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1.Executive summary
We are not biased towards Thorium. We are biased towards producing energy from
Thorium Molten Salt technology. The advantages of Thorium Molten Salt energy are
numerous - it has very high energy output and ultra low waste; it is ‘walk-away safe and
non-weaponisable; no water cooling is needed and above it all, has zero carbon
production.
Any associated risks are orders of magnitude lower than traditional uranium solid fuel
systems.
This is a technology that was experimentally proven in the 1950’s and 1960’s and
supporting Thorium Molten Salt research and development would be a boon to the
economy and the society of Victoria.
We believe that assessing and reducing the regulatory hurdles, as this Inquiry will enable, is
the path to make this a reality.
For this purpose, our project (The Thorium Network), is built on the ethos to promote
truthful and factual information about Thorium Molten Salt (TMS), as well as to provide an
approved and regulated means of moving Thorium from source to end users in a secure,
transparent and compliant manner.
Changing the laws in Victoria to allow mining, processing, and energy production from
Thorium Molten Salt would stimulate our interest to locate our business in Victoria.
Our submission supports the exploitation of Thorium Molten Salt as an energy source due
to the numerous benefits that such activity will bring to Victoria, Australia and above all, the
world.
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2.Context
2.1 Current global situation
Below is a brief survey of current, ongoing Thorium-based or Molten Salt-based
projects, as well as additional context pertaining its need and convenience, in selected
countries:
China – Most circuits completed for their 100MW commercial unit planned for operation by
2024 (plus $3.3b publicly committed to the program in 2011 and reiterated in 2015). They
have even invented an alternative to Hastelloy-N, the high corrosion resistant material used
in the 1960’s at Oak Ridge National Laboratory.
France – Announced switching to Thorium Molten Salt research in December 2018 at mid
level semi-public presentation. By 2030 half of their old tech reactors must be shut down by
design. That is 31GW of generating capacity. Germany relies on France for “makeup”
energy when their own renewable generation “dips”.
Switzerland – 36% nuclear (2.8 GW) coming to a close by 2029. By 2050, perhaps earlier,
Swiss glaciers will be gone and so summer energy production from inline river hydro plants
will drop to almost zero. Their need for an energy-efficient replacement is dire.
Canada – CAD10M government grant to private company Moltex for 10MW Thorium
Molten Salt unit, by 2030.
USA – USD5M government grant to private company to develop Thorium Molten Salt
technology; Bill Gates investment of USD100M into TerraPower, a private company;
Recently withdrawn Presidential candidate for 2020, Andrew Yang, announced his energy
policy to have commercial Thorium Molten Salt energy production in the USA by 2027.
Indonesia – Memorandum of Understanding for 500 MW Thorium Molten Salt burner
signed with private company ThorCon. Indonesia wants it ready by 2026.
Holland – SAMOFAR research machine for Thorium Molten Salt. Refunded for another
testing cycle by the European Union.
Norway – Testing solid fuel Thorium for many years with Thor Energy at Halcon.
Russia – Constructing Thorium Molten Salt machine.
India – Committed to be 100% on Thorium Molten Salt by 2100 (that is no solar, wind, hydro
nor anything else…) and 30% energy from Thorium Molten Salt by 2050.
Italy – currently testing Thorium Molten Salt loops using table salt.
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United Kingdom – Progress is accelerating in Small Modular Reactors (of which Thorium
Molten Salt is a type) is being discussed by companies such as Rolls Royce and
Westinghouse.

2.2 Current local situation
Victoria continues to generate most of its electrical power from vast reserves of
brown coal in the Latrobe Valley. However, there is a growing drive to switch to renewables
in order to reduce carbon emissions and transition to a low carbon economy.
According to data published by the Australian Energy Regulator Victoria has
amongst the highest wholesale power prices in the country. Victoria used to be Australia’s
manufacturing hub, however, energy-intensive industries such as the Portland Aluminium
Smelter are on the brink of closure. Whilst not entirely due to energy costs, Victoria’s
automotive manufacturing is now defunct, and small businesses are being severely
challenged by the cost of electrical energy.
Wholesale electricity prices have declined across the country, by up to about 30%,
largely due to the increased penetration of low-cost renewable energy over the last 18
months or so. However, despite some increase in small scale battery storage, dispatchable
capacity has decreased significantly. So much so that had it not been for a relatively mild
and wetter than usual summer, Victoria would probably have been challenged by blackouts.

