be
greater.

e.current capital and operating costs of nuclear
plants were substantially reduced, which would
require overcoming complexities and inexperience
in project construction. Some reductions in costs
have been partially demonstrated for recent
plants constructed in China, but not yet in
Europe orthe USA

The viability of a large or small nuclear power plant is highly
sensitive to the cost of its construction. Capital expenditure
including the cost of project development, licensing,
construction, connection, ancillary infrastructure and
accrued debt interest contributes to about three quarters
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Figure 4.13: The contribution of cost components to the levelised cost of
electricity (LCOE) from small and large nuclear power plants
and combined cycle gas turbine (CCGT) generation

2Decommissioning costs not included for CCGT

of the levelised cost of electricity (LCOE) generated by a
nuclear power plant, as shown in Figure 413. The contribution
of these elements to the LCOE is slightly larger for the small
plant because of its lower energy output. Figure 413 also
shows that mare than 70 per cent of the LCOE of a combined
cycle gas turbine generator is due to the cost of fuel

(43 per cent) and carbon emissions (28 per cent), assuming

a carbon price of about $120 per tonne (/1) in 2030 and
$255/tin 2050.

Based on the Commission's analysis, for a nuclear power
plant to achieve an LCOE competitive with a combined cycle
gas turbine plant, capital and infrastructure costs for the
nuclear power plant would need to decrease by about

25 per cent.
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Reductions in costs have been partially demonstrated

for plants constructed in China, but this is not apparent in
Europe or the USA. The feasibility of achieving such cost
reductions for a nuclear power plant project in Australia is
highly uncertain. It will be significant for South Australia to
follow developments in international build programs that will
show whether or not the nuclear energy industry is capable
of applying lessons learned to reduce construction costs.
Importantly, the conditions to make such reductions possible
in the build country would also need to apply in South
Australia.

The Commission’s madelling suggested that a nuclear power
plant would nat be viable in South Australia even under
carbon pricing policies consistent with achieving the ‘well
below 2 °C’ target agreed in Paris in December because other
low-carbon generation would be taken up before nuclear.
However, more stringent emissions abatement policies have
the potential to improve the viability of nuclear power in
combination with other measures.

The Commission’s analysis showed that the viability of a
new nuclear power plant would be highly sensitive to the
cost of capital. While not viable at a commercial weighted
average cost of capital equal to 10 per cent, a large or small
plant would offer a marginally positive return on investment
assuming a cost of capital of 6 per cent, and the strongest
emissions abatement scenario consistent with achieving
the ‘well below 2 °C’ target.

This is significant given that such a cost of capital is typical
for the financing of public projects by government.'** It can
be obtained for the private sector in circumstances where 8
government guarantee is available. Such arrangements were
used to secure the guarantee of the loan provided to develop
the Vogtle 4 and 5 nuclear power plants in the USA.

This observation is not 8 comment on the suitability of taking
such a course. It would be a decision to be taken in the
context of the commercial and public circumstances faced
by a government were it seeking to secure particular types
of electricity generation in the public interest.



iii. long-term revenue certainty for investors.

For capital-intensive projects, in the absence of public funding,
revenue certainty is important to secure investment.'51

In a market-based electricity system such as the NEM,
revenue certainty could only be secured if a long-term

power purchase agreement could be established.™

Such arrangements are in place in Australia for renewables
(including most recently by the Australian Capital Territory
Government in an auction for 200 MWe of wind generation
capacity)" and internationally by other mechanisms such
as the Contract for Difference model that was established
in the United Kingdom to fund a range of technologies,
including both renewables and the Hinkley Point C nuclear
power project."

49. The challenges to the viability of nuclear power
generation under current market conditions in South
Australia should not preclude its consideration as
part of a future energy generation portfolio forthe
NEM. There is value in having nuclear as an option
that could be implemented readily.

To achieve deep emission reductions, there is a need for
substantial investment in low-carbon generation capacity
between now and 2030." The only low-carbon technologies
that have been commercially deployed in Australia are wind
and solar PV. With increasing reliance on such intermittent
generation technologies, there will be a need for substantial
investment in reliable generation supply to meet the balance
of demand when sufficient wind or sunlight is not available.

