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Due to the indicated differences in input values also the LCOE of different electricity generation
technologies vary significantly depending on the country, the technology and the properties
of individual plants. It is thus not meaningful to point out a single power plant type, which
would outcompete the others in terms of average costs. This is in particular true for renewable
technologies, especially wind turbines and photovoltaics, whose costs are very much location
dependent. Therefore, they are frequently tailored to individual requirements: not only are PV
installations differing in size, from household rooftop installation and floating panels to utility
scale open space PV installations, but also wind turbines range from being installed in small-scale
individual units to large wind farms. The same holds true for hydro units, being connected to small
streams or large rivers, in the form of run of river or reservoir. Figure 3.4 illustrates this range of
technological options for generating electricity and associated costs.

Figure 3.4: Overview of LCOE values

250
200 - I - " N — S
< I ] ]
s 150
=
[ . -
= I I T A 1
= 1001 11 L = L B
SR -, - 3 o I - io
o = 1 | N IR
&‘) | s = R el ElE e - J. | 1 l _J__ e i
50 ome o b -QTL_.,. _*_E S . R -
I 1 i - i X
- s & e e e = » wEs l
0 ! = . S
9 = -~ =1 = | |
2 35 3d 3T 5§85 £ 22 FE T PE ST ES E 8T C AIEEEE & |
[+] 7 = - — %] o o}
I5 O g e 213 5 55 £ 8 ¢ 2 £ 0 £ £ = E £ 0o oIS & 53 S
15 ¢ 8 9132 T - - g 2 @ @ 5 x w W @A ¥ 5 90 Q9 0T = 2 T2
- g g T 8 0 ys 2EZTEE N YESE g EIEEE E o
} I E o A £ T g ¢ > 3 Q - @ @ € 8 8 5 © S E
| 5 22 £ 288 & 58 20 2 Q3 T U s
{ V] $ 20 > 2 5 % 32 £ < = @ 3 £ @
L » T & = 0 8 g 5 © s o £
Q v 5 = . &8 A B w ©0 ¢ 9 =
< 5 = 2 2 B a ¢ g 3 o]
o =4 @ =] S W = 3 X o
5 5 23 s e S
I} [ } 5 = o
| - e V]
|
Fossil fuel
technologies Low-carbon technologies CHP technologies

Note: Values at 7% discount rate. Box plots indicate maximum. median and minimum values. The boxes indicate the central 50% of values, i.e.
the second and the third quartite.

The multitude of categories also illustrates the diversity of options on the thermal technology
side: several fuel categories are paired with technology options like CHP, CCUS and different turbine
types. One of the most striking results is the large range of LCOE values for renewable technologies.
Although utility-size power plants often have plant-level costs that are comparable to conventional
power plants, smaller plants can still be several times more expensive.,

The aggregated data for the 24 countries that provided data for this report does not tell the whole
story of levelised generation costs. Due to more or less favourable sites for renewable generation,
varying fuel costs and technology maturity, costs for all technologies can vary significantly by
country and region. In addition, the share of a technology in the total production of an electricity
system makes a difference to its value, load factor and average costs.



In the short term (up to 2030), with the previous drivers and conditions already in place, the cost of
nuclear projects could be further reduced.

In technology and process innovation, a range of cost reduction opportunities could be exploited
through the interplay between the reactor design and the associated delivery processes. These
drivers are not necessarily sequential and can be mobilised even during early planning stages in
order to accelerate learning.

There is evidence that countries in more advanced stages of learning are already benefiting from
these opportunities and working on a continuous improvement basis similar to other industries.
In addition, in order to maximise the potential of cost reduction, the right balance between
improvement and replication needs to be found in order not to alter the positive learning dynamics.
Timely decision making has also to be acknowledged with the objective to ensure the right pace of
new construction and diminish the risk of over engineering.

At the reactor design level, the experience gathered in the first constructions can be used to
reach higher levels of simplification, standardisation and modularisation as well as to integrate
the latest technical advances. Organisational efficiencies can also be unlocked through a new set
of innovative processes.

Longer-term (beyond 2030) cost reductions are also possible. There are indications that countries in
more advanced learning stages are moving in this direction.

Further cost reductions can be achieved by means of higher levels of harmonisation in codes
and standards, and licensing regimes. Other highly regulated activities such as the aviation sector
have already undertaken significant efforts in this field with positive results. Without neglecting
the strong political dimension and the need to protect the sovereignty of national regulators,
international collaboration for regulatory harmonisation has demonstrated that it is possible to
reach common positions in some areas.”

8.4 Economic perspectives on small modular reactors (SMRs)

Small Modular Reactors (SMRs) are defined as nuclear reactors with a power output between
10 MWe and 300 MWe. Designs with power outputs smaller than 10 MWe, often designed for semi-
autonomous operation, have been referred to as Micro Modular Reactors (MMRs).

SMRs are often designed for factory fabrication, taking advantage of the benefits of economies

of series, to be transported and assembled on site, resulting in shorter construction times. This is
one of the key elements that might prove to make SMRs cost competitive with other energy options.

7.  See Multinational Design Evaluation Programme,
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reactors that incorporate'\alterngtive coolants (i.e. liquid metal, gas or molten salts) and advanced
fuels. SMR deployment configuration can vary between single-unit installations, multi-module

plants, or mobile power sets such as floating (i.e. barge-mounted) units. In 2018, the International
Atomic Energy Agency (IAEA) identified more than 50 concepts under development with different
technology and licensing readiness levels, including four concepts that were under construction at

he time. .
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= '“quﬁ—s.maller reactor cores, very large water inventories and lower power densities, LWR SMRs
(may Penefit from reduced shielding requirements and reduced or eliminated offsite Emergency

“Rlarning Zones (EPZ] which, in turn, will result in added flexibility for the siting of these reactors.
SMR designs often include an integral nuclear steam supply system and take advantage of overall
system simplification. Inherent passive safety systems provide SMRs with greater and, in some
cases indefinite, coping times in case of a loss of offsite power. Many SMRs are designed to be
installed below-grade resulting in higher physical protection and protection from external hazards.

8.4.1 Key economics drivers of SMRs

While smaller cores bring the benefits described above, they also have a negative effect on the
economic competitiveness of the unit. Reactor designers have traditionally scaled reactors up to
larger sizes to take advantage of the economies of scale. In other words, because the fixed costs
associated with a nuclear reactor grow very slowly as the size of the reactor increases, it makes
sense to increase the output of the reactor to reduce as much as possible the cost per unit of
electricity produced. To counterbalance the impact of diseconomies of scale, the business case of
SMRs is supported by economies of series production, which in turn relies on design simplification,
standardisation and modularisation.

The benefits of serial construction have been well documented in other industries, such as
the shipbuilding and aircraft industries, in which serial manufacturing have resulted in learning
rates between 10 and 20% (NNL, 2014). For the first SMR units, serial production may also allow to
amortise non-recurrent costs, such as research, development and design certification costs.

To support serial construction and achieve learning rates of the same order of magnitude as
these other industries, several specific drivers have been identified as summarised in Figure 8.5
below:

* Simplification: Passive mechanism improvements and greater design integration would
reduce the number of components and result in containment building savings.

¢ Standardisation: The lower power output of SMRs reduces the need to adapt to local site
conditions, raising the level of design standardisation compared with large reactors.

* Modularisation: Smaller SMR size means that transporting their modules would be easier
than for large reactors. In fact, the degree of modularisation increases considerably for power
outputs of less than 500 megawatts of electrical capacity (MWe). This trend could be improved
with more aggressive modularisation techniques tailored to the logistical constrains and
transport standards of each country. It is estimated that 60-80% factory fabrication levels are
possible for SMRs (with power outputs below 300 MWe) (Lloyd, 2019). This would also facilitate
the implementation of advanced manufacturing techniques such as electron beam welding
and diode laser cladding by 2025 (EY, 2016). Others, such as powder-metallurgy hot isostatic
pressing and additive manufacturing, are at lower technology readiness levels but significant
progress is being made (EPRI, 2018).

* Harmonisation: Having access to a global market is necessary to foster series-production

economies, but this 1s possible only with regulatory and industrial harmonisation.
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In that respect, as highlighted in Figure 8.4, it is important to stress that SMR construction costs
will be impacted by the key cost drivers identified for large Generation III nuclear reactors. However,
some specific drivers will carry more weight. This is especially the case of the series effect, as well
as simplification, standardisation, modularisation and harmonisation.

Attaining these economic benefits will require a co-ordinated effort between the different
stakeholders, as well as a dedicated policy and regulatory framework. It is also imperative to
appropriately estimate the size of the global market required to establish a robust supply chain and
sustainable construction know-how that result in cost-competitive capital costs.

If SMRs can be serially manufactured in a manner similar to commercial aircraft, the economic
benefits are significant. This requires, however, the market for a single design to be relatively large,
which denotes the need for a global market. For this to be realised, regulators will need to consider
how they might co-operate to enable a true global market for nuclear technologies.

Figure 8.6: SMR economic drivers that help compensate diseconomies of scale
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8.4.2 Market potential for SMRs: Broadening the value proposition
of nuclear power

The smaller size and the shorter delivery times predicted make the upfront investments needed
for SMRs smaller. As a result, customers and investors may face lower financial risk, which could
make SMRs a more affordable and attractive option. Given their smaller size, SMRs also offer more
flexibility to meet demand growth in smaller increments, which would also improve their overall
business case.

