Energy Policy 215 (2026) 115341

ENERGY

Contents lists available at ScienceDirect

Energy Policy

£

&5
ELSEVIER journal homepage: www.elsevier.com/locate/jepo

Check for

Perspectives on nuclear power | i

Jens Weibezahn®>* ®, Bjérn Steigerwald® ©, Arman Aghahosseini¢ ©,
Christian von Hirschhausen®d ®, Mark Z. Jacobson® ©, Christian Breyer®

2 Copenhagen School of Energy Infrastructure (CSEI), Copenhagen Business School, Porcelenshaven 16A, 2000 Frederiksberg, Denmark

b Workgroup for Infrastructure Policy (WIP), Technische Universitdt Berlin, Strafe des 17. Juni 135, 10623 Berlin, Germany

¢ School of Energy Systems, LUT University, Yliopistonkatu 34, 53850, Lappeenranta, Finland

d Department of Energy, Transportation, and Environment, German Institute for Economic Research (DIW Berlin), Anton-Wilhelm-Amo-Straf3e 58, 10117 Berlin, Germany
¢ Department of Civil & Environmental Engineering, Stanford University, Stanford, CA, USA

HIGHLIGHTS

+ Nuclear competitiveness hinges on optimistic cost and financing assumptions.
« Renewables plus flexibility dominate least-cost decarbonisation pathways.

« New nuclear plays only marginal role under realistic system conditions.

« Empirical data contradicts optimistic nuclear deployment scenarios.

» Nordic case shows nuclear role shaped by policy and financing limits.

ARTICLE INFO ABSTRACT
JEL classification: This study reassesses the role of nuclear power in low-carbon electricity transitions under prevailing cost, fi-
Q42 nance, and system conditions. Using harmonised international data and observed 2024 operational metrics, we
Q48 conduct a modelling-based stress test that evaluates how nuclear power performs when realistic construction,
Q54 financial, and flexibility assumptions are applied. The results show that large nuclear power shares in prior mod-
](“g; elling studies emerge primarily under optimistic conditions: Low overnight capital cost, reduced financing risk,
or constrained renewable energy portfolios. When empirically validated inputs and full flexibility options are
Keywords: included, least-cost system pathways are consistently dominated by renewable energy-based portfolios comple-
Nuclear power economics mented by storage, demand response, and existing dispatchable assets, while new nuclear power contributes

Financing and risk allocation
Renewables-centred least-cost pathways
Storage and flexibility

only marginally. Empirical project evidence from recent builds corroborates the modelling results: prolonged
construction duration and extended financing exposure significantly elevate effective project cost, irrespective of
Levelized cost of electricity nominal levelised cost est?mates. The Nord.ic regi‘on provides a natural comparat'ive lens, revealing divergent gov-
Nordic energy systems ernance models and public acceptance trajectories across Denmark, Sweden, Finland, and Norway, yet a shared
Policy instruments economic constraint shaped by financing structure, risk allocation, and system alternatives. Overall, the findings
indicate that under current techno-economic parameters and financing environments, renewable-centred energy
portfolios form the cost-optimal foundation for power sector decarbonisation. Nuclear power remains a system-
and policy-specific option that can contribute where governments assume substantial construction and financing
risk and offer long-term capital recovery mechanisms. Transparent modelling assumptions and explicit financing
terms are therefore essential for credible assessments of future nuclear deployment.

1. Introduction sharpened the urgency of a carbon-neutral energy transition (IEA,
2025; IPCC, 2022). While most governments are accelerating renew-
ables expansion, nuclear power has re-emerged as a focal point of
debate, including through its (contested) inclusion in the EU Taxonomy

The global energy landscape has been disrupted by overlapping
crises. The COVID-19 pandemic, Russia’s war in Ukraine, the war
on Iran, and increasingly frequent extreme weather events have
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(European Commission, 2022a). Beyond techno-economic and time-to-
operation concerns, questions of bankability and risk allocation have
moved centre stage as financing models increasingly shift construction
and revenue risks to taxpayers or ratepayers (European Commission,
2022a; Weibezahn and Steigerwald, 2024).

Proponents frame nuclear power as firm, low-carbon capacity that
can complement variable renewables, support reliability, and reduce de-
pendence on fossil-fuel imports and renewable fuels of non-biological
origin (RFNBOs) (Jenkins et al., 2018; Duan et al., 2022). The life-
cycle greenhouse gas emissions of nuclear power are estimated to be
between 5.4 and 122 gCO,/kWh, which can qualify nuclear power as
a low-carbon technology, mostly dependent on emissions from the fuel
supply chain, especially from uranium ore extraction (Gibon and Hahn
Menacho, 2023). Given the current technology choice, an estimate of
20 gCO,e/kWh can be seen as a realistic upper bound (Gibon and
Hahn Menacho, 2023), while wind power and solar photovoltaics reach
values of approximately 5-13 gCO,e/kWh and 13-28 gCO,e/kWh, re-
spectively (Dashti et al., 2025). National strategies diverge widely: some
propose to retain (France, Finland, and Taiwan) or expand (Sweden, the
Netherlands, and Poland) nuclear power fleets, while others propose to
phase out (Germany) or maintain prohibitions (Denmark) (Glynos and
Scharf, 2024; Soytas et al., 2022; WNN, 2025a; Haikola and Anshelm,
2025; Lindvall et al., 2025; Roelofs et al., 2024; Kasiniska et al., 2025;
Reuters, 2024; Nriezedi-Anejionu, 2024; Béarenbold et al., 2024; WNN,
2025¢). These choices reflect different assessments of the role of nuclear
power in future systems.

Scientific perspectives are likewise divided. Energy system models
and IAMs often assign a role to nuclear power in cost-effective 1.5-2°C
pathways (IPCC, 2022; [EA, 2021a), yet tracking studies document de-
livery challenges and escalating costs (Schneider et al., 2025). Recent
modelling community work clarifies why results diverge: outcomes
hinge on assumptions about capital costs (first of a kind (FOAK)/next
of a kind (NOAK)), discount rates, financing terms, flexibility, and CO,
limits (Murphy et al., 2023; Cole et al., 2023; Bistline et al., 2023).
Standardised input sets (e.g., NREL ATB 2024) and meta-analyses of so-
called advanced nuclear reactor concept costs help to bound credible
ranges for stress-testing (Mirletz et al., 2024), while new multi-model
and system studies explore competitiveness thresholds and demand
profile effects (e.g., data centres) (Thellufsen et al., 2024; Hjelmeland
et al., 2025). Together, these insights underscore persistent assumption
sensitivity and competing narratives.