2.3 The need for a safe, high-efficiency, low-waste
nuclear alternative
Nuclear energy has always been much safer than all other forms of energy
combined. The only thing nuclear energy has suffered from is bad press. The data speaks
for itself. Production energy for the future of society, with high urbanisation and high
manufacturing requirements, necessitate the focus on non-weaponisable, safe and low-risk
production of energy from the nuclear process.

Image 1: Death statistics by energy source
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3.Thorium Molten Salt - a different energy
source
3.1 History - ORNL
The history of research into Thorium Molten Salt is long and distinguished, being
developed at the Oak Ridge National Laboratory, in Tennessee, USA (ORNL) in the 1960s.
At the time of the second World War, when the potential for nuclear weapons was being
realised through the Manhattan project, other scientists, such as Enrico Fermi, were more
interested in civilian energy production to create viable means of energy production from
the nuclear process. Dr Alvin Weinburg was one of these people and went on to become
the Director of ORNL from 1955 to 1972. He led the push for Thorium Molten Salt
technology and was so persistent he was subsequently removed from office in 1972.
Research on Thorium Molten Salt as an energy source began in 1940 under the
direction of Glenn Seaborg at the University of California, Berkeley, and subsequently
carried on by him into the Manhattan project. It was later discarded by the Manhattan
project in 1946 due to the extreme difficulty to produce weapons from it. But during this
time it was discovered it had far superior properties for energy production.

Images 2 & 3: ORNL Molten Salt Reactor Experiment

2

In 1954 the first molten salt machine was successfully operated at ORNL, a 2.5MW
machine designed for aircrafts. This led to the focus on further molten salt research and
development leading to the Molten Salt Research Experiment commenced in 1965 and over
a five-year period, successfully proved the technical viability of civilian nuclear energy
production from molten salts.
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Image 4: Development status report of Molten-salt breeder reactors

2

The key to Thorium Molten Salt is that it has an extremely high energy efficiency, low
waste and most importantly, inability to produce weapons.
When the budget cuts were cited as the reason for abandoning further research into
Thorium Molten Salt in 1972, the focus went instead into plutonium-fueled, liquid-metal
fast-breeder reactor (LMFBR) (subsequently abandoned in the early 1980s). Dr Seaborg,
who went on to become the director of the Atomic Energy Commission from 1961 to 1971,
appointed by President John F Kennedy, concedes that this was a mistake. (Seaborg, G. T.
and Loeb, B. (1993). The Atomic Energy Commission Under Nixon. Palgrave Macmillan.
1993, pg.179)
Only the Internet, and focused persistence by an ever increasing number of
scientists, engineers and enthusiasts has brought attention back to Thorium Molten Salt for
energy production. The huge advantages that such technology would bring to the state of
Victoria are incalculable.

3.2 Thorium Molten Salt fuel cycle
Thorium, a weakly radioactive metal, is three times more abundant than Uranium in
the Earth’s crust. Indeed, in every cubic meter of earth, there is enough Thorium (2 cm3) to
provide the same energy content as 30 cubic meters of crude oil. Thorium exists naturally
as the isotope Th232, an incredibly stable material having a half-life of 14.05 billion years.
When bombarded with neutrons, the decay chain of Thorium moves into Uranium 233, a
fissile material of superior energy-producing characteristics. Up to 99.5% of the energy
contained in the Thorium fuel load can be released as thermal energy from the fission of
U233. Using heat transfer fluids such as supercritical CO2 means that thermal efficiencies
of up to 44% can be achieved. Such turbo machinery is also much smaller than that
presently used for power generation. These technologies in use in Victoria would stimulate
growth and development of secondary industries not presently existing in the state.
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As a result of the high fuel to energy ratio a small amount of fission waste material is
produced, and required controlled storage for 300 years - a period of time commensurate
with many buildings in the cities of Europe, and not beyond the realms of feasibility for our
present society. (NB: A single use plastic bag takes 1,000 years to break down in the
environment).

