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Executive summary
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•

With aging coal-fired power stations and the Victorian government’s target of net zero emissions
by 2050, Victoria must now seriously consider the adoption nuclear power for reliable and
emissions-free energy production;
Nuclear fuel is unrivalled in energy density and gives nuclear power distinct advantages over
all other forms of energy generation;
Nuclear power is the only scalable energy solution that satisfies all three criteria of the energy
trilemma: affordability, reliability and cleanliness;
Nuclear power has been demonstrated to be the safest way to produce electricity per unit
energy produced;
Nuclear power is a low-carbon source of electricity and process heat that can be used to
rapidly decarbonise Victoria’s electricity, transport & industrial sectors;
The volume of nuclear waste produced by a reactor is relatively small, very well understood,
securely confined, closely monitored, and is fuel for tomorrow’s reactors;
Per unit of energy produced, nuclear power uses the least construction materials and the least
amount of land when compared to other energy generation methods. This is in stark contrast
to wind and solar which require significant land and a significant scaling up of global mining
operations if they are expected to make up a significant proportion of the world’s energy
generation mix;
A nuclear power plant located on the Victorian coast does not have to consume fresh water,
as it can utilise direct seawater cooling. Furthermore, fresh water cogeneration from
desalination driven by nuclear power may be possible to address the region’s water security
issues;
Small modular reactors (SMRs) and Generation-IV (Gen-IV) designs, which are the most likely
candidates for Victoria once the prohibition is overturned, are safer still than the already very
safe Generation-III+ reactors;
The high temperature output of many Gen-IV reactor designs can be utilised in highly efficient
and economically attractive cogeneration processes, allowing nuclear powered production of
electricity, hydrogen, fresh water, and carbon-neutral synthetic fuels and fertilisers;
Variable renewable energy has a diminishing marginal value with increasing penetration, as it
competes with similar generators with similar supply profiles; and as system costs scale up
with installed capacity. A reliable level of baseload generation is required to permit
economical renewable penetration; and
The GenCost 2018 and AEMO/GHD reports, regularly cited in Australian energy discourse,
significantly overstate the capital costs of nuclear power, and assume an unrealistic 30 year
zero learning curve.
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1. Overview
A modern, prosperous society is predicated on reliable and affordable electricity and the pressing
challenges we face with climate change demand we look toward sources of low-carbon energy.
Currently, there are about 450 operating nuclear power plants around the world, that provide 11% of
the world's electricity. Australia has operated two research reactors in suburban Sydney (HIFAR 19582007; OPAL since 2007) but has never built a reactor for power-generating purposes. Despite having
almost a third of the world's uranium, a stable geography and 60+ years of nuclear reactor experience,
Australia is the only G20 country that explicitly prohibits nuclear power. It was formally prohibited in
Victoria in 1983, and a federal prohibition was later put in place in 1998.
We assert that now is the time for Victoria and the rest of Australia to embrace nuclear power as an
integral part of the energy mix and that the state and federal prohibitions should be immediately
overturned.
Nuclear Now Alliance has based this assertion on careful consideration of the arguments embracing
nuclear power, and detailed assessment of the technology, both historical precedent and start of the
art. In doing so, we have undertaken a comparative analysis of nuclear power to other energy sources
that can meet Victoria’s energy demands. This analysis is outlined below, with particular emphasis
given to comparison with other low-carbon energy sources. We have endeavoured to provide all key
references informing our assessment.

2. Victoria’s energy landscape
Like most of Australia, Victoria relies heavily on fossil fuel generation for it’s energy needs. As of June
2018, coal, oil and gas contributed 95.6% to the state’s primary energy consumption of 1330 PJ, as
depicted in Figure 1.

Figure 1: Victoria's Primary Energy Consumption, by fuel type 1
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Annual electricity generation by fuel type is shown in Figure 2, where fossil fuels make up 85% of
Victorian electricity mix. There is currently 4.7 GW of capacity in three coal-fired plants, and about 2.4
GW in 22 gas plants (gas turbines, thermal & reciprocating plants) 2. Of the 15% low carbon generation,
this is predominately made up of wind power (8.9%) and rooftop solar PV (3.1%).

