LC EPC Inquiry into Nuclear Prohibition
submission 76

Submission to the Inquiry into the potential benefits to Victoria in
removing prohibitions enacted by the Nuclear Activities
(Prohibitions) Act 1983.
To the Environment and Planning Committee
Terrestrial Energy is grateful for the opportunity to provide this submission to the Inquiry into
the potential benefits to Victoria in removing prohibitions enacted by the Nuclear Activities
(Prohibitions) Act 1983.
This submission provides responses to all four terms of reference:
“the Committee should —
(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 federal or
local laws and regulations.”
Our response is organised in under those headings.
About Terrestrial Energy
Terrestrial Energy Inc. is a private Canadian company developing proprietary nuclear
technology, the Integral Molten Salt Reactor (IMSR®), for global commercial deployment
within the next ten years. IMSR® is a small modular advanced nuclear power plant that is
based on demonstrated technology and has the potential to revolutionize the costcompetitiveness of nuclear power generation in global energy markets, with nuclear safety
excellence and waste management advantages. Terrestrial Energy’s IMSR® will provide
carbon-free heat and power to global industry at a cost that is competitive with coal and
natural gas.
The company consists of a team of credentialed engineers, scientists and businessmen –
nearly 100 directors, officers, engineers and scientists in all, at this writing, with significant
growth planned for 2020 and beyond. An International Advisory Board of experts supports
and advises Terrestrial Energy. Together this represents a team of notable and wellrespected capabilities with members demonstrably credentialed in the fields of nuclear
science and engineering, nuclear regulation, international business, finance, environmental
protection, and the power utility industry. Two members of the technical team were
previously from the Oak Ridge National Laboratory (ORNL) and one – recently deceased –
worked extensively on the original ORNL Molten Salt Reactor program; a program that forms
the foundation of proven technology upon which the IMSR® is based. The company has
strong connections with leading nuclear laboratories globally, including the Canadian
Nuclear Laboratory, Idaho National Laboratory and ORNL.
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In 2015, the Company engaged with the Canadian nuclear regulator for Phase 1 of its
vendor design review process for the IMSR®, rated at 195 electrical megawatts (MWe). This
successful review was completed in 2017, on schedule and on budget. Phase 2 of the
vendor design review began in 2018 and is scheduled to be completed in early 2021.
In 2017, Australia, represented by ANSTO, acceded to the framework agreement of the
Generation IV International Forum (GIF), an international collaboration to develop next
generation reactors for civilian energy production, superintended by the OECD. One of the
concepts on which Australia is nominated is molten salt reactors. In 2019, Terrestrial Energy
was named as the first ever non-country member to the GIF.
We are pleased to bring this submission to the Environment and Planning Committee. We
regard Victoria as a potential market for the IMSR® power plant deployment should it amend
the current legislation that prohibits nuclear power generation. While the case in favour of an
IMSR® power plant being a source of competitively-priced, scalable, ultra-low emission
electric power that is reliable and dispatchable is just as, if not more, robust as when our
submission was made to the South Australian Royal Commission in 2016, the IMSR® power
plant is equally applicable as a versatile source of highly valuable industrial-scale heat that
has many industrial applications including in natural resource extraction.
We confirm that we are happy to be called upon to provide further information and evidence
in testimony.
Submitted March 2020
Contact Details:
Mr Simon Irish
Chief Executive Officer

info@terrestrialenergy.com
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(1) investigate the potential for Victoria to contribute to global low
carbon dioxide energy production through enabling exploration
and production of uranium and thorium.
Terrestrial Energy’s reactor design, the Integral Molten Salt Reactor (IMSR®) is an
advanced reactor for the production of high-quality heat and electrical energy with nil
operational emissions of greenhouse gasses. Independent assessment of the IMSR®’s
entire lifecycle and fuel cycle (construction, commissioning, mining, conversion, operation,
waste management, decommissioning, and so on) has estimated a total value for grams of
carbon dioxide-equivalent per kilowatt hour in the low single digits.
Figure 1 The IMSR supports power generation, integration of variable, asynchronous renewables, and production
of industrial-quality heat to make hydrogen, other essential chemical feedstocks, and desalination of water.

