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More energy… of a new type

1.7% increase of CO2 in 2018
70% higher than average increase since 2010

25% global energy increase by 2040
2 times faster electricity demand increase

9.7 billion people by 2050
2/3 of the world’s people living in urban areas

2.8% RES increase per year
RES will provide 31% of electricity generation by 2040
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New Technologies

New concepts: evolutionary… and revolutionary designs

AcronymGeneration IV Systems

GFRGas-Cooled Fast Reactor

LFRLead-Cooled Fast Reactor

MSRMolten Salt Reactor

SFRSodium-Cooled Fast Reactor

SCWRSupercritical Water-Cooled Reactor

VHTRVery-High-Temperature Reactor
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LFR …..the most promising GEN-IV system

For heavy liquid metal coolants the stored thermal potential energy cannot be converted into kinetic energy.

There is no significant release of energy and hydrogen in an events of coolant contacting with air, water,

structural materials.

There is no loss of core cooling in an event of tightness failure in the gas system of the primary circuit.

LFR are reactor facilities with the lowest stored potential energy, where the inherent self-protection and

passive safety properties are used to the maximal extent.

Main advantages and main drawbacks of Lead
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Towards LFR…

The use of a new coolant and associated technology, properties, neutronic

characteristics, and compatibility with structural materials of the primary system and of

the core.

Innovations which require validation programs of new components and systems (the SG

and its integration inside the reactor vessel, the extended stem fuel element, the dip

coolers of the safety-related DHR system, pump, OCS, …)

The use of advanced fuels (at least in a further stage).

A comprehensive R&D program is necessary because of:

International Collaborations are set-up and continually strengthen 
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Role of Experiments in the R&D of LFR

Code &

Standards
Prototypes

DesignSafety 
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Structural 
Material

Verification

&

Validation

Experiments

• Integral test experiments

• Separate effect experiments

• Component qualification 

experiments
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Integral Test & component qualifications
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Test Section CIRCE-THETIS

THETIS – Thermal-hydraulic HElical Tubes Innovative System

The purpose of this integral test is to investigate transition from

forced to natural circulation in and between four main operational

modes and to qualify a prototypical helical coil steam generator and a

mechanical pump

1.With HCSG acting as DHR system.

2.With RVACS acting as DHR system for long term.

3.With HCSG and RVACS acting simultaneously as DHR system:

4.With RVACS active as DHR system

D. Martelli SCOPE Conference13-15 Nov 2023 King Fahd Conference Center, KFUPM, Dhahran, KSA



8

Integral Test & component qualifications

CONS

Complex geometry

Novel concept for HLM systems

Lack of operational experience

Lack of database for code validation

PRO

Compact geometry

High heat transfer surface

High robustness

High flexibility

PUMP PARAMETERS

Type: mixed axial pump

Working fluids: LBE/LLE

23Nominal FR [m3/h]

10/30Min/Max FR [m3/h]

1.5Pump head [bar]

500Design T [°C]

64.8LBE nominal FR [kg/s]
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FIV Experiments - HELENA loop 

❑ HELENA is a pure lead loop and it consists

mainly in a rectangular loop 5m height and

8m large

❑ The loop, designed by ENEA, is with 2 1/2”

AISI304 pipe and it is designed for 550°C and

10 bar.

❑ The loop has a prototypical mechanical

centrifugal pump (110 kW) which allows to

reach 50 kg/s with 4 bar pressure head. The

pump will be tested both as component and

for impeller corrosion
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FIV Experiments - HELENA loop 

• Single pin – modal analysis

Mode Axial location of maximum 

displacement [m]

Location adjusted for start pin 

(+0.061 m) [m]

1 0.622 0.683

2 0.628 0.689

3 0.445 0.506

4 0.454 0.515



FIV Experiments - HELENA loop 

The local curvature is approximated by an arc of a circle of radius R, d is the diameter of

the pin

It can be shown that 𝑅 =
𝑑

2∈
=

3 2

4

𝑑

𝜖𝑒𝑓𝑓
2

where 𝜖𝑒𝑓𝑓
2 = 𝜖0 − 𝜖+

2 + 𝜖0 − 𝜖−
2 + 𝜖+ − 𝜖−

2 is a function of the deformation measured by

the 3 strain gauges

In each monitoring point will

be installed with 3 SG at 120°

Z=660 mm

(first mode)

Z=1258 mm

(third mode)

𝑝𝑖𝑛 𝑧 𝑘1,𝑘3
=  𝑘1 ∙ 𝑀1 𝑧 + 𝑘3 ∙ 𝑀3 𝑧
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Coatings developments

Pulsed Laser Deposition Nanoceramic Coatings (IIT & ENEA)

✓ high quality coatings
✓ custom process: bottom-up approach
✓ process at room temperature

✓ CREEP & SSRT test in lead a@550°C in very low 
Oxygen content environment (10^-8)

1 μm Al2O3 coating

no buffer layer

lead

substrate

Al2O3

Corrosion tests in static Pb: 

550°C -1000 h - 10-8/10-9 wt.% O 

1 μm Al2O3 coating 

Pb

coating

1515Ti
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Coolant chemistry

lead resistant weld

• Calibration test
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Coolant chemistry

lead resistant weld

• Calibration test
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The Italian landscape

In the Italian framework,

ENEA serves as

coordinator for all LFR

R&D projects involving

universities, research

organizations and

industrial companies.

Research

Industry

University
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ALFRED Advanced LFR European Demonstrator

A facility devoted to the 
testing and qualification of 

systems and procedures for 
the handling of core elements

Hands-ON

A broad-scope 
laboratory on the 

chemistry of HLMs and 
materials science

ChemLab

A hot facility to 
characterize 

radioisotopes 
behavior in Lead 
under accident 

conditions

Meltin’Pot

The largest pool facility in the 
world, for large-scale 
components testing in 
representative conditions ATHENA

A pool facility for 
long-term 

experiments, 
to characterize the 
components and 

systems

ELF

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

HELENA-2
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ENEA – NEWCLEO Agreement
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newcleo’s LFR-SMRs – Reactor development goals

≅ 3.5 mt ≅ 5 mt ≅ 6 mt ≅ 6.2 mt≅ 2.5 mt ≅ 3.2 mt

Precursor

Electrically heated facility 10MWth, 

with turbogenerator.

It reproduces scaled or full-scale 

components of the Mini LFR

5 years

Mini LFR-SMR (30 MWe)

Power: 30 MWe

Fuel: MOX

newcleo’s present activity is 

focused on the 30MWe LFR

LFR-SMR (200 MWe)

Power: 200 MWe

Fuel: MOX + MA

Terrestrial plant to burn existing 

nuclear waste

ADS LFR-SMR

Power: TBD

Fuel: MOX + MA, U free fuels, 

Thorium 

The future Accelerator-Driven reactor 

7/10 years 10/12 years 13/15 years
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Nuclear energy will play a relevant role in the forthcoming energy transition scenario.

Revolutionary design of fission technologies, ready to market in the frame 2030-2035,

will sustain the transition.

Lead cooled Fast Reactors seems to be among the most promising! Many initiatives

are supporting such approach and, among the others

On LFR, international context is every day more positive.

ENEA is working to strength the international collaboration to target the industrial goal

of the LFR on the market by 2030-2035.

ENEA has developed large international collaborations on the most innovative and

promising nuclear technologies, involving research bodies and industries

Remarks



Daniele Martelli

martelli.daniele@enea.it
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