Figure 2: Victorian Electricity Generation by fuel type for 2017/18 3

In February 2017, the Andrews Government passed the Climate Change Act 2017, which boldly
committed the state of Victoria to a net zero carbon emissions target by 2050. This deep
decarbonisation of a fossil-fuel dominated energy landscape in just a 30 year time scale is an ambitious
prospect.
Under the current legislative restrictions that prohibit nuclear power in Victoria, this decarbonisation
would have to be provided principally by renewable energy sources. There are many deep reservations
in the scientific literature about the viability of a 100% renewables approach 4 5 6 which has never been
undertaken at scale in the developed world, and some argue may threaten the very prosperity that
we’ve come accustomed to. 7 Moreover, organisations such as the IPCC 8, IEA 9 and the UN 10 have all
recognised the vital importance nuclear power has to play in decarbonisation efforts around the globe.
If the Victorian government is genuinely serious about providing a viable pathway to net zero
emissions by 2050, then nuclear power must be considered to be part of the energy mix. Already
providing almost 30% of the worlds low-carbon energy 11, it has been widely established as being one
of the most reliable sources of electricity 12.
The follow sections will explore the principle arguments for nuclear power and how it compares to
other sources of energy, and addresses some of the myths that still surround this vitally important,
yet often misunderstood, technology.
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3. The Energy Trilemma
The fundamental trilemma when it comes to energy generation is choosing sources that ensure that
the overall system satisfies three important criteria:
1. Affordable – it can provide power at an affordable price;
2. Reliable – the energy source can provide power on demand; and
3. Clean – it is a non-polluting and low-carbon source of energy.
How do the different energy sources compare? Coal and natural gas satisfy the first two criteria but
are both carbon-intensive. Coal is also heavily polluting, when it burns it releases a number of airborne
toxins and pollutants, including mercury, lead, sulphur dioxide, nitrogen oxides and
particulates. Carbon mitigation technologies such as carbon-capture and storage continue to be the
focus of development but have yet to be demonstrated to be cost effective despite decades of
research 13.
Solar and wind energy satisfy the clean criteria, but are intermittent in nature, so by definition can
not be considered reliable sources of energy. From a simple levelised cost critique, wind and solar
continue to drop in price and have become cost competitive; however when system costs are
included, the economics can change. These costs are a result of the unpredictable and the variable
nature of how the electricity is generated. For a low penetration of variable renewable sources on a
grid these costs are reasonably low, but as their presence increases these costs can rise significantly 14.
Furthermore, as this generation capacity is increased within a particular jurisdiction, the marginal
value of similar renewable assets can begin drop significantly, when excessive generation sees supply
outstrip demand and grid operators are forced to curtail further generation.
Adding storage to address the intermittency challenges of solar and wind is a potential solution, but
the scale at which this would be required significantly reduces the cost competitiveness of these
energy sources 15.
Hydropower is a source of renewable energy that does not suffer the intermittency problems of wind
and solar, however it is heavily dependent on geography and a water source. With a significant water
resources, hydropower is not a solution that can be scaled up sufficiently to meet Victoria’s energy
demands.
Nuclear power is the only scalable energy source that addresses all three criteria. It has, on average,
the one of the highest capacity factors of any energy source, has one of the lowest carbon emissions
over its lifecycle 16, and can be a very affordable source of electricity.

4. Energy density
Prior to the mastering the challenges of nuclear fission, humans were accustomed to generating
electricity from fossil fuels such as coal, which has an energy density of about 24 MJ/kg (megajoules
per kilogram). When we learnt to liberate the energy of a uranium atom through nuclear fission,
verifying Einstein's well known equation E=mc2, we entered a new era of harness the vast energy
contained in this new fuel.

5 of 23

5

LC EPC Inquiry into Nuclear Prohibition
submission 75

When considering energy conversion in a typical light water reactor, a single kilogram of natural
uranium can produce about 500,000 MJ of energy 17. If that same kilogram was used in a fast reactor,
the energy conversion jumps by a factor of 56, to a staggering 28,000,000 MJ.
The enormous energy density of nuclear fuel, and our ability to liberate this energy safely in a nuclear
reactor is what gives nuclear power so many advantages over alternative sources of energy. Figure 3
shows a direct comparison between the energy density of an uranium oxide pellet to the major fossil
fuels.