This perspective adopts an explicitly non-advocacy, evidence-driven
stance. We (i) review the position of recent energy system stud-
ies on nuclear power, (ii) stress-test model outcomes against nuclear
power-specific cost and finance assumptions using transparent and docu-
mented parameter ranges, and (iii) assess policy relevance. Assumptions
are drawn from peer-reviewed assessments and standardised datasets;
where results are assumption-dependent (e.g., FOAK/NOAK -capital
costs, discount rates and financing terms, operating flexibility, CO, con-
straints), we state this explicitly (IPCC, 2022; IEA, 2021a; Schneider
et al., 2025; Murphy et al., 2023; Cole et al., 2023; Bistline et al.,
2023; Mirletz et al., 2024; Abou-Jaoude et al., 2024; Thellufsen et al.,
2024; Hjelmeland et al., 2025). Recent project experience (e.g., Vogtle
3/4, Olkiluoto 3, Flamanville 3) illustrates the delivery and gover-
nance risks that interact with financing, motivating the analysis (EIA,
2024; Satymov et al., 2025; Cour des comptes, 2025). Our question is
conditional rather than prescriptive: under what empirically supported
conditions, if any, can new nuclear power be competitive in rapidly
decarbonising power systems?

2. Perspectives on nuclear power

Electricity systems are in a decisive transition. In 2024, global elec-
tricity generation reached approximately 31,255 TWh (approximately
112.52 EJ), with about 61% originating from fossil fuels, 29% from re-
newable energy (RE) (5% solar photovoltaics (PV), 8% wind power, 15%
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hydropower), and roughly 10% from nuclear power. In fact, the world’s
nuclear power output in 2024 (2778 TWh) was virtually the same as in
2006 (2762 TWh) with regional divergences, while RE provided most of
the net growth. (Schneider et al., 2025; Energy Institute, 2025).

In 2024, 417 reactors operated in 31 countries, with an average
unit size of 904 MW, and an average age of 32.4 years (IAEA, 2025;
Schneider et al., 2025). Lifetime extensions contribute substantially to
output (e.g., a large fraction of U.S. units are licenced beyond 40 years),
but long-term cost and liability uncertainties remain material, as noted
above (Bérenbold et al., 2024; Prager et al., 2024; NRC, 2025).

At the national level, observed mixes mirror these patterns. In
Germany, electricity generation was 501 TWh in 2024, with approx-
imately 57% RE and 43% fossil fuels (Energy Institute, 2025; AGEB,
2025). Across Europe, rising RE shares coincide with flat or declining
nuclear power contributions in most countries, while selected member
states pursue life-extension or target new-build programmes.

Policy positions remain heterogeneous and contested (e.g., EU
Taxonomy) (European Commission, 2022a). We therefore (i) summarise
historical drivers and regional trajectories (Section 2.1), (ii) assess cur-
rent techno-economics and financing in a system context rather than by
levelized cost of electricity (LCOE) alone (Section 2.2), and (iii) examine
future concepts and uncertainties (Section 2.3).

2.1. Historical perspective

The development of civilian nuclear power after 1945 was fun-
damentally shaped by its military origins, Cold War geopolitics, and
contested economic expectations (Sorge and Neumann, 2021). The first
commercial nuclear reactors were commissioned in the mid-1950s in
the Soviet Union, the United Kingdom, and the United States, build-
ing on the institutional and technological foundations of the Manhattan
Project (Reed, 2021; Holloway, 2008). Early commercial fleets diverged
by reactor type and national lineage: Magnox and AGR designs in the
United Kingdom, CANDU reactors in Canada, RBMK and VVER types in
the Soviet Union, and PWR/BWR families in the United States. These
technical choices created path-dependent supply chains and regulatory
frameworks (Cowan, 1990; Goldberg and Rosener, 2011).

The installed global nuclear power capacity grew from less than 1
GW before 1960 to more than 100 GW in 1978, surpassing 300 GW by
1988 (IAEA, 2025). This expansion was geographically concentrated: by
the late 1980s, four countries, namely, the United States, France, Japan,
and the Soviet Union, accounted for more than three-quarters of total ca-
pacity (IAEA, 2025). Institutionally, Eisenhower’s 1953 Atoms for Peace
initiative spurred civilian nuclear programmes and technology transfers,
while the Euratom Treaty (1957) embedded nuclear research within
European integration. In the United States, the 1974 reorganisation of
the Atomic Energy Commission into the Nuclear Regulatory Commission
formalised the separation between promotion and regulation (Gross,
1976; Drogan, 2019; European Union, 2012).

From the outset, the economics of nuclear power were debated
intensely. Early assessments generally found electricity from nuclear
power plants more expensive than that from coal. L6bl (1956) and Baade
(1958) attributed this to high capital intensity and unresolved techno-
logical uncertainties, implying dependence on direct or indirect public
support. Proponents argued, however, that economies of scale and stan-
dardisation would lower costs. France became the emblematic case: its
standardised pressurised water reactor (PWR) programme cut the aver-
age construction times to about six years and stabilised costs relative to
contemporaneous international experience (Hecht, 1998).

After India’s 1974 nuclear test, the global safeguard regime tight-
ened through the entry into force of the Nuclear Non-Proliferation Treaty
(1970) and the creation of the Nuclear Suppliers Group (1975), linking
reactor exports to IAEA oversight (Burr, 2014). In the United States,
on the contrary, average construction times increased from seven years
(projects begun in the late 1960s) to more than twelve years (for those
initiated in the late 1970s), while overnight capital costs increased in
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real terms from roughly 1064 USD,p4/kW (about 1457 USDyg5/kW)
to over 4747 USDyy04/kW (more than 6503 USD,g,,/kW, inflation
adjusted with CPI-U) (Koomey and Hultman, 2007). Escalating real in-
terest rates and financial risk premia during the late 1970s compounded
the capital intensity of new nuclear power plants. Later, electricity
market liberalisation and privatisation, most notably in the United
Kingdom, transferred construction risk from ratepayers to investors,
further discouraging new projects (Thomas, 2010; Jupe, 2012).

The oil crises of 1973 and 1979 reshaped energy strategies and
spurred renewed interest in nuclear power. France launched one of the
most ambitious build-outs globally, lifting the share of nuclear elec-
tricity from below 10% in 1973 to more than 65% by 1990 (IAEA,
2025). The Soviet Union also expanded, reaching around 25 GW by 1985
(IAEA, 2025). Parallel efforts in reprocessing and fast-breeder develop-
ment, such as France’s pHénix and Superphénix, the United Kingdom’s
Dounreay programme and the U.S. Clinch River project, sought to close
the fuel cycle and extend uranium resources. High costs, technical set-
backs, and political controversy led most such projects to termination
by the 1990s (Cochran et al., 2010; MacKenzie et al., 2022). In the
United States, however, more than 100 planned units were cancelled
between 1972 and 1984, amid escalating costs, tighter regulation, and
growing public opposition after the Three Mile Island (1979) accident
(Walker, 2005). In Western Europe, large programmes in Sweden and
Germany encountered powerful anti-nuclear movements, contributing
to moratoria or phase-out decisions in the 1980s (Radkau and Hahn,
2013).

