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The current energy crisis has intensified the global search for alternatives to
fossil fuels, reviving interest in nuclear energy.

1. Like the first wave of nuclear expansion in the 1970s, the current energy crisis has been driven by fossil-
fuel supply constraints, reviving interest in nuclear technology as a low-carbon and domestically secure
energy source. The European Commission has recently affirmed its support for nuclear power as a source
of clean energy.

2. An earlier movement within Europe to phase out nuclear power after the Fukushima accident in 2011 has
led to a gradual decline in the share of nuclear power. However, those phaseouts have been stopped or
slowed as the economic challendes of replacing nuclear power in the energy mix have become increasingly
apparent.

3. The expense and long lead times of greenfield nuclear projects are often prohibitive relative to alternatives.
Nevertheless, the appeal of reliable, dispatchable nuclear power compensates for the extra expense to a
dedree, especially as a baseload power that can support intermittent renewable energy sources.

4. A new, smaller generation of nuclear reactor, small modular reactors, is attracting attention as a potential
growth field for nuclear energy. However, the technology is still at an early stage and will take years of
development and investment before it can be deployed at an adequate scale to support the rapid growth
in demand for electricity.
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The legacy economic value of nuclear power

For decades, energy supply shocks have been a primary driver of technolodical innovation and transformation in
energy markets:

e The Arab Qil Embargo and Iranian Revolution in the 1970s had a major destabilising effect on importing
nations that ultimately led to an extended period of stagdflation. Policy responses to the resulting supply
shortages included shifting to natural gas and increasing access to nuclear power in an effort to strengthen
domestic energy production, as well as policies to raise energy efficiency by curbing demand.

e An oil-price spike in the 2000s that was driven by rapid demand growth for oil and gas, primarily in emerging
Asian economies, fuelled investment in fracking technology in the US. Fracking significantly expanded global
oil and gas supply and transformed the US into the world’s leading energy producer.

e The 2022 Russian invasion of Ukraine triggered a crisis in natural gas supply in Western Europe, which
spurred investment in renewables and required a rapid reorientation in energy infrastructure in which Europe
exchangded pipeline gas flows from Russia for LNG shipments, largely from the US.

e The current enerdy crisis sparked by the US-Israeli war with Iran has set off a new scramble to replace oil
and das supplies currently unable to transit the Strait of Hormuz. This crisis has led oil and das importers to
seek more domestically produced energy and raises the question of whether nuclear energy can experience
a renaissance.

The outlook for nuclear power as part of the energy complex in advanced economies has brightened after a lengthy
retreat. The 2011 accident at Fukushima was the most recent cause for a re-evaluation of the role of nuclear energy
and notably led to an accelerated phase-out of nuclear power in Germany. Europe has shown dreater reluctance to
reconsider new nuclear investments than North America and Asia have. In Europe, nuclear power declined from 29% of
total electricity generation in 2010 to 23% in 2025, contributing significantly to the global decline from 13% to 9%.

However, there are signs that a nuclear renaissance could be underway. Despite the unique risks of a catastrophic
accident, nuclear power’s status as a low-carbon energy source counterbalances some of these risks relative to fossil-
fuel energy sources. The energy crisis that has been ongdoing since the Russian invasion of Ukraine in 2022 further
highlights the risk of relying on fossil fuels, especially in regions with limited domestic supply, such as the EU. Nuclear
power’s ability to provide a locally sourced, dispatchable, low-carbon energy source has made other countries less
willing to follow Germany in phasing out nuclear energy entirely. Maintaining existing nuclear plants involves
relatively modest costs for upkeep, while increasing interest in new investment should preserve its vital role in the
broader energy mix.

NUCLEAR POWER’S ROLE HAS DIMINISHED IN DEVELOPED ECONOMIES BUT GROWN IN DEVELOPING ONES
SHARE OF NUCLEAR POWER IN ELECTRICITY GENERATION AS PERCENT
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Within the EU, differences in energy policy are exemplified by France, Germany and Spain.

e France has been one of the most vocal supporters of nuclear power for decades, with nuclear power
accounting for 69% of total electricity generation, according to data from Ember. However, even in France,
the amount of power generated from nuclear plants has declined by 9% since 2010. The real source of energy
growth for France has come from renewables, which have nearly doubled in capacity in that timeframe.

e Germany’s phase-out of nuclear power has been counterbalanced by an aggressive expansion of renewable
energy capacity, which has nearly tripled since 2010 and now accounts for 59% of total electricity generation.
The nuclear phase-out has occurred together with a rapid winding down of coal-based generation. The
increase in renewables-based power has been insufficient to fully offset declines in nuclear and coal power,
contributing to an overall fall in energy generation. This lower energy production has required heightened
energy-efficiency measures and demand destruction.

e Spain has charted a middle course between these two countries. Spain’s share of renewable power
generation is nearly as high as Germany’s, at 56%, with nuclear power adding an additional 19%. Both
Germany and Spain rely on gas-driven power generation to a similar extent, at around 20%, while Spain has
managed to phase out coal almost completely.