Figure 3: The energy density comparison between nuclear power and fossil fuels 18

When comparing energy density of nuclear fuel to wind and solar the difference is even more
stark. Solar energy is a diffuse energy fundamentally limited by the irradiance from the sun at the
surface of the earth. One square metre at the equator corresponds to about 0.001 MJ every
second 19. Similarly, the global average wind kinetic energy per square metre is about 1.5 MJ 20. What
does this mean in real-world electricity generation terms? As shown in Figure 4 below, assuming a
high capacity factor for both wind and solar, (33% and 27%, respectively), over 11 million panels, or
939 turbines would be required to produce the same amount of electricity as a 1 GW nuclear power
plant.
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Figure 4: Generation capacity comparisons between nuclear power and solar and wind reveal the difference between
energy-dense nuclear power and energy-diffuse wind and solar.

5. Decarbonisation
The challenges that climate change present has led to a strong demand in low-carbon sources of
energy. Nuclear power has one of the lowest carbon footprints of any energy source. 21
During operation, a nuclear power plant releases no carbon dioxide. The only carbon emissions are
generated indirectly during the energy generation lifecycle. A full lifecycle analysis 22 of the emissions
by the Intergovernmental Panel on Climate Change’s Working Group III shows nuclear power has an
average carbon footprint of 12 g C02eq/kWh, four times lower than solar PV and comparable to
onshore wind. The data from this study is shown in the Figure 5, which compares emissions to other
energy sources.
Decarbonisation of Victoria’s electricity grid is only part of the challenge. Electricity generation
correspondents to about half of the 110 Mt CO2eq net emissions (as of 2017) 23. The other half of the
state’s greenhouse gas emissions are created in other sectors such as transportation (21%), direct
combustion (16%), agriculture (14%) and industrial processes (3%) 24, so any serious discussion on
decarbonisation should also include solutions that address these sources. Fortunately, nuclear power
has the ability to lower emissions in these sectors too. Transport decarbonisation may come via a
transition to electric vehicles, or those powered by hydrogen fuel cells. There is also a possibility of
using substitute carbon-neutral fuels 25 such as methanol or dimethyl ether as direct alternatives to
petrol or diesel. In all cases, nuclear power has a role providing low-carbon electricity, or process heat
to decarbonise the industrial processes required to produce hydrogen or synthetic fuels.
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Figure 5: Full lifecycle CO2 emissions of various energy sources 26

Process heat applications of nuclear power have been a very active area of research in recent times 27.
Low temperature processes such as fresh water desalination have been well-established 28 with
current nuclear reactor designs in Japan, India and Kazakhstan; while high-temperature reactor
designs (that can produce output temperatures of up to 900°C) have the real potential to substitute
out fossil gas that is currently used in many high temperature industrial process today.

6. Resource and land conservation
Resource and land conservation should play an important role in deciding what energy sources
Victoria should embrace. While electricity generation by solar and wind is low carbon, they are both
land and resource intensive when compared to nuclear power. This again is a direct result of the
diffuse vs dense nature of the respective energy sources.
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Figure 6: Nuclear power uses the least amount of construction materials per unit energy produced 29

Solar power requires significant quantities of steel, glass and cement, while wind and hydropower rely
on substantial amounts of concrete. More concrete is used than any other material during the
construction of a nuclear power plant, however it still uses 20 times less than wind when measured
on a per unit energy basis. Figure 6 illustrates this comparison where construction materials used in
the major electricity generating technologies show nuclear power having the lowest materials
requirement than any other source.
In addition to these major construction materials, solar and wind energy rely on a significant amount
of precious and rare earth metals in the construction of panels and turbines. The projected scaling up
of installed capacity of these technologies to meet emission targets is set to put significant
demands 30 on the mining of these metals. Silver, indium, as well as rare-earth metals praseodymium,
dysprosium, terbium and neodymium have been identified 31 as facing potential critical shortages
unless global production output can increase many times over their current levels. By 2050 the annual
need for indium for panel production alone (based on IPCC SR15 models of solar PV capacity growth)
will exceed the present-day annual global production twelve times over. Such demand pressure can
introduce long term economic uncertainty in solar and wind energy potentially making investment
unviable.
Mining has also become one of the single biggest drivers of deforestation and biodiversity loss around
the world. The environmental impacts associated with the scaling up of global mining operations to
meet the demand of resource-hungry energy sources should also be an important consideration when
deciding what is the best energy source to meet Victoria’s long term requirements.
Due to their diffuse nature, both wind and solar energy require a significant area of land to capture
and generate large amounts of electricity. The projected land-use intensity of different energy
production techniques measured in km2 of impacted land per terawatt-hour per year for the year 2030
varies over three orders of magnitude (Figure 7). Nuclear power has the smallest land-use intensity. It
is 30 times smaller than wind and 15 times smaller than solar PV.
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Transmission costs drive up electricity prices, so electricity is best generated close to where it is
used. Nuclear power’s small footprint means that it can be placed close to where there is electricity
demand without displacing large amounts of land that would be otherwise used for other better suited
productive activities, such as agriculture, commercial enterprise, or industry.