Figure 2 Comparative life cycle greenhouse gas emissions from various power sources including IMSR
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The fuel that powers this device is lightly enriched (<5% U235 isotope) uranium dissolved in
fuel salt. Australia is already a major provider of uranium to the international market.
Terrestrial Energy’s IMSR will use mined uranium with at least 50% greater fuel efficiency
than solid fuel reactors, to provide essential services to both mitigate and adapt to climate
change. Victoria could therefore be a direct contributor to a transition to low carbon
economies by removing the arbitrary barrier to uranium mining.
We understand there has been no exploration for uranium in Victoria since legislation was
put in place to prohibit it in 1983. Thorium as an alternative source of fissile fuel is technically
possible, but is not our near-term focus for commercialisation of the IMSR®.
Terrestrial Energy is not a uranium exploration, development or mining company, and has no
direct interests in uranium exploration, development or mining. There is no technological
barrier to deploying the IMSR in Victoria without undertaking uranium mining within the
political boundary of the state.
However, we believe legislative biases against legitimate, well-managed, peaceful activities
in the nuclear fuel cycle, in all global jurisdictions, coalesce to create serious societal blocks
and inertia to the deployment of powerful solutions in mitigating and adapting to climate
change. The Victoria prohibition against mining, in place since 1983, is a prime example of
such biases. Modern uranium mining in Australia is already a well-managed, successful
industry[1]. This prohibition at best serves as an unnecessary anchor on the Victorian
economy. At worst, it is part of a global institutional failure to address climate change with
the necessary urgency.
If deploying the IMSR in Victoria, it is entirely plausible that the State could become selfsufficient in fuel for many centuries or more. There is no chance of developing that
knowledge and understanding under present legislative conditions.
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(2) identify economic, environmental and social benefits for
Victoria, including those related to medicine, scientific research,
exploration and mining.
Environmental and social – greenhouse gas emissions
We draw the committee’s attention to the contribution of the Victorian energy sector to global
climate change – 100 MtCO2e per year from a population of 6.4 million people[2]. We draw
attention to the Canadian province of Ontario of 14.57 million people, with greenhouse gas
emissions from the energy sector of 4,5 MtCO2-e per year [3]. The Victorian power sector is
responsible for 15.7 tCO2e per capita. The power sector of Ontario is responsible for 0.3
tCO2e per capita (Table 1). The power sector of Ontario has the benefit of a large
hydropower resource, and is also gets over 60% of its electricity supply from nuclear energy.
Victoria’s legislative prohibition on nuclear power technologies is at odds with proven
technological pathways for decarbonising the power sector of modern economies.
We observe the recent environmental catastrophes befalling Australia in the form of extreme
heat, drought and bushfires. A change in legislative position to embrace proven technologies
for decarbonisation will be of clear environmental and social benefit to both Victoria and the
global community.
By contrast, statements or intentions expressing a desire for leadership in tackling climate
change appear undermined by Victoria’s ongoing dependence on lignite fuel, and the
associated legislative prohibition of proven, direct, zero-carbon substitution in the form of
nuclear energy.
Table 1 Greenhouse pollution comparison of Victoria and Ontario
Jurisdiction

Population

Power Sector
Emissions
(tCO2-e)

Victoria

6,360,000

100,000,000

Power
sector
emissions
per capita
15.7

Ontario

14,570,000

4,500,000

0.3

Source

National Greenhouse Gas Inventory
(Australia)(Department of Energy
and Environment)
Provincial and Territorial Energy
Profile - Ontario (Canada Energy
Regulator)

Environmental and social – air pollution
We draw attention to the matter of air pollution. We ask the committee to urgently consider
the environmental and social benefits that will be derived by transitioning away from
Victoria’s reliance on the combustion of lignite.
Air pollution, unlike climate change, is not a problem of global commons – it is local. When
point sources of air pollution are removed, the pollution ceases, and local environmental
conditions quickly improve. Conversely, when air pollution is allowed to continue, local
communities bear the weight of environmental and health consequences on behalf of the
larger jurisdiction. Air pollution is an unfair burden across a society.
Shown in Table 2[4], Victoria relies on 4,775 MW of lignite generating capacity.
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Table 2 Lignite generation in Victoria. Adapted from Australian Energy Market Operator
Reg on

