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Europe’s net-zero demand
is surging

Electricity demand
will more than double by 2050

Hard-to-abate sectors
will require medium/high temperature heat

Security of supply
will become a priority towards stability

Future hydrogen market
will require 20-30 Mton/year by 2050

H2

Low-carbon energy demand is growing…

100
EU SMR/AMR Units
Of 300 MWe by 2050

10
Target EAGLES Units

3+ GWe capacity

25+ b€
EAGLES market potential

Conservative estimate
Ansaldo Nucleare - Proprietary4

https://www.nucleareurope.eu/blog/reaching-150gw-installed-nuclear-capacity-by-2050/
https://www.nucleareurope.eu/blog/reaching-150gw-installed-nuclear-capacity-by-2050/


EAGLES-300

In 2024, EAGLES-300* was selected as
a leading project within the European
Industrial Alliance on SMRs.

*then named EU-SMR-LFR project

350 MWe size
Aimed at replacing fossil-fired power plants

72+ hours passive safety
Boosting public acceptance

520°C outlet temperature
For steam delivery and other molecules

100% Sustainable
Closed MOX cycle for waste minimization

Lead-cooled Fast Reactor
Innovative with high readiness
90% less High Level Waste
Closer to industrial sites
Modular design

A single system delivering power,
heat and circular fuel economics.
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LFR competitive advantage
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Temperature
Improving thermal efficiency
(unlocking applications beyond electricity)

Power density
Reducing capital direct and indirect costs
(improving transportability, weights, supply chain)

Safety
Reducing needs for supporting systems
(reducing building complexity and construction time)

Competitive on day oneAnsaldo Nucleare - Proprietary



MissionVision Values

Develop a safe and
sustainable Lead-

cooled Fast
Reactor by the end

of the 2030s

Deploy a
competitive SMR
fleet to meet the

EU net-zero goals
by 2050

Collaboration
Shared knowledge

Innovation
Trust

Blend of industrial know-how & deep liquid-metal
expertise, driving both scientific innovation and

commercial viability. A proven, reliable Consortium
with decades of experience in major nuclear projects,

combining research excellence with industrial
success to deliver competitive, robust and feasible

latest-generation nuclear technology.

Ansaldo Nucleare - Proprietary7



Four leaders, one roadmap

400

1200

1000

350

Industrial leader
Architect engineer and Program manager
Delivering nuclear projects since 1966

Operating the TAPIRO research reactor
Experienced in core design and safety
Renowned pool of experts in LFR

Reference host for ALFRED siting since 2011
Operating 2 TRIGA experimental reactor
Experienced in dealing with RO Safety Authority

Operating the BR2 irradiation research reactor
Experienced in dealing with BE Safety Authority
Holder of IP for MOX

2
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1|+4

15|+6

1|19|6 m€

7|20|14 m€

1|15|2,5 m€

5|22|20 m€

Papers in peer-
reviewed
journals

EURATOM
funded projects

Experimental
facilities

coordinated project |
relevant projects |
total contribution

existing | under
construction

Unique value: decades of liquid-metal experience, strong industrial-research combination, focus on commercialization. 8



Four leader, one roadmap

2000-2020
Distributed large experimental
infrastructure

2034
LEANDREA

2037
ALFRED

Early 2040’s
EAGLES-300 deployment

1

2

3

4

Pan-European collaboration
Technology assessment
Distributed large experimental
infrastructure

Technology viability demonstration
Irradiation capabilities
Qualification of materials/fuels

Prototypical features
Reference temperature conditions
Demonstration of technology
maturity

Investment decisions for commercial
reactors no later than 2040 based on
ALFRED

Mol, SCK CEN

Pitesti, RATEN

Standard site

2 precursors developed
largely in parallel

Precursors to unlock critical data… private
capital to accelerate market entry
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Enabling Assets
To ensure technological and engineering maturity, the
EAGLES Consortium will leverage two key precursors:

LEANDREA
The test reactor will provide an irradiation
capability and technology viability demonstrator,
with focus on fuel and material testing.
Mol, Belgium

ALFRED
The prototypical pilot plant will serve as reference
for temperature conditions: a steppingstone
toward commercial deployment of EAGLES-300.
Pitesti, Romania

Precursors to unlock critical data...
Private capital to accelerate market entry
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Development Programme
ALFRED

(Pitesti, Romania)

2038Q2
2025

EAGLES-300
Consortium

2026

New standard
for future

commercial
reactors

2034

LEANDREA
(Mol, Belgium)

FALCON Consortium
(ALFRED-related work &

expertise)

SCK CEN
(expertise in HLMC, incl.