Figure 7: Nuclear power has the smallest land footprints of all the energy sources 32

Given the importance of water resources in both Victoria and the rest of the country, the use of water
in nuclear power plants is often quoted as a reason to not consider the technology. In a typical light
water reactor, water is used in two ways. The first is to convey the heat from the reactor core to drive
the steam turbines. Since this process is a closed loop, water consumption is negligible. The second
use of water is to remove the surplus heat from the steam circuit in a process of cooling in order for
the generator to operate effectively. This cooling is typically undertaken in two ways: direct cooling
via large source of water (river, ocean); or via recirculation where the heat is discharged through
evaporation. If a water-cooled nuclear reactor was to be constructed in Victoria, it would almost
certainly be located on the coast where most of the demand of electricity is located. It therefore does
not have to use an evaporative cooling process which requires large amounts of freshwater. Instead,
seawater can cool the reactor’s secondary loop that is isolated from the core. The region’s water
security is not threatened by embracing nuclear power. Additionally, if nuclear power plants were to
replace the Loy Lang or Yallourn coal-fired power stations (which rely on direct cooling from fresh
water sources), they could actually free up these water resources for more beneficial uses.

7. Build times
A common misconception about nuclear power is that because the construction of nuclear plants have
such significant development timescale the technology can’t be relied on to provide a fast enough
decarbonisation response to climate change. While there has been construction delays on a number
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of individual projects, a broader look at the cumulative construction on country by country basis tells
a different story 33.
Many countries have been able to ramp up their generation capacity in nuclear power at faster rates
than for solar and wind combined. Figure 8 illustrates this as a function of generation capacity
measured in kWh per capita, per year (added annually). This figure shows that nuclear generation in
France and Sweden added significant capacity over 10 years in the 1980s. The UAE is also adding a
greater amount of power generation per capita when compared to the biggest renewable energy scale
ups in Denmark, Spain & Germany.

Figure 8: Generation capacity per capita per year added each year during the decade associated with the big ramp up of
each generating technology18

8. Safety
The risk of accidents in nuclear power plants is very low and declining. Over six decades, which
represents almost 18,000 cumulative reactor-years of operation, nuclear power has remained the
safest means of generating electricity per unit energy produced.
There have been three major reactor accidents in the history of civil nuclear power. The first was at
Three Mile Island in 1979, which involved a contained meltdown without harm. The second was the
well known Chernobyl disaster in 1986 and the most recent was Fukushima in 2011, both releasing
radioactive isotopes into the environment to varying extents.
The Chernobyl disaster was caused primarily by an inadequate and poor reactor design that was
operated by equally inadequately trained personnel. A steam explosion and subsequent fire resulted
in a substantial radiological release into the surrounding environment. Two plant workers died on the
night of the accident, and a further 28 people died weeks later from acute radiation poisoning.
Another 19 workers died between 1987 and 2004, though their deaths can not be attributed with
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certainty to radiation exposure. About 6000 cases of thyroid cancer have been observed in the region
to date in those that were around during the accident, and fifteen of these cases had proved fatal by
2005 34. The UNSCEAR says that apart from these increased cases of thyroid cancer “there is no
evidence of a major public health impact attributable to radiation exposure 20 years after the
accident.”
The Fukushima accident was the result of a major earthquake that induced the reactors into an
automatic shutdown. The shutdown triggered backup diesel generators to drive pumps that were
intended to circulate the cooling water inside the reactor in the absence of the main power source.
The system failed when a 15 metre tsunami created by the earthquake breeched the 10 metre seawall
flooding the entire site causing the malfunction of generators. The loss of circulation of cooling water
led to a core meltdown in all three reactors. There was an observed significant radiological release
into the environment. Despite this, there were no deaths or serious injuries due to radioactivity,
though 19,000 were killed by the tsunami and fatalities were recorded due to evacuation of the area.
Apart from Chernobyl, no nuclear workers or members of the public have ever died as a result of
exposure to radiation due to a commercial nuclear reactor incident. This is why when measured by
fatalities per unit energy produced, nuclear power is by far the safest form of energy, as illustrated in
Figure 9.
In fact, due to the installed generation of nuclear power displacing coal-fired plants, it has been
estimated that this has prevented at least 1.8 million air pollution-related deaths globally to 2013. This
number is expected rise to 7 million by mid-century, dependant on what energy sources nuclear power
displaces 35.