However, the anticipated advantages of series deployment will only be realised if SMRs can
take advantage of a global supply chain and a global customer basis, which require a streamlined
multinational licensing framework and co-ordinated international codes and standards for the
manufacture of systems and components.
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Although most SMR technologies are in the relatively early stages of development and significant
uncertainties remain for their market outlook, at least three potential applications have been
identified for SMRs, in addition to the traditional role of providing baseload electricity:

Decarbonising energy systems by replacing coal plants and providing power for district
heating and desalination applications. Most advanced designs such as non-LWR SMRs,
that are designed to have higher operational temperatures, could supply process heat for
industrial sectors where substituting carbon-intensive sources of energy would otherwise
not be possible.

Complementing the penetration of variable renewable energy (VRE) by providing system
benefits based on the flexible operation of SMRs and the possibility to be part of an integrated
portfolio of solutions in “hybrid” energy systems.

Facilitating the expansion of the nuclear sector in regions where economic, geographical
and/or grid-related constraints do not allow the use of large nuclear power plants. For such
markets, SMRs may already be a cost-competitive way to replace diesel generators to produce
electricity, heat and fresh water.

These different market drivers are therefore expected to broaden the value proposition of nuclear
power as part of future integrated energy systems, supporting in particular the decarbonisation of
hard-to-abate sectors. SMRs should therefore be seen as complementary to large Generation III
nuclear power plants as they will address different market needs.

Figure 8.7: The market opportunities for SMRs

Extending
nuclear market Fostering
off-grid / remote decarbonisation
locations, replacement of
adaptation to site ageing coal power
constraints; seismic plants, non-electric
conditions, cooling source, applications
access to nuclear (e.g. district heating)
for new-comers
Fostering
decarbonisation

replacement of
ageing coal power
plants, non-electric
applications
{e.g. district heating)

Source: NEA (Forthcoming, b).



8.5 Conclusions

The general cost projections and specific cost drivers identified in this chapter suggest that nuclear
power support cost-effective decarbonisation in several complementary ways.

First, LTO remains one of the most cost-competitive options to generate low-carbon dispatchable
electricity in many regions with a LCOE ranging USD 30-50/MWh. Thanks to lower CAPEX needs
and back up by a solid industrial infrastructure, LTO faces limited project risks and represents a
significant pool of “shovel-ready” projects to maintain SDS emissions targets within reach.

Second, thanks to the experience gained with recent FOAK projects, new nuclear can enter in
a phase of rapid learning in western OECD countries with near-term overnight costs reductions
of 20% to 30% compared to today's levels. Moreover, leveraging several factors that arise at the
technical, organisation and regulatory level could unlock additional cost reductions in new projects
alongside with higher predictability in their delivery. More active government intervention in risk
allocation and mitigation strategies for new projects will also have significant impact on financing.
As result, financing costs, which can represent 80% of the total investment costs, could notably fall
further improving the economic performance of nuclear.

Third, SMRs propose cost and risk reductions with factory built construction and higher

affordability of the projects. Nevertheless, while some of these benefits have been documented

in other industries, they still need to be proven in the nuclear sector. The construction of first

prototypes may materialise some of the announce benefits of SMRs and thus accelerate their
commercial viabllity. Government support is also essential on this front. . *
Y PP VT aals ) gnls 1

Countries envisaging to pursue the nuclear option will benefit from the mobilisation of these UL #CAN

three complementary solutions. In these countries, while LTO may be more economically attractive,
new nuclear projects are required to prepare the renewal of the fleets and ensure that nuclear
power is on track to meet its long term contribution to decarbonisation. Progress made with
the development of large Generation III reactors will also support the development of SMRs as
most of the cost reductions drivers are not technology-specific. Finally, SMRs have specific value
propositions and target specific markets and applications that could accelerate the decarbonisation
of hard-to-abate sectors.
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MEETING CLIMATE CHANGE TARGETS: THE ROLE OF NUCLEAR ENERGY

To be clear: while all technologies impose some system costs, variable, intermittent, and uncertain sources
of power generation impose far greater grid-level system costs, which is why it is so important to take a
systems leve! perspective when comparing costs of variable renewables with nuclear, baseload hydro, and
fossil generation.

Figure 19. Levelised cost of electricity (LCOE)
for different sources of electricity
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Source: IEA/NEA (2020).

The first step for.cost comparisons remains LCOE analysis. Presented in Figure 19, an analysis of system
costs from more than 20 [EA and NEA member countries concluded that the lowest cost option for generating
electricity is long-term operation of nuclear power plants (IEA/NEA, 2020). Equally notable was the finding
about the range of costs for solar and wind generation, which depend heavily on regional endowments and
conditions. These results can be reproduced, and tested with different input parameters, with the IEA-NEA
online LCOE calculator at: www.oecd-nea.org/Icoe.

LCOE analysis, considering technologies one by one, only tells part of the story though. It is crucial also
to assess the interaction of different technologies in a mix of generating sources with different shares in
the electricity supply. In order to analyse this, a recent NEA study compared a rangé of scenarios, starting
with a base case with 0% variable renewables, then considering mixes with increasing shares of variable
renewables, up to 75% variable renewables in the mix.,

MEETING CLIMATE CHANGE TARGETS: THE ROLE OF NUCLEAR ENERGY, NEA No. 7628, © OECD 2022 35
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As shown in Figure 20, total costs rise as the share of variable renewables increases. This is due, in part to
the rise in average plant-level costs, which in reality depends on the regional endowments and meteorological
conditions in different countries. Under all circumstance, however, the system costs will rise as the growing
share of variable renewables imposes greater costs on the grid for stability and flexibility.

Figure 20. Total costs for different mixes of electricity
(with a carbon constraint of 50 grams per kWh)
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Figure 20 shows the break-down of system costs as the share of variable renewables grows from 10% to 75%
of the mix, including profile costs (to compensate for variability and intermittency), connection, distribution,
and transmission costs, and balancing costs (to compensate for uncertainty). A key finding is that profile
costs (to compensate for variability and intermittency) are the dominant driver of increasing total costs as the

share of variable renewables grows.

Figure 21. Total costs for different mixes of electricity
(driving to net-zero emissions)
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System costs are also a function of overall carbon constraints. Figure 21 shows the total costs (the sum of
plantlevel and grid-level system costs) as a function of carbon constraints (on the horizontal axis pointing
left) and share of variable renewables (on the horizontal axis pointing right). The previous 2-dimensional graph
(shown in Figure 20 above) illustrated how total costs increased significantly in scenarios with high shares of
variable renewables. On the three-dimensional graph (shown in Figure 21), this is represented by the blue line,
which cuts the three-dimensional image at a carbon constraint of 50 grams per kilowatt hour.

The 3-dimensional graph shows the effects on total costs as carbon emissions are increasingly constrained.
The red line shows what happens to total costs when carbon constraints reach netzero emissions. The
relationship between the share of variable renewables and systems costs, driven by profile costs to compensate

for variability, is even more pronounced when carbon constraints become more stringent.

The policy implications of these systems costs findings are significant. It may be possible to reduce emissions
to meet 2030 targets by growing the share of variable renewabies in the mix. However, the costs of reaching
net zero with high shares of variable renewables are likely prohibitive. Why? In part, because initially, as
variable renewables are introduced, they can be backed up with a low cost option, which in the absence of a
serious carbon constraint is likely to be natural gas. But eventually, in a carbon constrained world, the options
for backing up variable renewables become increasingly expensive. Dispatchable hydro power and nuclear
energy are the only economic options while batteries remain prohibitively expensive for anything other than

very short-term storage.

MEETII:IG CLIMATE CHANGE TARGETS: THE ROLE OF NUCLEAR ENERGY, NEA No. 7628, © OECD 2022
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Mr ZIMMERMAN: Can you unpack that a little bit more? It sounds remarkably vague, in the sense that
GHD has relied on a website, and, when you've sought to fact check that website, you can't find the $16,000
yourself, but then you talk about a range. It doesn't sound like a massively thorough process, if I can put it that
way. I'm interested in your response to that. It sounds highly vague. Basically, you're relying on a third party,
who's relying on a website, and you haven't been able to fact check that information yourself. It doesn't seem to
provide the certainty—I know it's speculative, but you'd certainly be relying on it if you're making decisions about
a significant investment in a new form of energy.

Dr Hayward: It is a tough one because it is so speculative. We have these stakeholder workshops where be
put the numbers to them. We actually invite about 100 stakeholders, and we get about 20 to 30 to 40 coming
along. We've interrogated those numbers with the stakeholders, and they seem to think that it's a perfectly
reasonable number given the range of uncertainties out there.

Ms STEGGALL: Who are the stakeholders?

Dr Hayward: We could probably provide you with the list, I think.

Mr ZIMMERMAN: That would be helpful.

Mr JOSH WILSON: Can we have a broad indication? Do these people have expertise in small modular
reactors?

Dr Hayward: It's a diverse range of people across the energy space. I believe some experts in nuclear were
invited. I'm not 100 per cent sure—I don't think they came along to the workshops.

CHAIR: So they didn't include experts in nuclear?

Dr Hayward: They were invited.

CHAIR: But they didn't attend?

Dr Hayward: No.

CHAIR: So you're relying on validation from stakeholders who do not have expertise in nuclear energy?

