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Descrittori 

Tipologia del documento: Rapporto Tecnico 

Collocazione contrattuale: Accordo di programma ENEA-MSE su sicurezza nucleare e  

 reattori di IV generazione 

Argomenti trattati: Generation IV reactors, Tecnologia dei metalli liquidi 

Sommario 

Presso l’Aula Magna della scuola di Ingegneria e Architettura dell’Università di Bologna si 

è tenuto dal 26 al 27 settembre 2017, un Workshop tematico dal titolo “LFR-GEN IV 

STATO ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI SVILUPPO”, organizzato 

da ENEA in collaborazione con le principali università italiane che svolgono attività di 

ricerca in campo nucleare. Il Workshop, promosso nell’ambito delle attività inerenti la 

Linea Progettuale 2 “Collaborazione internazionale per il nucleare di IV generazione” dell’ 

AdP MSE-ENEA, assume il duplice obiettivo di condividere lo stato dell’arte dei sistemi 

LFR tra gli stakeholder italiani definendo al contempo, in maniera condivisa e sinergica 

con il contesto Europeo, le linee di intervento future in ambito LFR. 
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1 LFR-GEN IV STATO ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI 

SVILUPPO 

Dal 26 al 27settembre 2017, presso l’Aula Magna della scuola di Ingegneria e Architettura 

dell’Università di Bologna, si è tenuto il Workshop tematico dal titolo “LFR-GEN IV STATO 

ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI SVILUPPO”, organizzato da ENEA in 

collaborazione con le principali università italiane che svolgono attività di ricerca in campo nucleare.  

Il Workshop, promosso nell’ambito delle attività inerenti la Linea Progettuale 2 “Collaborazione 

internazionale per il nucleare di IV generazione” dell’ AdP MSE-ENEA, è stato finalizzato ad: 

 Analizzare lo stato progettuale della tecnologia dei sistemi LFR partendo dal lavoro svolto in 

ambito ADP; 

 la programmazione delle attività future, definendo le priorità di intervento in ambito italiano 

in maniera che siano sinergiche al contesto europeo ed internazionale (la Cina sta entrando 

prepotentemente nel settore); 

 armonizzazione le strategie di sviluppo mediante l'incontro di tutti gli stakeholder italiani. 

 

 

Fig. 1: Ingresso della scuola di Ingegneria e Architettura Bologna 

L’Italia, grazie all’ENEA, ANSALDO NUCLEARE e con il contributo fondamentale del CIRTEN, 

continua a conservare la leadership internazionale sulla progettazione e sullo sviluppo tecnologico dei 

sistemi LFR, nonostante il sempre più ampio interesse (accompagnato da ingenti investimenti 

economici) di altri Paesi quali ad esempio la Cina. 

Ciò è stato possibile grazie ai continui sforzi fatti da ENEA (che ha sfruttato efficacemente i fondi 

dell’ADP), sia per accrescere e migliorare le proprie infrastrutture di ricerca (Brasimone e Casaccia), 

sia per rafforzare le proprie capacità e competenze sulla progettazione dei sistemi nucleari innovativi. 

(es. gruppo core design di Bologna). 

Tutto ciò è stato fatto sinergicamente con ANSALDO NUCLEARE - capofila del progetto – e 

progettista del Dimostratore ALFRED. 
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Questi continui sforzi hanno portato all’istituzione del Consorzio Internazionale FALCON (costituito 

da ANN, ENEA, ICN e CV-REZ e il Consorzio Interuniversitario Italiano), che ha permesso in breve 

tempo di accrescere la rilevanza internazionale del progetto LFR, di individuare un sito per il DEMO, 

di coinvolgere un sempre maggior numero di istituti di ricerca europei (es KIT – Germania, GRS – 

Germania, CRS4 – Sardegna, IIT – Milano), di individuare i possibili canali di finanziamento (fondi 

ERDF – European Regional Development Fund con il supporto del governo romeno). 

