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Introduction
Bright New World welcomes the Environment and Planning Committee’s inquiry into the
nuclear prohibitions in Victoria. The prohibitions outlined in Nuclear Activities (Prohibitions)
Act 1983 are representative of outdated views on nuclear that are not indicative of the
technology that exists today.
Bright New World is a not-for-profit environmental NGO based in South Australia. We believe
that human prosperity and environmental conservation can work together rather than in
conflict. Our core ethos is: Stable Climate, Rich Nature, Prosperous Humanity.
A key component is access to affordable plentiful energy that is low carbon and low impact to
the environment. One of the technology sources that affirms both of these criterion, and our
core ethos more broadly, is nuclear energy.
This submission follows three main themes for nuclear technologies; environmental, economic
and social. Bright New Worlds summary responses to the specifics of the terms of reference
are as follows:
(1) investigate the potential for Victoria to contribute to global low carbon dioxide
energy production through enabling exploration and production of uranium and
thorium.
Bright New World has not responded to the nature of this point in the body of this submission.
However we provide a brief response herein. Where Uranium mining is enabled in other
jurisdictions, namely South Australia and Northern Territory, experience has shown their
uranium exports have contributed greatly to low carbon dioxide emissions.
Nuclear energy Is a low carbon dioxide emitter and has a demonstrated lifecycle emissions of
12gCO2-e/kWh. Plants in Europe have achieved 5-10gCO2-e/kWh (refer section 1.1). This is
comparable to the lifecycle emissions of Wind energy of 11gCO2-e/kWh.
From 7,571 tonnes exported annually, a total of 253 billion kilowatt-hours of electricity is
produced1. In context this represents 97% of Australia’s total electricity generation. This is
from three main mines; Olympic Dam, Ranger, and Beverly/Four Mie. Producing such a large
amount of low carbon energy from three mines is the definition of being environmentally
sustainable.
A review of the environmental impacts found it is the standard and type of mining practice, not
the mineral itself, that is the major determining factor in good and bad environmental impacts.
Modern uranium mines as shown by the ones in South Australia are of good quality and low
environmental impacts, especially Beverley/Four Mile Uranium mine2.
(2) identify economic, environmental and social benefits for Victoria, including those
related to medicine, scientific research, exploration and mining.
The environmental benefits for Victoria to allow development of nuclear energy are profound.
Nuclear energy provides the opportunity to produce large amounts of low carbon energy. This
can be approximately 2.4 billion kilowatt-hours per year (300MWe SMR plant @ 90%cf) or
409,000 households3. In terms of material, waste and water use (refer section 1.2) nuclear is
1

(Australian Safeguards and Non-proliferation Office, 2019)
(Heard, 2017)
3
Taking a typical 4 person household in Melbourne without gas heating; 5,782 kilowatt-hours per year.
2
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one of the best of a suite of low carbon generation options. The health impacts of nuclear
generation can lead to improved air quality in a region, like the La Trobe valley, that is
impacted by PM2.5, 5, and 10 air pollution. These benefits have been realised in places like
Ontario where they closed their last coal plant in 2014 (refer section 1.3.2).
Economically including nuclear in a portfolio of other low carbon generation options reduces
the overall system cost of an electricity system, compared to a heavy variable renewable
system (refer section 2.3). While it is helpful to assess the economics of a single project on a
levelized cost basis (LCOE) (refer section 2.2) or capital cost (refer section 2.1), doing so
across different generation options is unadvisable.
The State Electricity Commission in Victoria during the 1960s, 70s and 80s undertook
feasibility studies to develop sites for nuclear power. These plans were outlined in a series of
articles published by The Age in 1985 after obtaining these studies by Freedom of Information.
Appendix C of this submission reproduces the archived articles. It would be pertinent for the
Committee to assess these studies undertaken by the State Electricity Commission.
(3) identify opportunities for Victoria to participate in the nuclear fuel cycle.
Nuclear electricity is the most pertinent example of where Victoria can participate in the
nuclear fuel cycle. This is due to the location of large coal generation assets, the associated
transmission infrastructure, large industrial loads (e.g. Portland Aluminium smelter), and the
State Electricity Commission finding suitable locations.
Front end services of enrichment and fabrication are already oversupplied and heavily
regulated, and back end services of waste management and disposal would require
favourable location aspects. Due to the size and population density of Victoria it would be
difficult to find a site to locate a disposal facility. South Australia undertook a process in 2015
and found that South Australia has the most favourable characteristics for waste management
and disposal.
Due to the lack of verifiable information on Victoria’s uranium resource it would be pertinent
to allow exploration to understand what resources exist. South Australia has an exemplary
exploration, mining and regulation system that has defined many uranium resources in the
State. It would be beneficial for the Committee to talk to the South Australian Mines and
Energy department as well as visiting Beverley uranium mine and Olympic Dam.
(4) identify any barriers to participation, including limitations caused by federal or local
laws and regulations.
The nuclear prohibitions that exist today are the main impediment for an in-depth analysis into
nuclear power in Australia. Discussions with nuclear vendors and Australian institutions all
indicate the prohibition as the limiting factor to undertake detailed feasibility and market
assessments. The Australian Energy Market Operator (AEMO) has stated in a Commonwealth
inquiry that nuclear is not considered or taken seriously in market planning due to nuclear
prohibitions.
There have been four major inquiries into nuclear power in the past two decades. The House
of Representatives Standing Committee on Industry and Resources (November 2006),
Uranium Mining Processing and Nuclear Energy Report (UMPNER; December 2006), and
South Australian nuclear fuel cycle royal commission (May 2016), Commonwealth
Environment and Energy Committee inquiry into the prerequisites for nuclear in Australia
(December 2019). There is another one underway in New South Wales at this present time.
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All were in depth processes that heard from a wide variety of stakeholders both for and
against, addressed the terms of reference for this committee, and assessed every aspect of
the nuclear fuel cycle.
All of these inquires recommended to lift the prohibitions on nuclear power at the Federal and
State level. These prohibitions still remain, and they are the biggest impediment to
understanding the full benefits, opportunities and costs of nuclear in Australia. Dr Ziggy
Switowski put it aptly in his submission to the Commonwealth committee stated:
“We should not make decisions in 2019 based upon legislation passed in
1999 reflecting the views of 1979

Bright New World recommends the committee should:
1) Repeal the nuclear prohibitions as they exist in the Nuclear Activities
(Prohibitions) Act 1983
2) Victorian government undertakes an assessment of whether Nuclear Power is
suitable for the Victorian energy market.
3) Commit nuclear power to low carbon energy policies, such as the VRET
Nuclear energy is a historically demonstrated pathway to low carbon electricity networks,
enabling economy wide benefits in heavy industry with access to plentiful cheap power, while
having a low environmental footprint.

Terms of Reference responses:
Term of Reference
1) investigate the potential for Victoria to contribute to global
low carbon dioxide energy production through enabling
exploration and production of uranium and thorium
2) identify economic, environmental and social benefits for
Victoria, including those related to medicine, scientific
research, exploration and mining
3) identify opportunities for Victoria to participate in the
nuclear fuel cycle; and
4) Identify any barriers to participation, including limitations
caused by the federal or local laws and regulations.
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1. Environmental case
1.1 Low emissions technology
The current international climate agreements, Paris Climate agreement of 2015, states that
countries must work towards limiting global warming to under 2oC4. Studies that look at
pathways to achieve these targets conclude that greenhouse gas emissions from electricity
generation must fall to near zero.
The Intergovernmental Panel on Climate Change (IPCC), in its Fifth Assessment Report,
classifies nuclear energy as a ‘mitigation technology’. This is echoed in the recent IPCC
special report on global warming of 1.5C where nuclear increases its share of global primary
energy in every scenario assessed5.
The total life-cycle emissions profile of nuclear power is 12g CO2eq/kWh 6. A full life cycle
analysis considers the entire fuel chain from mining to decommissioning.
This figure is from the National Renewable Energy Laboratory (NREL) in the United States
and is the median result of a harmonised dataset. NREL undertook an analysis of hundreds
of life-cycle assessments to determine the range of values for nuclear power. Harmonised
results reduce the variability in the dataset by aligning common input assumptions across all
studies to a consistent set of values.
In addition, based on 32 references providing lifecycle greenhouse gas emissions estimates
and 125 estimates that passed the IPCC’s literature review screening process7, the IPCC
declared nuclear power as comparable to renewable energy technologies such as wind and
solar PV8. This information is summarised in the table below.
Technology
Nuclear (PWR and BWR)
Wind (Onshore)
Solar PV (Utility scale)
Concentrated solar thermal
Coal (with carbon capture
and storage)
Combined cycle gas (with
carbon capture and storage

Minimum

Median

gCO2-e/KWh

gCO2-e/KWh

3.7
7
18
8.8

12
11
48
27

Maximum
gCO2-e/KWh
110
56
180
63

190

220

250

94

170

340

Nuclear power operators also undertake life cycle analyses of their plants. In Switzerland the
Paul Sherrer Institut undertook an analysis of the Swiss Gösgen and Leibstadt nuclear plants.
Their results found the Gösgen and Leibstadt plants have an emissions intensity of 6g and
10g CO2eq/kWh respectively9. Figure 1 below demonstrates the composition of the emissions
intensity for both reactors. The difference is due to the type of reactor, with Gösgen as a
Pressurised Water Reactor (PWR) and Leibstadt a Boiling Water Reactor (BWR).
This is also the case for Vattenfall, a major operator of electricity generation assets across
Europe. Their assessment of nuclear plants under their operation (Forsmark and Ringhals in
4

(United Nations Framework Convention on Climate Change, 2015)
(Masson-Delmotte, 2018)
6
(Warner, 2012)
7
(Moonaw, et al., 2011)
8
(Schlomer, et al., 2014)
9
(Zhang, 2018), p. 45
5
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Sweden) found the emissions intensity of those plants to be 5g CO2eq/kWh. The total
emissions intensity for Vattenfall’s European generation fleet is presented in figure 2.
This data shows the majority of emissions intensity for nuclear plants arises from the front end
of the nuclear life cycle (mining, conversion, enrichment). When emissions reductions in these
sectors are realised, the emissions intensity of nuclear will further decrease. Past
improvements have been the transition from gaseous diffusion to centrifugal enrichment.

Figure 1 - Emissions intensity of Swiss nuclear power plants

Figure 2 - Emissions intensity of Vattenfall generation assets

Assertions to the contrary that nuclear emissions figures are higher due to studies omitting
front or back end fuel cycle components are incorrect. The wide array of studies assessed in
the NREL harmonisation and IPCC studies emphasise that all aspects of the nuclear fuel cycle
are assessed.
Higher estimates of nuclear emissions intensities involve assumptions on the future grade of
uranium ores mined. With lower grades nuclear emissions intensity figure will increase as
majority of the lifecycle emissions are in the front end of the nuclear cycle.
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The final estimate of this figure could fall in a range of 12 to 110g CO2eq/kWh10 depending on
emissions in the front end and decreasing grades of uranium ore. However, other steps such
as multi-commodity mines (e.g. in South Australia’s Gawler Craton; see Olympic Dam) and
reprocessing will limit this increase. One other option is the use of fast breeder reactors (FBR)
which are commonly included in Generation IV reactor designs. The median life cycle
emissions of a FBR are 0.87g CO2eq/kWh, with a range of 7.7 to 0.78g CO2eq/kWh11.