Dr Hayward: They're experts across the energy sector. I'm not 100 per cent sure of all their expertise.

CHAIR: Sticking on this topic, are there any follow-ups?

Mr BURNS: To follow up on Mr Zimmerman's question, is that an accurate statement? CSIRO has relied on
GHD, who's got a number from a website. Is that correct?

Dr Hayward: It's the World Nuclear Association—

Mr BURNS: I'm aware of the association.

Dr Hayward: so it's a reputable source.

Mr BURNS: But in terms of a thorough analysis and reliability—we are looking to make recommendations,
decisions based on some of this information. It just doesn't sound terribly thorough.

Jane Coram: If I may, the difficulty in any modelling is that usually you're trying to predict something that
you don't understand particularly well, so we're frequently forced into using ranges and picking a number within a
range. At CSIRO we do source our figures in as much detail as we possibly can, but frequently when we're
exploring new scenarios we don't necessarily have a definitive source of information. We can certainly provide
the justification for the figures that have been used. But they have not been plucked out of the air. They've been
Jjustified as comprehensively as we can.

Mr HOGAN: Just to come back to that statement, why wouldn't CSIRO utilise someone who did know what
they were doing?

CHAIR: Is that a question or a statement?

Mr HOGAN: It's a question.

Jane Coram: Could we possibly get back to you with the basis for the figures—the comprehensive basis—
because it has been done as comprehensively as we can within the time frames. There is limited information to
draw upon.

Mr BURNS: I certainly have sympathy in modelling a technology that isn't actively available right now. It is a
complex task, and I'm glad you're working on it not me. On technologies that are available now where we can
have perhaps a more accurate look at some of their prices: I'd be interested in your comments in relation to the
GenCost 2018 report, especially around firm renewables—the trend of firm renewables and the cost around firm
renewables, as well as the long-term trend around large-scale nuclear reactors. Is it true that large-scale reactors
have never gotten cheaper? And what is the long-term trend around firm renewables?

ENVIRONMENT AND ENERGY COMMITTEE
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Ontario's Electricity Grid

Ontario’s demand for electricity varies throughout the day, requiring different forms of
supply to perform different roles to meet reliability. Learn how Ontario’s electricity
system works.
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Supply Mix and Generation

Ontario has a clean electricity grid with a range of diverse resources, including hydro,
nuclear, natural gas and renewables, Each resource generates electricity differently and
has unique operating characteristics. Because no single resource can meet all of the
system's needs at all times, maintaining a diverse supply mix is an effective way to ensure
the ongoing reliability of Ontario’s electricity system.

Capacity

Capacity is a measure of the maximum amount of electricity the province'’s system can
supply at any given time. Ontario’s capacity is constantly changing as new supply comes
online, older generators are taken out of service and new technologies are introduced.

Transmission-Connected Capacity

This is the capacity of resources that are connected directly to the high-voltage
provincial grid, which is controlled by the IESO. Typically, these are industrial-scale
power plants and wind and solar farms that can produce large amounts of
electricity. Transmission-connected resources are the backbone of Ontario’s
electricity system and they supply most of the province’s energy needs.



| Biofuel <1% Nuclear

Wind 13% - . Solar1%

Hydro 23% Gas/0il
Hydro
Wind
Biofuel
Solar

Gas 28% Nuclear 34%

13,089 MW or 24%
10,482 MW or 28%
8,868 MW or 23%
4,883 MW or13%
296 MW or <1%

478 MW or 1%

Transmission-Connected Capacity as of September 2022 (Source: Reliability Outlook)

Distribution-Connected Capacity

This is the capacity of resources that are connected to a low-voltage community
grid, which is controlled by your local hydro company. Typically, these are small-

scale generators, demand response resources or energy storage that are owned and
maintained by individuals, local facilities or other businesses. These resources serve
some, or all, of the energy needs of their owners, reducing demand on the provincial

grid.

Ontario’s distribution-connected electricity supply on contract as of July 2022 broken

down as: Solar = 2,171 MW or 61 per cent, Wind = 591 MW or 17 per cent, Hydro = 333 MW or
9 per cent, Gas = 320 MW or 9 per cent, Bio-fuel = 110 MW or 3 per cent and Waste = 24 MW

or less than 1 per cent..

Distribution-Connected Capacity as of July 2022 (Source: Progress Re

Supply)

Energy Output

port on Contracted Electricity

While capacity represents the maximum amount of electricity that the system can supply

at any given time, the actual amount of energy produced varies. For example, while
natural gas represented about 28 per cent of Ontario’s total transmission-connected



capacity in 2021, it only accounted for about nine per cent of actual generation. Most of
the electricity produced in Ontario is generated at nuclear and hydro plants, which
produce low levels of greenhouse gas emissions.

LoOntario’s electricity output by source in 2021 broken down as: Nuclear = 83 TWh or 58%,
Natural Gas/Qil =12.2 TWh or 8.6%, Hydro = 34.2 TWh or 24%, Wind = 12 TWh or 8.4%, Biofuel =

0.4 TWh or less than 1% and Solar = 0.75 TWh or less than 1 %.
Total Electricity Output by Source in 2021 (Source: Year End Data)

Different Types of Electricity Generation

Baseload Generation
Nuclear and run-of-the-river hydro plants generate a constant, steady supply of

electricity - 24 hours a day, 7 days a week. The output of these generators is
consistent and reliable, but rarely changes. Because of these operating
characteristics, they are typically used first to meet Ontario's energy needs.

Intermediate and Peaking Generation

As demand rises and falls throughout the day, more flexible intermediate forms of
electricity generation are used. Generators such as natural gas plants and hydro
dams - which can adjust their output-up or down quickly - play a crucial role in
matching supply and demand throughout the day. These generators can also be
called upon to meet peak demand when electricity use is at its highest.

Variable but Controllable Generation

Wind and solar farms generate more or less electricity based on how sunny or
windy it is. While the amount of electricity they produce is always changing, their
operation is very flexible and their output can be adjusted quickly in response to
the electricity system's needs.

Different Sources of Electricity Generation



2|

6 Key Requirements for SMR Feasibility in Ontario

6.1 On-grid SMR development at the Darlington nuclear site

6.1.1 Project Objectives
The Objectives of an SMR project at the Darlington site include:

* To maintain a diverse generation supply mix to minimize carbon emissions from
electricity generation in the province

* To demonstrate a FOAK SMR to be ready for deployment across Canada by 2030

* To ensure economic development by securing Canadian content both for domestic and
export projects from the developer in exchange for providing the opportunity to deploy
their FOAK unit and be a first mover towards an SMR fleet

6.1.2 Project Description
The project is to build a 300 MW class SMR at the Darlington site

Project schedule - To be in service by 2028. A preliminary project schedule is shown in the
figure below.

Darlington New Nuclear Project | lllustrative Timeline

Figure 18 DNNP Potential Milestones and Timeline

Technology - To be selected through a collaboration between OPG, Bruce Power and SaskPower
planned for 2021. A FOAK design is acceptable. A review process is underway, and based on
progress to date, it is anticipated that a suitable technology will be available.

Project Cost — The capital cost of the project is expected to be less than $3 Billion (overnight
capital cost) resulting in an LCOE of less than $100/MWH.

Additional Support — OPG and its partners Bruce Power and SaskPower are requesting support
from the federal government over 4 years to support FOAK costs and risks in licensing and

to acknowledge the costs incurred that will benefit future customers across Canada such as
SaskPower.

6.1.3 Assessment of Feasibility

a. The market - Ontario’s system operator’s (IESO) reference case planning assumes modest
but positive load growth: approximately 1% annually through 2040 in both energy
and summer peak load. With the scheduled Pickering closure in 2024/2025, 3000 MW
of baseload low carbon generation will be lost. OPG’s assessment is that undertaking

Feasibility of Small Modular Reactor Development and Deployment in Canada Report 44
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OPG advances clean energy generation
project

GE Hitachi Nuclear Energy selected as Small Modular Reactor technology
development partner

Home > OPG advances clean energy generation project

DECEMBER 2, 2021

Clarington, ON - Today, Ontario Power Generation (OPG) is announcing it will work together with GE Hitachi Nuclear
Energy to deploy a Small Modular Reactor (SMR) at the Darlington new nuclear site, the only site in Canada currently
licensed for a new nuclear build. Leveraging o strong Ontario-based supply chain, this clean energy project will create
jobs across the province and cement Durham Region’s position as the clean energy capital of Ontario.

OPG and GE Hitachi will collaborate on the SMR engineering, design, planning, preparing the licencing and permitting
materials, and performing site preparation activities, with the mutual goal of constructing Canada’s first commercial,

grid-scale SMR, projected to be completed as early as 2028.
Learn more about the GE Hitachi BWRX-300.

Watch the announcement

Environmental impact

The Darlington SMR will provide a critical new source of clean nuclear energy for Ontario’s future projected energy
capacity needs — a demand widely expected to ramp up as transportation and other sectors electrify, using Ontario’s
clean power to help decarbonize the broader economy. International bodies, including the International Energy Agency
(IEA), have been clear: climate change initiatives will fall short without nuclear power as part of the electricity supply mix.

A single SMR of about 300 megawaitts in size can prevent between 0.3 megatonnes (MT) to 2 MT of carbon dioxide
emissions per year, depending on where it is located and what kind of power it is displacing.