Il sistema Italia deve continuare ad investire nel settore, a focalizzare gli sforzi, evitando di disperdere 

risorse (il progetto di riferimento è ALFRED), cercando di sensibilizzare le istituzioni e coinvolgendo 

il maggior numero possibile di istituti di ricerca e industrie del settore. 

I lavori sono iniziati con i saluti e la presentazione del workshop da parte del Prof. Antonio Peretto 

direttore del dipartimento di Ingegneria Industriale dell’Università di Bologna. A seguire sono state 

delineate nel dettaglio le strategie di intervento e sviluppo dal Dr. Mariano Tarantino, Responsabile 

Divisione Ingegneria Sperimentale Dipartimento Fusione e Tecnologie per la sicurezza Nucleare del 

Brasimone, attualmente uno dei più vasti ed attrezzati parco impianti a livello internazionale sulla 

tecnologia dei metalli liquidi pesanti. 

Facenti parte del comitato organizzatore troviamo il Dr. M. Tarantino, il Dr. A. Del Nevo  il Dr. I. Di 

Piazza ricercatori FSN-ING ENEA Brasimone ed infine il Prof. Antorio Peretto, direttore del 

dipartimento di Ingegneria Industriale dell’Università di Bologna. 

Gli oltre 30 partecipanti (Allegato 1) di cui 16 rappresentanti delle più prestigiose università italiane 

(Bologna, Milano, Pisa Roma, Torino e Treviso), 11 rappresentanti dell’Agenzia Nazionale per le 

Nuove Tecnologie, l’Energia e lo Sviluppo Economico Sostenibile (ENEA), 4 rappresentanti delle 

eccellenze industriali presenti sul territorio nazionale come Ansaldo Nucleare, CSM S.p.a, Istituto 

Italiano di Tecnologia (IIT) ed SRS SERVIZI DI RICERCHE E SVILUPPO S.R.L. sono stati accolti 

presso l’aula Magna della scuola di Ingegneria e Architettura dell’Università di Bologna (Fig. 1). 

L’agenda del Workshop (Allegato 2) è stata suddivisa in 6 sessioni. All’interno della sessione di 

apertura sono state presentate le strategie e prospettive nazionali ed internazionali sui reattori di quarta 

generazione refrigerati a piombo liquido. Inoltre, è stata fornita un’ampia panoramica sullo stato 

attuale e sulle problematiche ancora aperte relative alla progettazione del reattore dimostratore 

ALFRED ( Advanced Lead Fast Reactor Demonstrator). 

All’interno delle 5 sessioni tecniche, sono stati presentati ben 25 lavori di ricerca sulle tematiche della 

progettazione di sistema, l’analisi di sicurezza, sviluppo materiali e chimica del refrigerante, 

termofluidodinamica dei sistemi LFR e lo sviluppo e validazione di codici e modelli multi-fisici per 

analisi di sicurezza di reattori veloci di iv generazione. Nell’Allegato 3 vengono infine riportati i 

contributi presentati all’interno delle varie sessioni. 
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2 ALLEGATI 

A1  LISTA DEI PARTECIPANTI AL CONGRESSO 

A2  AGENDA 

A3  CONTRIBUTI PRESENTATI NELLE VARIE SESSIONI 
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A1 LISTA DEI PARTECIPANTI AL CONGRESSO 

Workshop Tematico 
ACCORDO DI PROGRAMMA MISE – ENEA 

PAR2016 – PROGETTO B.3.1. LP2 

GENERATION IV 

LEAD COOLED FAST REACTOR 

STATO ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI SVILUPPO 

LISTA PARTECIPANTI 
1 SANDRA DULLA POLITO 
2 LUANA COGNINI POLIMI 
3 DAVIDE PIZZOCRI POLIMI 
4 Mariano Tarantino ENEA 
5 Pierdomenico Lorusso UNIROMA1 
6 Dario Diamanti ENEA 
7 Vincenzo Narcisi UNIROMA1 
8 Sandro Manservisi UNIBO 
9 Andrea Baratta POLIMI 