1.2 Environmental impacts
The impact of operating nuclear reactors on the environment is small in comparison to other
generation sources. Emissions and physical impact to the environment are some of the lowest
of all generation sources.
1.2.1 Material use
Nuclear power has one of the lowest materials input per unit of energy and is the only power
generation source that fully encapsulates its waste stream. It is the only generation source
that has established industries to recycle wastes from generation (spent nuclear fuel) and
facilities to dispose of the material that has no further use.
The Department of Energy in the United States working with the Argonne National Laboratory
(ANL) undertook analysis of material inputs for a range of different generation sources. The
following graph outlines the material use for different generation sources.

The values for nuclear are as follows using a terawatt hour (1 billion kWh):
Uranium
3 tonnes/TWh
Copper
3 tonnes/TWh
Steel and Iron
150 tonnes/TWh
Concrete and Cement 690 tonnes/TWh
These are the lowest of the low carbon energy choices and demonstrate the large energy
density that is associated with nuclear energy. From a project the size of any modern coal
power plant, large amounts of low carbon energy can be generated using a low amount of
materials per unit of energy produced. This is the definition of sustainable development.
10
11

(Warner, 2012)
ibid, p. S-10
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Due to the large energy density of uranium, the total output of Australia’s uranium mining
industry from three mine sites (Olympic Dam, Beverley/Four Mile, and Ranger) was 7,343
tonnes in 2017-18 which can produce 246 TWh of electricity, or 96% of Australia’s electricity
generation12.
This means that from a handful of mines we could potentially power all of Australia, this is the
definition of low impact development. With modern rehabilitation processes and legal
requirements, the long-term impact of these mines can be minimised and returned to nature
as evident at the Narbalek mine in Northern Territory13.
1.2.2 Waste
From nuclear generation there is the by-product of nuclear waste, spent nuclear fuel. Nuclear
waste management is a well understood and developed process. From the reactor, spent
nuclear fuel is cooled in a pool next to the reactor for at least 5 years,14 after this it is removed
into a dry cask for interim storage (see figure 3), and finally it is moved to either permanent
disposal or reprocessing i.e. recycling.

Figure 3 - Dry cask storage at decommissioned Connecticut Yankee Nuclear Power Plant

Spent nuclear fuel is a diminishing hazard as it decays. The radiotoxicity of spent nuclear fuel,
as demonstrated in figure 4 decreases by 70% in 10 years and 90% in 100 years. In the United
States spent fuel cannisters have been uprated to 100-year lifespans15.

12

(Australian Safeguards and Non-Proliferation Office, 2018)
(Department of the Environment and Energy, 2019)
14
(Institute of Nuclear Physics and Particle Physics, n.d.)
15
(Nuclear Regulatory Commission, 2015)
13
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Figure 4 - Radiotoxicity of used nuclear fuel over time, NFCRC 2016

The Nuclear Fuel Cycle Royal Commission’s final report extensively assesses the nuclear
waste industry and demonstrates there are accepted practices and facilities to manage and
handle the waste, with minimal environmental impact.
In the 40 years of nuclear waste transportation in Australia there have not been any accidents
during the transport of nuclear material that have caused a significant release of radiation or
harm to the environment16. Globally this experience is echoed with no significant releases of
radiation to the environment from 25,000 cargoes of used fuel since 197117.
Nuclear waste from power generation, particularly spent nuclear fuel, is a well understood and
managed hazard. It is fully encapsulated, stored, recycled or disposed in purpose-built
facilities handled by experts in radiation protection and nuclear safety. With this management,
expertise and professionalism, the risk to the public from spent nuclear fuel is negligible.
This is affirmed by the accident scenario modelling in the Nuclear Fuel Cycle Royal
Commission, finding that if a cask was lost at sea in South Australia the maximum dose to the
public eating seafood locally would be:

16
17

(Nuclear Fuel Cycle Royal Commission, 2016), p. 153
(World Nuclear Association, 2017)
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One thousandth to a billionth of natural background levels18
Additionally, the risk of any accident occurring resulting in a breach of containment is very low,
mainly due to the existing management and operational processes in place to prevent such a
breach19.
For this energy source, the radiation hazard decreases over time, with the majority of the harm
minimising within the capabilities of current storage technology, long term storage is well
understood (see Finland and Onkalo), recycling options are available and well established,
and this waste is a potential resource for use in Generation IV reactors.
1.2.3 Water use
Australia is a continent where water resources are vitally important for all users. The use of
these water sources, particularly potable and irrigation water resources, must be managed to
ensure the long-term sustainability of the resource.
Nuclear power, like all thermal electricity generation sources, uses water in the coolant loops
of the reactor core and turbine condenser circuits. This water is withdrawn from a body such
as the ocean, river or cooling pond, and the majority returned to this water source. Some will
be evaporated into the atmosphere; however, this will return in rain, albeit in a geographically
different location.
The water use is well understood in nuclear power, and limitations on the use are typically due
to maintaining environmental water temperature limits for outflow20. Nuclear power withdraws
between 95 and 230m3/MW/hour but consumes between 2 to 4 m3/MW/hour through cooling
ponds and towers21. The National Renewable Energy Laboratory in the United States
assessed power sources in the US and found nuclear power withdraws 167,882L/MWh and
consumes 1,018L/MWh (see figure 5).

Figure 5 - Water consumption and withdrawals of selected generation sources

18

(Nuclear Fuel Cycle Royal Commission, 2016), p. 310
(Nuclear Fuel Cycle Royal Commission, 2016), Appendix L
20
(Kidd, 2008)
21
(Nuclear Fuel Cycle Royal Commission, 2016), p. 198
19
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Arguments noting nuclear power’s large water use – i.e. consumption – as competition for
other sectors such as agriculture or potable sources for human use are misunderstood.
Nuclear sited on a coastline is not in competition as it can use the ocean for cooling purposes.
In arid regions and countries such as India, Pakistan, China, Iran, Kazakhstan, Egypt and
Saudi Arabia nuclear projects have or are planned with desalination capacity. The Ataku plant
in Kazakhstan provided both power and potable water for 150,000 people22.
Nuclear, through thermal or electricity power, can desalinate water for potable and agricultural
uses in Australia. A recent study commissioned by Senator Bernardi published by MIT found
a nuclear plant in South Australia paired to a modern desalination plant could cultivate
5,800km2 of arid land into irrigated farmland, similar to that found in Israel23.
Rather than being a net consumer of water, nuclear power can be a net producer of water.
For a country with large arid zones, declining water resources, and ample coastline, the
establishment of new water sources powered with plentiful clean energy is a major opportunity
to protect and conserve vital water courses in Australia, such as the Murray Darling basin.

1.3 Health impacts
1.3.1 Radiological impacts
The World Health Organisation (WHO) and United Nations Scientific Committee on the Effects
of Atomic Radiation (UNSCEAR) are the two most authoritative bodies on the health impacts
of nuclear accidents. UNSCEAR was established in 1955 to undertake:
“… broad reviews of the sources of ionizing radiation and the effects on
human health and the environment. Its assessments provide a scientific
foundation for United Nations agencies and governments to formulate
standards and programmes for protection against ionizing radiation. It does
not deal with or assess nuclear safety or emergency planning issues.”
UNSCEAR collates and assesses reports and measurements from a large group of nuclear
and medical experts to determine effects and any required actions. It can be thought of as the
IPCC of the radiation effects field of science, where effects are measured, assessed and
reviewed by global experts. They work with other UN bodies under the UN Environmental
Program such as WHO, FAO, IAEA, CTBTO, and WMO.
Australia has been a member of UNSCEAR since its inception and the current Chair Dr. Gillian
Hirth is Deputy CEO of Australian Radiation Protection and Nuclear Safety Agency
(ARPANSA). UNSCEAR is responsible for the studies looking into the effects of the nuclear
accidents at Fukushima-Daiichi in 2011 and Chernobyl in 1986.
These two reports are the culmination of field studies, medical assessments, radiation and
nuclear physicist analyses, and extensive peer review. For the worst accident to befall a
western designed reactor, General Electric Mark I BWR, at Fukushima-Daiichi, UNSCER
found:
No radiation-related deaths or acute diseases have been observed among
the workers and general public exposed to radiation from the accident. The
doses to the general public, both those incurred during the first year and
estimated for their lifetimes, are generally low or very low. No discernible

22
23

(World Nuclear Association, 2019)
(Buongiorno, 2018), p.16
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increased incidence of radiation-related health effects are expected among
exposed members of the public or their descendants.
Further adding:
The most important health effect is on mental and social well-being, related
to the enormous impact of the earthquake, tsunami and nuclear accident,
and the fear and stigma related to the perceived risk of exposure to ionizing
radiation. Effects such as depression and post-traumatic stress symptoms
have already been reported.24
An update to this report in 2016 reaffirmed these findings25. The 2016 update even took into
consideration a study that demonstrated larger incidents of thyroid cancer than initially
measured and impacts to other organisms in the exclusion zone. It found the former was
based on a flawed analysis and the latter needed to take into consideration other stressors to
local fauna populations26. In 2017, a symposium of international experts concluded that:
doses to the public from the accident in Fukushima were too low to give rise
to a discernible excess risk for thyroid cancer.27
Disputed findings of elevated cancers are reported in anti-nuclear publications as references
indicating the impacts of Fukushima are more than assessed, but this is not backed up by
expert assessment and peer review. The underlying risk of overstating the harm and impact
is to increase fear and stigma in the populations effected. It is something unheeded by those
wanting to overstate nuclear harm.
The Chernobyl accident was the worst for an uncontained release of radioactive material from
a power nuclear reactor. UNSCEAR has undertaken a two-decade long assessment of the
effects of Chernobyl and found the observed health effects currently attributable to radiation
exposure are as follows:
134 plant staff and emergency workers received high doses of radiation that
resulted in acute radiation syndrome (ARS), many of whom also incurred
skin injuries due to beta irradiation;
The high radiation doses proved fatal for 28 of these people;
While 19 ARS survivors have died up to 2006, their deaths have been for
various reasons, and usually not associated with radiation exposure;
Skin injuries and radiation-induced cataracts are major impacts for the ARS
survivors;
Other than this group of emergency workers, several hundred thousand
people were involved in recovery operations, but to date, apart from
indications of an increase in the incidence of leukaemia and cataracts
among those who received higher doses, there is no evidence of health
effects that can be attributed to radiation exposure;
The contamination of milk with [Iodine-131], for which prompt
countermeasures were lacking, resulted in large doses to the thyroids of
members of the general public; this led to a substantial fraction of the more
24

(UNSCEAR, 2014)
(UNSCEAR, 2016), p.32
26
ibid
27
(Saenko, 2017)
25
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than 6,000 thyroid cancers observed to date among people who were
children or adolescents at the time of the accident (by 2005, 15 cases had
proved fatal);
To date, there has been no persuasive evidence of any other health effect
in the general population that can be attributed to radiation exposure.28
The WHO adding in their overview of the Chernobyl Forum’s assessment of the impacts:
Alongside radiation-induced deaths and diseases, the report labels the
mental health impact of Chernobyl as “the largest public health problem
created by the accident” and partially attributes this damaging psychological
impact to a lack of accurate information. These problems manifest as
negative self-assessments of health, belief in a shortened life expectancy,
lack of initiative, and dependency on assistance from the state.
“Two decades after the Chernobyl accident, residents in the affected areas
still lack the information they need to lead the healthy and productive lives
that are possible,” explains Louisa Vinton, Chernobyl focal point at the
UNDP. “We are advising our partner governments that they must reach
people with accurate information, not only about how to live safely in
regions of low-level contamination, but also about leading healthy lifestyles
and creating new livelihoods.”29 [emphasis added]
Psychological impacts are a real and present danger from nuclear accidents. Overstating the
impacts and labelling a population as “contaminated” when their effective doses (see box 1.1)
are assessed to have no additional impacts or lower than the worst-case estimations, can lead
to undue harm through psychological distress.
Box 1.1
Radiation impacts can be assessed in different units and can be confusing to understand
what is being assessed. The following flowchart outlines the process to understand an
absorbed dose (Gray) to equivalent and effective dose (Sievert).

