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Abstract: Lead Fast Reactor is one of Generation IV technologies recommended 
by GIF and European Strategies (SNETP Strategic Agenda, SET Plan) to be developed 
in the future in order to achieve a better sustainability of nuclear power. An important 
step of this effort consists of the implementation of  ALFRED (Advanced Lead Fast 
Reactor European Demonstrator). It is a 125MWe lead cooled fast reactor 
demonstrator, connected to the grid, with a target date for  operation start-up in 2028. 
The reference site was nominated as Mioveni nuclear platform, the location of RATEN-
Institute for Nuclear Research. The paper discuss the potential of LFR in the future 
energy market. Some important characteristics are important: load following 
capabilities in a market with large penetration of variable renewables, drastical 
decrease of the amount of radioactive wastes and their radiotoxicity, improved safety, 
reduction of emergency preparedness zone, enhancing the proliferation resistance, heat 
market, non-electric applications of nuclear, including H2, transport, cost reductions by 
standardization and modularization, regulations, safety and environmental. The paper 
proofs that in some market conditions introduced by large share of variable renewable 
the nuclear hydrogen production offers good performances for load following. The use 
of wasted heat is a great reserve and can be capitalised in the conditions of the New 
Member states of Europe Union.   
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Rezumat: Tehnologia reactoarelor cu neutroni rapizi răciți cu plumb (LFR) 

este una dintre tehnologiile viitorului, recomadată la nivel global de GIF, iar la nivel 
european de către agenda strategică a SNETP și de către SET Plan. Dezvoltarea este 
orientată către o sustenabilitate îmbunatațită a energiei nucleare. Un pas important 
în dezvoltarea LFR constă în realizarea reactorului de demonstrație ALFRED. Acesta 
va avea o putere electrică de 125 MWe și va fi conectat la rețeaua națională de 
electricitate. Intrarea în operare este prevazută pentru anul 2028. Amplasamentul de 
referință este platforma nucleară Mioveni, pe aceași locație cu Institutul de Cercetări 
Nucleare, RATEN ICN. 

Lucrarea analizează potențialul tehnologiei LFR în contextul viitoarelor piețe 
de energie. Câteva caracteristici ale dezvoltării LFR sunt cruciale pentru viitor: 
flexibilitatea în operare într-o piață cu pondere ridicată a regenerabilelor cu 
producție intermitentă, scăderea drastică a cantității de deșeuri radioactive generate 
și a radiotoxicității asociate,  securitate operațională îmbunatățită, reducerea 
drastică a zonei de intervenție la urgență, întărirea rezistenței la proliferare, aplicații 
pe piața de energie termică, potențialul de operare în cogenerare, producerea de 
hidrogen pentru decarbonarea transportului, reducerea de costuri prin standardizare 
și modularizare, reducerea impactului asupra mediului în operare normală, precum 
și în situații accidentale.   

Lucrarea arată că, în anumite condiții ale pieței caracterizate de o pondere 
mare a regenerabilelor cu producție intermitentă, o abordare coordonată a 
dezvoltării sinergice nuclear-regenerabile-hidrogen oferă performanțe de flexibilitate 
și eficiență economică crescute. Pe de altă parte utilizarea căldurii uzual evacuate în 
mediu reprezintă o rezervă apreciabilă de creștere a performanțelor economice, în 
special pentru noile state membre din UE unde infrastructura de încălzire urbană este 
construită și, în multe orase, încă funcțională. 

 
Cuvinte cheie: Energetica nucleară, Generație IV, reactori rapizi răciți cu plumb, 
piața energetică  
 

1. Introduction  
 
Among the promising fast reactor technologies Lead Fast Reactor (LFR) 

has been identified as a route with great potential to meet the goals of increased 
safety, improved economics for electricity production, reduced nuclear wastes for 
disposal, and increased proliferation resistance.  

 
In Europe, the European Commission organized the Sustainable Nuclear 

Energy Technology Platform (SNETP) that, through its Strategic Research and 
Innovation Agenda [1] promoted the development of fast reactors with closed fuel 
cycle. The Roadmap proposed by the European Sustainable Nuclear Industrial 
Initiative (ESNII), includes the lead-cooled fast reactor as an alternative technology 
to be developed in parallel with the sodium-cooled fast reactor. 

