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Overview

The defining narrative of this week in the nuclear sector is the emergence of a high-stakes
"Al-Nuclear Nexus." We are witnessing a fundamental and permanent shift in the identity of
the nuclear consumer. For decades, the primary drivers of new nuclear demand were national
grids and traditional utility companies focused on long-term decarbonization and baseload
stability. However, the landscape is being rewritten by the requirements of the artificial
intelligence revolution. The new primary driver of demand is the hyperscale technology
companies racing toward artificial intelligence superintelligence. This is no longer a theoretical
market shift; it is being codified by massive corporate commitments, most notably Microsoft's
recent agreement to restart a reactor at Three Mile Island by 2027.

This convergence creates a massive strategic tension that defines the current state of the
industry. On one hand, the Al revolution demands a level of "always-on," high-density,
carbon-free power that can match the relentless, non-intermittent load of massive compute
clusters. Only nuclear—specifically the emerging class of advanced Small Modular Reactor
(SMR) technology—can realistically provide this level of density and reliability at scale. On the
other hand, the industry is caught in a complex web of technical, regulatory, and geopolitical
bottlenecks. The very technology required to fuel the Al race—advanced Generation IV
reactors—is uniquely dependent on a specialized fuel supply: High-Assay Low-Enriched
Uranium (HALEU). Historically, this supply chain has been dominated by Russia’s Rosatom,
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creating a direct conflict between the technological ambitions of the West and its energy
security requirements.

The developments this week suggest that the "Al race" and the "energy race" have effectively
become the same contest. To achieve supremacy in compute, the United States must
simultaneously win in domestic nuclear fuel enrichment and the rapid, factory-based
deployment of modular reactors. The week's threads connect a direct line from the data
center to the reactor core, and from the reactor core to the geopolitical stability of the global
uranium supply chain.

Nuclear power and SMRs

The current landscape of nuclear energy is bifurcating into two distinct engineering and
economic tracks: the "immediate deployment" track, which utilizes miniaturized versions of
proven Light-Water Reactor (LWR) technology, and the "high-performance" track, which
utilizes advanced Generation IV designs. Understanding this bifurcation is critical to
understanding how the tech industry intends to satisfy its looming energy hunger.

The Tech-Driven Demand Mandate

The strategic imperative for nuclear energy has been fundamentally reframed by the
requirements of the Al era. As analyst David Carbutt argues, a return to nuclear energy is not
merely an environmental preference or a tool for decarbonization; it is a prerequisite for the
United States to win the race for Al superintelligence. This perspective elevates nuclear power
from a utility-scale commodity to a critical pillar of national security and technological
supremacy.

The Microsoft agreement to restart a reactor at Three Mile Island by 2027 serves as the
flagship example of this new paradigm. This deal highlights a strategic shift in how tech giants
approach energy procurement. Rather than waiting decades for new, large-scale construction
projects, these companies are looking for the fastest possible path to large-scale, carbon-free
baseload power. This may involve revitalizing existing nuclear sites and utilizing proven
infrastructure, effectively bypassing the long lead times and high risks associated with entirely
new builds. The "demand mandate" is no longer about gradual grid transition; it is about
providing immediate, massive, and reliable energy to power the engines of superintelligence.

The SMR Engineering Split
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To meet this massive and urgent demand, the nuclear industry is pursuing two different
engineering philosophies. Each offers a distinct set of economic, regulatory, and operational
trade-offs.

1. The Maturity Path (LWR-SMRs) These reactors represent the "low-risk" options for
immediate scaling, focusing on leveraging existing science to achieve rapid deployment. By
using Light-Water Reactor technology—the same fundamental science used in the current
commercial fleet—designs like the GE Hitachi BWRX-300, the Westinghouse AP300, and the
NuScale VOYGR modules aim to capitalize on decades of regulatory precedent and
engineering data.

¢ GE Hitachi BWRX-300: This 300 MWe water-cooled, natural-circulation SMR is derived
from the NRC-certified ESBWR. Its design is specifically engineered to eliminate loss-of-
coolant accidents (LOCA) by incorporating passive safety mechanisms, which could
streamline its integration into existing power landscapes.

e Westinghouse AP300: A 300 MWe single-loop PWR, this design is based on the
already-deployed AP1000 technology. By utilizing identical structural and safety
concepts, Westinghouse aims to streamline the regulatory approval process.

