Small Modular
Reactors:

The Future of
Nuclear Energy

An Investment and Policy
Primer on the Next Generation
of Clean Firm Power.

Produced for Global Energy Stakeholders
Strategic Analysis & Executive Briefing

W11 1]

10

111 1]

1T T
; ﬁ

—
—




Executive Dashboard: SMRs at a Glance

The Technology

SMRs are advanced reactors (<300 MWe) designed for

off-site factory fabrication and modular assembly. They
span proven light-water designs (Gen lllI+) to advanced

coolants like molten salt and helium (Gen V).

(E'/) The Safety Paradigm

Passive safety systems rely on natural physics (gravity,
convection) rather than active power. Designs allow for
72+ hours of autonomous cooling without human
intervention, enabling smaller Emergency Planning Zones.

ﬁ@) The Economics

High initial First-Of-A-Kind (FOAK) costs ($6,000-
$9,000/kW) present immediate hurdles, but standardized
fleet deployment promises steep cost reductions
($3,000/kW) and highly competitive Levelized Cost of
Electricity (LCOE) if favorable financing is secured.

B The Timeline

While early operational units exist in Russia and China,
Western commercialization is targeted for 2025-2030,
driven by heavy industrial needs, remote grid stabilization,
and the surging power demands of Al data centers.




What are SMRs? Definition & Evolution

SMRs possess electrical capacities of 10 to 300 MWe
(compared to conventional 1,000+ MWe reactors) and
are built incrementally using pre-fabricated factory
modules.

Size Comparison & Modularity
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1950s: Naval Origins

The U.S. Navy proved the viability of compact
reactors, operating for 60 years without a
single meltdown or radiological release.

1960s-1990s: The Scale-Up Era

The industry raced to scale up to massive
1,000+ MWe plants, resulting in bespoke,
one-of-a-kind megaprojects plagued by
delays and cost overruns.

2000s: The Standardized Pivot

The U.S. DOE and global forums initiate a
pivot back to smaller, standardized designs
(NERI, Generation IV International Forum).

Present: Manufacturing-Led

A structural shift from custom construction
megaprojects to scalable, factory-
manufactured modular products.




The Paradigm Shift: Conventional vs. Modular

Dimension Large Conventional Reactors Small Modular Reactors

' 1000-1600 MWe (Massive I <300 MWe (Highly scalable by

Size / Capacity monolithic output) adding modules)

| Stick-built on-site, custom Factory-fabricated modules,

SOSHEEIe engineering transported by truck/rail

5108+ massive upfront financial Lower absolute cost, sequential

Capital Investment | risk financing per module

Safety Approach and natural circulation

Active safety requiring AC power I Passive safety relying on gravity

and pumps

Vast acreage, massive water Compact footprint, repurposable

STt pmants bodies required at retired coal sites

Load-following, easily integrates

Grid Role Inflexible, always-on baseload with intermittent renewables




SMR Classification & Technologies Spectrum

Liquid Metal-cooled Reactors

Water-cooled Reactors

—

Gen IIl+ Light Water (LWR)

Details: Up to 300°C. Uses familiar
water cooling and Low-Enriched
Uranium (LEU).

Status: Highest Technology

Readiness. Expected first to market.

Key Players: NuScale, GE Hitachi
(BWRX-300), CAREM.

Gen IV Liquid Metal Fast (LMFR)

Details: 480-570°C. Uses
sodium/lead coolants and fast
neutrons, allowing fuel recycling.

Key Players: TerraPower
(Natrium), ARC-100.

Very High Temperature Reactors
Gas-cooled Fast Reactors

|
Gen IV Molten Salt (MSR)
in liquid fluoride salt. Operates up

to 24 years without physical
refueling.

Key Players: Terrestrial Energy,
Seaborg.

_

Details: 700-800°C. Fuel dissolved
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Operating Temperature & Technological Novelty (300°C to >750°C)

Gen IV High-Temp Gas (HTGR)

Details: >750°C. Helium-cooled
using robust TRISO fuel. High
thermal efficiency for industrial heat.

Key Players: X-energy (Xe-100),
HTR-PM (China).




The Nuclear Hybrid Energy System

Desalination:
Clean fresh water
production for
arid regions.

Direct Power:
Baseload for
national grids and
Al Data Centers.