The LFR is based on a closed fuel cycle for efficient conversion of fertile 
uranium and management of actinides (enhanced sustainability), the inert nature of 
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the coolant provides important design simplification (improved economics) and 
allows for designing decay heat removal systems based on well-known light water 
technology and passive features (increased safety). Moreover, the reference LFR 
fuel (MOX) constitutes a very unattractive route for diversion or theft of weapons-
usable materials and provides increased physical protection against acts of terrorism 
(Non-proliferation and Physical Protection). 

The LEADER project [2] incorporates the vision emerged from SNETP, as 
well as the main goals of ESNII, and succeed at the end of the project (2013) to 
develop the conceptual design for ELFR (European Lead Fast Reactor) industrial 
size plant and, also, for a scaled demonstrator of the LFR technology – ALFRED 
(Advanced Lead Fast Reactor European Demonstrator). The project involved 17 
partners from Industry, research organizations and universities. The total effort was 
502 person-months over a period of 36 months.  

The main features of the core design and the effectiveness of the European 
LFR demonstrator are presented in [3, 4]. 

According with the European vision the experimental infrastructure in the 
New Member States should be enlarged in order to balance the differences between 
different countries. For this reason the construction of LFR and GFR demonstrators 
is foreseen to be in Central and East-European countries [5].  

In the current conditions of the constraints imposed by the 20C scenario 
nuclear power is a powerful pillar for climate change prevention/mitigation. 
Nuclear and renewables (RES) are the alternatives with zero CO2 emissions. The 
paper discuss the synergies between nuclear and RES in the context of future 
energy markets. One of the difficulty is induced by the tendency to increase as 
much as possible the RES (especially the variable RES, represented by photovoltaic 
(PV) and wind (W)) and the difficulties of nuclear to be operate in load following 
conditions. The paper propose some possible solutions in the context of LFR 
technology development. On the other hand the economic impact of possible use of 
heat, non-electric applications of nuclear (including H2), and cost reductions by 
standardization and modularization are introduced. Also the technical aspects of 
LFR such as the decrease of the amount of radioactive wastes and their 
radiotoxicity, improved safety, reduction of emergency preparedness zone, 
enhancing the proliferation resistance are discussed. 
 

2. New energy markets  
 
In the present market the nuclear energy is on the first place (18,3%)  

among the alternatives with zero carbon emissions (the second is the hydro with 
13.5%). At global level, the most important competition is with the natural gas, 
especially due to the new capacities based on shale gas, but the cost of the de-



 Lead fast reactor technology and Alfred demonstrator development in the context of future markets  47 

 

carbonization introduces some advantages for nuclear. On the other hand, the 
nuclear power has an important advantage in terms of security of supply. 

The difficulties introduced by the continuous increase of the world average 
temperature have introduced urgent actions to limit the variation at 20C until 2050. 
In this action the renewable energies and the nuclear power play an important role 
by their almost zero CO2 emissions. In the last decades in many countries, 
especially in Europe Union member states, an amazing development of the 
renewable (RES) occurred, boosted by the variable RES (vRES) represented by 
photovoltaic (PV) and wind (W) systems. A large share of the RES in the energy 
mix creates some difficulties in the market especially in load following 
characteristics, imposing a greater number of peaking units and a greater capacity 
for load following.  

Wind energy is extremely variable and the present prediction capacity in 
wind production is very limited. The PV are better predicted and shows a daily and 
seasonable variation that can be considered in energy planning. 

On the other hand nuclear has limited capabilities for load following. The 
reduction of the power to a certain demand may be achieved by appropriate 
adjustment of the neutron flux (for example by grey rods) or by variation of the 
coolant velocity, or by variation of the moderator’s level. The usual reduction is at a 
level of 50% of nominal power, in some special cases to 20%. The increase rate of 
the power is limited in order to follow the dynamics constraints and to protect the 
materials to different stresses. There are some requirements for load following 
(EUR=European Utilities’ Requirements) applicable to the existing LWR design; 
(1) continuous operation between 50% and 100%, (2) compulsory design to ensure 
a low power operation ~20%, (3) rate of change of 3% of Pr/min, (4) maximum no 
of changes: 2/day, 5/week, 200/year, (5) special units (participating in emergency 
load variations) has a  rate 20% Pr/min.  