4.The benefits of Thorium Molten Salt
4.1 Opportunities in Victoria
In short: Jobs, Jobs, Jobs. Recently, US Senators began calling new nuclear
technology “Green nuclear” - Why? This is because in comparison to fossil fuels, it is green.
Particularly Thorium Molten Salt technology. Only the release of mining Thorium in Victoria
will allow the development of such technology through accelerated research and
development.
Victoria used to be the manufacturing powerhouse of Australia. That was before the
mining boom. Before cheap imported goods manufactured in South East Asia, and China in
particular. Victoria’s manufacturing prowess was underpinned by low cost electricity from
its massive brown coal reserves in the Latrobe Valley. Industries like aluminium smelting in
Portland, now in trouble; motor vehicle production in Clayton and Broadmeadows now
largely extinct, and Australian Paper Mills in Gippsland under threat due to the high costs of
power.
Unfortunately, renewables cannot provide guaranteed dispatchable power. Adding
large scale storage increases their cost to the point where they become uncompetitive
compared to other low emission technologies such as carbon capture and storage (based
on cost estimates by independent consultants such as GHD), let alone Thorium Molten Salt
technology.
Victoria also has amongst the best Australian mineral sands deposits which include
Monazite: a naturally occurring source of Thorium. Consequently, Victoria is ideally placed
to be a forerunner in adding Thorium Molten Salt technology to its energy mix thus
significantly improving its dispatchable carbon free energy capacity potentially
reinvigorating its manufacturing legacy but also paving the way to catalyse emerging
technologies such as hydrogen, ammonia, methanol and dimethyl ether to enable the
phasing out of fossil based liquid fuels. All at the lowest marginal cost.

4.2 New industries
We should not lose this opportunity to point out that low cost Thorium Molten Salt
energy can also be used to produce H2, which can be used in fuel cells and/or to make
liquid fuels from CO2 such as Methanol and Dimethyl Ether. Both with superior properties
compared to gasoline and diesel. Another opportunity for Victoria to become a frontrunner
in the emerging Hydrogen economy.
TheThoriumNetwork.com
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5.Barriers to Participation
5.1 Public perception
The only real barrier to the production of energy from Thorium Molten Salt is public
perception. It would take less than 10 years of focused, properly resourced attention, to
produce commercial scale technology. Victoria could be the pioneer in this and the
springboard for adoption nationwide.

5.2 Cost estimates of Thorium Molten Salt
Long term economies of scale base on the adoption of Thorium Molten salt suggest
lower-than-coal figures for cost estimated. The chart below is based on engineering studies
by Atkins Engineering of the UK, circa 2014. The bar in red shows the estimates for costs
for Thorium Molten Salt with the dark red being power generation equipment costs and the
bright red the TMS burner costs.

Image 5: Economic benefits
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The primary reason for Thorium Molten Salt being so low in cost is the physical
safety of the technology. There is no cooling water so the power generation equipment
remains outside the operating radioactive area. There is no chance of meltdown so safety
features are greatly simplified. Here is a comparison of size difference between the same
power output of a conventional power system and a Thorium Molten Salt system:

3

Image 6: Comparison of conventional power system and Thorium Molten Salt system

5.3 Regulatory
US Law changed in the early 1970s to prohibit research and development of liquid
fuel nuclear systems, which were direct legislative steps taken to stymie TMS development.
The world has followed suit ever since.