Economic impact and jobs

A 2020 study undertaken by the Conference Board of Canada shows strong economic benefit to Ontario from
construction and 60 years of operation of a single SMR facility in the province. According to the report:

* Direct, indirect and spin-off related employment would result in an annual average of approximately:

700 jobs during project development; 1,600 jobs during manufacturing and construction; 200 jobs
during operations; and 160 jobs during decommissioning.

* The estimated positive impact on Gross Domestic Product (GDP) could reach more than $2.5 billion
and result in an increase of provincial revenues of more than $870 million.

Beyond that, construction of a new nuclear generator at Darlington is expected to:

* Drive employment and economic growth, thanks to the strong existing Ontario- and Canada-based
nuclear supply chain. It is anticipated that 70 to 80 per cent, or more, of the necessary components



and materials for OPG's SMR will be sourced in Ontario.

¢ Spur SMR deployment elsewhere in Canada and abroad. Saskatchewan is also looking to follow
Ontario and build SMRs to replace its coal fleet, building up to four SMRs with the first unit in
Saskatchewan being in service in the early 2030s. Other countries, including the United Kingdom, the
United States, France, Poland and Estonia have all expressed interest in building SMRs, and Ontario
would be well placed to contribute to the Canadian and international supply chain.

* Provide significant environmental benefits to Ontario and reduce emissions elsewhere: clean nuclear
power could be used to maintain Ontario’s low carbon electricity grid and help meet emerging
electricity needs in the short term due to Pickering closure and electrification, as well as support other
jurisdictions’ efforts to phase out coal and Canada’s goals of becoming net zero by 2050.

Site preparation will begin in the spring of 2022, pending appropriate dpprovals. This work will include installation of the
necessary construction services. OPG's goal is to apply to the Canadian Nuclear Safety Commission (CNSC) for a License

to Construct by the end of 2022,

Quick facts

* Darlington Nuclear Generating Station is one of the top-performing nuclear stations in the world and
generates about 20 per cent of Ontario’s electricity each day.

* The Darlington New Nuclear Project is the only site in Canada with an approved Environmental
Assessment and regulatory licence for new nuclear.

¢ Ontario, New Brunswick, Saskatchewan and Alberta have sighed a Memorandum of Understanding
to collaborate on the advancement of SMRs as a clean energy option to address climate change
and regional energy demands, while supporting economic growth and innovation.

* A 2019 study for the Canadian Nuclear Association and Organization of Canadian Nuclear Industries
shows the nuclear industry contributes $17 billion per year to the Canadian GDP and supports about
76,000 jobs in Canada.

* learn more about the Canadian SMR Action Plan, Canada’s plan for development, demonstration
and deployment of SMRs.

Quotes

"We know nuclear is a key proven zero emissions baseload energy source that will help us achieve net zero as a company
by 2040, and act as a catalyst for efficient economy-wide decarbonization by 2050,” said Ken Hartwick, OPG's President
and CEO. “By moving forward, with our industry-leading technology partner GE Hitachi, on deployment of innovative
technology for an SMR at Darlington, OPG is paving the way on the development and deployment of the next generation
of nuclear power in Canada and beyond.”

“With today’s announcement, Ontario is leading the way in new nuclear technologies — like SMRs — that represent
tremendous economic and environmental opportunities for our province and all of Canada,” said Todd Smith, Minister of
Energy. “SMRs can provide reliable and emission-free energy while creating jobs, economic growth and export
opportunities. Our opportunity to be a leader in this technology and showcase Ontario’s nuclear expertise to the world is
right now.”

“We are so pleased to be working with OPG to bring SMR technology to life at Darlington,” said Jay Wileman, President
and CEO, GE Hitachi. “This is a significant and concrete action in the fight against climate change that will also create jobs
across Ontario and Canada as we leverage the robust and growing nuclear supply chain.”

About OPG

As a global climate change leader and the largest, most diverse electricity generator in the province, OPG and its family
of companies are helping lead the charge to a post-carbon economy.
- 30 -

For further information, please contact;

OPG Media Relations
416-592-4008 or 1-877-592-4008
Follow us @opg
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Charter: Collaboration on GE Hitachi’s BWRX-300 Design

A Collaborative Information Sharing Effort by the U.S. Nuclear Regulatory
Commission and the Canadian Nuclear Safety Commission

September 2022
Approved by

Daniel H. Dorman
Executive Director for Operations
United States Nuclear Regulatory Commission

Ramzi Jammal

Executive Vice-President and

Chief Regulatory Operations Officer
Canadian Nuclear Safety Commission

Charter: CNSC and USNRC Collaboration on the review of the BWRX-300

The MOC and this Charter do not in any way alter the national regulatory requirements of either country or alter licensing
decision-making. This Charter does not constitute an international agreement and does not create rights and obligations
governed by international law.

Background

In April 2022, the Tennessee Valley Authority (TVA) and Ontario Power Generation (OPG) announced plans to jointly
work to help develop and deploy small modular reactors (SMRs) in both Canada and the United States. They have signed
a Memorandum of Understanding (MOU) that allows the companies to coordinate efforts on the design, licensing,
construction, and operation of SMRs. Both TVA and OPG have announced plans to apply for licences to construct and
operate the GE Hitachi Nuclear Energy Americas, LLC (GEH) BWRX-300 SMR design in Canada and the United States.

Differing regulations, regulatory guidance, and review practices for licensing in Canada and the United States may impact
the licensing and construction timelines for the two proposed GEH BWRX-300 SMR projects in North America. The TVA
and OPG MOU enables industry to share experience regarding multi-national applications to maximize the
standardization of the BWRX-300 SMR design between both countries, while enhancing safety, efficiency, and timeliness
of deployment.

Overall Objectives

CNSC and USNRC intend to enhance their cooperative work under their Memorandum of Cooperation (MOC) on
Advanced Reactor and Small Modular Reactor Technologies by working on regulatory and safety issues in the licensing
review of the BWRX-300 SMR design. Objectives for CNSC and USNRC include collaborating to reduce duplication of
licensing review efforts, jointly utilizing third party verification, identifying areas for collaborative verification, sharing
expertise and leveraging analysis done by each organization. These activities will be accomplished in a manner that
supports each regulator’s adherence to national laws and regulations and is consistent with the MOC. The ultimate goal
will be joint safety reviews and/or a risk-informed acceptance of the other regulator’s technical conclusions.

Activities

This charter establishes the collaborative relationship and the overall work to be done by CNSC and USNRC on the
BWRX-300 SMR design project. The charter is subject to update and revision as the project progresses.
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CNSC and USNRC are currently engaged in pre-application activities with OPG and TVA, respectively, to prepare for
pending license applications in Canada and the United States. Additionally, GEH is engaged in pre-application activities
with both CNSC and USNRC with respect to GEH-led design activities. The activities under this charter are intended to
further enhance these pre-application activities and carry forward into future reviews of applications.

OPG, TVA and GEH will identify licensing topics for consideration by the CNSC and USNRC for cooperative reviews.
Further, OPG, TVA, and GEH will identify challenges with applying existing guidance or frameworks, provide technical
information to facilitate timely and efficient safety reviews, and ensure efficient communication with both regulators.

CNSC and USNRC will develop work plans to identify specific deliverables under this charter, conduct coordinated and
efficient technical reviews within established schedules, and strive to align on common regulatory technical positions that
enhance standardization of the GEH BWRX-300 SMR design, to the extent practicable.

This work will be monitored by the Advanced Reactor Technologies and Small Modular Reactors Sub Committee (ART-
SMR Sub Committee) and as set out under the Terms of Reference for the MOC between the CNSC and the USNRC.
Working groups of the CNSC and USNRC staff will be established as needed.

Routine meetings between CNSC, USNRC, OPG, TVA and GEH will be scheduled for updates and discussion. These
meetings will be arranged and led by the ART-SMR Sub Committee or the working groups.
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Canada Bank Group Pledges Millions
Toward Nuclear Power Project

The Canadian government has pledged more financing toward development of a grid-scale
small modular reactor (SMR), as the country continues to support nuclear power as a way to
cut emissions of greenhouse gases from its power generation sector.

Natural Resources Minister Jonathan Wilkinson on Oct. 25 said C$970 million ($708 million)
is targeted for a project being developed by Ontario Power Generation (OPG). A
spokesperson for the ministry said it would be the first commercial grid-scale SMR
developed by the Group of Seven (G7) nations, which includes Canada, France, Germany,
Italy, Japan, the UK, and the U.S.

The plan includes construction of a 300-MW SMR that will be adjacent to the existing 3,500-
MW Darlington Nuclear Generating Station in Clarington, Ontario. OPG expects the SMR
project will be completed by 2030. The reactors are designed by GE Hitachi Nuclear Energy,
an alliance between General Electric and Japan'’s Hitachi Ltd.

OPG in December 2021 announced the project will feature a GE Hitachi BWRX-300 SMR.

Low-Interest Debt

The financing announced Tuesday will come as low-interest debt from the Canada
Infrastructure Bank (CIB), which has earmarked funds for investments in clean power
generation. Officials said the investment would go toward project design and site preparation
work prior to construction of the SMR. OPG on Tuesday said site prep will begin by year-
end.

close x
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DARLINGTON NEW NUCLEAR PROJECT NEWS

OPG applies to Canadian Nuclear Safety
Commission for Licence to Construct

Home > Innovating for tomorrow > Small moduiar reactors >

OPG applies to Canadian Nuclear Safety Commission for Licence to Construct

OCTOBER 31, 2022

On October 31, 2022, OPG completed a significant project milestone by submitting an application for a Licence to
Construct to the Canadian Nuclear Safety Commission (CNSC). This licence application is the next step in the
deployment of a Small Modular Reactor (SMR) at the Darlington site.