A high share of nuclear in the energy mix (like in France, Belgium, 
Slovakia) imposes the need for load following. In other case, for example Germany, 
the large share of RES (introducing large variability of the energy productions) 
introduces the need for nuclear flexible operation. The most important example for 
load following is the case of France with a daily total variation of 5-10%. It should 
be noted for some periods the variation can exceed 20%. The ramps used are 1-5% 
P/min, starting from the 50% level of power. Some plants are operated in special 
modes (18 h at rated power, 6h at low power). 

In case of new energy markets a deep penetration of RES will produce 
effects in economics for the nuclear power plants (NPP). Low or negative 
electricity spot market prices induced by the vRES may lead to financial losses for 
nuclear power. At the same time the intermittency will create pressure on load 
following and consequently a stringent need of more peaking units. 



48 M. Constantin,  I. Turcu, C. Paunoiu, Al. Toma, D. Diaconu, M. Apostol, M. Nitoi, D. Gugiu 

 

On the other hand, these penalties will impact the performances of the 
nuclear power and introduce in the debate the need for a reduction of the costs 
(investment, operation and maintenance, fuel) in order to successfully compete 
with the other energy alternatives. In the same direction the increase of the 
economic efficiency can be based on co-generation and the use of nuclear for 
non-electrical applications including desalination and hydrogen production in 
order to decarbonize the transport and industrial chemistry based on hydrogen.  

In Romania the nuclear energy is a stable component of the energy mix and 
a significant contributor to the de-carbonization of the economy. Nuclear power is 
used in base load mode, at a high capacity factor (due to the quasi continuous 
refueling and reduced outage periods). At the same time a great development of the 
RES occurred based on investment incentives, green certificates for production, 
priority to the consumption. This development has introduced some difficulties 
created by the intermittency of around 12% of the electricity production, including 
the impact of  a high cost of transport due to the lack of modernization of the grid 
and the localization of the important resources (nuclear, hydro, RES) in the south 
part of the country. A new investments in grids and networks would be needed to 
support such increase in the intermittent capacity, with new peaking generation 
added to existing infrastructure. 
   

3. LFR technology 
 
LFR technology was started, in early 60s, with lead-bismuth cooled fast 

reactors in Russia, especially for submarine propulsion. The fast spectrum 
introduces the advantage of converting the fertile isotope U238 into fissile 
Plutonium with an important effect on the optimal use of the Uranium resources. 
After 2000 based on the recommendation of GIF and current progress in fast 
reactor technologies, the strategic documents of the EU shows a clear orientation to 
the development of three Generation IV systems: (1) Sodium Fast Reactors (SFR), 
(2) Lead Fast Reactors (LFR), (3) Gas Fast Reactors (GFR). 

The LFR development is based on gradual and progressive steps to reach 
the maturity [6]: (1) identification of main issues related to the technology, (2) the 
construction and exploitation of small scale to large scale experimental facilities 
to offer optimal solutions for the open issues, (3) perform irradiation tests, 
develop the fuel and the materials, (4) implementation of the demonstrator, (5) 
develop the prototype, (6) development of the FOAK, (7) commercial fleet 
development. 

Based on a large collaboration of RDI organization in the frame of ELSY 
and LEADER projects a conceptual design for a 600 MWe LFR system and for its 
demonstrator (ALFRED) was developed. More than other 10 projects (FP6, FP7, 
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and H2020) supported RDI and technological development for LFR. Romania, by 
RATEN ICN, contributed to these efforts as a valuable partner in the majority of 
these projects. ALFRED is a 300 MWth reactor addressing the concerns on safety, 
economics and sustainability of LFR technology. At the same time ALFRED is also 
a crucial component of a pan-European Distributed Research Infrastructure based 
on 4 nodes (one in Brassimone-Italy, and Rez-Czech republic, and two nodes in 
Mioveni-Romania consisting in the licensing supporting infrastructure and 
ALFRED itself). 