Image 7: Thorium Molten Salt Process Flow
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So why not uranium? Simply because it makes weapons. Solid fuel uranium
systems (made of U238 and U235) were selected and subsequently optimised for their
ability to produce plutonium.
Less than 0.7% of available energy is converted into thermal energy. The rest of the
energy is trapped, unreleased in the fuel rods by the poisoning effect of neutron hungry
reaction products (mainly plutonium) which turn the reaction off. A 1GW uranium solid fuel
facility can produce as much as 275kg of plutonium per year, enough for more than 30
nuclear weapons. These transuranics produced in solid fuel U systems must have managed
secure storage for up to 100,000 years. This adds roughly 2.5 times the original cost of the
capital to a project. A project that produced energy for only 60 to 70 years. Is that even
moral? Uranium 235/238 should never have been used to produce energy. Small Modular
Reactors don’t avoid this dilemma with using solid U.

6. Countering the anti-nuclear argument
We have observed repetitive submissions to this inquiry focused on emotive and
arguments using misleading facts. A key reference relates to “Helen Caldicott - ‘Th’
Thorium Documentary”5.
We have identified 10 common themes from amongst the anti movement and
address each one here now, specific to Thorium Molten Salt.
1. Waste: Energy production from Thorium Molten Salt produces very little waste. This small
quantity of waste needs to be stored for only 300 years before it’s radiation levels reach
background levels. At that point it is no longer a waste, more akin to “dirt”.
“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: Energy production from Thorium Molten Salt requires no water.
“Nuclear power is a thirsty industry that consumes large volumes of water, from
uranium mining and processing through to reactor cooling. Australia is a dry nation
where water is an important resource and supply is often uncertain. “
3. Time: Energy production from Thorium Molten Salt is load following, and has rapid
response time to energy demands. Thorium Molten Salt burners lend themselves well to
midule design and rapid fabrication techniques. The same or less time as would be needed
for a coal fired power station.
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“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. LC EPC
Inquiry into Nuclear Prohibition Submission 9, 2 of 3. “
4. Cost: Energy production from Thorium Molten Salt will cost less than 1 cent per kWh.
Studies of capital costs show costs less than coal fired power stations around 1 to 2 M
USD per installed MW. Fuel costs are negligible.
“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 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.”
5. Security: Energy production from Thorium Molten Salt is extremely secure. Thorium itself
is non fissile and offers no threat as a weapon. Operating radiation levels inside the burner
are higher than other technologies making observation much easier and less costly for any
attempts to remove materials, and make interference with the process extremely
dangerous.
“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.”
6. Inflexible or unproven: False.
“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.”
Energy production from Thorium Molten Salt was proven over a 5 year period in the famous
MSRE project at Oak Ridge National Laboratory from 1965 to 1969. There are extensive
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reports and a number of videos documenting this very successful project, notably the
Molten-Salt Reactor Experiment 1969 video from ORNL6.
7. Safety: Energy production from Thorium Molten Salt is walk away safe. Being a molten
salt there is no chance of a melt down. Having no water means there is no chance of a
steam explosion. Once heating to the process stops the molten salt cools into a solid inert
mass unaffected by fire, water or earthquake.
“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.”
8. Unlawful and unpopular: False.
“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%).”
Nuclear Energy is lawful in over 30 countries of the world. Thorium Molten Salt is being
actively pursued by at least 10 sovereign states.
9. Disproportionate impacts: False.
“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.”
Reminiscing past mistakes by former governments and organisations is completely
unproductive. It will not make Australia great. Lessons learnt from billions of dollars of
investment and millions of hours of effort should not be discarded. Australia will be left
behind if it does.
10. Better alternatives: False.
“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.”
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The ideal energy mix consists of partly PV, wind and TMS. TMS burners provide industrial
scale energy with the fraction of the footprint required by PV and wind. PV and wind are
suitable for domestic and commercial lighting and cooling.
For Australia to compete on an industrial scale, TMS energy production is needed.

7. Recommendations
Recommendation 1: The government should adopt strategies that allow energy
production from Thorium Molten Salt technology to be researched and developed in the
State of Victoria
Recommendation 2: The government should invite international contenders,
inventors, technology development companies, corporations, to settle in Victoria, establish
research facilities and develop power generation systems to compete with established
power generation systems.
Recommendation 3: The government should include Thorium Molten Salt as a
contender for all future power generation contracts issued by the government.
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