Beyond the headline accidents at Three Mile Island and Chernobyl,
earlier incidents such as Windscale (1957), Stationary Low-Power
Reactor Number One (SL-1) (1961), and Saint-Laurent (1969, 1980) had
already reinforced safety-culture reform and regulatory caution (Horan
and Gammill, 1963; Penney et al., 2017; Wakeford, 2017). The ma-
jor accidents had profound effects on regulation and public acceptance.
Following Three Mile Island, the U.S. Nuclear Regulatory Commission
introduced additional safety requirements and procedural reforms that
lengthened construction schedules and raised compliance costs (Koomey
et al., 2017). The Chernobyl disaster (1986) was a watershed moment
(Koopmans and Duyvendak, 1995): Italy’s 1987 referendum led to a
moratorium on its nuclear power programme (Graf von Hardenberg,
2011), Austria (Pelinka, 1983) and Denmark (Sovacool, 2013) reaf-
firmed national bans, and Germany consolidated itself into a durable
political coalition (Peters et al., 1990; Renn and Marshall, 2016). The
1994 Convention on Nuclear Safety institutionalised peer review and
transparency under the IAEA, marking the first multilateral framework
for reactor-safety governance (Jankowitsch, 1994).

Although new construction slowed, operational performance im-
proved markedly: average capacity factors rose from roughly 60% in the
early 1980s to approximately 90% by the late 1990s in leading fleets,
driven by enhanced maintenance and outage management (Davis and
Wolfram, 2012). By the late 1990s, nuclear power was widely viewed
as a mature but stagnant technology. Global capacity plateaued around
350 GW, with growth concentrated in France, Japan, and South Korea.
Meanwhile, South Korea’s standardised programme demonstrated rapid
cost learning and export capability, and China’s first commercial unit
(Qinshan-1, 1991) signalled the beginning of a new growth centre.
In contrast, Spain’s 1983 moratorium and Sweden’s 1980 referendum
embodied the Western European retrenchment (Thomas, 2010; Zhou,
2010).

In liberalised electricity markets, escalating costs and frequent de-
lays discouraged new private investment. Empirical studies documented
stark divergences in capital costs: in France and South Korea, stan-
dardised designs and stable state involvement kept overnight costs
comparatively low (France often in the EUR-equivalent of 2000-3500
USD/kW range; South Korea frequently below 6000 USD/kW for re-
cent builds), while in the United States and Western Europe, new-
build costs commonly exceeded 5000 USD/KW (real values from the
source-year) (Grubler, 2010; Rothwell, 2022; Cour des comptes, 2012).
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Simultaneously, post-Chernobyl, public opposition underpinned phase-
outs or moratoria in Italy, Germany, and Sweden.

Contrary to early expectations of scale economies, empirical ev-
idence revealed “negative learning”, with unit capital costs rising
with cumulative capacity, reflecting design modifications, regulatory
changes, and project-management complexity (Grubler, 2010).

Taken together, the 1945-2000 trajectories show that large-scale de-
ployment was feasible primarily under strong state intervention (subsi-
dies, industrial policy, centralised planning). Escalating costs, prolonged
construction times, and sustained public opposition were recurrent
structural features. Long-term waste management remained unsettled:
the United States advanced but never completed the Yucca Mountain
repository, while Finland’s Onkalo site selection around 2000 exempli-
fied early success. Dedicated decommissioning and waste funding mech-
anisms have become standard features of national policy frameworks
(Schaffer, 2011; Kojo et al., 2010). By 2000, nuclear power remained
geographically concentrated and politically contested, framing today’s
assessment of its role under rapid energy transition and decarbonisation.

2.2. Current perspective

The global electricity system has undergone significant structural
changes and continues to evolve under deep-decarbonisation goals.
Recent growth has been led by wind power and solar PV, while global
nuclear power output has been broadly flat, with OECD declines off-
set by China and Russia (Schneider et al., 2025; Energy Institute, 2025).
Renewable energy (RE) also dominates new-build investment, reflecting
cost decreases, modularity, and shorter construction times; integration
is increasingly supported by grid-scale batteries, demand-side manage-
ment, and emerging renewable-hydrogen options (IPCC, 2022; IEA,
2021a; Schneider et al., 2025). Reviews of scenario outlooks (e.g., [EA
WEO) note historical overestimation of nuclear power and underestima-
tion of solar PV, underscoring the value of distinguishing observations
from scenarios (Lopez et al., 2025).

Regional trends diverge sharply: China and Russia account for nearly
all recent net additions, while OECD capacity continues to decline. New
reactors in the United Arab Emirates, India and Tiirkiye illustrate a mod-
est geographic diffusion driven by state-backed vendor financing and
bilateral agreements (IEA, 2024; WNA, 2025).

Against this observed backdrop, the relative cost-competitiveness of
new nuclear power has weakened in most OECD contexts. Liberalised
markets and the rapid growth of variable RE have shifted investment in-
centives towards flexible low-capital-cost RE technologies, eroding the
economic rationale for the development of new conventional nuclear
power plants (MIT, 2003; University of Chicago, 2004; MIT, 2009, 2018;
Ingersoll and Carelli, 2021). In not only LCOE cost metrics but also cap-
ital expenditures (CAPEX), new RE technologies outperform not only
nuclear power but also fossil fuel-based technologies. Although nuclear
reactors provide firm capacity and contribute to adequacy, high upfront
capital costs and long construction times reduce attractiveness in mar-
kets organised around short-run marginal-pricing and low-marginal-cost
renewable electricity generation.

Contemporary cost benchmarks are consistent across sources. Lazard
(2025) reports unsubsidised central ranges of 38-78 USD/MWh for
utility-scale solar PV and 37-86 USD/MWh for onshore wind, while new
high capacity nuclear power is typically above the range of 9020-14,820
USD/kW with LCOE around 141-220 USD/MWh (assumption depen-
dent, real USD,,5, typical OECD WACC). As a European cross-check,
Fraunhofer ISE (2024) reports 2024 ranges of 41-144 €/MWh (PV
utility-scale), 43-92 €/MWh (onshore wind power), 55-103 €/MWh
(offshore wind power) and 136-499 €/MWh (nuclear power, backend
not included). Because LCOE omits system value (capacity credit, flexi-
bility, and network costs), we interpret these benchmarks within power
system models rather than as stand-alone rankings.

