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1. About Women in Nuclear Australia Inc.

Women in Nuclear (WiN) Australia Inc. is a not for profit association of women and individuals of
other genders who work professionally in various fields of nuclear technology and radiological
applications in Australia. Two of the aims of WiN Australia are to:
- Promote understanding and public awareness of the benefits of peaceful nuclear and
radiological applications, including nuclear energy; and

- Inform the nuclear debate through technical expertise and neutrality rather than lobbying.

2. Technology Investment Roadmap Feedback

Nuclear energy is an important part of Australia’s future energy mix in order to meet a growing
need for reliable, affordable and clean energy. Investment and planning in nuclear technologies in
the short to mid-term will see benefits into the future in terms of decarbonisation beyond 2030,

reliability of the energy network and energy security.
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2.a Nuclear energy and decarbonisation of electricity grids

Electricity generation in Australia accounts for approximately one third of the country’s
greenhouse gas emissions. In 2014, the Intergovernmental Panel on Climate Change (IPCC)
analysed hundreds of scientific papers examining the lifecycle carbon dioxide equivalency (in
gCO2eq/kWh) of different energy sources (IPCC Working Group Il — Mitigation of Climate
Change, Annex lll, Table A.l11.2), with the results shown in Table 1. The IPCC analysis shows
that nuclear energy and wind power without backup have the lowest lifecycle emissions of all the

technologies considered.

Table 1: Carbon dioxide equivalency of common sources of electrical generation

Energy Source Lifecycle Emissions Median Value
gCO2eq/kWh
Coal 820
Gas - combined cycle 490
Hydropower 24
Concentrated solar 27
Solar PV — rooftop 41
Solar PV — utility 48
Wind onshore 11
Wind offshore 12
Nuclear 12

The open source project Electricity Map - http://www.electricitymap.org - demonstrates how the
values in Table 1 translate to electrical grids and systems. Electricity Map provides live data on

carbon emission intensity for many parts of the world based on how the electricity is being
generated. Data is drawn from publicly available sources published by electricity grid operators,
official agencies and others. Greenhouse gas emissions are then calculated for each electricity
source based on emissions intensities derived by the IPCC (Table 1), and the live carbon

intensity in gCO2eqg/kWh displayed.

The data from Electricity Map is clear — areas with very low emissions either have abundant
hydropower resources (e.g. Tasmania, Norway, Sweden) and/or significant nuclear resources
(e.g. France, Sweden, Ontario). Areas with significant renewables installed, such as wind and
solar, whilst having lower carbon emissions than those areas relying mostly on fossil fuels, can
swing wildly in their emissions due to the intermittency of these technologies and the reliance on

fossil fuel backup (e.g. Germany, South Australia, California).
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If the world is to achieve deep decarbonisation, i.e. at least an 80% drop in carbon emissions to
remain within the 2°C scenario, then large scale adoption of stable, reliable, high capacity factor
sources of electricity generation, such as hydro and nuclear, are heeded. Australia is not

fortunate to have abundant hydro resources, hence nuclear appears to be the best option if the

goal is very low carbon emissions.

Conclusion and recommendation: Nuclear energy works. It has demonstrated it can achieve
deep decarbonisation of the electricity sector. It is our view that nuclear energy should feature

prominently in the first Low Emissions Technology Statement and in Australia’s roadmap.

2.b Nuclear energy and decarbonisation of other sectors

The roadmap discussion paper does not acknowledge that nuclear energy has the potential to
help decarbonise other sectors of the Australian economy beyond the electricity sector. SMRs
and advanced reactors (Gen 4) have the potential for deployment in Australia within the medium

and long term and can make significant inroads into emissions from:

- The industrial sector, e.g. provision of heat for industrial processes, electricity production
utilised directly by high energy consuming industries (non-grid electricity).

- The transport sector, e.g. strengthening the grid’s capability for charging electric vehicles,
high temperature reactors for making hydrogen for transport.

- Other uses, e.g. water desalination, hydrogen generation for use outside the transport

sector.

Conclusion and recommendation: Nuclear energy has potential for decarbonisation beyond the
electricity sector. This should be acknowledged in the first Low Emissions Technology Statement

and in Australia’s roadmap.

2.c Environmental benefits of nuclear energy

The environmental benefits of nuclear energy beyond low carbon emissions are often overlooked
in discussions on technology options and climate change. The International Atomic Energy
Agency (IAEA), of which Australia is a Member State, produced a report called Nuclear Power
and Sustainable Development IAEA 2016. This report compares the performance of nuclear
energy to other sources of energy production in terms of a selection of sustainability indicators.
The results are summarised in Figure 1. The figure indicates that nuclear energy performs well on

many of the sustainability indicators.
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FIG. 31. Performance of nuclear power and its alternatives across a selection of sustainability
indicators. Note: ° Resources availability is sensitive to geographical location for solar and
wind technologies; * Security of energy supply refers only to geopolitical supply risks. It does
not take into account the backup needed for intermittent renewable energy sources, which, if
provided by fossil fuels, might reduce their energy security benefits; © The closed fuel cycle
in fast reactors largely reduces the volume and radiotoxicity of waste per unit of electricity
generated; * An air cooling system eliminates water needs for cooling in thermoelectric power
plants; Water consumption from concentrating solar power technologies (not in the figure) can
be substantial; CCGT — combined cycle gas turbine; PV — photovoltaic; GHG — greenhouse

gas.

Figure 1: Energy performance across sustainability indicators

Four important aspects of nuclear energy’s environmental performance are worth highlighting:

- Nuclear energy requires much less land use than other forms of low emissions electricity
generation. An important aspect of preventing climate change will be returning as much
land as possible back to its ‘wild state’ i.e. a lot of trees. Nuclear energy is particularly well

suited to this because of its high energy density and small land usage requirements.