The application was developed collaboratively between OPG and GE Hitachi, and is comprised of a number of
information packages that will be submitted to the CNSC in sequence, over the next six months. This licence is required
before any nuclear construction work on the SMR at Darlington can begin.

This licence submission comes after another significant milestone, the beginning of site preparation activities earlier in

October.

Site preparation work consists of non-nuclear infrastructure activities, such as clearing and grading a portion of the new
nuclear site to build roads, utilities and support buildings. Execution of site preparation work is planned to continue into
2025.

How can | participate in the Licence to Construct Application
process?

The Licence to Construct process includes opportunities for Indigenous Nations and Communities and the public to
discuss the application, ask questions and raise areas of interest. The process will culminate in a public hearing, held by

the CNSC, likely in 2024,

For more information on the Darlington New Nuclear Project (DNNP), continue to visit our website at

gpg.coml newnuclear.

Learn more about the CNSC licensing process, public hearings and participant funding program, visit the CSNC’s
webpage.

Related news
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Executive Summary

This feasibility report was prepared by Ontario Power Generation (OPG), Bruce Power, NB Power
and SaskPower for the governments of Ontario, New Brunswick and Saskatchewan. The report
provides a feasibility assessment of Small Modular Reactor (SMR) development and deployment,
and contains the power companies’ business case for SMR implementation in each of the three
provinces.

Background

SMRs are the next generation of nuclear energy innovation, with the potential to help address
challenges and opportunities related to climate change and economic growth. The 2018
Canadian SMR Roadmap* concluded that SMRs provide a source of safe, clean, affordable energy,
with the ability to contribute towards a resilient, low-carbon future. SMRs can promote key
benefits for Canada and Canadians, such as:

e meeting Canada’s climate change commitments;
* unlocking opportunities for job creation and economic growth; and

e sustaining and expanding Canada’s leadership in research and innovation.

With these drivers in mind, the provinces of Ontario, New Brunswick and Saskatchewan signed a
Memorandum of Understanding (MOU): on December 1, 2019, that establishes a framework for
deployment of SMRs in each respective jurisdiction. This feasibility report represents one of the
early deliverables from the MOU.

The three provinces share a collective interest in SMRs as a clean energy option to address
climate change and meet regional energy demands, while responding to the need for economic
growth and innovation. The provinces have also agreed to engage with the federal government
on key issues related to SMR deployment, including technological readiness, regulatory
frameworks, economics and financing, nuclear waste management and public and Indigenous
engagement.

Canada and its provinces are already home to a world-class nuclear industry with extensive
experience in the design, construction and servicing of reactors in Ontario, New Brunswick and
around the globe. The nuclear sector plays a key role in Canada’s economy, contributing $17
billion annually, while supporting 76,000 Canadian jobs: (i.e. direct, indirect and induced). In
addition, Canada is home to the planet’s richest uranium resource - the Athabasca basin in
Saskatchewan - and is the second-largest producer of uranium in the world.

1 Canadian Small Modular Reactor Roadmap Steering Committee (2018). A Call to Action: A Canadian Roadmap for
Small Modular Reactors. Ottawa, Ontario, Canada. www.smrroadmap.ca

2 https://news.ontario.ca/opo/en/ZO19/12/premier—ford-premier-higgs-and-premier-moe-sign-agreement-on-the-
development-of-small-modular-reacto.htmi

3 https://cna.ca/news/new-study-ﬁnds-nuclear-industry-accounts-for-76000-jobs-across-canada/

Feasibility of Small Modular Reactor Development and Deployment in Canada Report 2
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of SMRs will provide a post refurbishment growth opportunity for Ontario’s nuclear supply

chain while creating a SMR manufacturing/export business in New Brunswick. Looking to new
domestic markets, SMRs are likely to be deployed in Saskatchewan, Alberta and northern
Canada providing not only the benefit of low cost, reliable, clean electricity to enable economic
development but the potential to add new, innovative, high value jobs. Like all new economic
opportunities, there is a significant first-mover advantage and Canada must move now to secure

that advantage.

In November 2018, the Canadian SMR Roadmap was issued:. The SMR Roadmap used

a collaborative approach to bring together industry, federal, provincial, and territorial
governments, as well as utilities and other interested stakeholders that wanted a pan-Canadian
conversation about new options for nuclear energy.

The roadmap clearly set out the opportunity for Canada and concluded that collaborative
activities in each of four pillars are required to turn this roadmap into reality:

* Demonstration and deployment - to realize benefits for Canadians and for Canada.

¢ Capacity-building and indigenous and stakeholder engagement - to increase access to
information.

* Policy, legislative and regulatory measures - to make the framework more efficient.

e International partnerships and marketing - to position Canada for leadership in global
value chains.

In addition to participating in the development of the SMR Roadmap, The Government of New
Brunswick invested $10 million to establish the Advanced Nuclear Research Centre to progress
the research and design of two Advanced Generation IV (Stream 2) SMR designs. This initial
funding was matched by two technology vendors: ARC Clean Energy Canada and Moltex
Energy who subsequently opened offices in Saint John. In early 2021 the Government of New
Brunswick committed $20 million towards the next phase of development of an advanced SMR
research cluster in New Brunswick, which will be supplemented by $30 of developer funding to
progress development activities of their advanced technologiess. In March of 2021, the Federal
Government announced funding to progress the development of advanced SMR development in
New Brunswick’.

Since the release of the Canadian SMR roadmap, work amongst the provincial governments,
power utilities and technology vendors has accelerated. On December 1, 2019, the Provinces

of Ontario, New Brunswick and Saskatchewan signed a Collaboration Memorandum of
Understanding (MOU): that puts in place a framework for action on deployment of SMRs in their
respective jurisdictions including:

'S5 Canadian Small Modular Reactor Roadmap Steering Committee (2018). A Call to Action: A Canadian Roadmap for
Small Modular Reactors. Ottawa, Ontario, Canada. www.smrroadmap.ca

6 https://www?2. gnb ca/content/gnb/en/departments/premler/news/news release 2021.02. 0094 html. h;;p_s_l[
d

Feasibility of Small Modular Reactor Development and Deployment in Canada Report 11
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Designing and building the first land-based SMR

The ACP100 is a third-generation SMR design that
maximizes the use of mature technologies and equipment.
The reactor has a thermal power capacity of 385 MWt and
a net electric output of up to 126 MWe.

The first unit is being built at Changjiang in Hainan
province, where two CNP-600 reactors are already in
operation and two 1100 MWe Hualong One reactors are
under construction. Once completed, the Changjiang
ACP100 reactor will be capable of producing 1 billion
kilowatt-hours of electricity annually, enough to mest the
needs of 526,000 households.

The project at Changjiang involves a joint venture of
three main companies: CNNC subsidiary China National
Nuclear Power as owner and operator; the Nuclear
Power Institute of China (NPIC) as the reactor designer;
and China Nuclear Power Engineering Group being
responsible for plant construction.

When first concrete was poured on 13 July 2021, the
ACP100 demonstration model became the first land-
based commercial SMR to start construction in the world.

The containment vessel bottom head - which will support
the steel containment shell - was assembled on-site
from50 pre-fabricated steel plates. The assembled
component was hoisted into place by crane onto the
plant's concrete foundation plate on 24 October 2021.

The lower section of the containment shell - some 15
metres in height and weighing about 450 tonnes - was
lowered into place upon the vessel bottom head on 26
February this year, 46 days ahead of schedule. The total
construction period is scheduled for 58 months, and it is
currently on schedule.

China National Nuclear Corporation (CNNC) started R&D
work on the ACP100 in 2010 and the design passed the
IAEA Generic Reactor Safety Review on 22 April 2016.

in October 2017, the Chinese Nuclear Society recognized
the ACP100 technology to be one of “China’s Top 10
Advances in Nuclear Technology in 2015-2017".

As an innovative SMR design, the ACP100 design has
passive safety features that are expected to handle
exireme environmental conditions and muitiple failures
without any significant radioactive release.

Changjiang SMR

Type PWR

Reactor thermal capacity 385 MWt

Electrical capacity (net) 126 MWe
13 July 2021

First concrete

The ACP100 also features integrated reactor design
technology, modular design and fabrication, and integral
steam generator with the reactor coolant pump mounted
on the pressure vessel nozzle. All these technologies
provide high inherent safety to prevent large-scale loss of
coolant accidents {LOCAs).

These design innovations allow the reactor manufacturing,
transport and site installation processes — and the
economics of the ACP100 — to be optimized.

Images ENNG
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Chinese molten-salt reactor cleared for start up

09 August 2022
Share

The Shanghai Institute of Applied Physics (SINAP) - part of the Chinese Academy of
Sciences (CAS) - has been given approval by the Ministry of Ecology and Environment to
commission an experimental thorium-powered molten-salt reactor, construction of which
started in Wuwei city, Gansu province, in September 2018.