Beyond construction, operational uncertainty and tail risk also affect
economics. Revenues depend on realised capacity factors, which are
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exposed to forced outages and fleet-wide findings, and to climate-related
deratings during heat waves or low-flow conditions; sustained unit
downtime can materially depress annual output (Downer and Ramana,
2021; Van Vliet et al., 2012). Long-horizon backend liabilities remain
uncertain: Decommissioning and high-level waste disposal pathways are
unresolved in many jurisdictions (Barenbold et al., 2024; NEA, 2016).
Liability regimes (e.g., Vienna/Paris conventions) cap operator exposure
to catastrophic accidents, effectively socialising low-probability, high-
impact losses (Prager et al., 2024; IAEA, 1997; NEA, 2023). In LCOE,
these risks appear only indirectly (via WACC and insurance); therefore,
we address them explicitly in the financing and sensitivity analysis.

Project evidence aligns with benchmark ranges and risk charac-
ter. Olkiluoto 3 (Finland) reached commercial operation in 2023 after
extended commissioning; Vogtle 3 and 4 (United States) entered op-
eration in 2023/24 with total costs reported in the mid 30 bn. USD;
Flamanville 3 (France) had not entered commercial operation at the
time of writing, with Cour des comptes estimating costs at around 23.7
bn €,4,3 (Sovacool and Ryu, 2025; Berthélemy and Escobar Rangel,
2015; Lovering et al., 2016). These cases indicate persistent schedule
and budget risks relative to modular variable build-outs.

Trends in new-build activity are subdued. Tracking sources show low
annual reactor start rates for the 2010s-2020s and only marginal net ca-
pacity growth since 2010, with additions largely offset by retirements
(IAEA, 2025). Empirical analysis reports negative learning in many
programmes and periods, although the results vary by method and sam-
ple; some national programmes exhibit more stable costs under strong
standardisation and state involvement (Grubler, 2010; Rothwell, 2022;
Weibezahn and Steigerwald, 2024). Attempts at standardised modular
designs such as the European Pressurised Reactor (EPR) and AP 1000
were intended to reverse the cost escalation, but the available evidence
points to persistent cost and schedule risk (Berthélemy and Escobar
Rangel, 2015; Lovering et al., 2016).

Decommissioning obligations are expanding as the first genera-
tion of commercial reactors approaches retirement (O’Sullivan, 2023).
Experience from early dismantling projects, e.g., Germany, France,
Japan, and the United States, indicates that actual costs often ex-
ceed initial provisions, and timelines can extend over several decades
(Bérenbold et al., 2024; Rothwell, 2025). Funding mechanisms vary
(segregated decommissioning funds, generation levies, or state guaran-
tees), but adequacy remains debated, especially where early shutdowns
coincide with underfunded reserves (NEA, 2016; IAEA, 2023; Barenbold
et al., 2024; Mykhalchyk Hradicky and Sabov¢ik, 2025). These long-
tail liabilities reinforce the need for transparent cost provisioning and
regulatory oversight throughout plant operation.

More recent policy developments, such as the EU Taxonomy
(European Commission, 2022a) and the U.S. Inflation Reduction Act
(United States Congress, 2022), have partially reintegrated nuclear
power into decarbonisation finance frameworks. These measures mainly
stabilise existing assets through production credits and eligibility for
green finance rather than stimulating merchant new-build projects
(NEA, 2024).

Financing structures are decisive determinants of investability.
Empirically, new nuclear power capacity proceeds primarily where
states attenuate risk through sovereign balance sheet backing or regu-
lated revenue arrangements; by contrast, classic non-recourse project
finance remains exceptional. Sponsors therefore resort to corporate bal-
ance sheets, Mankala-type consortia, vendor BOO/BOT schemes, state
loans or export guarantees, state-owned utilities, and revenue stabilisa-
tion instruments such as contracts for difference (CfDs) and Regulated
Asset Base (RAB) models (European Commission, 2022a; Weibezahn and
Steigerwald, 2024). The RAB approach grants a regulated rate of return
on a defined asset base and typically permits intra-construction revenue
recovery, reallocating a portion of construction- and cost-overrun risk to
consumers subject to cap mechanisms. Two-sided CfDs, by contrast, col-
lar wholesale price exposure during operation and have become a widely
deployed instrument for low-carbon generation in the European Union.
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Finally, political aspects beyond the energy system must be consid-
ered: Exporters of nuclear power plants can use their influence on a
country’s electricity system in the form of “nuclear power diplomacy”,
exerting political pressure. A prominent example is Rosatom, the state-
owned Russian producer of NPPs and fuel rods, exercising its influence
on countries such as Tiirkiye and Hungary (Szulecki and Overland,
2023). Furthermore, nuclear power plants can become targets in con-
flicts, as seen in the shelling of the Zaporizhzhia NPP by Russia during
its war on Ukraine (Tsagkaris et al., 2022) and possibly also in the cur-
rent war in the Middle East, with the Barakah NPP in the United Arab
Emirates becoming a potential target.

2.3. Future perspective

A central claim in current nuclear reactor development is that
modularisation, the factory fabrication of large pre-assembled modules
followed by rapid on-site installation, creates a possibility to mate-
rially reduce overnight capital costs and mitigate schedule risks. In
principle, serial production and standardised designs should shorten
construction durations, lower financing costs via reduced interest dur-
ing construction, and should enable learning-by-doing through higher
manufacturing throughput (Ingersoll and Carelli, 2021). However, the
empirical basis remains limited. Recent projects still exhibit FOAK risks,
complex site interfaces, and immature supply chains, which attenuate
expected benefits. For so-called small modular reactors (SMRs), Ramana
(2021) argues that the putative economies of multiples may be offset by
diseconomies of scale (lower thermal efficiency, smaller unit ratings),
such that competitive levelized costs require very large production runs
and high-capacity factors, conditions not yet demonstrated in liberalised
electricity markets. Consequently, early SMR cost projections span wide
ranges, reflecting uncertainty in factory yields, module logistics, and the
scope of regulatory standardisation (Steigerwald et al., 2023).

Another prominent line of argument concerns fast-spectrum or
molten-salt designs, often promoted as systems capable of transmut-
ing transuranic elements and thereby reducing long-lived radiotoxic
inventories (NEA, 2023; Friel et al., 2021; Kooyman, 2021). However,
system-level assessments show that net inventory reduction depends on
the full closed fuel cycle: reprocessing losses, separation efficiency for
minor actinides, fabrication quality, neutron economy and total fleet
throughput relative to legacy waste stocks (Frief3 et al., 2021). Absent
industry-scale reprocessing and consistent minor-actinide loading across
a sizeable fleet, the effect on national liabilities remains uncertain.
Moreover, transmutation can shift requirements upstream (more com-
plex separations and safeguards) and downstream (repository heat-load
management), introducing additional cost and schedule implications
that must be evaluated at the system level rather than for an individual
reactor (Frief3 et al., 2021; Pistner et al., 2024).