Site Name

Fuel Type

Expected
Closure Year

Brown Coa

Nameplate
Capacity
(MW)
560

VIC1

Loy Yang A Power Stat on

VIC1

Loy Yang A Power Stat on

Brown Coa

530

2048

VIC1

Loy Yang A Power Stat on

Brown Coa

560

2048

VIC1

Loy Yang A Power Stat on

Brown Coa

560

2048

VIC1

Loy Yang B

Brown Coa

535

2047

VIC1

Loy Yang B

Brown Coa

580

2047

VIC1

Ya ourn W

Brown Coa

350

2029

VIC1

Ya ourn W

Brown Coa

350

2030

VIC1

Ya ourn W

Brown Coa

375

2031

VIC1

Ya ourn W

Brown Coa

375

2032

Total Capacity

2048

4,775

Australia’s National Pollutant Inventory[5] reveals this generating capacity is the largest
contributor to air pollution in Victoria. Of 75 reported types of air pollution, electricity
generation is responsible for 30. For 19 types of air pollution, Electricity Generation (industry
code 261) is the largest polluting sector. This includes particulate matter, oxides of nitrogen,
sulfur dioxide, as well as various heavy metals and their compounds. These impacts are
borne disproportionately by communities that are local to the power stations.
If the lignite-generating capacity of Victoria was substituted with IMSR units, the air pollution
shown in Table 3 would be eliminated. IMSR has no combustion in the production of power,
and no point sources of air pollution. Production waste products are retained permanently in
the original fuel can for safe processing and disposal. Victoria would have cleaner and
healthier air, with fully functional replacement of existing generators. This would take
advantage of the skills and infrastructure of existing power communities, supporting a just
transition away from coal.
We draw attention again to the province of Ontario, where since 2007 smog causing air
pollutants have declined significantly with the complete removal of coal from the power
generating system[6]:
•
•
•
•

53% decrease in carbon monoxide
51% decrease in sulphur dioxide
30% decrease in nitrogen dioxide
12% decrease in fine particulate matter

We ask the committee to consider that Victoria’s current legislative settings are functionally
equivalent to accepting an ongoing social and environmental burden from air pollution, that
disproportionately impacts local communities, when proven transition pathways are
available.
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Table 3 Air pollution impacts in Victoria from Electricity Generation (industry code 261) sourced from the National
Pollutant Inventory 2017-2018
Substance

Quantity
(kg)

Sulfur dioxide

110,000,000

Industry
sector
ranking
1

Particulate Matter 10

97,000,000

1

Oxides of Nitrogen

63,000,000

1

Carbon monoxide

22,000,000

2

Hydrochloric acid

20,000,000

1

Particulate Matter 2.5

2,200,000

1

Total volatile organic compounds

850,000

5

Boron and compound

8,8000

1

Sulfuric acid

8,5000

1

Ammonia

67,000

5

Fluoride compounds

63,000

1

Formaldehyde

28,000

1

Manganese & compounds

12,000

1

Nickel & compounds

1900

1

Chromium (III) compounds

1100

1

Mercury & compounds

1100

1

Copper & compounds

950

1

Lead & compounds

430

2

Cadmium and compounds

370

1

Chromium (IV) compounds

290

1

Zinc and compounds

261

1

Arsenic and compounds

260

3

Selenium & compounds

210

1

Cobalt & compounds

92

2

Beryllium and compounds

66

1

Antimony and compounds

56

4

Polycyclic aromatic hydrocarbons

45

5

Polychlorinated dioxins and furans

0.0035

2

Economic and scientific research
IMSR is a new technology that is well-advanced, and on a critical path to commercial
deployment. We acknowledge that Victoria, as a relatively smaller economy without an
existing nuclear power sector, is unlikely to be a first adopter of IMSR.
However, as an advanced economy with a strong research, development, scientific and
manufacturing base, as well as an aging and polluting lignite sector, Victoria has every
potential to be a fast-follower in both deployment and potentially factory-based
manufacturing of the most sophisticated, versatile and environmentally friendly power source
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yet conceived. This would be of great long-term advantage to Victoria’s economic,
engineering, technological and scientific standing.
Noting the scheduled retirements of lignite power in Victoria commencing in 2029 and
continuing to 2048, Victoria has an opportunity for substantial economic and scientific
research benefit from the commercial deployment of IMSR. This includes the essential just
transition for existing power communities in Victoria. Such communities cannot be sustained
from a transition to only distributed renewable generation. We foresee excellent
transferability of skills and competencies, as well as continued use of existing and very
valuable transmission infrastructure. Substitution towards IMSR could sustain such
communities for multiple generations.
Further detailed consideration of such transitions are beyond the scope of a submission
such as this, and ultimately need to be driven by the Government of Victoria. However,
noting the scheduled retirement of lignite, and based on our desktop research, with no
established plan or policy for successful transition, we propose to the committee that such
consideration is required. Much economic and scientific research benefit will be revealed by
the role of advanced nuclear fission technologies like IMSR.