MYRRHA)

EAGLES-300 fleet
(global)

2039

R&D&Q

Precursors

EAGLES-300

Licensing

Stakeholders

LEANDREA

ALFRED

2028

Distributed
experimental
infrastructure

Ansaldo Nucleare - Proprietary11



Funding to date

2000s-2020s
Cumulated funded R&D on Heavy Liquid Metal technologies
Existing database of information and know how

2024-2029
Investments on LFR following Govt. decision in 2022
Cumulated experience on similar technology since 2000s

2025-2030
Investments devoted to LFR experimental infrastructure
Additional 20M€ for the largest pool-type facility in EU

2025-2027
Investments devoted to LFR experimental infrastructure
Complementing an existing experimental park

€100+M
Euratom R&D
Previous funding to partners

€100M
Belgium
Public commitment

€100M
Romania
Public commitment

€50M
Italy
Public commitment
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Experimental park at ENEA Brasimone (Italy)

CIRCE - SGTR

CIRCE – Pool THNACIE

LIFUS5 HELENA

BID-1RACHEL Lab
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Research infrastructure in Belgium

VENUS ReactorMechanical testingChemistryMaterials
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Overview of future experimental
installations in Belgium

Mechanical testing
• POLTERBEAR: Small scale robotics and long-

term bearing tests in lead
• LIMETS 5 and 6: Tensile and fatigue tests in

lead
• Erosion and creep set-ups: Liquid lead erosion

and creep investigations/data acquirement

VENUS Reactor
SMR-LFR mock-up for nuclear data validation
and test of operational/safety procedure

Focus on key liquid lead technologies.

LFR-SMR Materials and Chemistry
• CAMILLE loop: Corrosion tests, oxygen control

studies, fuel assembly integral test
• HELIOS: Pool-type system behavior, including

oxygen control strategy and technologies
validation

LFR-SMR Full-Scale Component
Testing

• PULSAR: Full-scale investigation of LFR-SMR
lead pump configurations

• HYDROBEAR: Full-scale investigation of LFR-
SMR pump hydrostatic bearings
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Experimental infrastructure at
Ansaldo Nuclear Ltd.

Fuel pin
simulator

Storage Tank

Outlet Chimney
Air Inlet Duct

Box
representing
the Reactor
Vessel, the

Guard Vessel
and the reactor

cavity

Pump

Compact
HEX
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Status of experimental infrastructure in Romania
• ATHENA and ChemLab, goes

into operational stage in 2025.

• HELENA2, ELF, Hands-On,
Meltin'Pot - will start
implementation in 2025; are
planned to enter the
operational stage in 2027.

17



Research infrastructure in Romania
ATHENA & CHEMLAB
2020 – 2025
• Operational Programme Competitiveness +

National co-financing
• 22+ Million Euro
• 2025 – Construction completed
• Largest lead test facility in the world

ATHENA
The LARGEST POOL FACILITY IN THE
WORLD, for large-scale components
testing in representative conditions.

4ALFRED Project
2025 – 2027
• Operational Programme for Smart Growth,

Digitization and Financial Instruments
(POCIDIF from ERDF)

• Facilities construction and R&D activities
• 100+ Million Euro
• 2025, public tenders launched

ChemLab
A broad-scope laboratory on the
chemistry of HLMs and materials
science.

Meltin’Pot
A hot facility to characterize
radioisotopes behavior in Lead.

HELENA-2
A loop facility for full-scale testing
and complete thermal-hydraulic
characterization of fuel and absorber
assemblies.

ELF
A pool facility for long-term
experiments.

Hands-ON
A facility devoted to the
testing and qualification of systems
and procedures for the handling of
core elements.

Existing (~€22M)

Planned (€100+M)
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Key priorities – Harmonized Licensing

Concept
Initial design validation
R&D&Q roadmap
Time-to-market driven solutions

Pre-Licensing
Multilateral engagement
IAEA extra-budgetary project
BE, RO, IT involved

Early Permits
Harmonized standards
LEANDREA as pathfinder
ALFRED for standardization

Serial FOAKs
Building on a standardized approach
Opening to an EU framework
Exploiting serial effect

Three regulators, one approach: towards EU harmonization

LEANDREA pre-licensing application officially
started in May 2025, leveraging previous
experiences.

In 2017, a preparatory phase to the
authorization process of ALFRED was started
with CNCAN.

Joining as observer, while waiting for a full
mandate to license nuclear power plants in
Italy.

Engagement with Regulators
• Mutual early understanding

• Alignment with national and evolving international standards

• Model for European and international approaches

• Supports licensing harmonisation.