On this basis, and after the consultation of the main organization acting in 
the nuclear field, in February 2011, Romanian Government approved the 
Memorandum 2025/2011, "Romanian option to host ALFRED demonstrator", 
initiated by Ministry of Economy, Trade and Business Environment. The document 
declares the availability of Romania to host ALFRED demonstrator and nominates  
Institute for Nuclear Research (INR) to initiate the preparatory actions at 
international level for ALFRED consortium construction. 

In February 2012 a MoU (Memorandum of Understanding) was signed by 
Ansaldo Nucleare, ENEA, and INR in order to prepare the future ALFRED 
consortium.  MoU considers Romania as the reference option for the siting and 
acted to the construction of an international consortium for ALFRED 
implementation in Romania.  

In December 2013 the consortium agreement for co-operation on the 
development of the Lead-Cooled Fast Reactor Demonstrator, named FALCON was 
signed by the three entities that signed MoU before. In 2014 CVR (Czech Republic) 
has joined the consortium. 

Related to the location of ALFRED a reference option for the siting is 
considered consisting of the nuclear platform Mioveni, near Pitesti. The site 
benefits of the: electrical supply, including 110 kV electrical station; water supply; 
demineralized water; waste water treatment plant; radioactive waste facilities; fire 
brigade; heating plant; natural gas supply; physical protection; access road to 
transport large equipment; already investigated field (e.g. earthquake 
characterization). The site may benefit for the existing infrastructure, proximity of 
the INR departments, availability of the existing personnel for different activities. 
The choice will avoid some expenses with services and construction of buildings 
for these services.   

The Roadmap of ALFRED demonstrator implementation is structured into 
4 phases: (1) Viability (to investigate the feasibility, until 2018), (2) Preparatory (to 
perform siting, licensing, technical design, etc.) (2019-2023), (3) Construction 
(2023-2028), (4) Operation (after 2028). The Viability phase will be finalized by 
the release of Feasibility Study. 

The main parameters of ALFRED are presented in Table 1. 
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Table 1. ALFRED – Main parameters 

 
Items ALFRED Options 
Thermal Power (MWth) 300 
Electrical Power (MWe) 125 
Primary Coolant Pure Lead 
Primary System Pool type, Compact 
Primary Coolant Circulation:  Normal operation 

Emergency conditions 
Forced 
Natural 

Allowed maximum Lead velocity (m/s) 2 
Core Inlet Temperature (°C) 400 
Steam Generator Inlet Temperature (°C) 480 
Secondary Coolant Cycle Water-Superheated Steam 
Feed-water Temperature (°C) 335 
Steam Pressure (MPa) 18 
Secondary system efficiency (%) 40 
Maximum Structural material neutron Damage (dpa) 2 
Fuel type MOX (max Pu enr. 30%) 
Maximum discharged burn-up (MWd/kg-HM) 90÷100 
Maximum Clad Neutron Damage (dpa) 100 
Maximum Clad Temperature in Normal Operation (°C) 550 

 
The configuration of the ALFRED primary system is pool-type. It 

eliminates all problems related to out-of vessel circulation of the primary coolant. A 
simple flow path of the primary coolant with a Riser, Pump, Steam Generator, and 
a Downcomer is present allowing also an efficient natural circulation of the coolant.  
The Reactor Vessel is cylindrical with a toro-spherical bottom head. It is anchored 
to the reactor cavity from the top, by means of a vessel support (Figure 1). 

 

 
 

Figure 1. ALFRED 3-D Sketch and Reactor Block Vertical Sections 
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A steel layer covering the reactor pit, constitutes the Safety Vessel. The 
dimensions of gap between the safety vessel and the reactor vessel are sufficient for 
the In-service Inspection tools. The safety vessel is cooled by the same system that 
cools the concrete of cavity walls. This system is inserted inside the concrete and is 
independent from the reactor cooling systems. This design solution mitigates the 
consequences of through-wall cracks with leakage of lead: any reactor vessel 
leakage is discharged into the safety vessel. 