10 Egidio Zanin CSM 
11 Vincenzo Peluso ENEA 
12 Massimo Sarotto ENEA 
13 Massimo Angiolini ENEA 
14 Morena Angelucci UNIPI 
15 Giuseppe Rota POLIMI 
16 Michele Frignani ANN 
17 Francesco Lodi SRS 
18 Marco Beghi POLIMI 
19 Andrea Subioli UNIROMA1 
20 Antonio Naviglio UNIROMA1 
21 Fabio Giannetti UNIROMA1 
22 Alessio Magni POLIMI 
23 Augusto Gandini UNIROMA1 
24 Giacomo Grasso ENEA 
25 Marco Utili ENEA 
26 Alessandro Poggianti ENEA 
27 Antonio Cervone ENEA 
28 Mario Bragaglia UNITV 
29 Serena Bassini ENEA 
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A2 AGENDA 

 
 

WORKSHOP TEMATICO 
ACCORDO DI PROGRAMMA MISE – ENEA 

PAR2016 – PROGETTO B.3.1. LP2 

GENERATION IV 

LEAD COOLED FAST REACTOR 

STATO ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI SVILUPPO 

ADP MiSE-ENEA (PAR2016-LP2) 

Aula Magna 
Scuola di Ingegneria e Architettura, Università di 

Bologna 
26-27 settembre, 2017 

 

Il Workshop, promosso nell’ambito delle attività inerenti la Linea Progettuale 2 “Collaborazione 

internazionale per il nucleare di IV generazione” dell’AdP MiSE-ENEA, è finalizzato a:  

analizzare lo stato attuale della tecnologia dei sistemi LFR  

supportare la programmazione delle attività future, definendo le priorità di intervento in 

ambito italiano ed europeo, in sinergia con l’industria del settore  

armonizzazione le strategie di sviluppo mediante l’incontro di tutti gli stakeholder italiani.  

Il Workshop assume quindi il duplice obiettivo di condividere lo stato dell’arte dei sistemi LFR 

tra gli stakeholder italiani definendo al contempo, in maniera condivisa e sinergica con il contesto 

Europeo, le linee di intervento future in ambito LFR.  

Comitato Organizzatore  Ing. Mariano Tarantino (ENEA)   mariano.tarantino@enea.it  
Prof. Antonio Peretto (UNIBO)   antonio.peretto@unibo.it  
Ing. Alessandro Del Nevo (ENEA)  alessandro.delnevo@enea.it  
Ing. Ivan di Piazza (ENEA)  ivan.dipiazza@enea.it  
Sig.ra Annamaria Masinara (ENEA) annamaria.masinara@enea.it  

  

mailto:mariano.tarantino@enea.it
mailto:antonio.peretto@unibo.it
mailto:alessandro.delnevo@enea.it
mailto:ivan.dipiazza@enea.it
mailto:annamaria.masinara@enea.it
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A3 CONTRIBUTI PRESENTATI NELLE VARIE SESSIONI 

 



WORKSHOP TEMATICO ACCORDO DI PROGRAMMA MISE – ENEA  

PAR2016 – PROGETTO B.3.1. LP2 

Mariano Tarantino, Responsabile Divisione Ingegneria Sperimentale 

Dipartimento Fusione e Tecnologie per la Sicurezza Nucleare 

GENERATION IV LEAD COOLED FAST REACTOR 
STATO ATTUALE DELLA TECNOLOGIA E PROSPETTIVE DI SVILUPPO 

Scuola di Ingegneria e Architettura, Università di Bologna, 26-27 settembre, 2017 
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 Why Nuclear?! 

 Why Fast Reactor?! 

 Why Lead-cooled Fast Reactor? 