Gas-fired technologies will continue to play a significant role
in this respect."6 However, an electricity system that relies
only on intermittent renewables and gas risks depending on
a single source of supply (gas) at an acceptable price. Gas-
fired technologies are not, however, low carbon.

Other renewable technologies including enhanced
geothermal systems, grid-scale energy storage, and carbon
capture and storage could also play a significant role in
helping to balance the intermittency of wind and solar,

but their deployment would face significant technical and
commercial challenges.

Nuclear power is a mature and deployable low-carbon option
that provides reliable electricity supply at almost alltimes.

It is therefore a credible alternatlve or complement to gas-
fired generation in terms of assuring security of supply."
Although currently more expensive than combined cycle gas
turbine generation, nucleartechndogies may achieve cost
reductions if expectations of increased global deployment
were realised.™

50. A future national electricity supply system must
be designed to be low carbon and highly reliable at
the lowest possible system cost. Resolving this
‘trilemma’ will be difficult and will require carefully
considered government policies.

To meet carbon abatement targets, the electricity sector
will need to be one of the first sectors to be decarbonised.
A low-carbon electricity system would also need to
maintain current levels of reliability. It should be an
objective of policy-makers to ensure that those

outcomes are delivered at lowest possible COSt."9

There is a substantial challenge in meeting the three
requirements of low carbon, high reliability and low cost."®
No single option for electricity generation currently
commercially available in Australia meets all three criteria
because of the intermittency of renewables, the emissions
intensity of fossil fuel generation, and the high capital
costs of developing nuclear power.

Policy interventions to deliver a transition from the current
system to a future system would need to be planned
carefully. There is a range of available options to achieve
those outcomes, and lessons to be learned from past
experience."

The Australian Government has already intervened in the
NEM to achieve emissions reductions by offering incentives
to install new renewable capacity." The LRET scheme
provides an incentive to install new capacity by requiring
retailers to purchase electricity from renewable generators™,
and has been successful in driving the installation of
significant wind generation capacity. Substantial amounts

of roof-top solar PV have resulted from feed-in tariff
schemes and direct subsidies to households on the
purchase costs of those systems.

While those interventions have reduced the emissions
intensity of the electricity sector, they also have had
significant effects on the market in the following ways:

1. Intermittent renewable generation capacity has
contributed to increased price volatility in the NEM
and risks to power system stability. The integration
of significant intermittent generation affects the
capability of the network to automatically and
continuously match supply and demand.""
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2. The profitability of gas generation has improved, given its
ability to respond rapidly to meet shortfalls in supply.

3. The profitability of baseload forms of generation has
decreased, thereby discouraging new entry for baseload
capacity."

4. The installation of roof-top solar PV has reduced
operational demand from the network and required
augmentation to the distribution network, as well as
encouraged the installation of storage technologies."

The likely impacts of any future energy policy options on
the electricity market as a whole must be fully understood
before implementation.

51.  There are many combinations of generation
technologies for a future low-carbon electricity
system: it is not a simple choice between nuclear
or renewables.

There are many possible combinations of technologies
that could form a future low-carbon energy system.™

The view put to the Commission that 'we should develop
our wind and solar power instead of nuclear' ignores the
unique attributes of different generation technologies and
their combinations in an electricity network." While wind
and roof-top solar PVwill continue to play a significant role,
their intermittency means they need to be combined with
othertechnologies." There is a wide range of choices of
generating technologies to meet the balance of demand,
including combinations of lower emission gas technologies,
nuclear, geothermal, concentrated solar thermal and
energy storage."®

Arguments that the choice is between renewables and
nuclear fail to address the cost of each system, and the
reality of which combination of particular technologies
would meet reliability requirements in terms of being
capable of deployment when needed.

The need for a combination of technologies is due to the
characteristics of electricity demand."™ The components of
that demand (its minimum, average and peaks) dictate the
necessary mix of generators. The suitability of generators
depends on their operating characteristics and cost.
Specifically, the viability of generators with high capital
costs and low operating costs is driven by continuous
operation or, in the cases of wind and solar PV, when the
resource is available.™ In comparison, the cost structure
of gas generation is such that electricity is only produced
when prices exceed their variable operating costs (based
predominantly on the cost of fuel).
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Based on a number of studies undertaken in Australia,
including for the Commission, the mix of technologies that
will make up the future electricity sector is diverse.™
While the future market share of generating technologies
modelled shows there are several options for achieving
emissions abatement, it is equally important for decision-
makers to contemplate how those technologies could

be made available at scale, and the cost of doing so.