28
29

(UNSCEAR, 2011), p.64
(World Health Organisation, 2016)
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The attempts to discredit experts in radiological impacts, physicians and nuclear science
through conspiracies (see box 1.3), misquoting official sources by focusing on the hazard and
omitting the actual impacts to disguise the risk (see box 1.2), or distressful claims by the antinuclear lobby add to the harm of an already stressful situation. We have responded to the proforma submission by Friends of the Earth Australia which contains such inaccuracies30.
Box 1.2
During the South Australian Nuclear Fuel Cycle citizen jury processes, the anti-nuclear groups
published a briefing note on the maritime impacts of spent fuel importation. The following
quote is the one published by anti-nuclear campaigners and the red in square brackets is the
full quote from the source cited. (Nuclear Port Brief, D. Noonan, 2016):
The Final Report Concludes: “...if a cask was lost at sea and was
irrecoverable, there is a potential for some members of the public
consuming locally sourced seafood to receive a very small dose of
radiation [However, the maximum annual dose expected would be a
thousandth to a billionth of natural background levels]”
A further Jacobs MCM desk top Concludes that radioactivity that escapes
from an unrecovered and degrading cask is expected “to be diluted in
thousands of cubic kilometres of seawater [so that the risks it poses to
people and the environment are negligible]”
This clearly demonstrates the removal of the actual risk to the public by anti-nuclear
campaigners to play on the misperceptions of radiological harm.

1.3.2 Clean air benefits
Nuclear power emits no pollutants in harmful quantities during normal operation such as small
particulates (PM2.5 or PM10), gasses (COx, NOx and SOx) or radioisotopes. Pushker
Kharecha and James Hansen assessed the historical and projected deployment of nuclear
power globally and calculated the prevented mortality due to avoided harmful emissions. Their
assessment found (emphasis added):
global nuclear power has prevented an average of 1.84 million air
pollution-related deaths and 64 gigatonnes of CO2-equivalent (GtCO2eq) greenhouse gas (GHG) emissions that would have resulted from fossil
fuel burning. On the basis of global projection data that take into account
the effects of the Fukushima accident, we find that nuclear power could
additionally prevent an average of 420 000−7.04 million deaths and
80−240 GtCO2-eq emissions due to fossil fuels by mid-century, depending
on which fuel it replaces.31
This is also a factor echoed by the Asthma Society of Canada and Bruce Power in their “Clean
Air Ontario” report. Due to the continued and refurbished nuclear power and closure of fossil
fuel plants in Ontario they have reduced their annual smog days from 53 in 2005 to 0 in 2015.
The benefits this will have on the air people breathe living in greater Toronto and Ontario will
lead onto other benefits society wide32.
This is a critical issue for regions like the La Trobe valley that have had poor air quality.
Replacing the coal power plants in that region with nuclear, for example, would lead to greater
health benefits compared to business as usual with coal. As evidenced in Ontario, Canada,
clean air benefits exist with nuclear power.

30

See Appendix B
(Kharecha, 2013)
32
(Bruce Power & Asthma Society of Canada, 2016)
31
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1.4 Nuclear safety
The nuclear accidents discussed above, Chernobyl and Fukushima, are two incidents that
are widely discussed along with Three Mile Island as reasons not to develop nuclear power.
While the risk of a nuclear meltdown leading to radiological releases is very low, the impacts
can be quite severe in property loss and psychological impacts.
Box 1.3
There is a claim by anti-nuclear commentators to discredit the findings of the World Health
Organisation (WHO) by stating they cannot report on the effects of atomic radiation because of
an agreement with the International Atomic Energy Agency. The agreement cited states:
Article I – Co-operation and Consultation
1 The International Atomic Energy Agency and the World Health Organization agree that,
with a view to facilitating the effective attainment of the objectives set forth in their
respective constitutional instruments, within the general framework established by the
Charter of the United Nations, they will act in close co-operation with each other and
will consult each other regularly in regard to matters of common interest.
2 In particular, and in accordance with the Constitution of the World Health Organization
and the Statute of the International Atomic Energy Agency and its agreement with the
United Nations together with the exchange of letters related thereto, and taking into
account the respective co-ordinating responsibilities of both organizations, it is
recognized by the World Health Organization that the International Atomic Energy
Agency has the primary responsibility for encouraging, assisting and co-ordinating
research on, and development and practical application of, atomic energy for peaceful
uses throughout the world without prejudice to the right of the World Health
Organization to concern itself with promoting, developing, assisting, and coordinating international health work, including research, in all its aspects.
3 Whenever either organization proposes to initiate a programme or activity on a subject
in which the other organization has or may have a substantial interest, the first party
shall consult the other with a view to adjusting the matter by mutual agreement
Anti-nuclear commentators will refer to the last paragraph as evidence the WHO cannot
undertake radiological impacts without first getting approval from IAEA. However, it ignores the
prior section that notes the WHO can act “without prejudice” (emphasis in bold).

While these accidents receive the most attention and have been assessed and discussed
widely, the committee should also look to the incidents that have occurred at other nuclear
power facilities of the same type and technology where it was successfully managed and
contained.
Below we will discuss two incidents and incidents at similar plants that are relevant to the
committee, Pressurised Water Reactors and Boiling Water Reactors. Chernobyl is not
discussed as the RMBK reactor type should never be considered for use in Australia.
1.4.1 Three Mile Island & David Besse, PWR
Three Mile Island (TMI) is the only major meltdown incident of a nuclear power reactor in the
United States. Due to a loss of coolant incident, cooling to the reactor core resulted in a partial
meltdown of the core and the loss of the reactor.
Radiological releases to the environment were contained within the designed containment
structures of the plant (see figure 633), resulting in a small release of radioactive noble gasses
to the environment. The effective dose to the public was 0.08mSv (equal to a chest x-ray)34.
33
34

(International Atomic Energy Agency, 1982)
(World Nuclear Association, 2012)
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However, while many people remember TMI, the incident at the David Besse nuclear power
plant, a sister plant to TMI, two years prior is never recognised. The plant operators at David
Besse experience the same loss of coolant accident that occurred TMI and they responded in
the same manner. The David Besse operators took actions outside of their training but based
on their expert knowledge of reactor operations. They saved their reactor core35.
The issue was how the incident at David Besse was communicated to the reactor operators
and designers. It is a major reason why an organisation such as the World Association of
Nuclear Operators was established. It is an organisation with 120 members operating 430
nuclear reactors worldwide. This body exists to maximise safety and reliability of nuclear
plants by operators working together to assess, benchmark, and improve performance
through mutual support, exchange of information and emulation of best practices36.
1.4.2 Fukushima-Daiichi & Onagawa, BWR
The nuclear accidents at Fukushima Daiichi and
Onagawa nuclear plants occurred during the
Tohoku earthquake and tsunami in March 2011.
Both nuclear plants are a Boiling Water design by
General Electric.
Onagawa was located closer to the epicentre of the
Tohoku earthquake and received beyond design
basis ground acceleration twice that that
experienced at Fukushima-Daiichi37,38. Both plants
were assessed after prior earthquakes and found to
have no damage.
When these plants received a beyond design basis
ground acceleration from the earthquake movement
they automatically tripped off or SCRAM. For both
incident reports by the IAEA the plants operated as
designed to this point.
The difference between the two plants was the
design of the sea wall to prevent water intrusion. At
Onagawa the designers pushed for a 14.8m seawall
as opposed to the drafted 12m seawall. FukushimaDaiichi’s was designed to 5.7m and the Tsunami
that inundated the plant was estimated to be 14m39.
The different experiences between these two plants
demonstrates two key aspects of nuclear safety Figure 6 - Radioactive releases from Three
design; adequate designs for environmental impacts Mile Island, IAEA 1982
common to the region and the robustness of nuclear
plant design. The latter can be summed up by the experts report from the IAEA into the
Onagawa nuclear power plant after experiencing the largest earthquake and tsunami to hit a
nuclear power plant:
35

(Derivan, 2014)
(World Association of Nuclear Operators, 2019)
37
(International Atomic Energy Agency, 2012)
38
(TEPCO, 2011)
39
(Japan Today, 2012)
36
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The Structures Team concluded that the structural elements of the NPS
were remarkably undamaged given the magnitude and duration of ground
motion experienced during this great earthquake.40
These accidents are used as examples to not develop nuclear, however there are other
cases where the operation, design and experience during an accident scenario demonstrate
that nuclear can be operated safely.

2. Economics
The following section will consider the economics of nuclear power on three key areas;
overnight capital costs (OCC), levelized cost of electricity (LCOE) and overall system costs.
These three areas demonstrate the capital cost of a nuclear plant (OCC), its total cost
including financing, operating and decommissioning (LCOE) and the modelled wholesale cost
of electricity in a network of other generators (system cost).

2.1 Capital cost
2.1.1 Overnight capital cost trends
The overnight capital cost of nuclear represents the cost of the nuclear generation plant minus
financing costs. This is useful to understand trends in the capital cost of nuclear without the
differing jurisdictional financing costs. As these costs are only realised at the finalisation of a
project.
A study by Lovering, Yip and Nordhouse in 201641 undertook an analysis of overnight capital
costs of nuclear to understand trends in the capital of nuclear. Of their analysis of 349 nuclear
reactors across several countries the trend in cost escalation in the United States is not
consistent with the continual cost de-escalation in South Korea.
This is crucial for the committee to understand as there exists jurisdictional variation in the
capital cost of nuclear deployment in several countries. Figure 7 highlights the historical trends
in nuclear deployment across several countries. The full study has detailed datasets on
historical OCC figures.
2.1.2 Small Modular Reactors
The attractiveness of SMRs is in their modularity and lower capital cost per unit compared to
large nuclear plants. As below discussed, the majority of the financial risk for nuclear is in the
upfront costs. To be able to deploy nuclear in smaller amounts helps to reduce financial risk,
and flexibility to add capacity as the grid requires.
A study released in February 2020 undertook a systemic review of the economics and finance
of small modular reactors. The study by Mignacca and Locatelli is a literature review of current
economic data on SMRs and is a source of references that would greatly inform the GenCost
report. Their review demonstrates for a range of OCC SMR costs based on the current
literature, these are replicated in figure 842.

40

(International Atomic Energy Agency, 2012)
(Lovering, 2016)
42
Invalid source specified.
41
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Figure 7 - Overnight Capital Costs of nuclear from Lovering, Yip and Nordhouse (2016)

Figure 8 - SMR OCC estimations from Mignacca & Locatelli (p. 8)

Another review of SMR costs was undertaken in 2013 by asking 16 experts “who are involved
in, or have access to, engineering-economic assessments of SMR projects”43. The data from
this study was incorporated into Mignacca and Locatelli. This assessment arrived at a range
43

Invalid source specified.
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of $4,000-$16,300/kW for a 45MWe SMR, and $3,200-$7,100/kW for a 225MWe SMR (2013
USD). Given the GHD SMR was at a size comparable to the latter multiple expert assessment
the $16,000/kW (AUD) figure is well beyond the upper bound. Additionally the GHD study
relied on one nuclear expert44, compared to the above 16.
The Canadian SMR roadmap45 assessed 47 different SMR capital cost estimates and 17 large
scale nuclear reactors (>1GWe). Figure 9 demonstrates a wide array of capital cost estimates
for different SMR types (presented in Canadian Dollars; 1CDN = 1.11AUD).
It should be noted that there are only a handful (n=3) of references in the SMR roadmap where
the SMR capital cost is close to the GenCost 2018 and 2019 figures but none are referenced
in the GenCost 2018 or 2019 reports.