The adopted core configuration of ALFRED [4] is constituted by wrapped 
Hexagonal Fuel Assemblies. The fuel is MOX type with hollow pellets and a low 
active height in order to improve the natural circulation.  The core (Fig. 2) consist 
of 171 Fuel Assemblies (FAs), 12 CR (Control Rods) and 4 SR (Safety Rods), 
surrounded by 108 Dummy Elements (ZrO2-Y2O3) shielding the Inner Vessel [7].  

 

 
 

Figure 2. ALFRED core configuration 
 

ALFRED is equipped with two diverse, redundant and separate shutdown 
systems: (1) Control Rod (CR) system, used for both normal control of the reactor 
(start-up, reactivity control during the fuel cycle and shutdown) and for SCRAM in 
case of emergency; (2) Safety Rod (SR) system, is the redundant and diversified 
complement to the control rods for SCRAM only.  For both systems the materials 
considered are B4C enriched in 10B at 90% as absorber, T91 for the guide tube, 15-
15 Ti for the clad and  ZrO2 (95%) - Y2O3 (5%) for the insulator and reflector [7]. 
The CRs are extracted downward and rise up by buoyancy in case of SCRAM. The 
structure of CR consists of a 19 pins absorber bundle, cooled by the primary 
coolant flow. These pins are fitted with a gas plenum collecting the Helium and 
Tritium, produced by nuclear reaction of B10. 

The absorber bundle for SR stays in the primary coolant. The rod is 
extracted upward and inserted downward against the buoyancy force. The absorber 
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gets inserted by the actuation of a pneumatic system. In case of loss of this system, 
a tungsten ballast will force the absorber down by gravity in a slow insertion. 

The steam generator (SG) and primary pump (PP) are integrated into a 
single vertical unit. Each SG consists of a bundle of 542 bayonet tubes immersed in 
the lead vessel pool for six meters of their length. Eight SG/PP units are located in 
the annular space between the cylindrical inner vessel and the reactor vessel wall. 
The primary pump is placed in the hot side of the steam generator, having its 
mechanical suction in the hot pool inside the inner vessel. The primary coolant 
moves upward through the pump impeller to the vertical shaft, then enters the SG 
through the lead inlet holes, flows downwards on the shell and exits the steam 
generator. The pump motor is located above the reactor roof.  

The Decay Heat Removal system (DHR) consists of two passive, redundant 
and independent systems, DHR1 and DHR 2, both composed of four Isolation 
Condenser systems (ICs) connected to four Steam Generators (SGs) secondary side 
(i.e. one IC for each SG).  

The Secondary system proposed for ALFRED is based on a dual turbine 
configuration with three extractions in the HP turbine and three more in the LP 
turbine, with an axial outlet.  

An auxiliary lead heating system is added. This system would work when 
the power cycle is not in operation, in order to ensure the minimum temperature of 
the lead by transmitting heat from the secondary system if it is needed.  
 

4. LFR estimated performances in the new energy markets  
 

The LFR technology development will definitely contribute to the 
improvement of sustainability of the nuclear development. A reduction of the total 
amount of radioactive wastes and their radio-toxicity at 1/10 of the present NPP is 
expected. This feature offers important reduction in the costs of the investment and 
operation of the disposals.  

At the same time two important aspects form the point of view of the 
optimal use of resources can be discussed: (1) the possibility to burn the existing 
stocks of Plutonium (produced in the past for military purpose), (2) the use of U238 
isotope to produce fissile isotopes. The second option will extend the actual 
Uranium reserves with more than 1000 years. The first option is a valuable path to 
reduce the costs for storing a critical material. 

Due to the properties of the lead (it does not react with water or air, it has a 
high boiling point, it has a higher density than the oxide fuel, it is compatible with 
existing cladding materials such as 15-15/Ti and T91) some intrinsic safety features 
are present. The phenomenology does not involve paths to the severe accident 
initiations. The presence of passive systems to intervene in case of some transients is 
very important and enough large grace times are available for the action of the 
operators. There is no need for core catcher due to the fact the core melt is eliminated 
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by design. Also there is no risk of re-criticality in case of core damage due to the 
floating of the fuel elements in the lead coolant. There are large margins in terms of 
core voiding by a very improbable vaporization of the lead. On the other hand, lead is 
a low moderating medium and has low absorption cross-section leading to a hard 
neutron fast spectrum. 