 Italian Contribution 

 International Context 

 Final Remarks 

Outline 
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Source: Exxon Mobil Energy Outlook 2016 
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Source: Exxon Mobil Energy Outlook 2016 

Economic growth drives 

increased need for 

energy 

 

Global GDP more than 

doubles 2014-2040; 

developing countries 

lead growth 

 

China rises almost 20% 

of world GDP, close to 

US; India exceeds 5% 

World population grows 25%, from 7.2 

to 9 billion 2014-2040 
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Source: Exxon Mobil Energy Outlook 2016 

Global electricity demand seen 

rising by 65% 2014-2040; 2.5 

times more faster than overall 

energy demand 

 

Residential and commercial 

electricity demand rises 70% 

2014-2040; industry up to 55% 

 

Industrial growth eases post-2030 

as China’s economy shifts from 

manufacturing 

 

Transportation electricity demand 

doubles 2014-2040, but only 2% 

of the total use 

Electricity accounts for nearly all demand growth 2014-2040 
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Source: Exxon Mobil Energy Outlook 2016 

Electricity accounts for nearly all demand growth 2014-2040 

85% of the rise electricity demand will 

come from non-OECD 

 

China leads growth; will use one-fourth 

of the world’s electricity by 2040 

 

U.S. share of global electricity demand 

falls from 20% to 15% 2014-2040 
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Source: Exxon Mobil Energy Outlook 2016 

World shifting to cleaner fuels for 

electricity generation, led by gas 

 

Coal’s share shrink while natural 

gas, nuclear, wind solar gain 

 

Coal provides about 30% of 

world’s electricity generation in 

2040, versus 40% in 2014 

 

Wind, solar provide more than 

10% of electricity by 2040, 4% in 

2014 
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Source: Exxon Mobil Energy Outlook 2016 

Global nuclear, wind, solar all see 

big capacity additions 

 

Nuclear capacity to grow 85% 

2014-2020, led by China 

 

Intermittency limits the 

utilization of wind, solar 

capacity 

 

Globally, less than 30% of wind 

capacity is utilized; solar less than 

20% 

 

Wind, solar provide less 

electricity in 2040 than nuclear 

despite 3 times the capacity 
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Source: IAEA – Power Reactor Information System 
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Source: IPCC (Intergovernmental Panel on Climate Change), 2014 

Nuclear energy produced 

11% of global electricity 

supply in 2013.  

This corresponds to 18% 

of electricity supply in 

OECD countries and 

slightly more than 4% in 

non-OECD countries.  

Nuclear is the largest 

low-carbon source of 

electricity in OECD 

countries. Its share in 

non-OECD countries is still 

low but is expected to rise 

substantially in coming 

years. 
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The 2°C Scenario (2DS) is the main focus of Energy Technology Perspectives.  

 

The 2DS lays out an energy system deployment pathway and an emissions trajectory 

consistent with at least a 50% chance of limiting the average global temperature increase 

to 2°C.  

 

The 2DS limits the total remaining cumulative energy-related CO2 emissions between 

2015 and 2100 to 1 000 GtCO2.  

 

The 2DS reduces CO2 emissions by almost 60% by 2050 (compared with 2013), with 

carbon emissions being projected to decline after 2050 until carbon neutrality is 

reached. 

 

COP21 boosted the momentum for accelerating low-carbon technology deployment 

 

Source: IEA Energy Technology Perspectives 2016 
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Source: IEA Energy Technology Perspectives 2016 

Projected nuclear capacity with regional split and share of electricity generation in 

the IEA Energy Technology Perspectives 2015 2°C scenario (2DS)  
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Source: IEA Energy Technology Perspectives 2016 

Shares of different technologies in global electricity production until 

2050 in the 2DS  

cumulatively, up to 

2050, nuclear power 

would enable the 

highest CO2 

emission savings in 

comparison to other 

technologies 

 

in 2050, nuclear 

power would 

represent the largest 

source of low-carbon 

electricity.  
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Nuclear Energy: good but not good enough 

 

Improvements 

Safety 

 

Waste 

Too much of it 

Too long lived 

 

Economy 

Once through strata uses less than 0,5% of the fuel 
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Most of the hazard stems from Pu, MA and some LLFP when released 

into the environment, and their disposal requires isolation in stable 

deep geological formations. 