Hydrogen
Production:
High-temperature
steam electrolysis
for clean H2,

Thermal / Process Heat
(Unlocking Gen IV Markets)

Advanced
SMR Core

Electricity &

Chemical Carriers

District Heating:

Direct
residential/
commercial

heating networks.

Synthetic Fuels:
Combining H2 and
carbon for
aviation/marine
transport.

Industrial Heat:
>750°C steam for
petroleum refining,
cement, and
petrochemicals.

Remote
Operations:
Powering isolated
off-grid mining
facilities.




The SMR Value Proposition

Capital & Deployment
(The Factory Model)

By shifting from on-site construction

to factory manufacturing, SMRs
reduce construction time,
standardize quality control, and
allow utilities to scale capacity
incrementally—adding modules
sequentially only as power
demand grows.

Site & Grid Flexibility

SMRs require a fraction of the land.

Their lower core inventories and
integral designs allow for siting
closer to population centers,
powering off-grid communities,
and rapidly load-following to
stabilize grids heavy with
intermittent wind and solar.

Intrinsic Resilience

Integral designs house all primary
components in a single vessel.
Lower power outputs and higher

surface-to-volume ratios eliminate
the need for massive secondary

containment buildings, inherently

reducing vulnerability to
external shocks.




The Passive Safety Paradigm

Accident Scenario Response

1. Total Loss of 2. Physics Takes Over

External Power Natural convection and
gravity-fed water tanks
automatically initiate. Thermal
expansion drives coolant flow
without mechanical pumps.
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3. Extended Grace Period

The reactor core remains safely
cooled for 72+ hours with zero
human operator intervention
and zero AC power.
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4. Containment

Submerged, underground
module placement provides
an ultimate heat sink.

Myth vs. Fact

Myth: Nuclear safety relies on flawless
human control and active diesel generators.

Fact: SMR passive safety relies on the

unwavering laws of physics—it works 24/7,
l even when no one is watching. l




Economics & Financing: The Path to Profitability

The FOAK Reality
(Cost Stack)

Capital
Expenditure

20% |- Financing

10% |~ 0&M / Fuel
5% = Decommissioning

First-Of-A-Kind (FOAK) projects
carry heavy premiums
($6,000-59,000/kW). CapEx
dominates, requiring robust
initial capitalization.

The Financing Lever

Because nuclear is capital-intensive,
the Weighted Average Cost of
Capital (WACC) dictates the
Levelized Cost of Electricity.

A\ 12% WACC = ~$130/MWh

o, State-Backed WACC
@ 3-5%: ~$65/MWh

The NOAK Trajectory
(Learning Curve)

4 FOAK
($6,000-69,000/kW)

30-40%
Cost Reduction
by 10th Unit
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NOAK
($3,000/kW)

Units Deployed

Nth-0f-A-Kind (NOAK)
economics stabilize as factory
serial production is achieved
and supply chains mature.




Systemic Risks & Deployment Headwinds

Supply Chain Infancy

Specialized heavy forgings and
High-Assay Low-Enriched Uranium
(HALEU) fuel supply chains do not
yet exist at commercial scale.

Technical /
Operational Risk

VAN Unproven
Advanced Operations

Next-gen Gen IV coolants (salt,

lead) face extreme material
degradation and corrosion challenges
under fast neutron fluxes.
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Near-Term Impact
A

The FOAK Cost Trap

{|\$ , ,
M Early units face staggering cost
@)

revisions (e.g., NuScale's Utah/Idaho
project cancellation after estimated
costs rose from $3.6B to $9.3B).
Fierce price competition from
subsidized renewables paired with
grid-scale batteries.
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Long-Term Impact

o

» Market / Regulatory Risk

E’%

Licensing Bottlenecks

Global regulators are accustomed
to large LWRs; certifying novel Gen
IV designs requires entirely new,
time-consuming frameworks.




Environmental Impact & The Waste Reality

General Impact: SMRs require drastically less land and water per MWh than renewables or
large nuclear, but present highly complex, non-standard back-end fuel cycle challenges.

Reactor Type

Waste Profile Characteristics

Conditioning & Disposal Strategy

LWR
(Light Water)

HTGR
(High-Temp Gas)

LMFR
(Liquid Metal)

MSR
(Molten Salt)

Familiar waste profile; compact cores lead to
higher material activation and burnup rates.