* NuScale VOYGR: Unlike the 300 MWe designs, NuScale focuses on scalability through
multi-module power plants based on smaller PWR modules ranging from 50 to 77 MWe.
This modularity is significant, as NuScale was the first to receive the US Nuclear
Regulatory Commission’s (NRC) standard design approval in 2023.

The economic hypothesis for the Maturity Path is "factory serialization." The industry is
attempting to move away from the massive, custom-built civil engineering projects—such as
Vogtle 3 & 4 in the US or Olkiluoto 3 in Finland—that have historically plagued the sector with
astronomical cost overruns and 8-to-12-year construction timelines. The goal is to shift
construction from on-site, bespoke engineering to standardized factory fabrication, where
components are assembled centrally and transported via rail, truck, or barge. While these
SMRs may exhibit a higher levelized cost of electricity (LCOE) on a first-of-a-kind (FOAK)
basis, their significantly lower absolute capital expenditure (CAPEX) reduces project finance
risk and interest during construction, making them much more attractive to private-sector off-
takers.

2. The Innovation Path (Generation IV) These reactors represent the "high-performance"
future, offering capabilities that extend far beyond simple electricity generation. They are
designed to provide high-grade industrial steam and the ability to "follow load"—the capacity
to ramp output up or down to balance a grid or meet fluctuating industrial needs.
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» High-Temperature Gas-Cooled Reactors (HTGRs): X-energy's Xe-100 is a primary
example. Operating at temperatures around 750°C, these 80 MWe modules provide both
electricity and high-grade industrial steam, making them ideal for co-location with
industrial assets.

e Sodium-Cooled Fast Reactors (SFRs): TerraPower’s Natrium design (345 MWe) utilizes
a liquid-sodium coolant system integrated with a molten-salt thermal energy storage
system. This allows the plant to ramp output up to 500 MWe to meet sudden load
demands, a critical feature for grid stability.

While these designs offer superior industrial utility—relevant for hydrogen electrolysis or
chemical manufacturing—they introduce a massive new complexity: the requirement for High-
Assay Low-Enriched Uranium (HALEU) fuel.

The HALEU Supply Chain Bottleneck

The most acute strategic tension in the sector is the mismatch between reactor ambition and
fuel availability. Advanced Generation IV SMRs require HALEU, which is enriched to between
5% and 19.75% Uranium-235. This is significantly higher than the 3%-5% enrichment level
used in the standard light-water commercial fleets.

Currently, the commercial availability of HALEU is a major geopolitical vulnerability, as it has
been historically concentrated under the control of Tenex, a subsidiary of Russia’s Rosatom.
This creates a paradox: the United States cannot realistically achieve Al superintelligence
through advanced nuclear power if the fuel for those very reactors is controlled by a primary
geopolitical adversary.

In response, a massive, state-funded push to de-risk the fuel cycle is underway. In the US,
Centrus Energy has begun initial HALEU production at its Piketon, Ohio facility, operating
under Department of Energy (DOE) contracts to build domestic capacity. Simultaneously,
European players like Urenco are expanding HALEU production capacity in both the UK and
the US. The success of the "Al-Nuclear" strategy now rests as much on the progress of these
enrichment facilities as it does on the engineering of the reactor designs themselves.

Cross-cutting themes

The primary tension across this entire category is the conflict between speed and
sovereignty.
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The Al industry's requirement for speed favors the Maturity Path (LWR-SMRs). To satisfy the
immediate energy needs of hyperscale data centers, the industry must provide rapid
deployment. This favors designs from Westinghouse and GE Hitachi because they can utilize
"risk-informed" regulatory frameworks and existing engineering data, potentially reaching
deployment much faster than entirely new technologies.

However, the pursuit of long-term technological leadership requires sovereignty. The most
advanced, high-performance reactor designs (TerraPower, X-energy) offer the best long-term
economic and operational advantages, particularly for industrial applications. But these
designs are inextricably linked to the need for a totally new, domestic HALEU supply chain.
Without a sovereign fuel supply, the most advanced reactors remain a strategic liability rather
than an asset.