Figure 9: Nuclear power is responsible for the least number of fatalities per unit energy produced 36
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If the ban on nuclear power in was lifted tomorrow at both state and federal level, and a reactor was
to be immediately, it is very likely a Generation III+ pressurised water reactor would be chosen. These
designs use both active and passive safety system to prevent all of the types of nuclear reactor
accidents that have happened in the past. Otherwise, near-term deployable small modular reactors
might be selected for Victoria, perhaps to replace the Yallourn coal-fired station (which is due for
closure in 2032). These reactors enhance safety simply by having a smaller core and thus smaller decay
heat that needs removing after shutdown. However, given the likely time frame for implementation
Victoria may well end up embracing one of the Generation IV reactor designs, which are arguably
orders of magnitude safer than the already very safe Gen III+ designs. They use non-water based
coolants to operate with inherent safety and use accident tolerant fuels of high melting temperatures
or coolants which do not boil even above 800°C.

9. Costs of Nuclear Power
The determination of the real costs of generating electricity from different sources of energy has long
been a contentious and largely debatable issue. Predicting what nuclear power might cost in Victoria,
where no nuclear industry exists, is difficult. Developing such a new industry from scratch is not
without challenges, however, state and federal regulators would be well placed to observe and utilise
best practices from other national nuclear industries and avoid historically observed bad practice.
The cost of building a nuclear power plant varies significantly between countries. There are a few
recent examples in the United States and Western Europe that have suffered cost over-runs and
construction delays and are often quoted. It is incorrect though to assert that these examples are
representative of the entire nuclear power industry. Looking at the broader dataset of historical
construction costs gives a better idea on the industry as a whole. Figure 10 plots out the Overnight
Construction Costs (OCC) of nuclear power plants expressed in inflation adjusted (2010) US dollars per
kW for seven different countries. The OCC is the biggest single cost component of a nuclear plant,
and is the most useful and neutral cost metric to compare between countries with differing
economies.
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Figure 10: Historical dataset of overnight capital costs of nuclear power plants in seven countries 37

Figure 10 indicates there is a large variation in cost trends across different countries (even with similar
nuclear reactor technologies). This variation suggests that other cost factors unrelated to the
technology dominated the experience of nuclear power construction and actualised costs within each
country. Negative learning curves - where costs increase with generation capacity - can be observed
in the United States, West Germany and to some extent Japan, whereas South Korea and India seem
to have reduced or at least stabilised costs over time whilst increasing capacity. This suggests that cost
factors such as regulatory regime, national utility structure are likely to have significant influence on
final cost points. Furthermore India and South Korea tend to have more internationally collaborative
industries compared to other nation states, suggesting the competitive advantage of collaboration
instead of industry protection.
Some energy commentators have argued that the National Energy Market grid may be better suited
to smaller capacity reactors known as small modular reactors (SMRs) which are expected to have
significantly lower capital costs than their larger capacity predecessors. The most mature SMR on the
market is from NuScale, whose 12 module 684MWe plant is expected 38 to cost approximately US$3
billion (US$4385/kW). Another SMR design is GE Hitachi’s BWRX-300, which is a 300MWe scaled down
version of the mature Gen III+ 1520MWe ESBWR. Projected cost point for nth-of-a-kind commercial
deployment 39 is expected to be US$2250/kW.
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Figure 11: Projected levelised electricity costs (top) and capital costs (bottom) for eight different advanced reactor designs 40