This split is also reflected in the countries’ approach to whether nuclear power as a clean energy source should be
considered green. The French led a coalition to include nuclear power in the EU’s taxonomy of sustainable
investments, while Germany and Austria led the opposition against it. The act was passed in 2022, making nuclear
energy investments eligible for green status within the EU taxonomy for sustainable activities.

THE ROLE OF NUCLEAR POWER DIFFERS ACROSS KEY EUROPEAN ECONOMIES
ELECTRICITY GENERATION IN TWH
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Germany’s nuclear power exit has placed more of a burden on accelerating renewables buildout and has led to a
relatively high reliance on fossil fuels, which carry greater economic costs than in less carbon-intensive European
economies. Germany’s CO2 emissions per KWh are significantly above the EU averagde, lardgely owing to its higher
share of coal-fired electricity generation, while Spain’s and France’s emissions are well below the average. The EU’s
Emissions Trading System penalises Germany’s relatively high CO2 emissions and is one reason why power prices in
Germany are significantly higher than in France or Spain. The decision to phase out nuclear power has recently been
publicly acknowledged by German officials such as Ursula von der Leyen and Friedrich Merz to have been a stratedic
mistake, although public officials have shown little appetite to reconsider the decision now that decommissioning
has been completed.
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GERMANY’S DECISION TO EXIT NUCLEAR POWER HAS LED TO RELIANCE ON HIGHER-EMISSION FOSSIL FUELS
GRAMS CO2/KWH (2024)
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In addition to the extra expense from the ETS, Germany’s energy costs are higher because coal and das-fired power
have higher fuel costs and tend to set the marginal electricity price. The greater reliance on renewables and nuclear
power in France and Spain reduce the frequency with which fossil-fuel plants set prices. (Taxes, levies and local
policies are further factors in local pricing differentials.) In addition, the costs of sustained heavy investment in the
rapid expansion of renewables to offset the simultaneous phasing-out of coal and nuclear power in Germany are
passed on to consumers. In contrast, the stable share of nuclear power in both France and Spain allows these
countries to ramp-up renewables more gradually to offset reductions in fossil-fuel-based power sources while also
growing overall energy supply. However, it is also worth noting that the relatively high power prices seen in France
in 2022-23 were attributable to a nuclear crisis in which many reactors needed to be simultaneously shut down for
maintenance, which was exacerbated by a drought that caused a shortade of cooling water for reactors. This shows
that while nuclear power is more resilient to the intermittency problems of renewables and the geopolitical
challenges of fossil fuels, it is also not immune to interruptions and periods of reduced output. Such phases have the
potential to inject a different source of volatility into the enerdy market and can lead to prices for nuclear power that
exceed those of other energy sources.

ELECTRICITY PRICES ARE LOWER IN FRANCE AND SPAIN THAN IN GERMANY
EEX BASE YEARLY ELECTRICITY FUTURES IN EUR/MWH
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Is there a growth case for nuclear power in the developed world?

Considering nuclear power’s numerous advantages over fossil fuels, especially for regions with limited fossil-fuel
resources, such as the European Union, nuclear power will remain an important source of power generation for the
foreseeable future. The current energy crisis makes it less likely that countries will choose to phase out nuclear power,
as Germany did after 2011. In April, the EU issued guidance saying that nuclear energy “is an important component
of decarbonisation, industrial competitiveness and security of supply strategies,” and urged countries to “avoid
premature retirement of existing nuclear capacity”. In 2025, Belgium reversed a previous plan to phase out nuclear
energy. Spain is currently planning a phased shutdown of its nuclear plants by 2035, although its energy companies
have requested to extend their lifespan.

Despite the clear advantages of keeping nuclear power as part of the current energy mix, the situation looks more
complicated if the question moves from preserving the current status of nuclear power to the potential for expanding
it further. Due to their larger scale and high consequence (although low probability) safety risks, lead times for nuclear
power projects are much longer than they are for other energy sources. The IEA also notes that nuclear projects in
the EU and US have tended to experience increasing delays and cost overruns in the past decade, due mainly to
project complexity. Delays and cost overruns also increase the cost of financing for the project operators.

NUCLEAR PROJECTS HAVE MUCH LONGER LEAD TIMES
DEVELOPMENT TIME IN YEARS
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Longer development times and safety risks that require mare stringent requlations also need to be factored into
energy costs over the operational lifetime of a nuclear power plant relative to other options. There are numerous
methodolaogies for calculating the levelized cost of electricity (LCOE), which compares the cost of enerdy per unit of
output after accounting for financing, construction, fuel and decommissioning costs. Most of these calculations
conclude that nuclear power is a relatively expensive source of power when started as a greenfield operation.