Beyond light-water reactors (LWRs), several non-water-cooled con-
cepts are under development at both large- and small scales, including
high-temperature gas-cooled reactors (HTGRs), sodium- or lead-cooled
fast reactors (SFRs/LFRs), and molten-salt reactors (MSRs). These de-
signs aim to deliver higher outlet temperatures suitable for industrial
heat applications, enhanced inherent or passive safety features, and
potential flexibility in fuel cycles (Pioro, 2023). However, commercial-
isation hinges on the establishment of robust supply chains, such as
high-assay low-enriched uranium for many designs and advanced mate-
rials for high-temperature operation, standardised licencing pathways,
and manufacturability at scale. For SMRs in particular, Ramana (2021)
emphasises that smaller unit ratings raise the threshold for serial produc-
tion volumes required to unlock learning effects, while Steigerwald et al.
(2023) highlight wide uncertainty bands in projected overnight costs
and LCOE, driven by assumptions about batch sizes, factory learning
rates, and discount rates.

The emerging quantitative literature confirms that results are scale-
and finance-sensitive (Hjelmeland et al., 2025; Mignacca and Locatelli,
2020). Ramana (2021) shows that the loss of economies of scale at the
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unit level requires learning-by-doing merely to achieve cost parity with
contemporary large LWRs. Steigerwald et al. (2023) further finds that,
even with optimistic serial-production assumptions, FOAK-to-NOAK cost
reductions are not guaranteed, with projected costs overlapping or ex-
ceeding those of large reactors once realistic capacity factors and risk
premia are included. In practice, realising modularisation benefits also
requires licencing harmonisation (to avoid expensive design variants),
long-term order books (to sustain factory utilisation), and resolution of
supply chain bottlenecks (e.g., HALEU availability and advanced alloys),
none of which are yet demonstrated at commercial scale.

Integration into future low-carbon electricity systems will also de-
pend on the ability of so-called advanced reactors to operate flexibly
alongside high shares of variable RE and to supply non-electric ser-
vices such as district heating, hydrogen production, or process heat for
industry (WNA, 2025; NEA, 2023).

From a financing perspective, most advanced and SMR projects pro-
ceed under direct state sponsorship or cost-sharing arrangements, e.g.,
the U.S. DOE Advanced Reactor Demonstration Programme and the U.K.
Great British Nuclear initiative. Private investment remains limited due
to high construction and financing risks and typically increases as project
risks are reduced and experience is gained (NEA, 2024).

In sum, advanced modular construction and non-water-cooled reac-
tor concepts promise improvements in constructability, potential safety
margins, and potential waste management. However, current evidence
indicates substantial uncertainty about the magnitude and timing of
cost reductions. Claims of “waste burning” require system-level vali-
dation across the entire closed fuel cycle, and the competitiveness of
SMRs is dependent on production scale, licencing standardisation, sup-
ply chain readiness (including HALEU), and financing that remain to be
demonstrated in practice (Steigerwald et al., 2023; Pistner et al., 2024).
As these technologies mature, their viability will depend less on indi-
vidual engineering breakthroughs and more on coordinated regulatory
frameworks, international licencing harmonisation, and state-enabled
financing, issues explored in the subsequent section on nuclear power
within the policy debate.

3. Nuclear in the policy debate: the case of the nordics

In Denmark, the Folketing excluded nuclear power from its national
energy planning in 1985, and subsequent strategies prioritised energy
efficiency, combined heat and power (CHP), and, increasingly, wind
power (Danish Ministry of Energy, 1990; Andersen, 2000). Public ac-
ceptance has historically been low, with sub-majority support in national
and EU surveys. More recent polling indicates a modest reopening of the
debate, but no policy reversal yet (Andersen, 2000; Jamison et al., 1990;
Bistline et al., 2025). Techno-economic system studies indicate that, un-
der central assumptions for costs, discount rates, interconnection, and
renewable resources, including nuclear power in the Danish power mix
increases the total system cost relative to portfolios centred on renew-
ables and flexibility, even where nuclear power can technically meet
constraints (Jamison et al., 1990; Thellufsen et al., 2023, 2024; Moen
et al., 2025).

Sweden represents a more nuanced case. Following the 1980 referen-
dum and phase-out decision, subsequent political compromises allowed
long-term operation, and, in 2010, a parliamentary decision permitted
the replacement of existing reactors with new units. However, market
liberalisation, ageing assets, and cost pressures led to the closure of four
reactors between 2015 and 2020. Current government policy supports
continued operation of the remaining six units and expresses openness
to new-builds, potentially SMRs, subject to market viability and EU tax-
onomy compliance (Wikdahl, 1991; Rol3egger and Ramin, 2013; WNA,
2026). Energy system modelling under current cost assumptions gen-
erally finds limited economic advantage from large new reactors, but
some potential niche roles for modular units in high-electrification path-
ways (WNA, 2026). Scientific energy system analysis did not find a value
added for nuclear power for Sweden (Kan et al., 2020).
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Finland followed a more pragmatic, industry-led approach.
Parliamentary approval for Olkiluoto 3 in 2002 and Hanhikivi 1 in 2010
reflected strong industrial consortium support and state involvement
through financing guarantees. The cancellation of Hanhikivi 1 in
2022 after Russia’s invasion of Ukraine underscored the geopolitical
and supply-chain dimensions of nuclear power investment (Cour des
comptes, 2025; Teollisuuden Voima Oyj (TVO), 2023; Satymov et al.,
2025). Finnish analyses emphasise that new capacity could contribute to
decarbonisation and security of supply but note public finance and just
transition trade-offs under constrained budgets (Ministry of Economic
Affairs and Employment of Finland, 2022; European Commission,
2022b, 2023; Satymov et al., 2025). Scientific energy system analysis
found considerable increases in costs for the energy system in the
case of new investments in nuclear power, raising massive concerns
for a just transition (Satymov et al., 2025). Public opinion remains
relatively stable and supportive, particularly following the completion
of Olkiluoto 3 and Finland’s progress towards deep geological disposal
at Onkalo (Kojo et al., 2010; Posiva Oy, 2023).

Norway historically abstained from commercial nuclear power de-
velopment despite its early reactor research programme. Abundant
hydropower, strong interconnection, and political consensus around RE
reduced perceived need. Energy system modelling likewise points to RE-
dominated cost-optimal pathways under central assumptions (Seljom
and Tomasgard, 2017). However, since 2021, the public debate has
gradually intensified around potential SMRs for industrial clusters and
remote regions. The government commissioned preliminary assessments
in 2023, but maintains a technology-neutral policy position with no
current plans for the deployment of commercial nuclear power (WNN,
2025b; Adelman and Sains, 2025; Aas-Hansen et al., 2024). Recent sur-
vey work suggests continued support for RE and mixed views on large
new infrastructure, shaping feasibility constraints (Kaltenborn et al.,
2023).