Figure 11 is derived from a 2018 study by the Energy Innovation Reform Project, 41 which compiled
the submission of individual Gen-IV vendors for commercial (nth-of-a-kind) cost estimates. The capital
costs and levelised costs are shown. Across all eight vendors, the average LCOE was US$60/MWh, and
average capital cost (including financing) was US$3782/kW.
As these costings for SMRs and Gen-IV designs are provided by the vendors, they should be considered
as the minimum cost estimate. It is interesting however to compare these estimates to those that
appear in other studies. The two main sources that seem to receive the most attention for Australian
pricing projections is the GenCost 2018 report from CSIRO/AEMO 42 and the 2019 AEMO Costs and
technical parameter review by GHD 43. The GenCost report suggests a 2019 capital cost for a large scale
light water reactors of just under AU$10,000/kW. This cost is predicted to vary little until 2050. The
GHD report quotes a SMR capital cost of AU$16,000/kW for 2018, which also isn’t predicted to
improve over a 30 year time frame. These costings and zero learning curve predictions are at odds
with the recent construction cost data and in the case for SMRs are as much as four to seven times
larger than vendor supplied pricing estimates.
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Figure 12: A comparison of system and levelized cost of a range of energy sources in four different countries 44

Figure 13: System costs are shown to increase with increasing penetration of variable renewable generation capacity 45

To put some of these costs in perspective, it is helpful to compare the cost of electricity generated
from nuclear with that of other sources. Levelised cost data taken from the Nuclear Energy Agency’s
2015 Projected Costs of Electricity 2015 report 46 along with system costs from their 2019 report The
Cost of Decarbonisation 47 is shown in Figure 12 for the main generation sources in four different
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countries: France, South Korea, the United Kingdom and the United States. In all cases, nuclear power
is cost competitive. At a 7% discount rate, South Korea LCOE for nuclear is about US$43/MWh,
significantly cheaper than any generating source across all four countries.
It is also well known that LCOE analysis has significant limitations 48 when comparing different energy
sources. LCOE analysis does not consider system costs which is required for a more accurate
comparison between real costs of different energy sources. As the penetration of variable renewables
sources increases, the cost of maintaining a stable electricity grid is borne out in these system costs.
Such costs are illustrated in Figure 13 which was been extracted from the report The Cost of
Decarbonisation: System Costs with High Shares of Nuclear and Renewables 49.
System costs associated with renewable energy, which are absent in regular LCOE analysis, assist
explaining why many jurisdictions with increasing renewable penetration are experiencing rising costs
of electricity rather than the reductions expected from past LCOE projections.

Figure 14: European residential electricity costs in 2017 as a function of installed wind and solar capacity 50

Figure 14 shows the residential electricity costs as a function of installed wind and solar capacity for
2017 in the European Union. Countries who have more than 30% nuclear generation are shown in
blue. While many factors would affect final residential prices in these countries, there is a strong
correlation between installed capacity of renewables and final price. Countries with negligible solar
and wind installation have been omitted for clarity, though prices in these countries fit the general
trend of the data. Germany and Denmark, with the highest renewable penetration (over 1.1 kW of
installed capacity per person) have the highest electricity prices the EU. Except for the case of Sweden
and Belgium, which both have relatively high renewable penetration, most of the countries with large
shares of nuclear power have low electricity prices.
Without first repealing the nuclear prohibition in Victoria and federally, it is very difficult to develop
an accurate estimate as to what might be the costs of nuclear power. Removing these legislative
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barriers would provide a market signal to the international nuclear industry to consider investment in
the state. With the prohibition in place, there is no incentive for vendors to produce a properly costed
business case.

10. Nuclear waste
The term ‘nuclear waste’ drives public sentiment for prohibition. This requires a reframing of the
definition of this term. It is important to note waste produced by modern reactors is not considered
waste- it is more correctly called ‘used fuel’ for the current reactor cycle, or ‘future fuel’ for more
advanced reactors. About 25 tons of used fuel is removed from a modern 1 GW light water reactor
each year, which is made up of about 96% uranium; 1% plutonium, and the rest fission products and
minor actinides.