Ansaldo Nucleare - Proprietary19
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Verified
in Lab

Proof of
concept

Verified
Relevant
environment

Demonstrated
Relevant
environment

Prototype
operating
environment

• Technology Readiness Level: from conceptual ideas
to full system qualification

• Manufacturing Readiness Level: from basic
manufacturing implications to full rate production

From Technology to Product Development

Ansaldo Nucleare - Proprietary

PDR1
Definition

PDR2
Concept

PDR3a
Basic

Design

PDR3b
Detail

Design

PDR4b
validation

PDR0
feasibility

PDR5
Transfer

PRODUCT DEVELOPMENT

TECHNOLOGY TRANSFER

21

Preliminary Safety
Assessment

Design
certification

Operation
and

Construction
License

Pre-licensing

TECHNOLOGY DEVELOPMENT

LICENSING



PDR0
Feasibility

PDR1
Definition

The product definition phase shall consider a moltitude of aspects

Product
Specification

Market Analysis

Company Experience

Technology Maturity

Preliminary Techincal Bids

Product
Requirements

PRODUCT DEVELOPMENT PROCESS

Ansaldo Nucleare - Proprietary22
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Feasibility

PDR1
Definition

Performance

Technical Risk

Product Cost

The product definition phase shall consider the best trade-off between:

PDR2
Concept

ü Product concept
ü Validation plan
ü Technology Transfer

PRODUCT DEVELOPMENT PROCESS

Ansaldo Nucleare - Proprietary23



PRODUCT DEVELOPMENT PROCESS

PDR0
Feasibility

PDR1
Definition

PDR2
Concept

PDR3a
Basic

Design

PDR3b
Detail

Design

Courtesy of  CRS4: SESAME, Task
3.1.2,  D3.7, CFD Model of ALFRED
Primary Loop

Ansaldo Nucleare - Proprietary

1D & 2D Analysis 3D Analysis by CFD / FEM
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PRODUCT DEVELOPMENT PROCESS

PDR0
Feasibility

PDR1
Definition

PDR2
Concept

PDR3a
Basic

Design

PDR3b
Detail

Design

PDR4b
Validation

Objective:
Evidence that the product performances are
understood and that requirements are met

Objective:
Confirms that product long-term performances are
as specified, that remaining risks are under control

PDR5
Transfer

Ansaldo Nucleare - Proprietary

2 Precursors addressing the two fundamental steps of the Programme, developed largely in parallel, thanks to their specific goals

Objective: qualify  fuel to be used in ALFRED

Objective: staged approach to ref. conditions

LEANDREA
The test reactor will provide an irradiation
capability and technology viability demonstrator,
with focus on fuel and material testing.
Mol, Belgium

ALFRED
The prototypical pilot plant will serve as
reference for temperature conditions toward
commercial deployment of EAGLES-300.
Pitesti, Romania

EAGLES-300
Commercial deployment of a fleet of
standardized plants, benefitting from
the economics of multiples
Europe

25
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Passive Safety - Decay Heat Removal system
• Remove decay heat from a pool-type lead-cooled reactor

• The reactor is concieved in such a way that natural
circulation inside the pool can be ensured

• Immersed heat exchangers (e.g., steam generator) can
be used to remove power the lead pool

• Water can be used to remove power because chemically
inert with lead

Moving
working
fluid

Moving
mechanical
parts

Signal of
intelligence

Category

NoNoNoA

YesNoNoB

-YesNoC

--Yes(*)D Pb pool

Steam Generator

Heat exchanger
(heat sink)

(*) Energy stored, active components limited to initiation, no manual intervention

27 Ansaldo Nucleare - Proprietary



Decay Heat Removal vs. Lead Freezing

• Decay heat removal system is sized to limit the maximum peak
cladding temperature during the transient

• Lead freezes at 327°C: lead freezing could impair natural
circulation, thus reducing the core cooling capability
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• Decay heat decreases rapidly over time

• 10% of nominal power in few sec.

• 1% of nominal power after 1 hour.

• 0.1% after few days.
28 Ansaldo Nucleare - Proprietary



Thinking out of the box
• Back in the ‘90s, with the early adoption of passive systems there

was a need to ensure their capabilities under

• Stand-by conditions, with the potential accumulation of excess of
hydrogen or air from the feedwater

• Severe accident conditions, i.e., under the presence of non-
condensable gas and even aerosol particles.