Overall, the Nordic experience illustrates diverse trajectories shaped
by institutional histories, resource endowments, and public preferences.
Denmark institutionalised a durable non-nuclear pathway; Sweden and
Finland retained strategic optionality under different governance mod-
els; and Norway remains observational but engaged in exploratory
assessment. Across the region, techno-economic studies and policy mod-
elling indicate that cost and financing assumptions, rather than technical
feasibility, remain the decisive parameters for the future role of nuclear
power.

4. Nuclear in the scientific debate

The role of nuclear power in future decarbonised power systems has
been the subject of extensive debate in the scientific literature. Several
influential publications in the field of energy system modelling have
promoted an expanded role for nuclear power in low-carbon transi-
tions. For example, Sepulveda et al. (2018), Jenkins et al. (2018), and
Bistline et al. (2025) emphasise the importance of firm low-carbon re-
sources, including nuclear power, to complement variable RE. Similarly,
the MIT (2018) highlights nuclear power as a strategic technology option
in carbon-constrained futures, while Lynch et al. (2022) and Syri et al.
(2008) provide region-specific analyses pointing to significant potential
shares of nuclear power in future electricity mixes. More recently, Duan
et al. (2022) present results from a least-cost analysis of flexible nuclear
power in deeply decarbonised electricity systems, covering six diverse
countries (United States, China, Germany, South Africa, Australia, and
Brazil).

In these studies, results with high shares of nuclear power generation
are typically driven by ignoring real-world long times between plan-
ning and operation of nuclear plants that were previously 10 to 19 years
(Jacobson, 2009) but are now 12-23 years worldwide (Jacobson, 2022),
optimistic cost assumptions, and oversimplifications in model structure.
Duan et al. (2022), for instance, report scenarios in which nuclear power
can be built quickly and contributes the majority of generation in fully
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decarbonised electricity systems, and in some cases approaches 100%
of supply under very optimistic cost assumptions. Such outcomes arise
in part because the modelling framework employs a limited technol-
ogy portfolio and relies on nuclear power cost assumptions that are
substantially below recent empirical observations, while simultaneously
applying conservative assumptions for RE technologies such as solar PV.

To examine the robustness of these findings, we replicate the anal-
ysis of Duan et al. (2022) using the same scenario framework and set
of countries and are able to reproduce their high-nuclear results un-
der the original assumptions. However, when we rerun the model using
more realistic assumptions, drawing on recent industrial, financial, and
technical assessments, as well as peer-reviewed literature, we find that
nuclear power no longer emerges as an economically significant option
in any of the examined countries. Instead, solar PV, wind power, and
complementary flexibility options dominate the least-cost pathways. We
also extend the analysis by including France, a country with an existing
large nuclear power fleet, in order to test whether legacy infrastruc-
ture alters cost-optimal pathways. Even in this case, the marginal role
of new nuclear power investment remains limited under realistic cost
assumptions.

These findings align with the results of integrated assessment mod-
els (IAMs) assessed by the Intergovernmental Panel on Climate Change
(IPCC). Luderer et al. (2021), for example, shows that across a wide
range of IAM scenarios, nuclear power contributes a moderate but de-
clining share in most global mitigation pathways, with its role highly
sensitive to assumed costs, construction times, and social acceptance.
The consistency between detailed power system modelling under up-
dated assumptions and broader IAM scenario ensembles indicates that
the economic role of nuclear power is structurally constrained under
current and foreseeable cost trajectories.

In summary, while parts of the modelling literature have promoted
scenarios with very high nuclear power penetration, closer inspection
shows that such results are strongly assumption-driven. When using em-
pirically grounded cost and technology parameters, the contribution of
nuclear power to the least-cost decarbonisation pathways is considerably
smaller and, in many cases, negligible compared to RE and flexibility
resources.

4.1. Cost assumptions on current and future nuclear and renewable
technologies

The technologies considered in Duan et al. (2022) are subject to
markedly different capital cost trajectories. Over the past two decades,
the LCOE for solar PV and wind power has declined steeply, largely
driven by learning effects, economies of scale, and globalised supply
chains. Between 2010 and 2021, the LCOE of utility-scale PV fell by more
than 85% and onshore wind power by nearly 55%, with costs expected to
continue declining in the coming decades (IPCC, 2022; Lazard, 2025). By
contrast, nuclear power has experienced persistently rising capital costs,
reflecting complex construction processes, regulatory requirements, and
schedule delays. Model results, therefore, depend critically on the as-
sumptions made about these divergent cost dynamics. In this respect,
Duan et al. (2022) tend to overestimate the present and future costs
of solar PV, while underestimating the costs of nuclear power in their
optimistic scenario.

The history of nuclear power economics has been characterised
by high and increasing capital expenditures. Davis (2012) documents
that nuclear power has consistently failed to achieve cost competitive-
ness with alternative generation technologies, a conclusion supported
by historical analyses of the United States (Joskow, 1982) and France
(Grubler, 2010). Recent assessments confirm that this trend has not
reversed (Rothwell, 2022). Indeed, private investment in new nuclear
power construction has largely disappeared in liberalised markets, with
projects proceeding only under direct state ownership (e.g., France,
Russia, China), regulated markets with captive customers (United States
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pre-restructuring), or heavy reliance on subsidies (e.g., Germany during
earlier phases of its nuclear power programme).

Data from the IPCC scenario database illustrate this persistence
of high costs. The average capital costs for new nuclear power in-
creased slightly from 7421 USD,;,/kW,; in the 2019 dataset to 7478
USDyg10/kWg, in the 2022 update, confirming the expectation of only
modest cost increases rather than reductions in the IJAM community
(Huppmann et al., 2019; Byers et al., 2022). Against this backdrop, the
assumptions used in Duan et al. (2022) appear overly optimistic. Their
value for “near current” nuclear power plants of 6317 USD,q;0/kWy, lies
at the very bottom of the empirical range of recent so-called “Generation
III” light water reactors. More strikingly, their assumption of 4000
USDyg10/kWg, for “newly proposed designs” (so-called “advanced nu-
clear” or “Generation IV” concepts) is implausible, given the lack of any
commercial deployment to date (Pistner et al., 2024).