Figure 15: Cask storage hall, Zwilag storage facility, Switzerland 51

This used fuel once removed from a reactor still generates a substantial decay heat, so the fuel
assemblies are kept in storage pools (onsite near the reactor) for a couple of years. They are then
transferred to dry cask storage, as pictured in Figure 15 (or in some countries, reprocessing facilities
are used to recover the fissile uranium and plutonium). The casks are incredibly robust and are able
to withstand a missile strike 52.
If all the used fuel from all the power reactors in the world that have ever operated was stacked on
the area of a rugby pitch, it would be about nine metres high. As a comparison, coal plants around the
world produce the same volume of waste every hour 53. This attests to the incredible energy density
of nuclear power - this relatively small amount of used fuel over 60+ years has produced a staggering
84,500 TWh of reliable, low-carbon electricity to the world.
During this time, which works out to be almost 18,000 cumulative years of reactor operation, the
management and disposal of civil nuclear waste has not caused any serious health or environmental
problems, nor posed any real risk to the general public. On any measure, this demonstrates the high
level of safety associated with used fuel storage.

18 of 23

18

LC EPC Inquiry into Nuclear Prohibition
submission 75

Figure 16: Spent nuclear fuel, which makes up a large proportion of high-level radioactive waste, makes up an absolutely
insignificant amount of the world's total waste production

To put this into a broader context, every week, almost 90 kg of industrial waste is produced for every
single person on the planet. Of this, 2.5 kg is considered hazardous waste. What about high-level
radioactive waste (of which spent fuel makes a significant proportion)? The equivalent weekly amount
per person is less than 33 milligrams. That's less than 0.000035% of the current level of industrial
waste production. Figure 16 illustrates this comparison.
Most of the used fuel around the world is currently kept in cask storage, though a number of longerterm solutions are being developed. Later this year, Finland's Onkalo deep geological repository is
expected to begin encapsulating casks of used fuel assemblies about 500m below the earth's surface
- the world's first long-term repository for used nuclear fuel. Recent developments in deep bore
disposal techniques have also been shown to be viable solutions for long term storage 54.
There are many critics of geological storage of used fuel, given the incredible value of the uranium and
plutonium it still contains. With uranium prices currently cheap, there is a good argument to keep the
used fuel stored safely above ground until it becomes economic to implement reprocessing
techniques such as pyroprocessing. During this process, fission products are separated from the useful
actinides, and the latter can then be used as fuel in fast-spectrum reactors. The remaining fission
products (the only real "waste") make up a small proportion (3-5%) of the original used fuel, and only
have to be stored for 300 years before they have a radioactivity comparable with background levels.
Russia already has two fast-spectrum reactors operating and producing electricity to the grid, and the
US, France, Korea, China and India all have designs set for near- to mid-term deployment 55. The ability
for these reactors to consume not only used fuel, but also weapons stockpiles and depleted uranium
tailings makes the sustainability case for nuclear even stronger.
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It should always be remembered that alternatives for power generation are not without challenges,
and their undesirable by-products are generally not well controlled. Solar panels, for example, aren't
easily recyclable, and contain a variety of toxic materials, including lead and cadmium. There is no real
plan to ensure this waste stream is kept out of the biosphere. There is also no current uses for the
large composite carbon blades of modern wind turbines after they are retired, which is expected to
create some significant and expensive challenges for their disposal. In the coming years as installed
PV panels and wind turbines approach the end of their life, this is set to a be a pressing problem not
just here in Victoria, but around the world.