For example, BloombergNEF calculates that nuclear power is significantly more expensive in terms of the LCOE than
renewable or fossil-fuel-based electricity generation. The data also show that the development costs for renewable
projects have been coming down rapidly, while the cost of nuclear projects has tended to rise. It is also worth noting
that the decline in nuclear plant construction in Europe has led to an erosion of competencies and qualified personnel
in the sector, which contributes to project delays and cost overruns that ultimately raise the cost of nuclear power.
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LCOE COMPARISON SHOWS THAT NUCLEAR POWER IS RELATIVELY EXPENSIVE
INDICATIVE BENCHMARK LCOE, USD/MWH
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Note: LCOEs are capacity-weighted global averages, except for nuclear, which averages real LCOEs in Finland, France, the US, UK, China and UAE.

The IEA and other energy researchers sometimes also use value-adjusted LCOE and system LCOE metrics to account
for grid connection costs, better capturing the downside of intermittent renewable power deneration per unit of
electricity output. While these other methodologies tend to raise the cost of renewable power relative to nuclear
power and therefore narrow the differences, the overall relative cost still shows that nuclear remains more expensive relative
to other forms of energy. However, on an overall system basis, the IEA concludes that having nuclear power as part of the
energy mix lowers the overall system cost as it counterbalances some of the intermittency costs of renewables.

Can SMRs improve the outlook for nuclear power?

Small modular reactors (SMRs) are a developing area of nuclear technology that could provide new impetus for the
expansion of nuclear power. In contrast to the large nuclear power plants constructed in previous decades, which
tend to have capacities of 1GW and above, SMRs can be more distributed and have smaller capacities, from 20-
300MW. The smaller scale of SMRs allows them to be project-specific rather than supporting the electricity grid as a
whole, which can cut the project development time considerably.

They can therefore be deployed to provide power to data centres, hydrogen facilities, district heating, industrial plants
and other energy-intensive industries without needing to draw from the centralised power dgrid. SMRs are also a
potential growth field because their more limited scope helps to reduce development times and thus project risk and
financing costs. One potential roadblock to this model is that although the smaller scale should limit the potential
for a catastrophic accident, the greater number of sites creates more individual weak links throughout the grid that
are susceptible to failure or attack.

SMRs are in the early stages of development and, so far, no SMR has currently been brought online in the US or
Europe. One consequence of the early developmental stage of SMRs is that they are still very expensive to bring
online. As first-of-a-kind (FOAK) undertakings, their development costs per KWh will remain far higher than those of
more mature technolodies until production can be standardised. In order for SMRs to reach their full promise of being
a lower-cost alternative to traditional large-scale nuclear plants, there needs to be greater scale of production that
will most likely require state funding during the developmental stages.

While this is a limiting factor for their growth in the near term, it is possible that SMRs could increasingly become an
important part of the overall power complex given their promise as a low carbon, localised dispatchable power
source. In particular, SMRs have already drawn interest from US technolody companies as a power source for large-
scale data centres. These customers could play a foundational role in kickstarting SMR production towards
serialisation. If initial designs prove financially and technologically successful, SMRs are likely to become an
increasingly important source of power after 2030.
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The role of nuclear power in rising global electrification

At COP28 in 2023, 20 countries signed a declaration to support tripling nuclear energy by 2050. A major motivation
for promoting nuclear power was the recognition that rising demand for power also has environmental costs that
can jeopardise the doal of limiting climate warming to the 1.5C doal enshrined in the Paris Adreement. Future
technological advancement and economic development will be driven by society’s increasing electrification. Growing
investment in data centres and electric vehicles, and the proliferation of information exchanges in internet-of-things
applications require increasing amounts of electrical power.

Nuclear power’s status as an important part of this energy complex seems assured, especially considering the energy
shocks of recent years that have centred around interrupted supplies of hydrocarbons. In this respect, the decision to
completely phase out nuclear energy runs counter to the rising demand for energy and tends to have less political
support than it had previously. However, the question of the degree to which nuclear investment is a growth field,
especially in developed economies, is more complicated.

The |EA stated in its most recent World Energy Outlook that more than 70GW of new capacity is currently under
construction, which is one of the highest levels in the last 30 years. Around half of the projects being constructed are
in China. Ongoing construction of reactors in Western Europe and the US is marginal, accounting for less than 10%
of the total, although the IEA notes that there are agreements and expressions of interest for a further 30GW of SMR
capacity, mainly for data centres. The global forecasts from the IEA, the IAEA and the EC’s Joint Research Centre (JRC)
show rapid growth of power generation through 2050, although only the IAEA’s upper forecast envisages the share
of nuclear power growing meaningfully above today’s level.