Figure 9 - SMR capital costs in CAD (= 1.11 AUD), SMR Roadmap, 2018

The attractiveness of SMRs is in their modularity and lower capital cost per unit compared to
large nuclear plants. As below discussed, the majority of the financial risk for nuclear is in the
upfront costs. To be able to deploy nuclear in smaller amounts helps to reduce financial risk,
and flexibility to add capacity as the grid requires.
2.1.3 CSIRO & AEMO GenCost 2018 & 2019/20 Nuclear CAPEX error
CSIRO publishes the annual report ‘GenCost’. The 2018 edition of GenCost was released as
a collaboration with the Australian Energy Market Operator (AEMO). It currently has a 20192020 edition in draft. This document is used as an authoritative source to compare and assess
the costs of different generation sources. The stated premise of the report is as follows46

44

Bright New World has spoken to people familiar with the origin of the GHD $16,000/kW figure and anecdotal
evidence suggests the figure was derived from one nuclear expert in the UK.
45
(SMR Roadmap, 2018)
46
(Graham, 2018) p. v
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This GenCost project is the result of a collaboration between CSIRO and
AEMO, together with stakeholder input, to deliver an annual process of
updating electricity generation costs. CSIRO and AEMO have both
committed their own resources to deliver the project with the aim of
increasing the likelihood of delivering the continuity that was not achieved in
predecessor studies. Wide stakeholder engagement and transparency are
also built into the project design. The main workshops and other
engagement supporting this activity were held in August through November
2018… The projection methodology is grounded in a global electricity
generation and capital cost projection model recognising that cost
reductions experienced in Australia are largely a function of global
technology deployment.
Bright New World has reviewed the document and its supporting work47 for the treatment of
SMR nuclear technology. The results are not consistent with ‘wide stakeholder engagement
and transparency’ and certainly not presenting results that are a function of ‘global technology
deployment’.
The stated capital expenditure ($16,000/kW) and levelised cost of electricity for SMR nuclear
is indefensible and does not withstand scrutiny. Given the reliance many Australian
stakeholders place on this report, and the trust placed in AEMO and CSIRO, this section of
the GenCost work requires urgent revision, from suitable qualified professionals, to inform
current political conversations in Australia. A breakdown of the assessment of nuclear in
GenCost is attached in Appendix A.
2.1.3 Advanced reactor designs (Generation 4 reactors)
The Energy Options Network in 2017 undertook an analysis of advanced reactor designs and
had input from several reactor vendors to the costs of their plant. Their analysis determined
that the capital costs for all participating companies averaged US$3,782/kW48. The analysis
also determined the levelised cost of electricity (discussed further in section 2.2) and operating
costs (see figure 10). The key takeaway is that for these advanced reactor designs the capital
cost is a major determinant of the levelized cost of electricity.

2.2 Levelised cost of nuclear
The committee will be aware and have evidence presented to it on the levelised cost of
electricity (LCOE) of nuclear and other sources. Levelising costs of nuclear and other
generation sources enables us to compare different generation sources on the same basis.
Comparing variable renewable generation (solar and wind) with conventional generation
(thermal generation) should take into consideration differences in dispatch characteristics.
The LCOE of nuclear is heavily impacted by the cost of capital. This can comprise of up to
75% of overall LCOE of a SMR or gigawatt scale nuclear plant49. De-risking the financing
phase of nuclear deployment has the ability to lower the LCOE of nuclear to acceptable levels
for investment. The sensitivity to cost of capital can be as much as US$55/MWh50.
The Nuclear Fuel Cycle Royal Commission assessed reactors that could be commercially
deployed and found that `LCOE of nuclear is impacted by the capital and finance costs. With
an 8% reduction in capital or finance obtained at 7% nuclear could be viable in South Australia
at current costs51.
47
48

(GHD, 2018)

(Energy Options Network, 2017)
49
(Nuclear Fuel Cycle Royal Commission, 2016), p. 62
50
(Lazard, 2018)
51
(Nuclear Fuel Cycle Royal Commission, 2016), p. 220
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Bright New World undertook an analysis of the CSIRO GenCost 2019-20 data for SMRs and
found that the figure provided by CSIRO’s analysis is flawed. We provide a more robust figure
of $123-128/MWh with the potential to reduce this to $60/MWh on the basis of variations in
discount rate, and first-of-a-kind capex estimates without uncertainty loading. This analysis is
published in Appendix A.
This reduction in the levilised cost of nuclear is echoed in the Canadian Government SMR
roadmap. It outlines strategies to de-risk the cost of capital through private-public partnerships.
Such strategies can include loan guarantees, preferred interest rates, power purchasing
agreements, or production tax credits (e.g. LGCs). A change in the discount rate applied to a
SMR development from 9% to 6% lowered the LCOE of nuclear by A$26/MWh52.
An analysis of United States SMR deployment has shown the introduction of a production tax
credit (i.e. LGC), loan guarantee, and tax incentives can reduce the LCOE of a SMR by
A$24/MWh53.
Another source of information on levelised cost of nuclear is the reports published by
consultation firm Lazard. For their LCOE results they assume 60% debt at 8% interest rate
and 40% equity at 12% cost, however they caution comparing LCOE results from thermal
generators such as coal, gas and nuclear to variable sources such as wind and solar54. The
results of their LCOE analysis are presented in figure 1155.
They key piece of information in their charts that is not discussed when comparing the cost of
electricity from nuclear to other sources, is the fully depreciated nuclear price denoted by a
golden diamond. Nuclear plants are licensed for 40 years in the US, and some are having
licence extensions to 60 and 80 years56. Thus, the lifespan of a reactor can be as high as 80
years, when LCOE calculations are typically done over 30 years due to depreciation limits.
Hence after year 30 based on LCOE calculations there is the prospect of nuclear power
producing power at US$36/MWh. This is reaffirmed by the the Columbia nuclear power plant
in Washington State, US. This plant, commissioned in 1984, is a 1.1GW plant, produces 8,128
GWh annually, and cost US$7.63billion to construct (2018 USD)57.
Over the past half-decade, the plant’s economic operation has come under scrutiny to
determine whether it provides value for consumers. The Bonneville Power Administration,
similar to the Australian Energy Market Operator, concluded it provides “unique firm, baseload,
non-CO2 emitting with predictable costs for ratepayers”. The predictable cost is 3c/kWh
(USD)58.
The committee should consider the two generational lifespan of a nuclear power plant that
while initially may have a higher LCOE than other sources, it can provide a wholesale cost
that is comparable to present day coal generation in Australia when the costs are fully sunk.

52

(SMR Roadmap, 2018)
(SMR Start, 2017)
54
This is due to the different dispatch operations of variable renewable energy that is weather dependent, and
thermal plants that’s based on the availability of fuel.
55
(Lazard, 2018)
56
(Nuclear Regulatory Commission, 2019)
57
(Energy Information administration, 2012)
58
(Conca, 2018)
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Figure 10 - Energy Options Network: Capital cost, Operating cost and Levelised cost (USD)

2.3 System and Wholesale Costs
The above discussion on nuclear capital costs and assessment of LCOE demonstrates two
methods to analyse a nuclear power plants financial feasibility. However, a more important
measure is to analyse these figures in the context of a modern-day network with other
generators. These analyses will determine a system cost of electricity which can be compared
to the wholesale cost of electricity of a network, like the National Electricity Market.
2.3.1 OECD NEA
The OECD Nuclear Energy Agency has published reports looking at the system cost of grids
with nuclear power. The most recent study assesses system costs (see figure 12) with high
shares of nuclear and renewable energy. It compares the analysis of four variable renewable
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energy scenarios for a system with a low emissions intensity of 50g CO2/kWh across several
scenarios59.

Figure 11 - Lazard estimates of the LCOE of different energy sources, 2018

Figure 12 - Illustration of system cost, OECD 2015

59

(Organisation for Economic Co-operation and Development, 2019)
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The study defines a policy framework for achieving emissions reductions in a least-cost
manner, it outlays five pillars for this framework:
1) Setting a robust price for carbon emissions;
2) Short-term markets for efficient dispatch and revealing the system value
of electricity;
3) Regulation for the adequate provision of capacity, flexibility and
infrastructures for transmission and distribution;
4) Mechanisms to enable long-term investment in low-carbon
technologies, including the reform of existing mechanisms; and,
5) The internalisation of system costs wherever practical and necessary.
With higher penetrations of variable renewable generation (VRE) the system costs also
increase. At 75% VRE the profile, balancing and grid costs are US$50/MWh on top of the
LCOE of the generation sources (see figure 13). Total costs of electricity provision at these
higher scenarios are up to US$70 billion per year. The report concludes:
If OECD policy makers want to achieve such a deeply decarbonised
electricity mix they must foster vigorous investment in low-carbon
technologies such as nuclear energy, VRE and hydroelectric power. Where
hydroelectric power is constrained by natural resource endowments,
nuclear and VRE remain the principal options.
2.3.2 System costs of all low-carbon sources
A study conducted by researchers from MIT found that a system with variable renewable
energy, firm and flexible generation provides the lowest average cost of electricity for the two
energy market systems. These systems represented a typical northern and southern United
States network (New England and Texas ERCOT).
This study assessed nearly 1,000 cases covering different CO2 levels, uncertainties, and
geographical differences in demand, and renewable resource potential60. The study also reclassed low carbon generation into three categories rather than historical definitions based on
the load they are dispatched into. These are fuel saving variable renewable energy resources,
fast burst balancing resources, and firm low-carbon resources (see figure 14)61.
The study determined that a lower system cost is established with a mix of all three sources
of electricity generation. That excluding out firm low-carbon generation, such as nuclear, can
lead to higher system costs when deeper cuts to emissions are targeted. To achieve the
commitments in the Paris Agreement and limit electricity sector emissions to near zero a
balanced mix of all generation classes must be deployed (see figure 15).
The core analysis determined that the cost of full decarbonisation without firm low carbon
sources is 11 to 105% higher in the southern system62,63. With conservative assumptions on
the cost of firm-low carbon sources and very-low cost assumptions for wind, solar and energy
storage the result is similar with the non-firm option being higher in system cost than without64.

60

(Sepulveda, 2018)
(Sepulveda, 2018), p. 2
62
ibid, p. 5
63
The southern system is representative of the Texas ERCOT system. The geographical location of this system
with respect to global latitudes is similar to the Australian NEM.
64
Ibid, p. 7
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Figure 13 - System costs and costs of electricity provision

Figure 14 - Taxonomy of resources in a low carbon power system, Sepulveda et al.
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Figure 15 - Comparison of cost of electricity and carbon dioxide limits, Sepulveda et al.