B SR S ...
A cutaway of the TMSR-LFT reactor (Image: SINAP)

In January 2011, CAS launched a CNY3 billion (USD444 million) R&D programme on liquid
fluoride thorium reactors (LFTRs), known there as the thorium-breeding molten-salt reactor (Th-
MSR or TMSR), and claimed to have the world's largest national effort on it, hoping to obtain full
intellectual property rights on the technology. This is also known as the fluoride salt-cooled high-
temperature reactor (FHR). The TMSR Centre at SINAP at Jiading, Shanghai, is responsible.

Construction of the 2 MWt TMSR-LF1 reactor began in September 2018 and was reportedly
completed in August 2021. The prototype was scheduled to be completed in 2024, but work was
accelerated.

“According to the relevant provisions of the Nuclear Safety Law of the People’s Republic of China
and the Regulations of the People's Republic of China on the Safety Supervision and
Administration of Civilian Nuclear Facilities, our bureau has conducted a technical review of the
application documents you submitted, and believes that your 2 MWt liquid fuel thorium-based
molten salt experimental reactor commissioning plan (Version V1.3) is acceptable and is hereby
approved,” the Ministry of Ecology and Environment told SINAP on 2 August.

It added: "During the commissioning process of your 2 MWt liquid fuel thorium-based molten
salt experimental reactor, you should strictly implement this plan to ensure the effectiveness of
the implementation of the plan and ensure the safety and quality of debugging. If any major
abnormality occurs during the commissioning process, it should be reported to our bureau and
the Northwest Nuclear and Radiation Safety Supervision Station in time."

The TMSR-LF1 will use fuel enriched to under 20% U-235, have a thorium inventory of about 50
kg and conversion ratio of about 0.1. A fertile blanket of lithium-beryllium fluoride (FLiBe) with
99.95% Li-7 will be used, and fuel as UF4.

The project is expected to start on a batch basis with some online refuelling and removal of
gaseous fission products, but discharging all fuel salt after 5-8 years for reprocessing and
separation of fission products and minor actinides for storage. It will proceed to a continuous
process of recycling salt, uranium and thorium, with online separation of fission products and
minor actinides, The reactor will work up from about 20% thorium fission to about 80%.
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If the TMSR-LF1 proves successful, China plans to build a reactor with a capacity of 373 MWt by
2030.

As this type of reactor does not require water for cooling, it will be able to operate in desert
regions. The Chinese government has plans to build more across the sparsely populated deserts
and plains of western China, complementing wind and solar plants and reducing China's reliance
on coal-fired power stations. The reactor may also be built outside China in Belt and Road
Initiative nations.

The liquid fuel design is descended from the 1960s Molten-Salt Reactor Experiment at Oak Ridge
National Laboratory in the USA.
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US regulator to issue final certification for NuScale
SMR

02 August 2022
Share

The US Nuclear Regulatory Commission (NRC) has announced it will issue the final rule
that certifies NuScale's small modular reactor (SMR) design for use in the USA. The reactor
is the first SMR design to be certified by the NRC.

A rendering of how the first plant using NuScale's SMR design could look (Image: UAMPS)

Design certification means that the NRC has determined a nuclear power plant design meets all
its applicable safety requirements, independent of an application to construct or operate a plant.
Any subsequent application for a combined construction and operating licence referencing that
design will not need to address any of the issues already covered by the design certification, but
will instead address remaining site-specific safety and environmental issues for the proposed
plant.

NuScale submitted an application to the NRC on 31 December 2016, to certify the company's
small modular reactor design which uses natural, passive processes such as convection and
gravity in its operating systems and safety features. A plant would comprise up to 12 of the
pressurised water reactor modules, submerged in a safety-related pool built below ground level.

The final safety evaluation report (FSER) for the reactor - the first-ever FSER to be issued by the
NRC for an SMR - was issued in August 2020. November 25 is pencilled in on the regulator's
timeline for publication of the final rule.

“The affirmation of NuScale's design and strong safety case could not have come at a more
crucial time - when around the world, people are struggling from the compounding crises of
volatile energy prices and climate change-driven extreme weather events,” NuScale President and
CEO John Hopkins said. "We are pleased with this continued recognition of our technology's
inherent safety design and our potential as a timely, carbon-free energy solution to meet our
global community's needs.”

NuScale's SMR will be the seventh reactor design to be certified by the NRC, following GE
Nuclear Energy's Advanced Boiling Water Reactor, Westinghouse's System 80+, AP600, and
AP1000, GE-Hitachi Nuclear Energy's Economic Simplified Boiling Water Reactor, and Korea
Electric Power Corporation and Korea Hydro & Nuclear Power Co's APR1400. Of those, only the
APT000 design - currently being built at Vogtle units 3 and 4 - have progressed to construction in
the USA.

NuScale in June announced a strategic shift from product development to product delivery as it
progresses with commercialisation of the reactor, which is being offered as VOYGR plants of
twelve, six or four modules. The first commercial deployment of a NuScale VOYGR power plant is

Most read

US regulator approves methodology for
SMR emergency planning

IAEA's Grossi holds talks’with Russia's
President Putin

Ukraine, Russia and control of

Zaporizhizhia nuclear power plant

US, Canadian regulators further Sivift
coliaboration

Constellation seeks licence extensions for

lilinois plants

Zaporizhzhia relying on diesel generaiors
after losing off-site power

Kyushu applies for 20-year extensions for
Sendai 1and 2

Vets and volunteers help stray doos of
Chernobyl

Bruce 7 starts producing innovative
therapeutic isotone

WORLD
ASSOCIATION

At Work 2022 edition

Download now

WNN is a public information service of World Nuclear
Association

WORLD NUCLEAR
ASSOCIATION

Related Stories
SMR company NuScale pivots from

development to defivery,

Completion of merger creates publicly traded
SMR company,

Full-scale production of NuScale SMR to begin

AT rmln CRAD wmmnbismn 1IC Ancimn cnvtificatine



INUDLAIE DIVIN IELTIVED W) WEDIYIL LTI LA UL

expected to be as a six-module unit for Utah Associated Municipal Power Systems' (UAMPS) approval

Carbon Free Power Project, which is to be built at a site at the Idaho National Laboratory in the o (( Q

USA. >

Researched and written by World Nuclear News Related InfO I"matiOn ‘
Nuclear Power in the USA

Related topics Small Nuclear Power Reactors

Plant licensing | Regulation | Small Modular Reactors | USA

. Related Links
f ¥ in Share NRC

NuScale

Energy & Environment  New Nuclear Regulation & Safety MNuciear Policies Corporate  Uranium & Fuel Waste & Recycling Parspectives About Coritact

92071 Worid Nuclear Assaciation Privacy Notice | Cookies Poiicy
Tewes House, 10 Southampton Strest, London, WC2E 7HA, UK. Registered in England and Wales, nuniber 01215741




We use cookies.to provide the best experience for you. To find out

Gur Privacy ovide the | .
more check our cookies and privacy policy

and Cooldes

v 0K

) £

Palicy

Privacy Policy

:Cookies Policy
wnn o
world nuclear news
~— Celgbrating 15 years ——
US regulator approves methodology for SMR Most read

emergency planning

28 October 2022
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The US Nuclear Regulatory Commission's acceptance of NuScale's methodology for
determining the appropriate size of the Emergency Planning Zone (EPZ) around small
modaular reactor (SMR) plant sites is a "tremendous first'", the company's CEO said. The
methodology can now be used to determine an EPZ for the NuScale SMR that provides the
same level of protection to the public as the 10-mile radius used for existing US nuclear
power plants.

A renderirig of the proposed UAMPS plant: the new methodology could see the EPZ limited to the site boundary (Image: UAMPS)

NuScale CEO John Hopkins' comments followed the US Nuclear Regulatory Commission's
Advisory Committee on Reactor Safeguards' (ACRS) decision, published on 19 October.

The EPZ is the area surrounding a nuclear power plant where special considerations and
management practices are pre-planned and exercised in case of an emergency. The requirements
for US emergency planning (and sizing of EPZs, which are based on a generic plume exposure
pathway with a radius of 10 miles) are set out in regulation NUREG-0396, which was issued in
1978 - and based on large reactors.

“Since then, the knowledge base and analytical tools have advanced considerably, allowing for a
more mechanistic, systematic approach to sizing the plume exposure pathway EPZ rather than
using a bounding generic EPZ radius,” the ACRS said in its decision.

The “source terms"” - the types and amounts of radioactive or hazardous materials that could
potentially be released following an accident - are much less for SMRs than for large reactors.
SMR designs also’incorporate emergency planning considerations as part of the design, with
enhanced safety margins and passive or inherent safety systems built in. Such reactors are
therefore envisaged as requiring a much smaller EPZ than larger plants - an important
consideration for siting.

NuScale's integrated pressurised water reactor is the first SMR design to receive approval from
the US Nuclear Regulatory Commission. The methodology the company has developed for
assessing plume exposure pathway EPZ sizing for a NuScale SMR plant is risk-informed, provides
a technically consistent approach (with NUREG-0396) for EPZ sizing, and adequately considers
seismic and multi-module impacts, the ACRS said. :

Using the newly approved method means an EPZ that is limited to the site boundary of the
power plant is achievable for a “wide range of potential plant sites” where a NuScale VOYGR SMR
power plant could be located, the company said. Limiting an EPZ limited to the site boundary
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means that users of the plant's output, such as off-takers of process heat, can be located nearer NRC seeks public comment on SMR regulation
to the plant, and significantly reduces emergency planning costs for plant owners. 37

"Safety is NuScale's priority, and on top of our design approval in 2020, this endorsement from a
world-class regulator - the US NRC - and the ACRS shows the global community our unmatched,
innovative technology is first and foremost safe,” Hopkins said. "This also means NuScale's game- Related |nfo rmation
changing technology can be sited where it's needed most - powering our economy,
communities, and lives."