1 Ton of Spent Nuclear Fuel 

Contains: 
 

955.4 kg U 

8,5 kg Pu 

 

Minor Actinides (MAs) 

0,5 kg 237Np 

0,6 kg Am 

0,02 kg Cm 

 

Long-Lived fission Products (LLFPs) 

0,2 kg 129I 

0,8 kg 99Tc 

0,7 kg 93Zr 

0,3 kg 135Cs 

 

Short-Lived fission products (SLFPs) 

1 kg 137Cs 

0,7 kg 90Sr 

 

Stable Isotopes 

10,1 kg Lanthanides 

21,8 kg other stable 

Uranium,

 95.5%

Plutonium, 

0.9%

Other long 

Lived Fission 

Products, 

0.1%

Longlived 

I and Tc, 0.1%

Short-lived Cs 

and Sr, 0.2%

Minor 

Actinides, 

0.1%

Stable Fission 

Products, 

3.1%

Standard PWR 33GW/t, 10 yr. cooling 

 

Source: Phillip Finck and Massimo Salvatores, INL, FUNFI-2, Frascati, October 2016 
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Partitioning & Transmutation 

Fast neutron spectrum reactors are the most adapted technology and offer 

flexible options for implementation.  

The Partitioning & Transmutation objectives can be summarized as: 

 Minimization of waste mass sent to a repository, 

 Reduction of the potential source of radiotoxicity 

 Reduction of the heat load in the repository 

Strategies making use of P&T can be gathered into three categories: 

 Sustainable development of nuclear energy and waste minimization (Pu as a resource) 

 Reduction of MA inventory  

 Reduction of TRU inventory as unloaded from LWRs 
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Waste Minimization & Economy 

NUCLEAR MATERIALS INVENTORY (TONS) NEEDED TO PRODUCE 100TWH 

Source: L. Cinotti, “IW on Innovative Nuclear Reactors cooled by HLM: Status and Perspectives, Pisa 2012 
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Waste Minimization & Economy 

Recycle of all actinides in spent LWR fuel in fast reactors provides a significant reduction in the time required for 

radiotoxicity to decrease to that of the original natural uranium ore used for the LWR fuel (i.e., man-made impact is 

eliminated). From 250,000 years down to about 400 years with 0.1% actinide loss to wastes 
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Safety Improvement  

Severe Nuclear Accidents. During the historically short period several low probability NPP accidents occurred 

with significant radioactivity release into environment and considerable economical losses 

The initial events for these accidents are of extremely low probability 

  

 technical failure    human error  extreme external impact  
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Safety Improvement 

Severe Nuclear Accidents occurred due to the release of various types of potential 

energy accumulated in various materials, mainly, in the main coolant. 

 

Radiotoxicity inventory and decay heat amount are mainly independent from the reactor 

type, being governed by the fission products. 

 

Radiotoxicity release into environment depends strongly on the reactor type and 

is determined by potential (non-nuclear) energy accumulated in various materials 

 

 Coolant compression energy 

 Chemical energy. 