52. Identifying whether a particular generation portfolio
would deliver electricity at the lowest possible
cost requires an analysis of the future cost of
the system as a whole.

Identifying which combination of technologies would be the
lowest cost, including whetherthat mix included nuclear,
would require an analysis of the future cost of the whole
electricity system, that is, the total costs of electricity
generation, transmission and distribution.

This would require a more sophisticated analysis than that
advanced in numerous submissions by proponents of
particulartechndogies based solely on the cost per unit

of energy generated (LCOE). A variation on that argument
was that, because a technology was expected in future to
have a lower cost per unit generated, it would outcompete a
rival. Such arguments were made both against and in favour
of nuclear."

These arguments fail to take account of the system costs

of a technology, and also the varying value of electricity
produced at different times depending on demand (and
therefore customer willingness to pay). LCOE does not,
therefore, reflect the revenues that a generator would receive,
which is relevant to whether an investor would be willing

to build new capacity. LCOE has limits as a tool for making
decisions about the relative viability of different generators.™

LCOE does provide a baseline measure for comparing the
competitiveness of different generating technologies.™
It captures the cost of building, operating and
decommissioning a generating plant over its financial life
and its availability overthat time (net of scheduled and
unscheduled shutdowns)." However, LCOE does not
take account of the costs of integrating that generation
as part of the system, specifically the cost of:

- reserve generation capacity that may be required
to meet total demand when the variable renewable
energy technology is not available™

- additional inter- and intra-regional transmission, distribution
and storage infrastructure to ensure generation from
geographically disparate locations is transmitted to
demand centres."9



Forthose planning a future electricity system (and the
market in which it will operate), the relevant issue is the
total systems cost, accounting for the cost of generation,
connection, inter- and intra-regional expansion of
transmission and distribution networks, and grid

support costs.

AEMO'S 2013 100% renewabl/es study gave an indication

of the potential total system costs of a hypothetical
generation system comprising only renewable energy
sources." It was found that the total cost of developing
such a system would be $250 billion, which is 200 times the
annual value of electricity sold." This assessment took into
account anticipated reductions in the cost of renewables,
and therefore their expected cost competitiveness with
other generation options. How such a system could be
funded, and whether it could be developed through private
investment alone, is questionable.

53. At present, there is no analysis of a future NEM that
examines total system costs based on a range of
credible low-carbon energy generation options.
Such an analysis would be required before it could
be asserted that any option would deliver reliable,
low-carbon electricity at the lowest overall
cost—with or without nuclear power.

There have been few analyses of the total cost of developing
a low-carbon future energy system in Australia, other than
AEMO'S 100% renewabl/es study. Other studies undertaken
through the Future Grid Forum (FGF) in 2013 and 2015 and
ClimateWorks Australia in 2015 have added significantly

to discussion and understanding in this area," However,
none of these analyses was designed to provide the type
of comprehensive investigation required. For policy-makers
to consider the implications of different scenarios and
avoid unintended consequences of policy interventions,
assessments need to be undertaken on the basis of
realistic expectations of technology deployment, taking into
account the current level of investment and development.

Further study is needed into whetherthere will be sufficient
returns in the electricity market to drive the commercial
deployment of desirable, low-carbon energy generation
technologies by the private sector. Many of the desirable
types of generation technology have substantial upfront
capital costs, making viability highly susceptible to the

cost of finance.'83

Further, the studies mentioned indicate that currently
commercially unproven generation technologies will assume
significant roles as part of a future energy system. In the
case of the FGF and ClimateWorks studies, geothermal

and/or carbon capture and storage paired with fossil-fuel
technologies occupy more than one-fifth of generation by
2050." The FGF and AEMO models assume a significant
role for geothermal. Additional investigation is required into
the impact of including and excluding those technologies to
take account of the fact that they might not be available.™

The assessments to date also do not take account of the
uncertainty surrounding assumed cost reductions in some
technologies. While the costs of nuclear, solar PV and wind
are based on established benchmarks, the same is not true
for other technologies. Further analysis should be undertaken
that includes the true cost of demonstrating technical
feasibility, and thus enables 'like-for-like' cost comparisons
with mature technologies. Such an approach would also
enable certain classes of technologies to be excluded

from system studies on the basis of expected costs of
demonstration and the likely timeframe for availability."6

TIDAL AND GEOTHERMAL RESOURCES

Australia has no commercial-scale ocean energy projects
at an advanced stage of development. Pilot-scale projects
of less than 1 MWe, developed with substantial government
support, are at an early stage of development and are yet
to be demonstrated as commercially viable. Prospective
reductions in cost depend on outcomes from research,
development and demonstration. The deployment of tidal
and geothermal technologies also is challenged by the
remoteness of resources from grids and siting."

