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The nuclear industry is experiencing a rebirth amid the global energy transition, a time
of economic and energy security uncertainty and a generational shift of preferences.
However, medium-term challenges still persist as the industry navigates significant
capital costs and construction difficulties. We highlight some opportunities for

exposure in this space.

Change is afoot in the nuclear
energy sector. After decades of
underinvestment going back to the
1980s, nuclear energy is garnering
increased attention from investors
and the public alike. Sustainability-
focused investment funds are
starting to allocate capital towards
nuclear. While public perception
has historically been influenced by
past accidents like Chernobyl and

Fukushima, there is a gradual thawing
in attitudes as the industry addresses
safety concerns and emphasizes
sustainable development.

Nuclear power is the use of sustained
nuclear fission to generate heat and
electricity and is well-positioned

to grow, supported by clean energy
demands. Around the world, 60 new
reactors are being built with 100 more

planned.' As countries navigate a
challenging energy transition and
rising geopolitical tensions, nuclear
stands out as a source of reliable,
low-carbon baseload power. The
technology has been advancing,
significantly improving safety and
minimizing waste. All this is leading
to positive change and a potential
rebirth of the sector.

Nuclear power plants under construction or planned as of September 2023 — more than half are in China and Russia
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The need to decarbonize

Nuclear energy—like solar, wind,
geothermal and hydro—generates
low direct carbon emissions. With
the urgent need to achieve global
net zero targets, policymakers are
embracing nuclear as a complement

to renewables and abated natural
gas-fired power plants. The
International Energy Agency (1EA)
suggests that nuclear power output
would need to double by 2050 to
achieve net zero goals.? Renewables
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alone may not get us there in a timely
and cost-efficient manner, despite
their lofty growth expectations over
the coming decades.
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From a lifecycle emissions
perspective, i.e., taking into account
indirect emissions associated with
plant construction and disposal,
nuclear compares well with other
sources. This is because nuclear
requires less construction material,
has a longer operational lifespan
(lasting 40-100 years while solar
panels and wind farms are replaced
every 20-30 years), and occupies
less land (solar plants and wind
farms require 75x and 360x more
land to produce the same amount of
electricity, respectively).?

Delivering to net zero goals will be
harder and more expensive without
nuclear. The IEA notes that without
nuclear, there will be a need for
$500B more investment and customer
electricity bills will rise by $20B/year
to 2050.2 Clearly, a balanced mix of
low-emission energies that includes
nuclear power will be needed to
achieve climate targets.

Low-cost alternative

Nuclear’s reliability as a baseload
power makes it a useful energy
source. Nuclear plants generate

Nuclear among lowest emissions energy available
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power 93% of the time, whereas
intermittent renewable resources like
wind and solar generate power 35%
and 25% of the time, respectively.?
Not only is extra capacity needed for
renewables, they also need a backup
source or batteries to store energy.
This raises the cost and emissions
profiles of these sources.

While industry research suggests
nuclear can be cost-competitive
when considering total system costs,
this differs from practice in many
cases. Nuclear power projects have
frequently experienced substantial
cost overruns and delays during

Levelized cost of electricity (LCOE) for dispatchable low emissions sources
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construction, causing actual costs

of nuclear electricity to greatly
exceed initial estimates. However,
there are arguments that nuclear
projects may be better positioned for
success moving forward. New plant
designs using modular construction
techniques have the potential to
lower complexity and risks, while
technological know-how and
experience will bring efficiencies.
Additionally, governments can help
reduce costs by providing long-

term commitments, financing and
regulatory clarity in the licensing and
construction processes.
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One of the most straightforward and
inexpensive ways to increase nuclear
capacity is through the extension

of existing nuclear plants. The IEA
noted that reactors designed for
40-year lifespans can be extended by
20-40 years. This offers countries the
opportunity to retain the economic
benefits of carbon-free baseload
power at low marginal costs and with
lower construction costs/risks.! This
also makes nuclear energy extensions
competitive with solar and wind in
many regions.

Government and
regulatory momentum

In the wake of the Russia/Ukraine
War and ensuing surge in energy
prices, there has been a shift in policy
for nuclear to meet energy security
and independence. Governments

are rethinking the value of having a
diverse mix of energy sources and
suppliers, and having a portfolio that
can provide short term flexibility

and adequate capacity during high
demand periods.' The graph below

Global capacity increasing as countries turn to nuclear for energy security
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Recent initiatives by governments
worldwide highlight both their
willingness to de-risk nuclear
projects, and the strategic importance
of the technology to their net zero
goals.For example, in the U.S,, the
Inflation Reduction Act included a

tax credit for nuclear while the CHIPS
Act supports the development of
advanced reactors. Canada recently
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committed to tripling nuclear energy
production capacity by 2050. See

the following page for more examples
of recent policy support for nuclear in
different regions.’