However some issues are introduced by LFR technology in terms of the 
resistance of the materials and coatings to the corrosion and erosion produced by a 
high density coolant, control of the oxygen content to minimize the effect of 
corrosion, seismic risks, lead freezing in case of accidental extraction of additional 
heat from the coolant, possible flow blockage due to deposition of corrosion/erosion 
products. All these aspects are treated as open issues by RDI activities and solutions 
are expected in the next years, including at industrial scale level. 

Some important questions are raised in the context of new energy markets: 
(1) are the innovative systems able to compete with the most performing 
alternatives of energy production? (2) are the new systems able to drastically reduce 
the present difficulties of nuclear power? (3) are the new systems more adaptable to 
the exigencies of the new grids and future societies? 

Some elements are approached in the current section. In terms of the 
expected improved performances, the reduction of the amount and radiotoxicity of 
radioactive wastes, reduction of the emergency planning zone, elimination by design 
of severe accidents, more efficient use fuel resources, and enhanced proliferation 
resistance are important aspects. 

In term of economics it is expected a reduction of the costs based on 
standardization, simplification in design, and the general features of Small Modular 
Reactor (SMR). A secondary objective of ALFRED implementation is to 
demonstrate LFR capability to produce a SMR.  Important efforts were devoted to the 
conceptual development of LFR SMR. 

From the point of view of energy mix the new systems should be able to 
perform load following, rather than work predominantly in the base load regime. 
ALFRED is a fast system that is no restricted to re-start by the poisoning effect. On 
the other hand the materials and developed coatings are intended to cover a large 
temperature range as a basis for a good behavior at variations of the power level.  

The route of the development of ALFRED and LFR technology towards 
the SMR deployment offers important advantages in terms of the flexibility due to 
the number of units and improved load following capabilities. This paper will not 
approach this obvious feature and it will be focused on load following based on H2 
production. 

One of the most important features is derived from the coolant temperature 
(around 5000C) and possibilities to use the usual lost heat (around 60% of the total 
power) as a resource for hydrogen production. Usually the High Temperature 
Splitting Electrolysis (HTSE) of water are optimal at 800-10000C, but some 
important progress was announced by AREVA, with HTSE at 5000C.   
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Two options are possible for load following by using H2 production: (1) 
produce H2, inject it into gas grid (power to gas) and use combustion turbines to 
reconvert into electricity, (2) produce H2 and sell it on the market for industry and 
transport.  

In the first option the intention is to produce hydrogen in the period imposed 
by the grid to reduce the nuclear power level, and later to use the period of peaks to 
produce electricity and sell it at a greater price [8]. Taking into consideration the 
global efficiency of this process ( 	40%	 	45%) a very simple primary 
conditions between averaged low and high spot prices can be derived:  

	
      (C1) 

  On the other hand if the investment, operation and maintenance costs are 
considered the condition should be reformulated as: 

           (C2) 

Where  includes construction and investment, 

operation and maintenance and other additional costs,  is the total (equivalent at 
nominal power) number of hours of use of the electrolyser during its whole 
lifetime. 

The condition (C1) can be rewritten as: 	2.2 ∗  if we consider 
the actual global conversion efficiency. On the other hand considering an 
investment price for electrolyser of 0.8-1.0 mil Euro/MW, a lifetime of 20 years, a 
discount rate of 7%, running costs at 5Euro/MWh, and a number of working hours 
for the electrolyser of 2000 h/year the condition (C2) may be written as: 
	2.2 ∗ 25 (euro/MWh). The condition is more drastically if the number of 
annual working hours of the eletrolyser is reduced to 1000 h, or to 500 h (
	2.2 ∗ 85). This parameter is a critical one and the normal way to increase 
the hours for the electrolyser is to couple it with vRES in order to smooth the 
produced peaks. 

Considering the large variability of price introduced by a large share of 
vRES in the grid it is possible to reach periods with very low or even negative spot 
prices (quite frequent in case of Germany). In Romania at 30th November 2017 (the 
windiest day) the average spot prices was reduced at around 10 Euro/MWh, 
compared with higher usual spot prices around 60 Euro/MWh. In such conditions 
there is enough room to compete on the load following market with the classical 
gas units used for peaking in the most countries with high share of vRES. For 
Romania this case may be a realistic approach if the RES targets for 2030 will be 
achieved. 