2.3.3 Australian analysis
Bright New World founder Dr. Ben Heard published an industry white paper with Frazer-Nash
Consultancy on the likely whole-of-system costs of nuclear deployment in Australia “Identifying the role for nuclear power in Australia’s energy transition”65. It is one of the first
Australian centric reports to look beyond the cost of nuclear sent out and understand the whole
of system cost of nuclear integrated with renewable energy in the NEM.
The white paper details three scenarios covering predicted cost reductions in renewable
energy technologies. Results from these modelled scenarios detail the overall system average
levelised cost of electricity and the average emissions intensity of the system. It is a first for
many NEM modelling reports as it demonstrates the predicted cost of wholesale electricity for
a given emissions intensity.
The study found a wholesale levelised cost sent out of $85-95/MWh (AUD, 2020) and a NEM
emissions intensity of less than 100gCO2-e/kWh. It incorporates 15GW of nuclear, 12.5GW
of wind, 8.3 GW of solar, and 18.6 GW of Gas. With an optimised generation portfolio of 59%
nuclear, 14% gas, 17% wind and 10% solar66.
In other words, this is the creation of a new nuclear sector, a doubling of wind generation, a
doubling of gas, and several orders of magnitude growth in solar. At the time of writing NEM
wholesale average costs for the year range between $80 to 110/MWh. This would entail a
65
66

(Dr. Heard, 2018)
ibid
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system in the future where Australia exceeds its emission reduction targets for a wholesale
price similar to today.
2.3.4 Waste management services
During the Nuclear Fuel Cycle Royal Commission in South Australia, former Senator Sean
Edwards and Dr Ben Heard published a paper on a potential project to take spent nuclear fuel,
as the Royal Commission found to be an opportunity, and recycle it in a fourth-generation
reactor developed by GE-Hitachi67.
The proposal was to use a technology developed in the United States at the Idaho National
Laboratory (INL). At INL the Experimental Breeder Reactor-II was built. It operated for 29
years, proving the concept for the reactor.
One of the benefits of this type of reactor was its fully passive shutdown feature during
accident conditions. In 1986 the operators ran two loss of coolant accident simulations on the
reactor, similar to Three Mile Island and Fukushima accidents, and the reactor shut itself down
with no operator input68. Figure 16 (Cao, 2016) shows the actual data traces from the IFR
under these test conditions.

Figure 16 - Integral Fast Reactor loss of coolant test data

Using the updated version of the EBR-II, the GE-Hitachi PRISM reactor, the proposal to
reprocess the fuel using a pyro-processing technology and burning the long lived nuclear
isotopes in the PRISM reactor, meant the reactor could reduce the long-term disposal
requirements for the spent fuel, recycle existing stocks of spent nuclear fuel, and provide
electricity and high temperature heat.
67
68

(Dr. Heard, 2015)
(Till, 2011), p. 147-149
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In this proposal as the fuel is waste from other reactors (spent fuel) the cost of the fuel is
effectively negative, as the sender of the spent fuel is paying for the recipient to manage the
waste. The study by Sen. Edwards and Dr. Heard showed that the power and heat from the
reactor can be set at any price as the operator is receiving income from the spent fuel they
take custody of. Under assumptions of offering “free electricity” the NPV for the proposal
remains positive in majority of scenarios69.
What this proposal demonstrated is there are other innovative options using technologies that
have gone through extensive R&D processed that can add value through other services such
as waste management, recycling, low carbon industrial heat and cheap electricity. The latter
two are essential to attract new industries with energy intensive processes, such as metal
smelting and refining.

2.4 Policy considerations
For the same cost of electricity today (see 2.2.3) Australia can exceed its Paris commitments
and reach an electricity network with an emissions intensity on par with joining the likes of
Ontario, Sweden, and France that all have sub 100g CO2-e/kWh emissions intensities.
Excluding firm low-carbon energy choices in the development of a low carbon electricity
network can result in higher costs as emission intensity targets reach zero. A “net zero by
2050” policy can be realised in Australia. A policy with this target date provides ample time for
nuclear to be developed alongside renewable energy. Similar to what the United Kingdom is
achieving with their “net zero by 2050” policy, or what Ontario has already achieved with
renewables hydro and nuclear.
Historical deployment rates of low carbon energy per capita demonstrate that including
nuclear in the decarbonisation of electricity networks is fast on a kilowatt per capita basis. A
review of historical deployment rates for the fastest decades of deployment for renewables
and nuclear was undertaken by Cao et al. (2016). The graph below, updated by Bright New
World to reflect recent Australian and Danish renewable deployment rates, highlights the
speed in which nuclear can add large amounts of low carbon energy per capita.
The main impediment for Australia, and Victoria, to properly consider these technologies are
the prohibitions that exist. These send a signal to potential vendors that Australia is closed for
business, preventing these organisations to properly invest time and energy demonstrating
their product is suitable for Australia.
It also inhibits Australian stator authorities from properly assessing the role of nuclear in the
National Electricity Market. In the Commonwealth House of Representatives Environment and
Energy committee inquiry into nuclear energy AEMO stated that nuclear energy is not included
in their Integrated System Plan:
The ISP currently does not include an assessment of nuclear, as it is at the
moment a technology that is not permitted in Australia. Should this change,
AEMO will include nuclear in its ISP assessment.70
Just because of the legal status of that technology [nuclear], we don't spend
a large amount of resources investigating the latest global trends...71
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(Dr. Heard, 2015), p. 34 & p. 36
(Parliament of Australia, 2019)
71
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The prohibitions have inhibited Australian institutions and nuclear vendors from properly
assessing the role of nuclear in Australia. For Nuclear to be properly assessed with
appropriate levels of funding and attention the prohibitions will need to be lifted.
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3. Community
3.1 Community engagement
There is a persistent request during these nuclear inquiries as to where nuclear power will be
sited. It is a request borne from an outdated policy where projects are announced and
defended from opposition. These top down approaches may work for some developments,
however for projects with complex concepts that require public engagement they will result in
reactionary responses based on emotive reasoning.
Bright New World urges the committee to reject requests for naming sites for nuclear power,
until there has been enough time for the Australian public to first understand what is being
proposed. A methodology Bright New World prefers is for general siting conditions to be
communicated as per IAEA guidelines72, a proponent to describe their project, and call for
community nominations for sites that meet IAEA siting criteria. Once communities have
volunteered the proponent and the community can undertake an in-depth consultation
process.
This process is similar to that of the national radioactive waste management facility process.
While there have existed tensions in the community, the level of information provided, the
voluntary process, and community compensation for undergoing the consultation have
resulted in a community that is able to make an informed decision.
This is a process that was also recommended by the South Australian Nuclear Fuel Cycle
Royal Commission in their final report73. The “Know Nuclear” campaign was the first step in
the process to establish an informed community.

3.2 National consensus
There exists presently the national consensus to remove the prohibitions on nuclear power.
Polling conducted by Essential Media in June 2019 has shown a 4% increase on a 2015 poll
for nuclear support in Australia; 44% support and 40% opposed with the remainder
undecided74.
Roy Morgan released a poll in October 2019 on Australian views on nuclear power. The poll
reported a 16% increase in support from 2011 and showed higher support when carbon
dioxide emissions are considered (51%)75. The polling in Victoria showed more support for
nuclear when climate change is considered (43% to 47% support, 45% to 38% opposed).
Polling conducted by the South Australian Chamber of Mines and Energy (SACOME) in 2016
found a similar level of support with 45% support, 25% neutral and 30% opposed76. This poll
also asked the respondents perception of the communities’ feelings towards nuclear power.
It found an inverse relationship with 45% of respondents noting the communities’ feelings were
negative towards nuclear power and only 14% said “positive”77. This is an important finding by
SACOME in their polling. It can support the notion that while people think everyone else is
opposed, in actual fact they are supportive.
72

(International Atomic Energy Agency, 2019)
(Nuclear Fuel Cycle Royal Commission, 2016), p. 171
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(Roy Morgan, 2019)
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This is becoming more visible on social media from news media organisations asking viewers
what their views are on nuclear power. For example:
•
•
•

The Feed on SBS’s Viceland asked its followers in October 2018 via Facebook
whether Australia should lift its ban on nuclear power. The poll had 13,300 respondents
and the result was 61% yes78.
ABC Brisbane conducted a similar poll in March 2019 via Facebook asking should
Australia consider nuclear power, 7,000 responded and 57% said yes79.
Channel 9 News did the same on their Facebook page in August 2019 asking should
Australia turn to nuclear power, 25,300 responded and 65% said yes80.

Internationally when people have been confronted with the choice to ban nuclear or allow
development, they have overwhelmingly chosen to keep nuclear.
•
•
•

In Taiwan a referendum to remove the early closure of their plants was put forward.
Taiwanese residents voted to support the motion, keeping the plants open and
removing the early closure policy 81
In Arizona voters rejected a motion to close the Palo Verde nuclear plant, and in 2016
Illinois and New York prevented plants from closing prematurely82.
In 2017 a South Korean Citizens Jury went from 60 per cent opposed to 60 per cent in
favour after discussing merits of the nuclear fuel cycle83.

Data is showing Australian’s are more open to nuclear power than perceived, especially calling
for the prohibition on nuclear power to be lifted. When people have been asked internationally
to vote to close their nuclear plants they have voted against those motions.

78

(SBS Viceland, 2018)
(Australian Broadcasting Corporation, 2019)
80
(Channel Nine, 2019)
81
(Shellenberger, 2018)
82
(Ballotpedia, 2018)
83
(Patel, 2017)
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Appendix A – GenCost 2019-2020 review
Introduction and summary
Bright New World undertook a technical review of the treatment of Small Modular Reactor
(SMR) in the Draft GenCost 2019-20: preliminary results for stakeholder review (the Draft)[1].
We provide here a review of the treatment of small modular reactor (SMR) in the Draft. We
find GenCost continues to apply erroneous methodology and inputs, in turn generating an
erroneous range of levelised cost of electricity (LCOE) for SMR. This is unhelpful in the
national conversation.
We have carefully reviewed the input and assumptions with reference to the questions for
stakeholders in the Draft. We have provided recommended changes, with transparent
methodology and sources.
We re-calculated the LCOE for SMR from the Draft on the basis of the published inputs. Our
calculations are to within 6 % and 5 % for the Low Price and High Price calculations
respectively. Small variations in assumptions, such are investment phasing and generation
phasing, might explain this small difference, however we are satisfied that we have
reproduced the initial results with sufficient accuracy.
From that foundation we have progressively recalculated the LCOE with the updated inputs
to demonstrate the impact of our recommended changes.
We find the published LCOE for SMR (AU$251-$330/MWh) is an extreme overestimate
on the basis of:
•
•
•

Unfounded capex;
Unjustifiable capacity factors;
Erroneous fixed and operational maintenance costs.

We find the costs are also erroneous on the basis of:
•
•

Fuel cost of $0
Thermal efficiency of 45%

Having altered these assumptions based on transparent and clearly sourced references,
including a 50% loading on the first-of-a-kind capex to account for uncertainty, we
estimate LCOE for SMR (specifically light water reactor SMR) of:
•

AU$123-$128/MWh.

These prices have the potential to fall as low as AU$60/MWh on the basis of variations in
discount rate, and first-of-a-kind capex estimates without uncertainty loading.
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Technological class assessment
There remains a lack of rigour in the treatment of SMR technology, indicated by
•

Lack of clear technology definition;

•

Absence of technology-specific literature review;

•

Absence of industry consultation; and

•

Continued reliance on unverifiable and erroneous figures.

In the absence of the above, misleading LCOE figures have already contributed to shaping
the national discussion about energy and climate change response in Australia[2, 3].
In relation to clear technology definition, GenCost has proceeded with the inaccurate and
limiting description of SMR as a Generation IV reactor of 300 MWe. As we previously
submitted[4], there is no reference case offered for that reactor, the justification for limiting to
Generation IV was outside the remit of a technical review, and nuclear technologies are
heterogenous. As a result, references and assumptions for ‘SMR’ remain inconsistent, in
several cases incorrect, or simply unverifiable.
It would be a simple change, and a great improvement, to re-define SMR consistent with actual
global industry progress. For example, GenCost could proceed initially with a focus on light
water reactor SMR as a category, SMR(LWR). This is the nearest-term commercial SMR [5].
Assumptions for that technology class will be able to be clear, consistent, and aligned with
commercial deployments.
Other classifications such as molten salt reactor (SMR(MSR)), high temperature gas cooled
reactors (SMR(HTGR)), or fast reactor (SMR(FR)) might be included in GenCost updates.
This would be akin to the distinctions in solar technologies (PV, concentrating), coal
technologies (pf, IPGG, CCS), and wind technologies (offshore, on-shore).
Recommendation:
•
•

GenCost concludes its use of the existing definition of SMR.
This iteration of GenCost proceeds with focus on SMR (LWR), using an
appropriate reference case technology.