11. Nuclear Innovation
Perhaps the most exciting aspect of nuclear power is the new generation of designs currently being
developed across the world. Small modular reactors (SMRs), high-temperature gas reactors (HTGR)
and molten salt reactors (MSRs) are three examples of innovations that demonstrate marked
improvements in safety, efficiency, and waste profiles. In addition, they open up a whole range of new
applications currently not available in the world’s current nuclear fleet, including the burning of
existing stockpiles of used nuclear fuel and various fuel and chemical cogeneration, including
hydrogen.
With the state prohibition still in place in Victoria, and at a federal level in Australia, it is very likely
that once these are overturned and a regulatory framework put in place, many of these new designs
will be commercially available. These designs have been actively pursued by state-run nuclear
organisations, the well-established nuclear power vendors, and a large number of nuclear startups
that have appeared throughout Europe and North America over the last two decades. Particular
progress has been seen in Canada, where already a number of both SMR and Gen-IV designs 56 have
been submitted for a vendor review process to the Canadian Nuclear Safety Commission 57 (a regulator
considered one of the most friendly to nuclear innovation).
In fact, Australian nuclear scientists and engineers from ANSTO have been actively involved in the
research of these designs. In 2016 Australia formally joined the Generation IV International Forum 58,
an organisation of made up 14 member countries which is dedicated to the co-operation in research
and development for the next generation of nuclear energy systems.
These new reactors provide some of the following advantages over existing designs:
Passive safety
A fundamental change in many SMRs and Gen-IV designs when compared to traditional light water
reactors is the presence of vastly improved passive safety or even full passive safety systems. Active
safety systems of older designs are characterised on the reliance of functioning of engineered
components during emergency situations. These new reactors feature passive safety systems that
depend predominately on physical phenomena such as convection, gravity, negative reactivity
coefficients or structural robustness at high temperatures, which is intrinsic to the reactor design and
operation. For SMRs, which are designs whose generation capacity is less than 300 MWe, they have
significant lower cooling requirements in case of emergency shutdown, such that many can be safely
cooled by naturally circulating air without the need for operator intervention. Gen-IV designs are
considered vastly safer than any previous generation of reactors, with many operating at low pressure,
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featuring automatic passive shutdown capabilities, and in the case of molten salt and some gas-cooled
designs, are characterised by a melt-down proof reactor core.
High temperature output
All Gen-IV designs operate at temperatures significantly higher than current light water reactors. This
high temperature operation vastly improves the efficiency of the conversion to electricity, and the
heat can be directly used by nearby industry in all manner of process including mineral processing,
recycling, desalination, hydrogen production and carbon-neutral fuel and fertiliser production. Not
only does this provide a vital pathway to help decarbonise these carbon-intensive industries, it may
also improve the economics of nuclear plant operation when cogeneration facilities are
considered. This is expected to be especially important in the case of hydrogen which is likely to play
an increasingly role in the global energy mix in the coming decades.
Fuel flexibility
Of the six reactor technologies classed as Gen-IV, four utilise the fast neutron spectrum. Fast spectrum
reactors have the promise of closing the nuclear fuel cycle, whereby used fuel can be reprocessed and
then re-used again. This dramatically improves the fuel efficiency and will reduce the demand on
uranium mining operations around the world. It also is an obvious solution to reducing the current
stockpiles of used fuel from the world’s current reactor fleet. Along with this spent nuclear fuel
inventory, fast reactors can also consume natural and enriched uranium, thorium, weapon-grade
plutonium and depleted uranium. The molten salt reactors also have an additional flexibility of not
requiring solid fuel fabrication, which is expected to reduce operating costs for these designs.
Improved waste profile
Another benefit of many newer designs is the ability to consume more of the fuel that is in the
reactor. In light water reactors, fuel rods are removed from the reactor core every 18 months, and
still contain about 97% of potential usable nuclear fuel. Gen-IV designs have significantly better fuel
burn-up rates, making more efficient use of the fuel, which means less waste per unit energy
produced. Fast spectrum reactors can potentially burn up all the actinides up in the fuel, so after reprocessing only the fission products remain as waste. This waste is not only much smaller in volume,
it takes only 300 years to return to radioactivity levels comparable to natural uranium ore.
It should be noted that a lot of the analysis presented in this submission has been based on data on
the light water reactors that currently dominate the civilian nuclear power industry. The metrics
examined per unit energy produced, such as construction materials use, lifecycle CO2 emissions, landuse intensity, deaths and build times and costs are all expected to be lower when considering Gen-IV
designs. This is driven by the greater fuel efficiencies, stronger safety cases and the modular
construction techniques expected to be implemented for these designs.

12. Recommendations
Nuclear Now Alliance supports the immediate removal of the legislative barriers preventing the
development of nuclear power in Victoria, and Australia more broadly. We recommend that the
Victorian government repeal the Nuclear Activities (Prohibitions) Act 1983 in its entirety.
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