Nuclear Power in the USA

e R Small Nuclear Power Reactors
Portland, Oregon-based NuScale plans to build its first SMR power plant for Utah Associated

Municipal Power Systems' (JAMPS) Carbon Free Power Project at a site at Idaho National

Laboratory, with the first unit expected to begin generating power in 2029. Related Links
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Wednesday, 16 October 2019 House of Representatives Page 5

Ms STEGGALL: You mentioned the CSIRO and the social licence to operate, and the waste management
aspects. Part of our terms of reference for this inquiry is: what are the prerequisites for considering lifting the
moratorium? We're not going down the step of recommending a source of energy. But part of considering those
prerequisites is looking at what the factors are that would influence it. Clearly, cost is a big one, and we have been
poring over the report. It's a big issue. I'd like to hear from both groups in terms of the social licence to operate:
how do you factor that aspect, the social licence, in to your consideration?

Jane Coram: I'll call on John Phalen, who has been working extensively on this issue

Mr Phalen: Thanks for the question. What 1 would say is that the nuclear power plants are not really a
technical challenge to overcome. It's really mostly a social challenge. It's one that would require a number of
years of community consultation. This is not something that you could do in a six- to 12-month process. You
would need extensive Indigenous consultation. You would need to develop community consent processes, and, if
you have a look at success around the world trying to get either waste disposal systems in place or new power
plants in place, it's not a very good track record—

CHAIR: My apologies, the division bells are ringing. We are going to have to go. I'll suspend the hearing for
now, but we should have time to come back.

~ Proceedings suspended from 11:03 to 11:15

CHAIR: I declare the public hearing resumed. I think you were in the midst of an answer, Mr Phalen. Why
don't you finish that and then we'll go to Ms Steggall.

Mr Phalen: Sure. Given the time, I will summarise based on the South Australian experience, which is the
largest consultation process in Australia on this particular topic. There were three reasons why the community
said that they weren't participating in that process. The first was that they said they didn't know enough about the
topic to comment. The second was they didn't have the time to participate, so that spoke to it being too quick. And
the third was that they didn't trust the government would listen to them. So there is an element of transparency
that would be very critical to any process that we would conduct in regard to establishing a nuclear industry in
Australia.

Ms STEGGALL: Essentially, we have to assess the upsides and downsides of recommending lifting the
moratorium; it will be the government's call. What do you see are the benefits and the negatives of lifting the
moratorium at this point? We really haven't had that public consultation.

Mr Phalen: The first benefit would being able to provide better information to commiittees like this because
we would be able to conduct research and have more definitive answers to the types of questions you ask. It does
free organisations like ours to explore these topics in a bit more detail.

Ms STEGGALL: I don't quite understand: the moratorium stops you from investigating? We've had a number
of inquiries, so | don't understand how the moratorium stops you from properly investigating.

Mr Phalen: It's just that you can't spend public money on, for example, high-level nuclear waste facilities.
That's one of the reasons. Those sorts of bans would need to be lifted in order to conduct public money research
on that type of activity. What are the benefits and the downsides? There are always two sides to every story.
Obviously, this type of topic is very sensitive to many Australians. Therefore, it would need to be conducted in a
very inclusive and respectful manner. CSIRO is independent, obviously; we're not for or against these types of
things. We focus on the science and on the facts, and those are what we would be focusing on presenting to
anyone making advice to anyone making decisions on this type of matter.

Mr JOSH WILSON: Ihave a question for Geoscience Australia. We had a submission from Dr Gavin Mudd.
He presented a little snapshot of uranium mining operations and where their site management and rehabilitation,
if appropriate, were up to. It was a bit of a bleak picture. In almost every case there were instances of
contamination, ongoing rehabilitation and so on. Does Geoscience Australia maintain a watching brief on those
instances as part of its assessment of what managing uranium mining operations really amounts to?

Mrs Costelloe: It's not immediately in our mandate, but we do provide advice to our department and the state
and territory geological surveys which that falls under. We don't have the funds to maintain or regularly assess
those over time, but we definitely have the expertise to help in the local measures put forward. We also advise on
the EPBCs.

Mr JOSH WILSON: So you do it when requested rather than on kind of a watching basis?

Mrs Costelloe: That's correct.

Mr JOSH WILSON: But you have the resources? If you were asked at some point to provide an across-the-
board snapshot, you could?

ENVIRONMENT AND ENERGY COMMITTEE



NUCLEAR POWER INFRASTRUCTURE DEVELOPMENT
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FIG. 2. Milestones for infrastructure development to support a nuclear power programme (veproduced from Ref. [6]).

demonstrate their progress during the planning stages, and to show national and international stakeholders
their commitment to nuclear safety and the control of nuclear material. In this regard, the infrastructure
for a nuclear power programme includes the elements necessary for the safe, responsible and sustainable
use of nuclear technology.

Even countries with a large nuclear fleet should assess the impact that the deployment of an SMR
fleet would have on the existing nuclear infrastructure. Special attention should be paid to the procurement
of new fuel types and their compatibility with existing strategies for the interim and long term disposal
of nuclear fuel and the resultant intermediate level waste. Depending on the SMR technology of choice,
significant and costly upgrades might be required to existing infrastructure, which have to be carefully
accounted for in the life cycle plan.

In Section 2.3.1, it is assumed that SMR deployment will take place in a country which already
possesses the infrastructure necessary to support the deployment of nuclear power technology (including
SMR technology). This infrastructure will include not only a so-called hard infrastructure (such as
an adequate electrical grid) but also a soft infrastructure (such as a regulatory framework, policies on
radioactive waste management, human resources policies, etc.). If key components of this infrastructure
are not in place when a country first contemplates deploying SMR technology for electricity generation, it
will be necessary to develop them in advance of such deployment.

The IAEA recommends a systematic approach to preparing the infrastructure for nuclear facility
deployment which is relatively high level — and thus generally applicable across technologies ranging
from traditional large reactors of various types through research reactors to SMRs: the IAEA’s Milestones
approach. In this approach, activities needed to prepare the infrastructure for nuclear power are split into
three phases, with the duration of each phase dependent on the degree of commitment and resources
allocated in the country. The term infrastructure milestone is used to identify the point at which the
activities required in that phase of development have been successfully completed. Each therefore
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TABLE 2. INFRASTRUCTURE ISSUES [6]

The 19 infrastructure issues

National Position Stakeholder Involvement
Nuclear Safety Site and Supporting Facilities
Management Environmental Protection
Funding and Financing Emergency Planning

Legal Framework Nuclear Security

Safeguards Nuclear Fuel Cycle

Regulatory Framework Radioactive Waste Management
Radiation Protection Industrial Involvement
Electrical Grid Procurement

Human Resource Development

organizations involved in infrastructure development. In this publication, this mechanism is called the
nuclear energy programme implementing organization (NEPIO). It should be noted that this designation
is used for illustrative purposes only. The country may organize the activity in a manner most appropriate
to its own customs and needs.

Table 2 shows the 19 infrastructure issues that need to be considered for each milestone [6]. The
order does not indicate relative importance. Each issue is important and requires careful consideration.
Different organizations will need to consider which issues relate most to them and to plan their work and
resources accordingly. The three key organizations — the government, the owner/operating organization
and the regulatory body — need to ensure awareness of all issues.

Milestone 1: Ready to make a knowledgeable commitment to a nuclear power programme

At the beginning of Phase 1, it is assumed that a country has determined that it needs additional
energy and has considered nuclear power as a possible option to meet some of these needs. During
Phase 1, the country will analyse all issues that would be involved in introducing nuclear power, so
that at the end of Phase 1, it is in a position to make a knowledgeable decision on whether or not to
introduce nuclear power.

In Phase 1, it is essential that the country acquires a comprehensive understanding of the
obligations and commitments involved, and what would be required to fulfil them, before any decision on
implementation is taken. It is important that the country has a clear understanding of its energy needs and
the potential role of nuclear power within its long term energy and economic development plans.

A country considering nuclear power probably already has an infrastructure in place for nuclear
security, radiation safety and emergency preparedness to cover existing facilities and activities. Building
on the existing infrastructure and associated experience will assist the country in establishing the necessary
infrastructure for a nuclear power programme.

In Phase 1, the NEPIO should ensure overall coordination and the engagement of all key parties,
compile the information and studies necessary for a knowledgeable policy decision on whether to proceed
with nuclear power, and, at the end of Phase 1, provide a comprehensive report that should recommend
a positive national decision, and that defines and justifies a national strategy for nuclear power. Any
pre-feasibility study conducted during Phase 1 can be a significant input to the report, although it is
important that the report fully addresses all 19 infrastructure issues described in Table 2.
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This work, as with all other work paid for by the USDOE (US Department of Energy), must be
performed in the United States.

This funding is of a scale that will ensure progress towards demonstration.

In parallel the US Department of Defence has initiated “Project DiLithium” to investigate small
(1-10 MWe), transportable (<40 tonnes) SMRs to support tactical deployments. With a clear
customer, full funding, and the possibility of fast track licensing this could bring about the first
fully developed SMR units and a guaranteed early fleet market.