Nuclear energy decisions extend
beyond economics to matters such
as national resource strategy,
non-proliferation, and geopolitical
relationships. Among Western

Japan
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shows that so far, global capacity
growth has been flat for the U.S.
and Western Europe, with capacity
increase mostly coming from East
Europe and Asia.
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nations, collaboration on nuclear

has supported cooperation among
governments for technology transfers
and economic integration which can
help broader political alignment.
Russia and China have been more
active in exporting nuclear tech; their
dominance in the sector has also
brought integration and

political cooperation.!
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Examples Of Recent Policy Support For Nuclear Energy

Below we highlight some examples of recent policy support for nuclear energy, as a way to
meet both energy security and energy transition goals. Some policies have been related
to extending the lifetimes of existing nuclear plants (in some instances in response to the
Russia-Ukraine War), while other announcements support new innovation.

Key Takeaways

United States Inflation Reduction Act: Production tax credit of up to $15 per megawatt hour for electricity
produced by existing nuclear plants assuming prevailing wage requirements are met. This credit
is available for facilities in operation in 2024 and continues through 2032. The transition from
current technology specific tax credits for renewable energy into technology neutral, zero carbon
footprint energy production is also supportive for advanced nuclear reactors through production
credits (via clean hydrogen production generated by nuclear reactors and clean electricity
generated from nuclear power) or investment credits (with advanced nuclear reactors going
into service in 2025 or after qualifying for ITCs). Additional tax incentives available for projects
located in “energy communities” including those with high employment in fossil fuel extraction,
brownfield sites, or where coal mines or coal-fired power plants have closed.

Bipartisan Infrastructure Law: Civil Nuclear Credit Program — $6B strategic investment to help
preserve existing U.S. reactor fleet. Owners/operators of commercial U.S. reactors can apply for
certification to bid on credits to support continued operations. Application must demonstrate
that reactor is projected to close for economic reasons and that closure will lead to a rise in air
pollutants and carbon emissions. Credits will be awarded through Sept. 30 2031 if funds remain.
First round awarded to Diablo Canyon Power Plant near Avila Beach, California.

CHIPS Act: Fission for the Future Act, supports commercial planning, licensing and development
of advanced reactors. Prioritizes communities with retiring or already retired fossil fuel
generation facilities like coal plants.

United Kingdom Energy Security Strategy: Ambition to deliver 24 GW of nuclear power by 2050, to provide about 25%
of projected energy demand. New government body, Great British Nuclear, would be set up to bring
forward new projects, and 120 million pound Future Nuclear Enabling Fund launched to support
development of nuclear projects, stimulate competition in the industry and unlock investment.

UK Taxonomy: On March 15, 2023, Chancellor Jeremy Hunt announced that nuclear would be
included as environmentally sustainable activity, subject to consultation, in the
Green Taxonomy.

EU France: In February 2022, announced plans to build up to 14 next generation reactors to make;
carbon neutral by 2050.

Poland: Build six nuclear reactors by 2040 to reduce dependence on coal.
Belgium: Extending life of two nuclear reactors by 10 years.

EU Taxonomy: In Feb 2022, the EU Commission approved in principle a Complementary Climate
Delegated Act, which includes under strict conditions, specific nuclear and gas energy
activities in the list of transitional activities covered. It applied as of January 1, 2023.

Canada Extensions: Ontario extending the life of its Pickering nuclear power plant an extra year to 2026,
while launching a study on the feasibility of refurbishing functioning reactors.

Small Modular Reactors: Canada Infrastructure Bank committed $970 million CAD in financing
toward developing Canada’s first SMR.

APAC Japan: Strategic Energy Plan (approved in October 2021), restarting offline nuclear reactors and
lifting shares of nuclear (including SMRs) back to 20% by 2030 to allow for reduction in reliance
on coal- and gas-fired plants.

Korea: Under the New Energy Policy Direction, seeking to increase renewables in electricity
generation to over 20% and nuclear power to over 30% while decreasing coal-fired power by 2030.