There has been no commercial demonstration of enhanced
geothermal systems in Australia. Following initial optimism,
there has been substantial disinvestment given

the failure to demonstrate permeability at depths suitable
for electricity generation, high drill costs and the need to
better understand the potential for induced seismicity.
Direct-use geothermal, while it has cost advantages in
specific settings, has to date had limited ability to contribute
to electricity generation and supply in the NEM.™

BIOMASS

Existing commercial bio-energy applications are focused

on the localised use of sugarcane residues and wood waste
and the capture of gas from landfills and sewage plants.
The expansion of the use of this resource is limited by a
combination of economic factors: its seasonality, the value
of biomass orthe land on which it is cultivated for other
uses, the energy consumed in its cultivation and transport,
and its low-energy density."
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CARBON CAPTURE AND STORAGE

Carbon capture and storage (CCS] remains commercially
unproven at scale in Australia and internationally. The
retrofitting of capture systems with existing natural gas-
or coal-fired power stations is not currently commercially
viable and there are technical challenges in demonstrating
the long-term stability of CO, in underground formations."°
Optimism in the last decade about cost reductions in these
systems has not been realised, despite the demonstration
of the technical feasibility of injecting carbon dioxide into
underground formations in the Boundary Dam (Canada) and
the Gorgon Basin (Western Australia) oil recovery projects.™

While it is proposed that substantial investment in research
and development may prove the feasibility of CCS in
Australia™, options modelling undertaken forthe Commission
suggested that a substantial portion of that investment
would need to be publicly funded. A private investorwould
have insufficient revenue certainty from future generation
plants integrating CCS to recover the capital and interest
costs of research and development. In any event, the wide
deployment of CCS also will be significantly affected by
economic factors associated with the price of oil and gas,
the efficiency of carbon dioxide separation, and constraints
associated with siting and delivering community consent.™

ENERGY STORAGE

While battery storage technologies for a range of South
Australian commercial and residential consumers are likely
to be viable in the nearfuture (particularly forthose with
time-of-use or capacity-based tariffs and who can integrate
photovoltaic systems), the same is not true for on-grid
storage. Battery, thermal or pumped hydro storage may have
a future role by displacing additional transmission capacity
and/or peaking generation capacity. A recent CSIRO analysis,
based on expected declines in battery prices, concluded

that the levelised cost of energy from lithium-ion batteries
could be competitive with gas peaking power plants by 2035,
but only in parts of the network such as South Australia

and Queensland where there is a significant requirement for
peaking capacity."
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54. A critical issue to be determined in a total systems
cost analysis of a future NEM is whether nuclear
could lower the total costs of electricity
generation and supply.

Some of the additional systems costs required to
support low-carbon electricity systems incorporating
substantial market shares of wind and solar PV paired
with storage capacity have been discussed previously.
Other combinations of low-carbon generation may not
impose the same costs.

Nuclear power may offer the potential to reduce total
system costs by reducing the need forthe measures
discussed in Finding 52 and their associated costs.

While nuclear power requires some reserve capacity to
address outages during refuelling, it does not require
measures to address intermittency and could if appropriately
sited be integrated with the existing transmission network."

In addition, nuclear power generation facilities have

an expected operational life of at least 60 years, with
possible extensions beyond that, whereas wind and other
conventional renewable generation systems have asset
lives of less than 25 years." The extent to which the
installation of nuclear may, over its lifetime, obviate the need
for capacity that would otherwise have to be installed is an
important consideration in an assessment of its value in a
network."

Whether nuclearwodd, in light of its current higher costs,
result in lower total system costs is unknown. That would
require further study including an analysis of a realistic
timeframe of deployment in Australia in substitution for
othertechnologies and system upgrades.
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