 

 Potential energy is an inherent coolant property 
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Safety Improvement 

Coolant Water Sodium 
Lead, 

Lead-bismuth 

Parameters 
P = 16 MPa 

Т = 300 ºС 

 

Т = 500 ºС 

 

Т = 500 ºС 

Maximal potential energy, GJ/m3, 

including: 
~ 21,9 ~ 10 ~ 1,09 

Thermal 
energy                   

                          including 
            compression 

                   potential energy  

       ~ 0,90 

 

                      ~ 0,15 

        ~ 0,6 

 

                    None 

        ~ 1,09 

 

                     None 

Potential chemical energy of 

interaction  
  With zirconium 

           ~ 11,4 

With water  5,1 

With air  9,3 
None 

Potential chemical energy of 

interaction of released hydrogen with 

air  

~ 9,6  ~ 4,3  None 

From ICAPP 2011, Paper 11465 “Effect of Potential Energy Stored in Reactor Facility Coolant on NPP Safety and Economic Parameters”,  

G.I. Toshinsky, O.G. Komlev, I.V. Tormyshev 
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Safety Improvement  

Upgrading the safety level of NPPs with traditional-type reactors, (in which potential 

energy is stored in large amounts) requires increasing the number of safety systems 

and defense-in-depth barriers 

 

Such measures can only reduce the probability of severe accidents and mitigate 

the consequences, but cannot eliminate them when there is large potential energy 

 

Public opinion has been once more shocked by the loss of control of a nuclear plant 

 

Convincing demonstration that future reactors can rule out catastrophic scenarios is 

necessary to recover public acceptance 

to exploit to the maximum extent solutions that can deterministically exclude scenarios which are 

potential initiators of accidents leading to severe core damage; 

to consider the possibility of managing extreme events in degraded plant conditions.   
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Generation IV 

The path from current nuclear systems to Generation IV 

systems is described in a 2002 Roadmap Report entitled “A 

technology Roadmap for Generation IV Nuclear Energy 

Systems” which: 

 

defines challenging technology goals for Generation IV 

nuclear energy systems in four areas: 

 sustainability,  

 economics,  

 safety and reliability, and 

 proliferation resistance and physical protection. 

 

identifies six systems  known as Generation IV to enhance 

the future role of nuclear energy; 

 

defines and plans the necessary R&D 
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Generation IV 

Because the capability of fast reactors to meet the sustainability goal and hence to re-position 

nuclear energy from the present transition-energy role into an inexhaustible source of clean energy 

  

 three out of the six systems selected by GIF (GFR, LFR and SFR) are fast reactors and 

 for two systems (MSR and SCWR) studies have been carried out recently to explore the 

possibility of them to become fast reactors.  

Generation IV Systems Acronym 

Gas-Cooled Fast Reactor GFR 

Lead-Cooled Fast Reactor LFR 

Molten Salt Reactor MSR 

Sodium-Cooled Fast Reactor SFR 

Supercritical Water-Cooled Reactor SCWR 

Very-High-Temperature Reactor VHTR 
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Lead cooled Fast Reactor 

For heavy liquid metal coolants (lead-bismuth alloy, lead) 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. 

 

The way to improve the NPP safety and economic performance is to implement 

reactor facilities with the lowest stored potential energy, where the inherent 

self-protection and passive safety properties are used to the maximal extent.  
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Lead cooled Fast Reactor 

Main advantages and main drawbacks of Lead 

Atomic 

mass 

Absorption 

cross- 

section 

Boiling 

Point  

(°C) 

Chemical 

Reactivity 

(w/Air and 

Water) 

Risk of 

Hydrogen 

formation 

Heat 

transfer 

properties 

Retention 

of fission 

products 

Density 

(Kg/m3) 

@400°C 

Melting 

Point 

(°C) 

 

Opacity Compatibility 

with 

structural 

materials 

 

207 

 

Low 

 

1737 

 

 

Inert 

 

No 

 

Good 

 

High 

 

10580 

10580 

 

327  

 

 

Yes 

 

 
Corrosive 
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Lead cooled Fast Reactor 

How lead coolant improves the reactor design?  