Further, in April 2020, based on the work of the US Nuclear Fuel Working Group, the Secretary
of Energy announced The Strategy to Restore American Nuclear Energy Leadership which
recommends:

e Taking immediate and bold action to strengthen the uranium mining and conversion
industries and restore the viability of the entire front-end of the nuclear fuel

cycle.

» Utilizing American technological innovation and advanced nuclear RD&D investments
to consolidate technical advances and strengthen American leadership in the next
generation of nuclear energy technologies.

e Ensuring that there will be a healthy and growing nuclear energy sector to which
uranium miners, fuel cycle providers, and reactor vendors can sell their products and
services.

* Taking a whole-of-government approach to supporting the U.S. nuclear energy
industry in exporting civil nuclear technology in competition with state-owned
enterprises.

In May 2020, the DOE Announced $27 Million for Advanced Nuclear Reactor Systems Operational
Technology. And in June, the US International Development Finance Corporation (DFC) has
proposed policy changes that would remove a prohibition on it providing support for nuclear
power projects. This would enable the DFC to offer financing for projects to deploy technologies
such as small modular reactors (SMRs) in developing countries. On October 13, 2020 the
USDOE announced* that X-energy and TerraPower were selected under the Advanced Reactor
Demonstration Program (ARDP) and will each receive $80 Million of funding towards deploying
their designs in the US within 5 to 7 years. They plan to invest $3.2 Billion over 7 years in
support of this program. On October 16:¢, the USDOE approved a multi-year cost share award
that could provide up to $1.4 billion to help demonstrate and deploy a 12-module NuScale power
plant located at Idaho National Laboratory with the first power module operating at the lab by
2029.

Feasibility of Smalf Modular Reactor Development and Deployment in Canada Report 18



MENU

. ONTARIOPOWER Q9@

GENERATION 4"2« -

MEDIA RELEASES

Federal clean energy initiatives will help
advance SMRs and other clean
technologies

Home > News and media >

Federal clean energy initiatives will help advance Smail Modular Nuclear Reactors and other clean technologies

NOVEMBER 3, 2022

Toronto, ON - Ontario Power Generation (OPG) welcomes the latest clean energy initiatives by the Federal Government
outlined in the Fall Economic Statement, including the proposed investment tax credit that would benefit Small Modular
Reactors (SMRs) and other forms of clean energy technology including hydroelectric, hydrogen, and pumped storage.
OPG also welcomes the commitment to improve the efficiency of federal environmental Impact Assessments Act.

“The powerful combination of Federal and Provincial government support sends a
resounding message that Ontario and Canada are ready to lead the world in clean

energy development.”

OPG President and CEO, Ken Hartwick

OPG and its subsidiaries are leading the development of SMRs, examining new hydroelectric potential, working to electrify
the transportation sector, advancing the development of hydrogen and exploring pumped hydro storage. OPG's
Darlington Nuclear refurbishment will also provide decades of additional GHG-free power, as would the possible
redevelopment of the Pickering B Nuclear Generating Station, the feasibility of which is currently being explored.

Recently, the Canada Infrastructure Bank (CIB) announced a loan of $970M to develop the first commercial SMR at OPG's
Darlington site. SMRs are o new class of nuclear reactors that are approximately 300 megawatts or less, have a smaller
footprint and a shorter construction schedule, compared to traditional nuclear generating stations, and can provide

zero-carbon baseload power across all regions.

Quotes

“These measures will help ensure this critical infrastructure is successfully completed, while reducing costs for
ratepayers,” said OPG President and CEQ, Ken Hartwick. “The powerful combination of Federal and Provincial government
support sends a resounding message that Ontario and Canada are ready to lead the world in clean energy

development.”

Quick facts

¢ OPG owns and operates 66 hydroelectric stations and 241 dams, which account for neairly 21 per cent
of Ontario’s total generation.

° A 2020 Conference Board of Canada study highlights strong economic benefits from construction
and 60 years of operation of a single SMR facility. This includes average annual direct and indirect
employment of approximately:

* 700 jobs during project development;



Energy experts say there is no path to bringing the world’s carbon emissions to zero by 2050 without nuclear. The CIB’s
$970 million investment will help OPG construct Canada’s first small modular reactor. As our largest clean power
investment, we are supporting technology which can accelerate the reduction in greenhouse gases while also paving the

way for Canada becoming a global SMR technology hub.
- Ehren Cory, CEO, Canada Infrastructure Bank

We know nuciear energy, including from SMRs, is an essential part of the electricity mix to help meet our climate change
goais. This low-interest financing helps us advance the Darlington New Nuclear Project, paving the way for development

and deployment of the next generation of nuclear power in Canada.

- Ken Hartwick, OPG President and CEO

Today’s announcement represents a significant step towards the development of a non-emitting electricity grid and o
prosperous net-zero future. The deployment of one of Canadd’s first Small Modular Reactors (SMR) at Darlington Station
will further enhance Canada’s leadership in nuclear technology, create sustainable jobs, and reduce emissions. This
announcement represents an important step forward for energy security and availability in Canada.

- The Honourable Jonathan Wilkinson, Minister of Natural Resources

Ontario is leading the way when it comes to new nuclear technologies and the world is watching as we build the first ever
grid-scale SMR at Darlington. Today's investment is a demonstration of the incredible opportunities of SMRs and nuclear
power as a way to produce clean electricity to attract new investment, create jobs, and grow our economy while
supporting electrification.

- The Honourable Todd Smith, Minister of Energy

Quick facts

» CIB's long-term capital can ensure critical, large-scale clean energy infrastructure projects are built.

* OPG is an Ontario-based electricity generation company wholly-owned by the Province of Ontario
and has more than 50 years of experience operating nuclear facilities.

¢ With an approved Environmental Assessment already in place, the Darlington site is the only location
in Canada licensed for new nuclear.

* The Darlington New Nuclear Project is being managed in a gated approach, subject to OPG board
approval at each gate.

* A 2020 study undertaken by the Conference Board of Canada shows strong economic benefits from

construction and 60 years of operation of a single SMR facility. According to the report, direct, indirect
employment would result in an annual average of approximately:
o 700 jobs during project development;

© 1,600 jobs during manufacturing and construction;
© 200 jobs during operations;
© and 160 jobs during decommissioning.

¢ Through its Clean Power priority sector, the CIB has committed $5 billion towards clean power,
renewables, district energy, storage, interties, and transmission.

* All CIB investments are subject to approval of its board of directors.
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MEETING CLIMATE CHANGE TARGETS: THE ROLE OF NUCLEAR ENERGY

Nuclear energy supplies approximately 10% of the world’s electricity and is the world’s fourth largest
source of electricity, following coal, gas and hydroelectricity, which supply approximately 38%, 23%, and
16% of the world’s electricity, respectively (WNA 2020). Nuclear energy, therefore, is the world’s second
largest source of non-emitting electricity, following hydroelectricity, and the largest source of non-
emitting electricity in the group of OECD countries (Figure 5). In regions that are not rich in hydroelectric
potential, nuclear is generally the most significant non-emitting option for electricity generation.

Figure 5. OECD and World Electricity Mixes (2018) o
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Source: Based on IEA (2021a).

The United States Energy Information Administration’s International Energy Outlook projects that
global nuclear capacity will continue to grow at a rate of 1.5% per year through 2040 (EIA, 2017). The
geopolitical landscape for nuclear energy is transforming in important ways. While some NEA countries
do not include nuclear in their future plans (e.g. Germany) or face questions about the future of current
installed nuclear capacity (e.g. Japan, United States), growth in nuclear energy is driven principally by
non-NEA countries (e.g. China and India). Accordingly, whereas over 80% of global installed nuclear
capacity has been within OECD countries, by mid-century, this percentage could fall below 50% (EIA
2017), with significant geopolitical implications, including global shifts in high-value, strategic industrial
capacity, human resource capabilities, policy influence, and the development of vital technologies.

While conditions exist to support growth in global nuclear energy development and deployment,
the nuclear energy sector faces many challenges. Global energy demand is expected to continue
growing, driven primarily by China, India, and South East Asia. Concerns over climate change are rising
and will drive demand for non-emitting energy. However, uncertainties in global resource markets, as
well as increases in resource nationalism and protectionism, are having chilling effects on global trade
in uranium and nuclear technologies, and geopolitical instability is giving rise to non-proliferation
concerns. Moreover, lack of key infrastructure and enabling frameworks creates barriers to access in
key markets for new nuclear energy.

An increasingly networked global civil society has high expectations for transparency,
accountability, social engagement, environmental protection, safety (post-Fukushima), and benefits
sharing. Civil society also has high expectations for the potential of renewables, storage, and demand-
side management to fully address climate change and energy security concerns.

Nuclear energy is often excluded from public and political discourse, creating significant challenges
for the nuclear sector. Even countries that include nuclear in their existing and future energy plans
often remain silent on the role of nuclear in international clean energy and climate change fora.
This dynamic is deeply problematic. Nuclear energy must be included alongside other options in
discussions about energy transition in order to maintain the integrity and evidence base of the policy
dialogue. While energy policy makers may take different values-based decisions on the role of nuclear
energy in their respective national contexts, the analyses and assessments that inform policy debates
must be complete and evidence-based. Including all options in the analyses is necessary to ensure
that the complex trade offs between options can be accurately understood and contemplated.
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