Considering the second option (sell the H2 on existing market) it should be 
noted the price of 1 kg H2 (US market) is between 3 and 10 USD. The global 
efficiency of the process may be converted in the production of H2 per MWh that is 
estimated, based on the literature parameters, at 17.96 Kg/MWh. By using the same 
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values of C&I, O&M costs, lifetime, discount rate etc. for number of working hours 
for the electrolyser of 2000 h/year the price of produced H2 is estimated at 3.5 
Euro/Kg. For a reduced functioning at 1000 h/y the price will be 4.9 Euro/Kg, and 
for 500 h/y the price becomes 7.5 Euro/Kg. Even in the last cases the price is 
competitive on the existing markets. It should be noted that all the estimations did 
not considered the value of de-carbonization by H2 production. In such case the 
performances of nuclear load following by H2 production are better. 

However the cost of investment is high and on short term it is not expected 
a high appetite of the investors for electrolysis, except in case of implementation of 
policies with high penalties for CO2 emissions. Due to this fact, a public funds 
support for the development of the H2 infrastructure will be beneficial. After that, 
an efficient business for the de-carbonization of transport and de-carbonization of 
H2 production (used massively for ammonia industry by classical approach of 
steam reforming of the methane) may be developed.  

ALFRED and LFR has good characteristics to go further in a modern era of 
nuclear power. At the same time its flexibility is great based on modular approach 
and range of temperature able to implement an efficient H2 production.   

Finally it should be noted a great reserve for economic performance for 
LFR modular reactors consists of the use the wasted heat. Around 30% of the 60% 
wasted energy can be easily used for district heating or for industrial heat processes. 
 

5. Conclusions 
 

(C1) Romania expressed the availability to host ALFRED demonstrator. 
An international consortium was built in December 2013 by RATEN ICN, Ansaldo 
and ENEA considering Romania as the reference option for siting.  CVR (Czech 
Republic) has joined the FALCON consortium in 2014. The Consortium acted to 
analyze the feasibility of the implementation, to pave the way for the preparatory 
activities, and to identify and capture the implementation resources. 

(C2) The central objective of ALFRED implementation is to demonstrate 
the technical and economic viability of LFR technology towards the FOAK stage 
and commercial deployment, after 2050. A second objective is important from the 
point of view of the energy market reconfiguration: to demonstrate ALFRED 
capabilities to develop a SMR design. 

(C3) In the context of the future energy markets due to the de-carbonization 
policies it is expected a more robust role of nuclear power. At the same time, 
nuclear will compete with a large development of RES and should offer important 
advantages (beyond the security of supply) from the point of view of economics.  

(C4)  New nuclear systems may be developed to offer more flexibility in 
the grids where some difficulties introduced by large share of renewables, 
especially more needs for peaking units, are present. Nuclear can contribute to the 
development of a sustainable hydrogen economy (clean, competitive, and based on 
water) and it can reduce the emissions due to peaking units based on coal/gas/oil. 
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(C5) On the other hand, the LFR offer more versatility by heat and electricity 
to drive different hydrogen production processes. It is clear than more deeply 
economic analysis are necessary to take into consideration the diverse aspects of the 
markets and to proof the competitiveness. However, based on the simplified analysis 
in certain conditions of high penetration of RES, a profitable nuclear H2 production 
may appear. At the same time, at least in the current predicted conditions, a need for 
global/national support for H2 infrastructure development is obvious. 

(C6) Some synergies are identified between nuclear power and vRES 
development: (1) common use of H2 infrastructure, (2) RDI for optimal use of the 
wasted heat in nuclear and concentrated PV, (3) digitalization to an optimal use of 
local grids and resources. 

(C7) District heating in EU New Member States remain an important 
reserve to improve the economic performances of the nuclear at may be revived 
based on the existing networks and the concentration of households in blocks of 
flats/quartiers. Such decisions will be based on a deeper analysis of the future 
energy market conditions. 
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