- Compared to fossil fuels, nuclear energy requires significantly less fuel. Nuclear energy

offers the densest energy solution. Compared to all other forms of energy, nuclear
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requires less mining, transport and material consumption.

- Unlike all other forms of energy generation that produce waste, nuclear energy manages
100% of its waste, which can be efficiently stored and largely recycled. The volumes of

nuclear waste are also incredibly small.

- Nuclear power reactors under construction today have a design life of 60+ years. During
this timeframe, renewable technologies would need to be replaced multiple times based
on current renewable technology. Nuclear energy also has a high capacity factor and

does not require backup. For instance, in 2019, the US fleet of nuclear power reactors

operated with a capacity factor of 0.93 (https://www.energy.gov/ne/articles/nuclear-power-

Conclusion and recommendation: Nuclear energy has other benefits that can help Australia
achieve its climate change objectives, such as low land usage requirements, low mining
requirements, and long plant lifetimes. This should be acknowledged in the first Low Emissions

Technology Statement and in Australia’s roadmap.

2.d Nuclear technologies and economics

A recent study from the Massachusetts Institute of Technology (The Future of Nuclear Energy

in a Carbon-Constrained World) highlighted the following main points:

1) In a deeply decarbonised grid, nuclear can prevent electricity cost escalations when
deployed efficiently. Without that contribution, the cost of achieving deep decarbonisation

targets increases significantly.

2) There are ways to reduce the cost of new nuclear plants. Governments play a large role in

helping to reduce costs.

An important aspect of this study is that when very low carbon emissions standards are set (in
terms of gCO2eq/kWh) the cost of renewables only systems increase dramatically due to the
requirement to build huge capacities to maintain reliability. A combination of nuclear and
renewables was therefore identified as the most affordable.

Current operating nuclear power plants produce low-cost power and support stable electricity

prices. Nuclear power plants are reliable and capable of operating 24/7 for many months or even
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years between refueling and are resilient to extreme weather events. The operation, maintenance
and fuel costs at United States nuclear plants are approximately one-third cheaper than for fossil
steam power generation; $24.4/MWh compared to $35.4/MWh (World Nuclear Association,
Talking Points, The nuclear industry communication handbook 2019). As well as reducing overall
energy provision costs, nuclear power plants are valuable long-term assets with a lifespan of 60
years operations or longer. Therefore, while capital upfront costs are considered significant, the

operational longevity of the power plants make them cost effective.

Industry Super Australia released a Modernising Electricity Sectors report that outlined cost
comparisons of various technologies for overall energy production. Super funds may provide a
suitable source of long-term investment potential for nuclear power in Australia. This report
showed that nuclear technologies are comparable with other technologies in terms of cost/GW

output.

The worldwide nuclear industry acknowledges the considerable up-front capital costs of nuclear
power plants and is working towards solutions for this issue. This includes standardisation of
safety and other requirements, collaborative R&D, innovative modular designs that can be mass

produced in a factory, and supply chain optimisation.

Conclusion and recommendation: If the roadmap is to honestly provide a long term
decarbonisation investment plan, then a comparison of the long term cost in decades for the
power generated through firmed renewables, nuclear (Gen 3, Gen 4 and/or SMRs) and other
forms (biofuels, fossil fuels with CCS etc) needs to be considered rather than taking the

shortsighted view on upfront investment and short term power output.

2.e Roadmap technology collaboration opportunities

Many countries throughout the world are setting the goal to be net carbon neutral by 2050. If
Australia also chooses this or a similar target, community consultation can help to establish the
path Australia takes to achieve the target. There seems to be a lack of understanding as to the
magnitude of change required to achieve deep decarbonisation in Australia. For example, a solar
panel on the roof of a house may lower electricity prices for the homeowner but will do little to
help deep decarbonisation of industry, transport, fixed energy, agriculture - every other sector

other than residential electricity use. The community needs a better understanding in general of

Women in Nuclear | AUSTRALIA



Page |7

energy generation and energy markets to be able to grasp how the various technologies in the

roadmap could actually help Australia achieve its decarbonisation goals.

The roadmap contains input from many knowledgeable and reputable organisations, including
CSIRO and ARENA etc. Whilst scientifically diverse, these organisations do not hold substantial
nuclear expertise. The roadmap would benefit from input from and collaboration with the
Australian Nuclear Science and Technology Organisation (ANSTO). The ANSTO Act 1987
outlines the functions of the organisation, which include providing advice on aspects of nuclear
science and nuclear technology and the application and use of nuclear science and nuclear

technology.

Conclusion and recommendations: ANSTO maintains Australia’s nuclear expertise, hence it is
recommended that ANSTO be included in consultation on the technological potential and
advantages of nuclear power, as part of the formation of the first Low Emissions Technology
Statement and beyond. If possible, it is also recommended that any documented outcomes of
this process are accessible and understandable by the average Australian, so that the immensity

of the decarbonisation challenge can be more fully acknowledged and understood.

2.f Key technology challenges and opportunities

Figure 6 of the discussion paper shows the monitoring and consideration of overseas
developments in SMRs as a long-term opportunity (2030-50+). There are multiple SMR designs
currently undergoing licensing and some designs are already under construction or operating. For
this reason, the time for monitoring and considering nuclear technologies is now (and ongoing

into the future).

Conclusion and recommendation: It is recommended that “Monitor and consider overseas
developments in SMRs” (and potentially other nuclear technologies) be considered in both the

short and mediums terms, instead of in the long term as per Figure 6 of the discussion paper.

WiN Australia thanks the committee for considering our feedback and recommendations on the

Technology Investment Roadmap.
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