• A 10% non cond. gas mass fraction reduces by 25% the HTC

Pb pool

Steam Generator

Heat exchanger
(heat sink)

Noncondensable gas tank

29 Ansaldo Nucleare - Proprietary



Does it really work?
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SIRIO facility
• Main goals

• Steam generator characterization in natural circulation

• Improve predictability of condensation with non-condensable
gases

• Test non-condensable migration and power control

• SIRIO Facility has been built to represent ALFRED DHR

• Scaling approach has been applied to preserve physical
phenomena

• Concept engineering began in 2016

• First operation performed 2021

• First experimental campaign performed in 2022

Ansaldo Nucleare - Proprietary

Steam
Generator

By-pass Heat
Exchanger

Isolation
Condenser

Gas Tank
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Validation of experimental data
• Development of a RELAP model of the experimental

facility

• Tune-up of model against steady state data

• Comparison of results with experiment

• Characterization of differences

Ansaldo Nucleare - Proprietary32



ALFRED DHR – analysis
• Reference transient: station blackout

• Model: Relap5-3d

• Sensitivity on gas pressure

• Maximum heat removal in first phase

• Heat rejection aligned with decay heat in long term

Ansaldo Nucleare - Proprietary33



Higher category passive DHR for LFRs

Ansaldo Nucleare - Proprietary34

• Category B passive safety system
• No actuation

• Relies on all heat transfer modes
• Conduction

• Radiation

• Convection

• Adopts several heat transfer fluids
• Lead

• Water

• Air



• Pool-type molten lead RCS (390-650 °C)

• Argon gas cover (1 bar)

• 3 Reactor coolant pumps (25300 kg/s)

• 950 MWth fast-spectrum core

• 3 Compact diffusion-bonded heat exchangers

• Supercritical-water Rankine secondary cycle (300 bar)

• Passive Heat Removal System (PHRS)

More recent and compact configuration

Passive Residual Heat Removal

35 Ansaldo Nucleare - Proprietary



The PHRS Operating phases

36

IAEA Category B safety system

Reactor normal operating state, water kept at
nearly 40°C

Accidental scenario, boiling water with fully
covered reactor

Transition phase, with progressive reactor
uncovering

Natural circulation of atmospheric air (indefinite
operating grace time)

0

1

2

3
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The PHRS heat transfer principles
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Design of experiment

Ansaldo Nucleare - Proprietary38

Testing the full-scale system is not viable.

• Space constraints

• Power constraints

• Costs

Lucky us, it’s not necessary.

Scaling approaches:

• Buckingham theorem

• Hierarchy approach (Zuber)

• Power-to-volume (Ishii)

• Others

Power-to-volume

Respecting

• Power density

• Height

• Pressure

• Fluid

You keep:

• Natural circulation / mass transport

• Flow patterns

• Heat transfer mode

• Time scale



Concept to Construction

Ansaldo Nucleare - Proprietary39

Reactor Plate

Heating

Guard plate

Baffle

Reactor Plate

Guard plate Baffle

Heating
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Primary RCS

Secondary Loop

Argon Gap

PHRS

Solid Components

Model developed with RELAP5, a STH Code
with a 1D “nodalization” approach
and finite difference solution methods

Core

PHE

HS-3330

HS-3310

H
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H
S-3120
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System Modeling – RELAP5

789 Control Volumes
795 Transport Junctions
505 Thermal Slabs

SV-100

P-
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0
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0 P-200
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P-180

P-182

P-184
P-212

P-210

TDV-172

P-420

P-422

P-424
SV-410SV
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SV-320

TDV-570
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P-520P-552
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0
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0 P-530

SV-540

SV-532

Components:
• Pipes (P)
• Single Volumes (SV)
• Time-Dependent Volumes (TDV)
• Single Junctions (     )
• Time-dependent Junctions (     )
• Heat Structures (HS)
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SBO Accidental Transient – Characteristic Thermal Powers

41

2 31
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Passive Safety Systems Challenges and Opportunities

Passive systems allow for simplification thus improving final product competitiveness. Compatibility of lead
with water and air allows for exploitation of commonly know fluids and properties.

Passive system technology development requires proof of concept and validation of computational tools,
typically through V&V programs in dedicated experimental facilities.

Once systems working principles and performances are demonstrated in a relevant environment (typically
through a scaled version of non-nuclear facilities), they are incorporated in the design concept.

Experimental facilities provide a basis for computational tools validation. Computational tools are then used to
perform safety analysis in support to the licensing process.

A trade-off between time-to-market needs and development and qualification time is always needed. Gates
for technical risk reduction ensure continuous monitoring of the advancement of the development program.

42 Ansaldo Nucleare - Proprietary
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ALFRED Reactor Coolant System

A loop in pool concept:

• 1 Inner Vessel
• 1 Internal Structure
• 3 Primary Pumps
• 3 Dip Coolers (DHR-2)
• 3 Steam Generators

Replacement
conventional SG with

a more effective
PCHE

Steam Generators (SGs)

Shell & tube (single bayonet tube)
Superheated steam SG
Compact tubesheet layout
Spacer grids
Low primary side pressure drop

Reactor top viewReactor cross section

Shell-and-tube
conventional once-

through SG

Primary Pump

DHR-2
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