This will permit more reliable determination of LCOE and therefore provide relevant
information for Australian investors and policy makers.
Please refer to responses to further questions for examples. We provide recommendations
for changes to provide transparent and robust figures for calculation of SMR(LWR) LCOE.

GenCost 2018 & 2019-20 lack of CAPEX references
We note the Draft asserts there is ‘no hard data’ to be found on SMR costs (page 3), referring
to public cost data from completed projects. We accept this basic reasoning.
Nonetheless, the Draft has chosen to assign a capital cost for SMR, retaining a capital cost
published by GHD[6] which proved to be impossible to source. The citation of ‘World Nuclear
Association’ was incorrect, as attested by World Nuclear Association itself in submission to
the recent Federal Parliamentary Inquiry[7]. CSIRO/GenCost authors were unable to provide
clarity on the source[8].
The figure is therefore not ‘reasonable for a technology at low level of deployment’[1], it is
simply unverifiable. This does not serve an informed discourse. GenCost needs to conclude
its use of this figure.
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In the absence of hard data from completed projects, the capital cost needs to be based on a
transparent methodology using up-to-date information. That, in turn, can be tracked and
updated as certainty of capital cost increases. We propose an appropriately transparent and
parsimonious methodology below.

Suggested capex methodology
NuScale Power appears likely to be the first commercial vendor of SMR(LWR)[5]. Important
points of reference here include:
•

The design is in final stages of licencing with scheduled completion September
2020[9];

•

The first project is confirmed (Utah Associated Municipal Power Systems);

•

The first 150 MW of the first project have been sold[10];

This provides a reasonable basis for using NuScale data as a foundation for development of
a capital cost estimate for SMR(LWR).
NuScale provided information to the Australian Parliamentary Inquiry regarding their estimated
capital costs. The estimate is [5]:
•

Nth of a kind;

•

Generic greenfield site;

•

Based on a mature design;

•

Developed by bottom-up cost analysis of over 14,000 line items, 80% of which are
based on catalogue costs or vendor quotes;

•

Subject to independent assessment.

This provides a firm basis to develop an SMR(LWR) capital cost methodology.
The Nth of a kind estimate is AU$5,248/kW. NuScale states this is a 16% decline in price from
the FOAK plant (therefore FOAK = $6,088/kW)[5].
The Draft states vendor estimates have proven unreliable in the past, citing costs for enhanced
geothermal which began at $7,000/kW and rose to $12,000/kW (+42 %)(page 3). We accept
this principle as reasonable, for the purposes of conservatism, until hard project cost data is
available for SMR(LWR).
On that basis, uncertainty loading of +50% to the FOAK vendor estimate is a parsimonious
and transparent methodology. This is consistent with the cited example of enhanced
geothermal (+42%), and is easily varied and updated as additional information becomes
available. Table 1 below illustrates the impact of loadings varying from 50%-100%.
Table 1 NOAK vendors capital costs for SMR plus loading
Loading
0%
50 %
60 %
70 %
80 %
90 %
100 %

Capex
$6,088
$9,132
$9,740
$10,349
$10,958
$11,567
$12,175

Even with a 100% loading on the vendor estimate, the estimate remains 25% lower than the
capex of $16,304/kW applied in the Draft.
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Recommendation:
•
•

FOAK capex for SMR(LWR) is based on available estimates with a clear and
transparent methodology that can be readily updated.
We suggest $9,132/ kW based on 50% loading of recently provided FOAK costs
from the leading SMR vendor might strike an appropriate balance between
available vendor estimates and uncertain hard project costs.

Input assumption analysis
Time of First Power
The Draft retains the assumption that SMR is first deployed in 2032 (on the basis of cost
reduction shown in the Draft in Appendix Table B.3, page 37). No justification for this
assumption is provided in terms of literature review or vendor consultation.
Current timeframes for deployment from NuScale is for first power in 2026 and power from all
12 of the first units in 2027[10].
The difference of six years is extremely material in terms of the application of learning rates
to capex, and the decision-making timeframes for energy investment in Australia.
Recommendation:
•

GenCost assumes first global power from SMR(LWR) in 2026; or

•

GenCost applies a transparent methodology to its assumptions for first power
from SMR(LWR) on the basis of industry and vendor review, and updates this
methodology as certainty increases.

Learning in Diverse technology scenario
The Draft has not provided transparent information relating to how learning rates have been
applied to SMR in the Diverse technology scenario.
The SMR capex falls 53% in a single year. Capex then falls by fairly immaterial amounts for 7
more years to settle at $7,145/kW. The learning curve shown in Figure 3-8 of the Draft (page
14) is remarkable compared to all other technologies. This might relate to the unverifiable
starting capex of $16,304/kW.
We have been unable to replicate the capex changes on the basis of methodological
information provided by the Draft.
We have been able to precisely replicate the capex changes on the basis of the following
methodology:
•

Learning rate of 20% (cost reduction per doubling of installed capacity)

•

24 units installed = 4.5 doublings

This is illustrated in the Table below.
Table 2 Example methodology that replicates capex reduction shown in GenCost 2019/20

Page 40 of 65
40 of 65

LC EPC Inquiry into Nuclear Prohibition
Submission 74

Units installed
1
2
4
8
12
24

Doublings
0
1
2
3
3.5
4.5

Cost reduction
NA
= $16,304/1.2
= $13,586/1.2
= $11,322/1.2
= $9,435/1.1
= $8,577/1.2

Cost
$16,304
$13,586
$11,322
$9,435
$8,577
$7,147

These assumptions bring us to within $2/kW of the mature cost assumed by GenCost – an
excellent fit. We note our assumption of 24 units installed is consistent with an assumption of
deployment of two, 12-unit NuScale plants. If this is the case, it is not disclosed.
Overall, a simple learning rate for the entirety of the SMR technology class is not appropriate.
As the Draft (page 26) discusses, disaggregation of learning rate is required between, for
example, the factory-built nuclear modules, and the non-nuclear on-site construction and
balance of plant. Currently the Draft provides no information that any such insight is contained
in the learning rates. Literature review and vendor consultation is required.
Recommendation:
•

The Draft is updated to provide transparency on the learning assumptions for
SMR, such that it can be correctly replicated and transparently updated.

Fuel cost
The fuel cost is assumed to be $0 (Appendix Table B.5. Data tables for LCOE assumptions,
page 39). This is erroneous. While nuclear fuel is relatively lower in cost than fossil fuel plants,
it is not free.
The error might have arisen from incorrect reliance on supporting work published by GHD.
This source provided a ‘fuel connection cost’ of $0 as a component of capital cost[6].
Nuclear fuel costs are well-understood, relatively stable, and tend to decline with advanced
fuel and reactor design, and better reactor operation.
A cost of $AU0.60/GJ [11] is a reasonable estimate.
Recommendation:
•

Fuel cost is updated to $AU0.60/GJ.

Fixed Operation and Maintenance Cost (Fixed O&M)
The Fixed O&M costs for SMR in the draft are $200/kW. This is an exceptionally high figure,
being approximately double the figure published for brown coal with CCS ($101.60)(Appendix
Table B.5 of the Draft, page 39).
Fixed O&M costs for nuclear in general are well known, stable, and have been estimated for
Australia at $42 kW for SMR[12]. Accounting for inflation (2%), an estimate for Fixed O&M of
$50/kW is appropriate.
Recommendation:
•

Fixed O+M costs for SMR are updated to $50/kW.

Thermal efficiency
The assigned thermal efficiency of 45% for SMR is a high figure, being second only to the
thermal efficiency of combined cycle gas (51%)(Appendix Table B.5 of the Draft, page 39).
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We have located the reference as the 2018 report from GHD[6]. We assume the generic
source of ‘World Nuclear Association’ refers to the SMR page of their website[13].
This page reports thermal efficiency of around 45% against several potential SMR designs.
However, those designs are all specifically higher-temperature nuclear reactors. While some
higher temperature SMR designs are relatively near-term commercial [14] such high thermal
efficiency is not universal in SMR.
Given the nearest-term SMR with the greatest certainty and strongest available cost evidence
is, at the time of this review a light water reactor design (SMR(LWR)), thermal efficiency of
this reference design is more appropriate for consistency and transparency. Published
technical specifications suggest thermal efficiency of approximately 30%[15].
Recommendation:
•

Thermal efficiency of 30% tied specifically to SMR(LWR).

Capacity Factors
The capacity factors selected for the Low and High estimates (80 % and 60 % respectively)
are inappropriate and highly consequential.
Due to the relatively high capital expenditure, and relatively low fuel and variable operational
costs, the LCOE for SMR is particularly sensitive to the assumed capacity factor.
The Draft states that capacity factors have been drawn from “(IRENA, 2015) (IEA, 2015)
(CO2CRC, 2015)”. We have reviewed these sources and an additional recent CSIRO
assessment. Our findings are summarised in Table 3.
Table 3 Review of references for treatment of nuclear capacity factor
Reference
IRENA 2015[16]
CO2CRC 2015[17]
IEA 2015 [18]
CSIRO Electricity Generation
Cost Projections 20172015[19]

Comment
Includes no references to nuclear technologies. Capacity factors for all technologies are
weighted global averages.
Offers no transparent capacity factors for nuclear technologies. Other baseload
technologies (coal; combined cycle gas) have capacity factor of 80-85% (Table 79, page
225)
Modelled all baseload-capable generation technologies (including nuclear) ‘under
assumed capacity factor of 85%)
Modelled nuclear technologies with 85% capacity factor for both the High and Low LCOE
calculations – i.e. the capacity factor is a fixed technical capability of the technology.

Moving to 60% - 80% capacity factor for nuclear technologies is therefore a major departure
from literature including recent CSIRO assumptions. Grouping SMR with ‘flexible, 40-80%
load, low emission’ (Figure 4.1 – 4.4, pages 22-24 of the Draft) is an imposed constraint,
limiting the permitted performance of selected technologies, as explained in the previous
GenCost report[20](emphases added):
Over time it is expected that there will be fewer technologies operating in baseload
mode with high capacity factors. As the share of both behind the meter and large scale
variable renewables increases, it is more difficult for fossil fuel generation with positive
operating costs to successfully compete to stay operating at all times of the day. As
such, the cost ranges included for the fossil generators assumes a capacity factor
range of 60% to 80%.
That methodology does not yield comparable LCOE. The analytical playing field is badly tilted
against specified technologies, on the basis of an ‘expected’ future outcome.
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These very low capacity factors should not be assumed as inputs for LCOE calculation. They
might be revealed as outputs from system modelling (for all technologies, including variable
technologies that might produce power at times of zero market value), but that is a separate
process.
GenCost suggests it is for use as an ‘input into electricity market modelling studies’[1]. These
inputs therefore need to be free of market assumptions. Current capacity factors for the
Australian coal sector, for example, are not a reliable guide. There is no reason to assume a
1:1 substitution of capacity from coal:nuclear in Australia’s energy transition.
GenCost ought treat all technologies even-handedly in the publication of LCOE. The technical
capability of the technology needs to be the determinant of the capacity factor. Subsequent
system modelling, with accompanying transparency of assumptions, might then reveal
adjustments to the capacity factor on the basis of its revealed value and dispatch into markets.
From a technical specification point of view, SMR(LWR) can be assumed to offer 95% average
capacity factor[15]. Across the ~100,000 MWe nuclear fleet of the United States, in the ten
years to 2015 the average capacity factor was 91%[21].
Recommendation:
•

SMR (LWR) capacity factor is amended as follows:
o Low cost = 95% capacity factor.
o High cost = 90% capacity factor.