Source: RBC ESG Strategy, IEA, White House, energy.gov, EC, NRCAN, UK GTAG, KPMG, UK Spring Budget 2023, European Commission.
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Public and investor acceptance

Perceptions of nuclear has been
tainted by past nuclear plant
accidents, such as Three Mile Island
(U.S.,1979), Chernobyl (Ukraine,

1986) and Fukushima (Japan, 2011),

as well as the use of the technology
to create nuclear weapons. However,
there has been evidence of increasing
acceptance amongst the public and
politicians on both sides of the aisle.

RBC Capital Markets believes the
industry and governments have
done a decent job of informing (and

perhaps convincing) the public of the
benefits of nuclear technology. Still,
a well-informed public need to be
convinced that the benefits outweigh
the risks, centered around operational
safety, management of spent nuclear
fuel, and the prevention of weapons
proliferation. Public opinion should
continue to inflect positively as the
industry builds a record of safety,
reliability, and environmental
sustainability.

The reality is that major reactor
accidents are rare, and nuclear has

Deaths from energy-related accidents per unit of electricity
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a relatively safe record versus many
electricity production technologies.
Living next to a nuclear power plant
for a year gives less radiation than a
dentist’s X-ray. And all the spent fuel
waste produced by the U.S. over the
last 60 years could fit on a football
field at a depth of 10 meters, to

say nothing of additional recycling
opportunities.' As the public better
understands the facts, interest in this
space should continue to rise.

3272

Death rates are measured based on deaths from accidents and air pollution per terawatt-hour (TWh) of electricity.

Source: University of Oxford, Global Change Data Lab, Our World in Data. RBC Equity Research, RBC Imagine, Climate of change for nuclear energy, November 2023.



Page 6 of 6 Nuclear getting the push it needs, continued

Headwinds still remain

One of the biggest impediments

to nuclear development has been
construction difficulty—many global
projects have been overbudget

and delayed. Such pitfalls add to
the overall cost of nuclear energy,
hindering adoption and investor
perception. Nuclear projects can
take close to a decade to complete
which adds to complexity and risk.
Comparatively, wind and solar projects
have much better track records and
are thus less risky for investors.

That said, there are reasons to believe
the cost issue can be overcome.
Smaller and more modular designs
allow for easier transportation

and lower startup costs. There is
room for larger reactor designs to
reduce complexity and implement
automation. Some projects
completed in China took as little

as five years, pushing the envelope
on construction." Extensions, as
discussed earlier, are another way to
reduce costs. These factors should
motivate more development to

move forward.

Another deterrent is regulation. Given
the safety risks involved with nuclear
energy, it makes sense that regulatory
rules are strict. However, the rules are
also constantly changing, including
during the licensing and construction
period which also happens to be

long. It will be incumbent upon

governments to enact a robust and
stable framework, all the while
prioritizing safety.?

As attractive as nuclear appears to us
today, there are many energy industry
participants that see any increase in
nuclear energy as a threat to their
business. Particularly if their slice of
the energy transition pie becomes
smaller. Amid affordability concerns,
capital scarcity, and rising costs of
capital, investors and governments
may simply direct incremental
investment dollars to the path of least
resistance (wind, solar, gas) and forego
the longer term merits of nuclear.”

As investors, we must weigh both pros
and cons when accessing the viability
for nuclear.

Opportunity for exposure

In North America, the primary ways to
gain investment exposure to nuclear
is through the Utilities, Industrials,
and Materials sectors.

Utilities and independent power
producers have an appetite to invest
in nuclear power plants, from pre-
construction to operational, as long
as the risk profiles of the projects are
sufficiently attractive. That includes
construction costs, revenue certainty,
fuel supply, government policy

and regulatory frameworks, and
decommissioning/waste management.

Industrials companies are involved
across the entire value chain to
provide the necessary service/
support to existing power stations.
That said, the underinvestment

from past decades have resulted in
challenges in attracting new talent to
the industry. Expect stronger project
management, additional recruitment,
and training of specialized labour to
feature prominently going forward.

Uranium mining will be critically
important in the future growth of
the nuclear industry as the key
fuel component for reactors, along
with the processing required to
turn uranium into nuclear fuel
(conversion, enrichment, and

fuel fabrication). RBCCM sees the
uranium market in a moderate
deficit through the 2020s before
entering a potentially significant
deficit by the 2030s. Growth will be
driven by utilities moving away from
relying on Russia, and the buildout
of Western enrichment capacity.
Uranium resources are not scarce,
just undeveloped—expect utility
customers to help fund production
through long-term contracts.

Reach out to your RBC advisor to
learn more about specific nuclear
investment opportunities in

your region.
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'RBC Equity Research, RBC Imagine, Climate of change for nuclear energy, November 2023.
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