Observed cost data further underscore the discrepancy. In 2012, the
so-called “Generation III” reactors reported overnight capital costs be-
tween 5385 and 8199 USD,;,/kW;. By 2025, this range had increased
to 9020-14,820 USD,y5/kW,,, implying an average nominal growth
of 2.6-6.2% annually over the past decade (Lazard, 2025). The U.S.
Vogtle project in Georgia illustrates the scale of costs and schedule risks
with a capacity of 2.23 GW: total costs were estimated to exceed 30 bn
USD, reaching about 34 bn USD by 2022 (15,250 USD/kW), following
a planning and construction period of roughly 18 years (WNN, 2022).
Comparable delays and overruns have been documented for Olkiluoto
3 in Finland (18 years), Flamanville in France (18 years to date), and
Hinkley Point C in the United Kingdom (12 years minimum) Weibezahn
and Steigerwald (2024); Jacobson (2020). Such real-world evidence
makes the assumption of rapid and inexpensive deployment in Duan
et al. (2022) unrealistic.

By contrast, the assumptions applied to solar PV in Duan et al. (2022)
are conservative. For “near current” costs, they employ the U.S. EIA
value of 1331 USDy;9/kW,;, which is about 50% higher than observed
investment costs for utility-scale PV in most global regions (Lazard,
2021). Their 2050 projection of 624 USD,g;9/kW, based on NREL es-
timates, is likewise overstated relative to international benchmarks. For
example, the IEA (2021a) projects utility-scale PV capital costs by 2050
of 420 USDyq59/kW,, in the United States, 340 USD,,,/kW,; in the EU,
280 USDy(50/kW,, in China, and 220 USDyy59/kW,, in India under its
Net Zero Emissions scenario.

Together, these data highlight that the nuclear power-intensive re-
sults of Duan et al. (2022) are highly sensitive to cost assumptions.
Empirically observed capital cost trajectories for nuclear power have
been rising, while those for solar PV and wind power have been falling
rapidly. Substituting more realistic input values for both technologies,
therefore, leads to markedly different modelling outcomes, with RE
dominating cost-optimal decarbonisation pathways, and nuclear power
playing, at most, a minor role.

4.2. Re-estimation of model results using an energy system model

To assess the credibility of the findings presented by Duan et al.
(2022), four scenarios were simulated using the LUT Energy System
Transition Model (LUT-ESTM), a linear optimisation framework with the
objective of minimising total annual system cost. A detailed description
of the model is provided in Bogdanov et al. (2019) and its comparison
with other models is discussed in Prina et al. (2020). The four scenarios
replicate the system design used in Duan et al. (2022), but apply ten in-
cremental CO, emission reduction constraints in the power sector of the
selected countries. France was additionally included in this analysis, due
to its high share of nuclear power generation in the current electricity
mix. The complete set of countries is shown in Fig. 1, together with the
corresponding scenario descriptions.

A wide range of technologies is considered for representing the most
realistic optimisation of the power system with the existing technologies.
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Fig. 1. Model results from LUT-ESTM. Oversimplified (left; S1) vs. simplified (right; S3) power sector technology portfolio with cost assumptions taken from Duan
et al. (2022) (left) and according to assumptions regularly used for scenarios applying LUT-ESTM (right), and an oversimplified technology portfolio with standard
RE costs and realistic nuclear power costs (centre left; S2a) and unrealistically low nuclear power costs (centre right; S2b). S1: reproduction of Duan et al. (2022) for
the demand data in 2035: oversimplified technology portfolio and unrealistically low nuclear power costs, and outdated renewables costs. S2a: S1 but with realistic
nuclear power and RE cost assumptions in 2035 according to Lazard (2021). The cost assumptions for battery storage and natural gas with carbon capture transport
and sequestration (CCS) are taken from the NZE 2050 scenario of the IEA (2021a). It is crucial to note that the IEA cost assumptions only include carbon capture;
thus, 40 EUR/tCO, is assumed for transportation and sequestration of CO, to address this gap. S2b: S2a but with unrealistically low nuclear power costs. $3: full
power sector portfolio and cost assumptions of the LUT-ESTM for 2035.
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However, such an energy system analysis is still simplified since the
impact of sector coupling (Brown et al., 2018; Mathiesen et al., 2015;
Gea-Bermudez et al., 2021; Osorio-Aravena et al., 2023; Goke et al.,
2023) and additional system flexibility (Khalili et al., 2025) are ne-
glected. A constant carbon cost of 68 €/tCO, is applied for all the
scenarios.

Although Duan et al. (2022) report their principal results for the 2019
power system, demand data for the year 2035 were used in this analy-
sis. This choice reflects the long construction periods of nuclear power
plants, with the average construction time currently estimated at 9.4
years over the last decade (Schneider et al., 2025). For consistency, how-
ever, the cost assumptions of the original study were retained in scenario
S1. Projected electricity demand, hourly load profiles, RE resource data,
and other system inputs are taken from Bogdanov et al. (2019). In line
with the original study, all newly installed nuclear power capacity is
assumed to be of the advanced type.

The comparison of scenarios highlights the critical influence of tech-
nology portfolio breadth and cost assumptions. As illustrated in Fig. 1, an
oversimplified system design combined with optimistic nuclear power
cost assumptions and outdated RE cost inputs results in outcomes that
exaggerate the role of nuclear power while inflating system costs. For
instance, the assumption in Duan et al. (2022) that all countries begin
from a natural gas-dominated system neglects existing infrastructure,
leading to unrealistic system configurations. This is particularly prob-
lematic in cases such as Brazil, where hydropower already accounts for
a dominant share of electricity generation.

When realistic technology costs from Lazard (2021) are applied while
maintaining the limited technology portfolio (S2a), the model selects
no new nuclear power capacity, but system costs remain excessively
high. This outcome is attributable to the exclusion of crucial flexibil-
ity providers such as hydropower, bioenergy, and long-duration storage.
In scenario S2b, where RE is costed realistically, but nuclear power is
assumed at implausibly low levels from IEA (2021a), nuclear power con-
tributes marginally, but only for achieving the final 1% of CO, emission
reductions. By contrast, the inclusion of a broad range of power sector
technologies and the most up-to-date cost assumptions (S3) results in
a least-cost pathway dominated by RE, with nuclear power playing no
meaningful role. It must be emphasised, however, that even this design
remains restricted to the power sector only, excluding the wider benefits
of sector coupling (Brown et al., 2018; Mathiesen et al., 2015; Gea-
Bermudez et al., 2021; Osorio-Aravena et al., 2023; Goke et al., 2023).
Table 1 summarises the key cost assumptions across scenarios. These in-
puts demonstrate how different capital cost trajectories fundamentally
alter model outcomes, underscoring the importance of transparent and
empirically grounded assumptions.