Summary recommendations
We recommend the Draft is updated to publish SMR(LWR) LCOE on the basis of inputs
(5) and (6) in Table 4 below. These variable sets have included:
•
•
•
•
•
•

Corrected fuel cost = $0.60/GJ
Corrected Fixed O+M cost = $50/kW
Corrected thermal efficiency = 30%
Capacity factor for Low Price = 95%
Capacity factor for High Price = 90%
Capex based on a 50% loading of the FOAK cost recently provided by the leading
global SMR vendor

Given GenCost is a global study, we recommend learning rates commence in 2026
consistent with current indications of first power, or otherwise are revised with a
transparent, replicable methodology.
Learning needs to be based on research and assumptions that are transparent and
replicable.
Our results are summarised in Table 4 and Figure 8 below.
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Table 4 Inputs for calculation of SMR (LWR) with progressive corrections
1
NA
(SMR GenCostLow)

2
NA
(SMR GenCostHigh)

3
Fixed O+M,
Fuel, Thermal
Efficiency

4
Fixed O+M,
Fuel, Thermal
Efficiency

5

6

7

8

9

10

11

12

Capacity Factor
(Low Price)

Capacity Factor
(High Price)

Capex = FOAK +
50% loading

Capex = FOAK +
50% loading

Capex = FOAK -

Capex = FOAK

Capex = NOAK

Capex = NOAK

16.304

16.304

16.304

16.304

16.304

16.304

9.132

9.132

6.088

6.088

5.248

5.248

Fuel ($/GJ HHV)

0

0

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

Capacity Factor
(%)

80

60

80

30

95

90

95

90

95

90

95

90

Amortisation
(Years)

60

60

60

60

60

60

60

60

60

60

60

60

Discount
(%)

Rate

7

7

7

7

7

7

7

7

7

7

7

7

Build
(Years)

Time

5

5

5

5

5

5

5

5

5

5

5

5

Thermal
Efficiency (%)

45

45

30

30

30

30

30

30

30

30

30

30

Fixed
O+M
($m/MW)

0.2

0.2

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

Variable O+M ($
MWh)

20

20

20

20

20

20

20

20

20

20

20

20

$239

312

225

291

194

203

123

128

93

97

85

88

Change(s)
CAPEX
($Mn/MW
Installed)

LCOE
(Calculated)
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Figure 8 Levelised cost of electricity (LCOE) for SMR, inputs as per Table 4

Levelised cost of electricity (LCOE) for SMR(LWR), inputs as per Table 4
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Further considerations – Build time, amortisation, discount rate
Build time
GenCost has retained an assumption of 5-year build time for SMR. While perhaps an
appropriately conservative assumption in the absence of hard project data, we also note the
business model for SMR is shorter build times based on factory manufacture of the nuclear
modules. The reference for the 5-year build time relates entirely to the historical build time of
pressurised water reactors, normalised ‘to plants with 1 GW’[22]. That is an inappropriate
reference.
Using the inputs from variable set (7) we have adjusted the build time from 5 to 3 years to
demonstrate the impact on LCOE.
Table 5 Comparison of LCOE of SMR(LWR) with varying build time. Reducing the build time to the basis of the
SMR(LWR) commercial proposition (3 yr) reduces the LCOE
Inputs
Build time
LCOE ($/MWh)

Table 8 (1)
5
123

Table 8 (4)
3
116

Recommendation:
•
•

If an assumed 5-year build time is retained, this is on the basis of vendor
estimated build time for SMR(LWR), plus a transparent loading to account for
uncertainty.
The assumption is updated on the basis

Amortisation and discount rate
It is helpful to see a design life of 60 years reflected as the amortisation period for SMR in
GenCost. This highlights an important advantage of an investment in SMR for decarbonisation
- it will continue to deliver on that transition well into the future, in contrast to the shorter design
lives of other technologies.
However, since levelised cost of electricity represents a discounted present value, this
longevity can only be recognised in with a suitably low discount rate. If the future is treated as
much less valuable than the present, then long-lived assets look like a bad investment.
This is shown in Table 6. We have applied the inputs from variable set (7) of Table 4 above,
running the amortisation period down from 60 to 40 years. At 7% discount rate, an additional
20 years of operation, providing zero carbon power at 95 % capacity factor, delivers a mere
$5/MWh reduction in LCOE. In other words, assuming a design life of only 40 years for LCOE
will make very little difference to how people perceive the cost of SMR if the discount rate is
set too high.
Table 6 Comparison of LCOE of SMR(LWR) with varying amortisation. The LCOE is insensitive to changing
amortisation from 60 years to 40 years. Much of the value of the longevity of SMR(LWR) is therefore obscured.
Inputs
Amortisation
(years)
LCOE ($/MWh)

Table 4 (7)
60

55

50

45

40

123

124

125

126

128

By contrast, if the discount rate is reduced to, for example, 5 % or lower, low-carbon assets
(irrespective of them being nuclear, renewable or fossil with CCS) with larger upfront capex
and build time, and longer design lives, are appropriately recognised for delivering value
several generations into the future.
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Table 7 Comparison of LCOE if SMR(LWR) with varying discount rate. The LCOE is very sensitive to the discount
rate, reflecting the larger up-front capex. Placing more value on the future (lower discount rate) demonstrates the
value of SMR(LWR).
Inputs
Discount rate
(%)
LCOE ($/MWh)

Table 8 (1)

Table 8 (2)

Table 8 (3)

7

5

3

123

97

75

This is important for developing policy to transition entire economies to decarbonised energy
sources. Even using FOAK capex with 50% loading, the LCOE of SMR falls under $100/MWh
by reducing the discount rate to 5%.
With global capital at the cheapest it has ever been[23], this is arguably a very good time for
governments to provide low-cost capital for long-term, large capex infrastructure projects in
support of deep decarbonisation and affordable, reliable electricity for the long-term. This is
representative of the intergenerational equity that must be a key consideration of policy
making in response to climate change.
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Table 8 Levelised cost of SMR, with differences in discount rate build time, and capex
Inputs
Change(s)

CAPEX
($Mn/MW
Installed)
Fuel ($/GJ
HHV)
Capacity
Factor (%)
Amortisation
(Years)
Discount Rate
(%)
Build Time
(Years)
Thermal
Efficiency (%)
Fixed O+M
($m/MW)
Variable O+M
($ MWh)
LCOE
(Calculated)

1
NA
9.132

2
5% discount rate
9.132

3
3% discount rate
9.132

4
3 yr build time
9.132

5
5% discount rate
9.132

6
3 % discount rate
9.132

7
Capex = FOAK
6.088

8
5% discount rate
6.088

9
3% discount rate
6.088

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.6

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

0.95

60

60

60

60

60

60

60

60

60

7

5

3

7

5

3

7

5

3

5

5

5

3

3

3

3

3

3

30

30

30

30

30

30

30

30

30

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

0.05

20

20

20

20

20

20

20

20

20

$123

$97

$75

$117

$93

$73

$89

$73

$60
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Figure 9 Levelised cost of electricity (LCOE) of SMR(LWR), showing impact of varying build time, discount rate, and capex

Calculated Levelised Cost of Electricity (LCOE) for SMR, inputs as per Table 8
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Appendix B – Response to Friends of the Earth pro forma
The table below is a response to the pro forma letter Friends of the Earth. The points outlined
in their pro forma submission are inaccurate and misguided.
Friends of the Earth
Nuclear power is a dangerous
distraction from real movement on
the pressing energy decisions and
climate actions we need. Rather than
fuel carbon emissions and radioactive
risk through domestic coal power
plants and the export of coal and
uranium, Australia should embrace
the fastest growing global energy
sector ‒ renewables ‒ and become a
driver of clean energy thinking and
technology. Renewable energy is
affordable, low risk, clean, and
popular. Nuclear is simply not. Our
shared energy future is renewable,
not radioactive.

1. Waste: Nuclear reactors produce
long-lived radioactive wastes that
pose
a
direct
human
and
environmental threat for many
thousands of years and impose a
profound inter-generational burden.
Radioactive waste management is
costly, complex, contested and
unresolved, globally and in the
current Australian context. Nuclear
power cannot be considered a clean
source of energy given its intractable
legacy of nuclear waste.

2. Water: Nuclear power is a thirsty
industry
that
consumes
large
volumes of water, from uranium
mining and processing through to

Response
The facts don’t support these assertions.
The 2016 South Australian Nuclear Fuel Cycle Royal
Commission concluded:
“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.”
Australia has and is embracing renewable energy. This will
continue. But it may not be enough. A ‘climate emergency’
dictates we use all options available to confront this
emergency to mitigate greenhouse gas emissions.
In its various models for a sustainable energy future,
the Intergovernmental Panel on Climate Change (IPCC) has
included significant increases in nuclear power generation
by 2050, ranging from a 59 per cent increase, to a 501 per
cent
rise.
Waste is one of the advantages of nuclear energy because
(a) it is concentrated and small in volume and (b) the hazard,
its radioactivity, dissipates over time.
Humans produce around 2 billion tonnes per year of
municipal waste and around 400 million tonnes per year of
hazardous waste. Annually, nuclear power plants around
the world produce just 12,000 tonnes of spent fuel, and
about 200,000 m3 of low and intermediate level waste. This
is the by-product of producing over a tenth of world
electricity!
Much of the world’s hazardous waste will indeed be toxic
forever. But not radioactive nuclear waste. After 40-50
years the radioactivity of spent nuclear fuel falls to 1/1000th
of the level at its removal from the reactor. After 1000 years
it has the same radioactivity as naturally occurring uranium
ore. The radiotoxicity of spent nuclear fuel decreases by
90% in the first 100 years. Well within the design life of
spent fuel cannisters.
Finland, Sweden and France are well advanced on the
building
of
waste
repositories.
In the US, where around 20 per cent of electricity
generation is from nuclear power, nuclear withdraws
between 95 and 230m3/MW/hour but consumes between 2
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reactor cooling. Australia is a dry
nation where water is an important
resource and supply is often
uncertain.

to 4 m3/MW/hour through cooling ponds and towers. The
National Renewable Energy Laboratory in the United States
assessed power sources in the US and found nuclear
power withdraws 167,882L/MWh and consumes
1,018L/MWh.
A typical nuclear plant consumes the equivalent of six to 16
gallons of water per day per household in a once-through
cooling system The average U.S. household of three people
consumes about 300 gallons of water per day for indoor
and outdoor uses, according to the USGS.
For example, the NuScale small modular reactor will see
water consumption per MWh generated ‘in the normal
range of nuclear plants, coal fired plants, oil-fired plants,
gas-fired plants, solar-thermal plants, and biofuel fired
plants’.

3. Time: Nuclear power is a slow
response to a pressing problem.
Nuclear reactors are slow to build and
license. Globally, reactors routinely
take ten years or more to construct
and time over-runs are common.
Construction and commercialisation
of nuclear reactors in Australia would
be further delayed by the lack of
nuclear engineers, a specialised
workforce, and a licensing, regulatory
and insurance framework.