Generates significant volumes of irradiated
graphite.

Closed fuel cycle reduces long-lived waste, but
utilizes chemically reactive coolants (sodium/lead).

Highly reactive salt residues and volatile
fission products.

Leverages existing global storage and deep
geological repository frameworks.

Robust TRISO fuel is highly safe but 0\
exceptionally difficult to reprocess for disposal.

Requires specialized handling to mitigate
reactive coolant complications.

The most non-standard waste. Requires
entirely novel conditioning strategies &
not yet deployed.




The Modular Blueprint

Global SMR Projects & Readiness Landscape
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L , ' o4 L o : 2 Operational Leaders
’ (Eastern Dominance)

*» Russia's RITM-200 (55 MWe,
icebreakers) and Akademik
Lomonosov floating plant.

+ China's HTR-PM (pebble-bed
gas reactor, grid connected in
. 2021).
Western Commercial Push
* United States: NuScale (first NRC-
approved design), GE Hitachi T~ :
BWRX-300, TerraPower Natrium, e .« [MLand WCR
X-energy. B Marine WCR
+ Europe & Americas: Rolls-Royce SMR ~ I HTGR
(UK), EDF Nuward (France), CAREM B LMFR
(Argentina - under construction). - )I MSR
v > [ Microreactor
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Conceptual Design sic / Detailed Design Under Construction In Operation / Operable
Stage of Design or Deployment

Strategic Takeaway: Over 80 designs are in development globally across 20+ countries, but only state-backed
programs in Russia and China have successfully crossed the finish line into commercial operation.




Pragmatic Deployment Timeline

The NOAK Schedule (7+ Years per Project)

Site Preparation Licensing & Permitting Modular Construction
(~1 year) (<2 years) (<2 years to grid connection)

Deployment Phases from Present to 2035+

Wave 1 ] f Wave 2 ] f Wave 3

2024-2030 (Early Movers) 2030-2035 (Commercial Inflection) 2035+ (Fleet Scale)

« Continued state-backed + First Western FOAK commercial « Expected transition to serial
deployments in Asia/Russia. operations (e.g., BWRX-300, factory production, standardizing
« Western prototypes and TerraPower). the supply chain globally and

demonstration units break ground. + Supply chains begin to solidify finally unlocking NOAK
+ Heavy initial capital requirements. 7 around winning designs. y SLONOGIIS: ‘
— Peull J




The Regulatory Paradigm Shift

The Old Paradigm: Site-Specific Custom Licensing

Custom | ) \! Site-Specific |
Design I Review |
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| Bespoke | ; One-Off \
. Construction . Megaproject |

Historically, nuclear plants were licensed as one-off bespoke sites,
guaranteeing high regulatory friction and destroying scalable economics.

U.S. NRC Progress:

NuScale’s 50 MW module
became the first-ever SMR to

. : receive Standard Design
Certify Design | | Mass Produce | .|  Deploy Fleet Scale Gertification from the NRC.

ONCE in Factory ANYWHERE | ~| Economics proving the pathway

exists. However,

i : e widespread deployment will
The SMR model requires aerospace-style manufacturing regulation: an require international regulatory

internationally harmonized design that can be stamped out serially. harmonization to achieve true
global economies of scale.

The New Paradigm: Standard Design Certification




Future Outlook: The Converging Megatrends

The Al Boom Heavy Industry Decarbonization

Tech giants require staggering, - : Gen IV high-temperature SMRs

uninterrupted power for data = \ 3@ are uniquely positioned to
centers that only behind-the-meter, ~ = 17[1¥]] replace coal in steel, cement,

clean firm nuclear can satisfy. e \ and chemical manufacturing. ‘
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| The2040 |
\SMR Market,

, A D Closed Fuel Cycles

3D printing, modular assembly,

©) iy =
& B Fast neutron reactors promise

and digital twins will aggressively t@‘ <7 =y torecycle spent fuel, mitigating
shrink factory production times —" 7 both the uranium supply squeeze
and defect rates. : and the long-term waste dilemma.

SMRs are not just miniature nuclear plants; they represent the transition of nuclear
energy from a bespoke construction industry to a scalable manufacturing product.