It should further be noted that nuclear power contributes to the so-
lutions in scenario S2b only for single-node systems (Germany, France,
and South Africa). In multi-node systems (e.g., the United States, China,
Brazil, and Australia), intra-country electricity exchange eliminates the
need for nuclear power generation and reduces both storage overutilisa-
tion and RE curtailment. To further probe the sensitivity of the results,
two variations of scenarios were tested, named S1b and S3b, as they
vary the main S1 and S3 scenarios. In S3b, advanced nuclear power
capacity was allowed under the S3 framework, with the nuclear power
cost assumptions of Duan et al. (2022); even under these conditions,
nuclear power did not enter the cost-optimal solution. Conversely, in
S1b, the S1 configuration was modified to include additional flexibility
providers such as hydropower, bioenergy, and seasonal storage. Here,
only Germany exhibited a marginal nuclear power contribution, with all
other countries able to balance the system without nuclear power input.
Still, no flexibility from sector coupling has been assumed for the results
for Germany, which is expected to further shift the results towards RE.

Overall, the results indicate that when realistic costs and a compre-
hensive technology portfolio are applied, nuclear power does not emerge
as a cost-effective option in the power systems examined. Instead,
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Table 1
Key cost assumptions for scenarios.
Technologies Units S1 S2a S2b  S3
Solar PV CAPEX USD/kW, 1331 480 480 266
OPEX fix USD/(kW, a) 15 7 7 6
OPEX var USD/kWhy, - - - -
Lifetime  Years 25 35 35 35

Wind onshore CAPEX USD/kWy 1319 99 996 1084
OPEX fix USD/(kW.a) 26 26 26 22

OPEX var USD/kWhel - - - —

Lifetime  Years 25 20 20 30
Nuclear advanced CAPEX USD/kW, 1651 - 4739 -
OPEX fix USD/(kW, a) 32 - 152 -
OPEX var USD/kWh, 0.002 - 0.004 -
Fuel cost USD/kWhy, 0.006 - 0.003 -
Lifetime  Years 40 - 40 -
Nuclear conventional CAPEX USD/kW, - 9708 9708 6357
OPEX fix USD/(kWqa) - 114 114 111
OPEX var USD/kWh, - 0.004 0.004 0.003
Fuel cost USD/kWhy, - 0.003 0.003 0.003
Lifetime  Years - 40 40 40
Steam turbine CAPEX USD/kW, 1855 1013 1013 1013

OPEX fix USD/(kWga) 34 20 20 20
OPEX var USD/kWh, - - - -

Lifetime  Years 30 30 30 30
Battery storage CAPEX USD/kWhy 366 144 144 100
OPEX fix USD/(kWh, a) 12 2 2 2
OPEX var USD/kWh,, - - - -
Lifetime  Years 10 20 20 20
Battery storage interface CAPEX USD/kW, 49 49 49 49
OPEX fix USD/(kWga) 1 1 1 1

Th. energy storage CAPEX USD/kWhy, 28 26 26 26
OPEX fix USD/(kWhy, a) 0.4 04 04
OPEX var USD/kWhy, - - - -

Lifetime  Years 30 30 30 30

Note: Cost assumptions in S2a and S2b are taken mainly from Lazard (2021)
and the IEA (2021b), and the remaining assumptions are based on the LUT
database (Manjong et al., 2021), either in absolute cost values or in relative
development for projections. Additionally, cost assumptions for battery stor-
age and battery storage interface are considered separately for the case of the
S3. Similarly, it is assumed that the same battery storage interface costs are to
be added for other scenarios. All scenarios use a weighted average cost of capi-
tal (WACC) of 7% for all technologies in accordance with the mean assumption
in Duan et al. (2022). CAPEX is assumed as overnight CAPEX, including the
cost of financing expenditures during permitting, construction, and installation
periods.

high shares of RE, supported by existing hydropower, bioenergy, and
advanced storage technologies, dominate the least-cost pathways.

5. Conclusions

This study assessed the role of nuclear power in rapidly decarbonis-
ing power systems using observed market data, harmonised cost bench-
marks (price-year consistent), and a transparent modelling framework.
Three results emerge.

First, based on observed 2024 system data, most incremental elec-
tricity generation and capacity additions were delivered by wind power
and solar photovoltaics, while global nuclear power output was broadly
flat, even compared to 2006 data, and concentrated in existing fleets.
Contemporary cost benchmarks indicate substantially lower central lev-
elized costs of electricity for utility-scale solar photovoltaics and onshore
wind power than for new large nuclear power under typical OECD
financing conditions. Because the levelized cost of electricity omits
system value (capacity credit, flexibility, and networks), these compar-
isons were interpreted within a system-cost framework rather than as
stand-alone rankings.
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Second, replication and stress tests of the share of nuclear power in
energy system model designs show strong assumption sensitivity. Under
the original input set with optimistic nuclear power and conservative re-
newable energy costs and a restricted technology portfolio, the least-cost
solution features high nuclear power shares. When inputs are aligned
to 2021-real benchmarks, financing terms are made explicit, and widely
deployed flexibility options are included, least-cost systems shift to port-
folios centred on renewable energy with storage, demand response, and
existing dispatchable resources. Adding a country with a large nuclear
power legacy does not materially change this outcome for new nuclear
power under central assumptions. Nuclear power enters the least-cost
mixes only under specific conditions: markedly lower nuclear power cap-
ital expenditures or financing costs, higher fuel and/or carbon prices,
or binding constraints on renewable energy deployment, transmission
expansion, or flexibility.

Third, empirical project experience and prevailing financing prac-
tices are consistent with the modelled patterns. Long construction times
and delivery risks increase effective financing costs for new nuclear
power projects, and projects typically proceed where risk is attenuated
by sovereign balance sheets or regulated revenue models. By contrast,
modular renewable energy projects benefit from shorter lead times and
faster learning cycles. For existing fleets, life-extension can be cost-
effective relative to new builds, subject to safety, refurbishment, and
liability considerations.

Policy implications follow directly. Credible transition strategies
should (i) ground modelling in observation based costs and clearly stated
financing terms; (ii) evaluate options on a system-cost basis that in-
ternalises flexibility, while maintaining optionality for firm low-carbon
resources where local constraints make them valuable; and (iii) treat
new nuclear power as a contingent option whose competitiveness de-
pends on verifiable reductions in capital expenditures, demonstrable
schedule performance, and durable de-risking frameworks.

Limitations of this work include a primary focus on the power
sector, a simplified treatment of sector coupling, and uncertainty in
long-horizon backend and liability costs. Future research should quan-
tify resilience and adequacy benefits across portfolios and test results
under alternative market designs and costs of capital regimes.

Overall, the evidence indicates that under current cost and financing
conditions, renewable energy-centred portfolios with complementary
flexibility dominate least-cost pathways, while the role of new nuclear
power is conditional and system-specific.
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