In arid regions and countries such as India, Pakistan, China,
Iran, Kazakhstan, Egypt and Saudi Arabia nuclear projects
have or are planned with desalination capacity. The Ataku
plant in Kazakhstan provided both power and potable
water
for
150,000
people
The most rapid decabonisation efforts have included
nuclear build programs. The French nuclear program took
33 years to build 58 reactors. That’s 1.75 commissioned
reactors per year. That’s the very definition of the controlled
sense of urgency we need to tackle a ‘climate emergency’.
physicist Steffan Qvist and environmentalist Professor
Barry Brook estimate that if the world built power plants at
the rate Sweden had 40 years ago, all fossil fuel power
plants could be phased out in 25 years – or 34 years at
France’s pace.
The UAE will commission four reactors in 2020 following
tenders issued in 2009 and construction starting in 2013.
The approximately US$25 billion project will produce
around 45 billion kilowatt hours per year, or over a fifth of
Australia’s annual NEM generation, built in 10 years or fully
in 13.

4. Cost: Nuclear power is highly
capital intensive and a very expensive
way to produce electricity. The 2016
South Australian Nuclear Fuel Cycle
Royal
Commission
concluded
nuclear power was not economically
viable. The controversial Hinkley
reactors being constructed in the UK
will cost more than $35 billion and
lock in high cost power for consumers

Australia starts from a much further advanced position than
the UAE did. Australia has a uranium industry, over a halfcentury of world-class research reactor experience and a
federal regulator on which to rapidly build additional
capability.
The
UAE
had
none
of
these.
The 2016 South Australian Nuclear Fuel Cycle Royal
Commission did not find nuclear power uneconomic. On
the contrary, the Commission found nuclear may well be
viable in Australia. It said (emphasis added):
“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
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for decades. Cost estimates of other
reactors under construction in Europe
and the US range from $17 billion
upwards and all are many billions of
dollars over-budget and many years
behind schedule. Renewable energy
is the cheapest form of new
generation electricity as the CSIRO
and the Australian Energy Market
Operator
concluded
in
their
December 2018 report.

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.”
There is mixed experience globally in recent years with
nuclear build programs. Some projects have gone over
time and budget (Hinkley Point C, Vogtle, Flamanville,
Olkiluoto 3) while others have had better project
experiences (China generally, South Korea, UAE, Russia).
The first UK project in decades, Hinkley Point C, highlighted
by Friends of the Earth involves power plants with 1,650
megawatt generator sets, twice the size of the largest single
units ever built on the National Energy Market, so it
behoves them to establish how relevant this example is to
Australia’s experience.
MIT studied power sectors around the world including
Australia and found:

5. Security: Nuclear power plants
have been described as pre-deployed
terrorist targets and pose a major
security threat. This in turn would
likely see an increase in policing and
security operations and costs and a
commensurate impact on civil
liberties and public access to
information. Other nations in our
region may view Australian nuclear
aspirations with suspicion and
concern given that many aspects of
the technology and knowledge base
are the same as those required for
nuclear weapons. On many levels
nuclear is a power source that
undermines confidence.

“At the levels of ‘deep decarbonization’ that have been
widely discussed in international policy deliberations—
for example, a 2050 emissions target for the electric
sector that is well below 50 grams carbon dioxide per
kilowatt hour of electricity generation (gCO2/kWh)—
including nuclear in the mix of capacity options helps to
minimize or constrain rising system costs, which makes
attaining stringent emissions goals more realistic
(worldwide, electricity sector emissions currently
average
approximately
500
gCO2/kWh).”
Environmentalist Michael Shellenberger asked ‘If nuclear
plants are so vulnerable to terrorist attack, why don't
terrorists attack them?’
The evidence shows since 9/11 terrorist attacks the five
deadliest attacks in the US killed 93 people and 549 people
in Europe. In that time, there have been no attacks on
nuclear plants. Nuclear plants are heavily fortified and make
poor terrorist targets. While terrorist organisations have
considered these targets and threatened to attack them,
none have been executed since 9/11.
And with respect to perceptions of other nations – consider
former Labor Foreign Minister and nuclear non-proliferation
expert Gareth Evans’ evidence to the 2016 South Australian
Nuclear Fuel Cycle Royal Commission with respect to
Australia considering nuclear power and even developing a
nuclear waste management industry:
‘The world understands that civil nuclear energy is an
entirely legitimate activity … there are no downside
international reputation or other policy issues here
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6. Inflexible or unproven: Existing
nuclear
reactors
are
highly
centralised and inflexible generators
of electricity. They lack capacity to
respond to changes in demand and
usage, are slow to deploy and not
well suited to modern energy grids or
markets. Small Modular Reactors
(SMRs) are not in commercial
production or use and remain
unproven and uncertain. This is no
basis for a national energy policy.

7. Safety: All human made systems
fail. When nuclear power fails it does
so on a massive scale. The human,
environmental and economic costs of
nuclear accidents like Chernobyl and
Fukushima have been massive and
continue. Decommissioning and
cleaning up old reactors and nuclear
sites, even in the absence of any
accidents, is technically challenging
and very costly.

involved … I think there's a reputational return in going
down this (waste repository) particular path … good
international citizenship, cooperative contribution to
what is clearly a global, public-good environmental
issue, and we would unquestionably stand very tall in the
international community were we to pull off an enterprise
of this kind’.
Flexibility - Nuclear power plants are commonly operated
in a 'baseload’ mode at maximum rated capacity whenever
online. However, nuclear power plants are technically
capable of flexible operation, including changing power
output over time (ramping or load following) and providing
frequency regulation and operating reserves. See – ‘The
benefits of nuclear flexibility in power systems operations
with renewable energy’.
Proven – the US Department of Energy describes nuclear
power as ‘America’s workhorse … rolling up its sleeves for
six decades now to provide constant, reliable, carbon-free
power to millions of Americans’. Nuclear provides over 72
per cent of France’s electricity, 39 per cent of Belgium’s,
50 per cent of Hungary’s, 23 per cent of South Korea’s, 40
per cent of Sweden’s, 37 per cent of Switzerland’s, 18 per
cent of Russia’s, 53 per cent of Ukraine’s, 19 per cent of
America’s and contributes to over 20 other countries’
power generation.
New small modular reactor (SMR) designs represent
innovations in the production and construction of nuclear
power plants. Navies around the world have utilised small
modular reactors to power fleets of naval vessels. While
designs of these reactors are slightly different (eg higher
enriched fuel), the size and modularity are similar to
commercial SMR designs, such as NuScale’s SMR. There
is global experience and knowledge developing SMRs.
The nuclear industry enjoys one of the lowest mortality
rates in the energy sector.
Chernobyl – ‘More than 4000 people could eventually die
of radiation exposure from the disaster at the Chernobyl
nuclear power station in 1986, but the long term health
effects have been less than originally feared’. To date the
death toll from all cohorts stands at 64. This is in the context
of EU background cancer mortality of 1.3 million people per
year.
Fukushima – Professor Geraldine Thomas on whether the
response to Fukushima has been wrong:
‘In my opinion yes it has. The radiation has not been the
disaster. It's our response to the radiation, our fear that
we've projected on to others, to say this is really
dangerous. It isn't really dangerous and there are plenty
of places in the world where you would live with
background radiation of at least this level’.
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Decommissioning - Over 115 commercial power reactors,
48 experimental or prototype reactors, over 250 research
reactors and several fuel cycle facilities have been retired
from operation. Some of these have been fully dismantled.
Most parts of a nuclear power plant do not become
radioactive, or are contaminated at only very low levels.
Most of the metal can be recycled. Proven techniques and
equipment are available to dismantle nuclear facilities
safely and these have now been well demonstrated in
several parts of the world.

8. Unlawful and unpopular: Nuclear
power and nuclear reactors are
prohibited under existing federal,
state and territory laws. The nuclear
sector is highly contested and does
not enjoy broad political, stakeholder
or community support. A 2015 IPSOS
poll found that support among
Australians for solar power (78‒87%)
and wind power (72%) is far higher
than support for coal (23%) and
nuclear (26%).

Decommissioning costs for nuclear power plants are high
relative to other industrial plants but contribute only a small
fraction of the total cost of electricity generation. These are,
at most, $1/MWh of the total price of electricity.
2019 - Roy Morgan – ‘A narrow majority of Australians want
to develop nuclear power to reduce carbon dioxide
emissions’
2019 - Minerals Council of Australia – ‘New polling has
shown that more Australians support lifting the ban on the
use of nuclear power than oppose it’
2019 – In online media, SBS Viceland, Channel 9 News and
ABC Brisbane polled their audiences and found majority
support to remove the ban (61% SBS) and consider nuclear
power (57% ABC, 65% Channel 9)
Public support is following expert support for the sensible
consideration of nuclear energy in Australia, particularly
with respect to meeting the climate challenge.
See - ‘As conservation scientists concerned with global
depletion of biodiversity and the degradation of the human
life-support system this entails, we, the co-signed, support
the broad conclusions drawn in the article Key role for
nuclear
energy
in
global
biodiversity
conservation published in Conservation Biology (Brook &
Bradshaw 2014)’

9. Disproportionate impacts: The
nuclear industry has a history of
adverse impacts on Aboriginal
communities, lands and waters. This
began in the 1950s with British
atomic testing and continues today
with uranium mining and proposed
nuclear
waste
dumps.
These
problems would be magnified if
Australia ever advanced domestic
nuclear power.

Despite such claims, there is no public mandate for the
continuing prohibition of nuclear technologies in Australia
or any state therein.
It is unclear how any of the terrible problems from British
atomic testing in the 1950s can be magnified if Australia
advanced domestic nuclear power.
There is good evidence that Indigenous communities, like
other communities, contain a diversity of views on issues
such as uranium mining and nuclear opportunities on their
land.
While opposition is frequently reported and emphasised,
there are many groups who are open to further discussing
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potential opportunities for investment, jobs and Indigenous
development that may flow.
Examples:
‘a group of Ngapa people that favour economic development are suing the federal statutory authority for $17
million, claiming it neglected its duty to support the group’s
bid to use its land to alleviate poverty’
‘Aboriginal leader Malcolm McKenzie is pushing for a lowlevel radioactive waste repository in the Flinders — and he
has jobs in mind’
‘Traditional owners back more uranium mining’
10. Better alternatives: if Australia's
energy future was solely a choice
between coal and nuclear then a
nuclear debate would be needed. But
it is not. Our nation has extensive
renewable energy options and
resources and Australians have
shown clear support for increased
use of renewable and genuinely clean
energy sources.

Different technologies offer various costs and benefits.
The question is whether state and federal government
should continue to prohibit the development of nuclear
technologies. The answer, particularly in a carbon dioxide
constrained world is clearly ‘no’.
Nuclear and hydro technologies are to-date, the only
proven technologies to power modern low emissions
electricity systems on a national scale. Solar and wind and
batteries and other technologies may also do so in future,
but they have not done so yet.
Australia does have excellent wind and solar resources and
will continue to develop those technologies and
opportunities. But prohibiting nuclear energy may lock
Australia permanently into a sub-optimal solution.
The 2016 South Australian Nuclear Fuel Cycle Royal
Commission recommended the removal of prohibitions and
concluded:
“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 for the
delivery and operation of nuclear power would enable it
to potentially contribute to reducing carbon emissions …
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 …
Making nuclear power available as an option does not
mean it would be the best choice for Australia in 2030.
Other developments may well lessen the need for it.
However, that should not be assumed. The present
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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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Appendix C – Archival articles on State Electricity Commission’s reports into nuclear energy
in Victoria
First article, 15th April 1985, page 1
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First article, 15th April 1985, page 7 (continued from page 1)
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Second article, 15th April 1985, page 7
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Third article, 16th April 1985, page 3
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Third article, 16th April 1985, page 10 (continued from page 3)

VVV continued next page VVV
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Third article, 16th April 1985, page 10 (cropped image continued)
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Fourth article, 17th April 1985, page 10
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