Furthermore, we are seeing a powerful trend toward industrial co-location and the "Energy-
as-a-Service" model. The boundary between "the grid" and "the consumer" is blurring.
Whether it is a Microsoft-backed reactor restart or the deployment of SMRs directly alongside
hydrogen electrolysis units or hyperscale data centers, the nuclear industry is shifting its
business model. It is moving away from simply selling electrons to a utility and toward selling
reliable, high-density thermal and electrical energy directly to the high-intensity industrial
engines of the next technological revolution.

Where sources agree

e The Energy-Al Linkage: There is a clear consensus that the massive, non-intermittent
energy requirements of Al superintelligence are the primary catalyst for a fundamental
re-evaluation of nuclear power's role in the US and global economy.

e The SMR Economic Value Proposition: Analysts and technical documentation agree that
the core economic argument for SMRs is the reduction of "overnight capital costs" and
the mitigation of construction risk. This is achieved through factory serialization and
standardized manufacturing rather than the site-specific, custom engineering that has
historically led to massive delays in large-scale nuclear projects.

e The Fuel Supply Vulnerability: There is total agreement that the transition to advanced,
non-light-water reactors is impossible without the rapid development of a domestic
HALEU supply chain to bypass the current dominance of Russia's Rosatom/Tenex.
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Where sources disagree

e The Deployment Timeline: A significant tension exists regarding the actual speed of
arrival. While the "SMR economic hypothesis" suggests that factory-based, incremental
deployment will be much faster than traditional builds, the reality of "First-of-a-Kind"
(FOAK) costs and the complexities of regulatory bodies (such as the US NRC) adapting
legacy frameworks to new designs (like 10 CFR Part 53) suggests a much more
protracted and uncertain timeline.

e The Optimal Strategic Path: There is a strategic debate between the "safe/fast" route
and the "advanced/high-performance" route. The "safe/fast" path (LWR-SMRs) uses
existing regulatory pathways and mature technology but may offer less industrial utility.
The "advanced" path (Gen-IV) offers superior load-following and industrial heat
capabilities but faces much higher regulatory hurdles and a total lack of established
HALEU fuel supply.

Numbers and claims to verify

e Microsoft's Timeline: Confirm the specific terms and the 2027 target for the Three Mile
Island reactor restart agreement.

e HALEU Concentration: Verify the current percentage of global HALEU supply controlled
by Rosatom/Tenex.

e SMR Power Output Specs: Cross-reference specific MWe outputs: GE Hitachi (300
MWe), Westinghouse (300 MWe), NuScale (50-77 MWe), X-energy (80 MWe), and
TerraPower (345-500 MWe).

e Centrus Energy Status: Verify the current production capacity and the specific
milestones of the Piketon, Ohio HALEU facility under DOE contracts.

Investment and strategic implications

e For Technology Firms: The "Al-Nuclear" trend implies that hyperscalers cannot rely on
traditional Power Purchase Agreements (PPAs) alone. To guarantee the massive, reliable
energy required for superintelligence, they may need to move toward direct investments
in nuclear infrastructure, site restarts, or even direct involvement in securing the nuclear
fuel supply chain.
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e For Nuclear Developers: Success will be measured by two diverging metrics depending

on the technology track. For LWR-SMR developers (Westinghouse, GE Hitachi), success

is defined by the ability to achieve "factory serialization" to drive down CAPEX. For Gen-

IV developers (TerraPower, X-energy), success is defined by the ability to secure long-

term, non-Russian fuel contracts and navigate new regulatory frameworks.

e For Energy Security Strategists: The bottleneck for the next decade of technological

growth may not be software or semiconductors, but the capacity of domestic

enrichment facilities (Centrus, Urenco) and the ability of regulatory bodies (NRC, UK

ONR) to process and approve non-traditional, non-light-water reactor designs.

What to watch next week

e Regulatory Progress: Any updates regarding the US NRC's progress on the 10 CFR Part

53 framework, which is essential for the licensing of non-light-water SMRs.

* Fuel Production Milestones: Any news regarding the scaling of HALEU production at the

Centrus facility in Ohio, which is a bellwether for the Gen-IV reactor market.

* Three Mile Island Developments: Any follow-up details regarding the Microsoft

agreement, specifically regarding the financing model and which specific reactor

technology will be utilized for the restart.
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