8
8 of 12

LC EPC Inquiry into Nuclear Prohibition
submission 76

(3) identify opportunities for Victoria to participate in the nuclear
fuel cycle.
We posit Victoria has a major opportunity to benefit from participation in the nuclear fuel
cycle based on the essential transition from its aging and polluting base of lignite power
generation (Table 2). The only new electrical energy capacity being constructed or planned
is of semi-scheduled renewable sources (solar and wind). We observe on the basis of simple
media research that the transition to these sources in Australia is facing serious constraint
based on the need for considerable, costly and time-consuming enhancements to
transmission networks, and falling system inertia and security, with the retirement of only a
small fraction of the underlying synchronous generation currently provided by fossil fuels.
The IMSR® is a liquid fuelled, graphite moderated, thermal spectrum, burner reactor. It has
been developed from over seven decades of research and development into liquid fuelled
reactors. The IMSR® operates with a proprietary liquid fuel salt eutectic. The IMSR® design
permits the use of a salt that is plentiful, cost effective and produces little tritium in operation,
much of which can be captured using existing methods. This is only possible with a burner
reactor as the much higher neutronic efficiency of a breeder fuel cycle mandates the use of
lithium fuel salts; these produce much higher quantities of tritium during operation.
Furthermore, the IMSR®’s 7-year fuel cycle is materially longer than that of conventional
reactor systems in commercial use today and so consumes far more of its nuclear fuel.
Innovative design characteristics and decisions overcome historic challenges of both liquidfuelled reactors and the well-understood limitations of solid-fuel reactors that make up the
mature nuclear energy sector today. As a result, the IMSR® offers transformative cost
advantages that will enable it to compete in mature and established markets, on price alone.
The 195 MWe IMSR® is intended to be delivered as a power plant for under USD $1 billion.
With modular design, the technology is expected to accrue component production and plant
construction economies of scope from broad deployment, which will achieve a total CAPEX
of under 3,000 USD per kilowatt installed. In Australian dollars, at current exchange rates
this is the equivalent of 4,590 AUD per kilowatt installed. The power plant offers a huge
advantage over other zero-carbon power supplies in its provision of high-quality, constant
heat of 600 C, allowing versatile deployment for power generation, clean hydrogen
production, desalination and other chemical and manufacturing processes. The size of the
units presents no barrier to connection to the Victorian grid, being smaller single generating
units than the existing lignite generators (Table 2). Terrestrial Energy is progressing as
planned through Canada’s pre-licensing process, towards expected commercial deployment
in the late-2020s.
We see IMSR® as an excellent fit to Victoria’s needs in its coming energy transition. We put
it to the committee Victoria cannot achieve a cost-optimal transition from its singular
dependence (4,775 MWe) on lignite, towards a new supply system that is reliable and
affordable, without full and fair inclusion and consideration of the potential role of
advanced, small nuclear reactors like IMSR.
In summary, Victoria could benefit enormously from the inclusion of advanced
nuclear fission in its essential transition from an aging and polluting lignite sector.
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Figure 3 Licensing and commercial progress of the IMSR
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(4) identify any barriers to participation, including limitations
caused by federal or local laws and regulations.
The immediate barriers to participation in the advanced nuclear energy industry in Victoria
are legislative, and arbitrary. They include:
•

•

Clauses in the EPBC Act and the ARPANS Act, both at the federal level. As they
currently exist, these clauses would disallow the relevant minister from approving any
nuclear power plant project – even if exactly the same power plant were affordably
constructed in almost any other country and operated securely and economically to
successfully reduce greenhouse gas emissions.
The Nuclear Activities (Prohibition) Act 1983, specifically Clause 8(d) which prohibits
a person from constructing or operating a nuclear power plant.

It should be firmly noted that Section 3 Objects of Act states, in part:
“The objects of this Act are to protect the health, welfare and safety of the people of
Victoria and to limit deterioration of the environment in which they dwell”.
Since 1983, Victoria has generated in excess of one billion megawatt hours of electricity
from the combustion of brown coal. While successful in the delivery of reliable and affordable
power, this process requires strip mining, extensive air pollution (Table 3), and among the
most globally greenhouse gas intensive supply of power (Table 1). In contrast, between
1971 to 2009 conventional nuclear energy likely prevented an average of 1.8 million deaths
worldwide, and the release of an average of 64 billion tCO2-e[7]. The objects of the act
arguably have not been achieved.
Naturally, there are other constraints on participation in the nuclear fuel cycle, such as
regulatory and workforce requirements, many of which have been raised as findings and
recommendations in Australia’s recent Federal parliamentary inquiry.
We note for the committee that Australia is, in many respects, a mature nuclear nation.
Additional regulatory and workforce developments, in the context of scheduled retirements of
Victorian lignite, are surmountable. We put it to the committee that these are not barriers.
They are investments in permanently enhancing the industrial capacity of Victoria and
Australia. Over a dozen of other nations worldwide are engaged in that capacity-building
process right now.
Terrestrial Energy remains committed to expressing interest (to date, through the course of
four separate processes of inquiry) in supporting Australia’s obvious needs in energy
transition. We also highlight that our ability to commit resources for the purpose of sustained
business case development, and engagement with Australian government and institutions, is
absolutely constrained by legislative prohibitions against the beneficial technology we are
bringing to the global market.
Put simply, we cannot invest in the development of markets where we are not
welcome. Despite the obvious technological fit between retiring lignite and potentially
adopting IMSR, Victoria is currently a market where we are unwelcome.
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