Lead is a low-moderating medium and has a low-absorption cross section 

 

 Fast neutron spectrum: operation as burner of MA and  improve resource utilization (Sustainability) 

 

 Long Life Core: unattractive route for Pu procurement (Proliferation resistance and physical protection) 

 

 Large fuel pin lattice (opened/closed): enhanced the passive safety (Safety and Reliability) 

Lead does not interact vigorously with air or water 

 

 Improve Simplicity and Compactness of the Plant  and reduce the risk of plant damage  (Economics) 

 

 Increase the protection against acts of terrorism (Proliferation resistance and physical protection) 
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Lead cooled Fast Reactor 

Lead has a high boiling temperature, high shielding capability and very low vapor pressure 

 

 Un-pressurized primary system (Safety and Reliability, Economics) 

 

 Enhancements in passive safety (Safety and Reliability) 

Lead has a high heat transfer, specific heat, and thermal expansion coefficients 

 

 Decay heat removal by natural circulation (Safety and Reliability) 

Lead has a density close to that of fuel, and retains fission products 

 

 Reduce the risk of re-criticality and vessel damage in the case of core melt (Safety and Reliability) 

 

 No need of off-site emergency response (Safety and Reliability) 

 

How lead coolant improves the reactor design?  
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Lead cooled Fast Reactor 

 

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: 
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 The industrial interest on LFR technology increased worldwide, thanks to the enhanced safety and 

sustainability performances, the potential for economic competitiveness and the unique flexibility in 

terms of plant size and potential applications.  

 

 In the European context, the attractive features of the LFR technology are being considered for the 

industrial deployment of a lead-cooled Small Modular Reactors (SMR), able to achieve commercial 

maturity in a short-term. It will offer a more advanced alternative to current generation reactors 

facing retirement between 2035-2040, while progressively achieving top-scoring performances in 

economics, safety, sustainability and proliferation resistance in line with the Generation-IV objectives. 

 

 The ALFRED Project is framed as a priority to address the challenges of the European Union energy 

policy. Italian industries, research centers and academia have invested in developing and promoting 

the Project. The ALFRED implementation in Romania will represent an opportunity for the Italian system 

and is worth support towards the decision makers and European level. 
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Advanced, since integrating innovation-

intensive solutions in nuclear technology 

Lead, because of its intrinsic properties as 

primary coolant to achieve superior safety 

Fast, for the full exploitation of fuel energy and 

the reduction of long-term radiotoxicity 

Reactor, as a representative training system for 

industry, utilities and safety authorities 

European, because conceived and developed 

by a pan-European collaboration of experts 

Demonstrator, to prove the viability LFR for a 

safe, clean, economic, and  sustainable 

nuclear energy source 

GEN‐IV LFR Development - Strategies & Perspectives  
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 Pool-type fast reactors have a 

strongly integrated Primary System.  

 Design criteria may look 

contradictory and trade-offs are 

typically necessary.  

 A design solution is not the best one 

«per se», but the best integrated in 

the design. 

Relatively low 

power (300 MWth) 

Compact design 
Removable components 

Proven technologies 

Molten lead as coolant 
Excellent intrinsic properties. 

Manageable negative properties 

Inner vessel 
Enclosing hot pool 

Simple flow path 

Efficient natural circulation 

GEN‐IV LFR Development - Strategies & Perspectives  
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ALFRED Conceptual Design 
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Framework Agreement (AdP)  
between the Italian Ministry for Economic Development (MiSE) and ENEA. 
 
 Project B.3.1  Nuclear Fission 

 LP2 “International Collaboration on Gen-IV Nuclear Systems” 

 Design and Safety Analysis 

 Structural Materials and Coolant Chemistry  

 Thermalfluidynamic & Innovative Components  
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Structural 

Material 
Coolant and 

Cover Gas 

Chemistry 

Thermal 

Hydraulics 

Reactor 

Components 

Instrumentation 

Fuel/Advanced 

Fuel 

Neutronics 
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Towards Lead-cooled Fast Reactors 
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DEMO  

is needed! 

ALFRED 

GEN‐IV LFR Development - Strategies & Perspectives  
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European Scenario 

SNETP  Sustainable Nuclear Energy Technological Platform 

To ensure the long-term sustainability of nuclear energy, Gen IV Fast Neutron Reactors should be available 

for deployment by 2040 or even earlier. Therefore an ambitious yet realistic R&D and demonstration 

programme is to be put in place. 