NUCLEAR AS A SHARE OF GLOBAL POWER EXPECTED TO GROW PROPORTIONATELY

ELECTRICITY PRODUCTION IN TWH (NUCLEAR SHARE OF TOTAL AS PERCENTAGE)
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From today’s vantage point, it appears that Europe is unlikely to experience a nuclear renaissance in the coming
years, although a complete phase-out also looks doubtful. Selective expansion in some regions, such as France, the
UK and Eastern Europe, is possible. Resistance to nuclear expansion is significant in many European countries, notably
Germany and Austria, where appears to be no serious effort to reconsider this policy. Even the previous German
nuclear operators have said that reversing the decision makes no economic or operational sense at this point.

The forecasts of IEA, the IAEA and the EC for Western Europe show broadly stable nuclear power generation until
2035. However, the forecasts for 2050 diverde. The EC expects overall nuclear power generation to decline while the
IEA expects further stability and the IAEA sees potential for a modest expansion. These forecasts envisage a decline
in the overall share of nuclear power, indicating that the significant growth in power generation required to drive the
technolodies of the future in Europe is likely to come from other sources, most notably renewables. As noted earlier,
renewable energy projects can be deployed much more quickly than nuclear power plants, an important advantage
given the current need to expand energy capacity rapidly.
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NUCLEAR AS A SHARE OF EUROPEAN POWER GENERATION EXPECTED TO CONTINUE DECLINING
ELECTRICITY PRODUCTION IN TWH (NUCLEAR SHARE OF TOTAL AS PERCENTAGE)
9000
8000
7000
6000
5000
4000
3000
2000
1000
0

IAEA High

IAEA High
|EA Stated Policies

IAEA High

|EA Stated Policies ‘

2024 2030 2035 2040 2050

Source: IEA, IAEA, EC JRC, The Investment Institute by UniCredit
Note: The IEA’s most recent outlook for Europe does not have forecasts for 2030 or 2040 but uses 2035 as a bridge to 2050. Europe includes

non-EU countries in the IEA’s 2024 calculation.

However, these forecasts may underestimate the potential contribution of nuclear power to overall power generation
in developed countries. It is notable that the IEA’s scenarios for faster decarbonisation involve higher amounts of
nuclear power generation at a global level than their base case. SMRs are at an early stage of development and could
make an increasing contribution after 2030 if they can reach a scale that allows for lower implementation costs and
shorter construction times in which they overcome their FOAK financial disadvantage over time. Their ability to
provide reliable power without the intermittency risks of renewables could drive increasing demand, particularly from
the private sector. If SMRs can demonstrate lower costs and a strong safety record, they could materially improve
the outlook for nuclear power after 2030. The highest growth potential for nuclear enerdy is therefore likely to come
from developing regions, where Chinese and US technologies would compete for customers.
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Ledal Notices

Glossary

Terms used in the report are available on our website: Our glossary.

Marketing Communication

This publication/video constitutes a marketing communication of UniCredit S.p.A., UniCredit Bank Austria AG, Schoellerbank AG and
UniCredit Bank GmbH (hereinafter jointly referred to as the “UniCredit Group”) is addressed to the general public and is provided free of
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of the dissemination of investment research.

UniCredit Group, including all its group companies may have a specific interest in relation to the issuers, financial instruments or
transactions detailed herein. Relevant disclosures of interests and positions held by UniCredit Group are available at:_Conflicts of interest.
Any estimates and/or assessments contained in this publication represent the independent opinion of the UniCredit Group and, like all
the information contained therein, are given in good faith on the basis of the data available at the date of publication, taken from reliable
sources, but having a purely indicative value and subject to change at any time after publication, on the completeness, correctness and
truthfulness of which the UniCredit Group makes no guarantees and assumes no responsibility. Interested parties must therefore carry
out their own investment assessments in a completely autonomous and independent manner, relying exclusively on their own
considerations of the market conditions and the information available overall, also in line with their risk profile and economic situation.
Investment involves risk. Before any transaction in financial instruments please refer to the relevant offering documents. It should also
be noted that:

1. Information relating to the past performance of a financial instrument, index or investment service is not indicative of future results.

2. Iftheinvestment is denominated in a currency other than the investor’s currency, the value of the investment can fluctuate strongly
according to changdes in exchangde rates and have an undesirable effect on the profitability of the investment.

3. Investments that offer high returns can underdo significant price fluctuations following any downgrading of creditworthiness. In the
event of bankruptcy of the issuer, the investor may lose the entire capital.

4. High volatility investments can be subject to sudden and significant decreases in value, being able to generate significant losses at
the time of sale up to the entire capital invested.

5. In the presence of extraordinary events, it may be difficult for the investor to sell or liquidate certain investments or obtain reliable
information on their value.

6. If the information refers to a specific tax treatment, it should be noted that the tax treatment depends on the individual situation of
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