 

ESNII  European Sustainable Nuclear Industrial Initiative 

ESNII addresses the need for demonstration of Generation IV Fast Neutron Reactor technologies, together 

with supporting research infrastructures, fuel facilities and R&D work.  

 

SRIA  Strategic Research and Innovative Agenda (2013) 

The main objective of Europe is to maintain the leadership in fast spectrum reactor technologies that will 

excel in safety and will be able to achieve a more sustainable development of nuclear  energy. 

“……Lead Fast Reactor technology has significantly extended its technological base and can be 

considered as the shorter-term alternative technology (to SFR), whereas the Gas Fast reactor 

technology has to be considered as a longer-term alternative option. 
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• FALCON Consortium Agreement established 
in 2013 to bring LFR technology to industrial 
maturity. 

• Infrastructures in Mioveni platform: 

– European “Lead School” for E&T and 
dissemination services, 

– CoE on HLM equipped with unique 
facilities, 

– ALFRED playing the role of ETDR of the 
LFR technology 

• New members sharing the objective of a 
rapid deployment of an LFR demonstrator, 
interested in the R&D supporting 
infrastructure and in the ALFRED industrial 
outcomes are welcome to join. 
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FALCON Consortium 
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• The Romanian Minister of Economy, Trade and 

Business Environment expressed in 2011 the 

interest in hosting ALFRED and in supporting the 

implementation of the demonstrator. 

• Taking advantage of the expertise of ICN as national 

nuclear research organization, the Mioveni nuclear 

platform was selected, in the Sud Muntenia region. 

• The choice opens to Romania the possibility to 

become the focal point in the LFR technology in 

Europe. 

• On July 15, 2015 as a consequence of the final 

consultation of Smart Specialization Strategy of 

Romania 3 region, ALFRED was included in High 

technology Industry smart specialization of the 

region. 

 

An opportunity for 

Sud Muntenia in Romania 

GEN‐IV LFR Development - Strategies & Perspectives  
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FALCON Consortium (July 2017) 

42 

• Prime Minister, Minister of Research and Innovation, State Secretary of the Ministry 

of Energy declared the government's firm commitment to support the Romanian 

research in developing civilian nuclear technology. 

• ALFRED was confirmed to be considered a strategic research infrastructure to 

accelerate the development and use of LFR technologies, thus requiring the 

coordination of national research efforts and the project financing support, with the 

objective of developing the first fast reactor within the end of the next decade.  

• Political support appreciated by DG-RTD Commissioner at the Conference. 

• Partnership for Research and Education for Advanced Nuclear Systems (CESINA) 

and the Romanian Atomic Forum Association (ROMATOM). 

• Side events involving FALCON: 

– Panel discussion between FALCON and ROMATOM. 

– Technical meeting with CNCAN about the licensing process and next steps. 

GEN‐IV LFR Development - Strategies & Perspectives  
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FALCON Consortium 
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Relying on 45 years successful nuclear power program in Romania 

GEN‐IV LFR Development - Strategies & Perspectives  
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FALCON Consortium 
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Multi-annual 

Funding 

Scheme 
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FALCON Consortium 

Exploiting Potential Synergies in Funds 
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Nuclear will play still an important roles in the next years. 

 

Nuclear energy technology is among the most reliable and safer technologies.  

 Nevertheless a in improvement is required about: 
Safety 

Waste 

Economy 

 

Gen-IV reactors have been conceived to match these goals. Among the others, 

Lead cooled Fast Reactors seems to be the most promising! (but R&D needs are 

not negligible…) 

 

In this context the Italian contribution is significant worldwide. ENEA and its 

industrial partners led the technology development. 

 

International Context is positive (everyday more!!) 

Final Remarks 
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