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1. Introduction 

Within the framework of Horizon 2020 (2014-2020) the European Commission states the need 

to develop an ambitious yet realistic roadmap which will ensure production of power from 

nuclear fusion by 2050. The map was published as EFDA1 document in the end of 2012. The key 

conclusions of that document include: 

• The key role of International Thermonuclear Experimental Reactor (ITER), under 

construction in France, in the program for the production of power from nuclear 

fusion, 

 Urgent need to build 14 MeV neutron source, to be used in research of new materials   

• Design of DEMO thermonuclear reactor (ITER’s successor) - the only stage towards 

commercial thermonuclear power plant.   

Roadmap to Fusion Energy defines the main objectives connected with the construction, start-

up and use of ITER and with creating the foundations for the construction of DEMO 

thermonuclear power plant. The latter point, to a significant degree, is linked with the necessity 

to conduct research of materials by using neutron source with parameters which are not 

available in existing research facilities. It was determined there is a necessity to build a 

dedicated neutron source within the next 8 years, without waiting for the completion of the 

delayed Japanese IFMIF facility (start-up expected by ca. 2025). According to EUROfusion 

plans, by the end of this year a specific proposal should be developed for selecting a suitable 

                                                           
1 EFDA, “Fusion Electricity; A roadmap to the realisation of fusion energy”, November 2012: 
https://www.euro-fusion.org/ 

 



2  

type of facility named as early neutron source (ENS); the entire process can be summarized in a 

few points: 

1. Necessity to build ENS infrastructure with international status. 

2. Initial location of Rokkasho (Japan), and additionally green-field location in Europe taken 

into account, which may be an opportunity for Poland. 

3. Cost of investment for green-field location ~340-378 M€ 

4. Construction during 2017 – 2021, commissioning and start of operation: 2022. 

5. Annual maintenance cost 55 M€ /y. 

 

2. Initiative of the Polish scientific communities 

Polish communities of researchers working in the areas of thermonuclear fusion as well as 

broadly understood novel materials and nuclear physics recognize significant benefits from the 

construction of early neutron source facility in Poland. 

Polish research community is represented by the Scientific and Industrial Consortium 

IFMIF/ELAMAT (IFMIF / European Laboratory for Advanced Materials Testing) led by Rzeszów 

Technical University. The aforementioned Consortium has initiated activities connected with the 

proposal to locate IFMIF/ELAMAT facility in Poland.  

The construction of major European research infrastructure in Poland will make it possible to 

conduct a wide spectrum of research, ranging from research of materials for the needs of 

thermonuclear fusion, through studies in nuclear physics to the development of advanced 

measurement methods and new acceleration techniques. Development of advanced 

measurement methods and tools will make it possible to develop new detection systems with 

electronics, offering significant capacities for data accumulation, processing and transmission. 

Another potential benefit is related to the consolidation and development of Polish scientific 

community as a result of cooperation within such facility and under the European research 

program for controlled thermonuclear fusion which is designed to lead to the construction of 

thermonuclear power plant. Located in Poland, European research facility will ensure our high 

ranking position within the global community conducting research of thermonuclear fusion, 

broadly understood research and materials engineering and in experimental nuclear physics. 

Polish research centers conduct extensive international cooperation in the field of nuclear fusion. 

Fusion research in Europe was carried out in the laboratories of the European Fusion 

Associations, through Associations in the EU Member States and now in the frame of European 

Consortium for the Development of Fusion Energy (EUROfusion). The activity covers the research 

in plasma physics and emerging technology; the collective use of the JET facility, training and 

career development of researchers. 
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Polish institutions have signed a number of bilateral agreements on research in the field of fusion 

research, e.g. Atomic Energy Commission CEA, France; The Max Planck Institute of Plasma Physics, 

and The Karlsruhe Institute of Technology, Germany; Institute of Plasma Physics ENEA, Italy; The 

National Academy of Sciences of Ukraine; National Research Centre "Kurchatov Institute", Russia; 

etc. 

IFMIF/ELAMAT, being the only large European research facility located in Poland, could be a 

part of infrastructure of ECOS (European Collaboration on Stable Ion Beams).  ECOS network 

operates under the European project FP7 ENSAR, whose Polish partners are Institute of Nuclear 

Physics at the Polish Academy of Sciences and SLCJ Heavy Ion Laboratory. 

The new European infrastructure, IFMIF/ELAMAT, located in the south-east part of Poland shall 

create conditions for cooperation not only within the major European and world leaders (research 

centers) research on thermonuclear fusion. It will also create the conditions for intensive 

development of research in this area for the neighboring countries, including Ukraine, Slovakia, 

Czech Republic, Romania and Hungary. 

 

2. Early Neutron Source 

2.1. Concepts for the realization 

In accordance with its design the IFMIF/ELAMAT will be equipped with Linac type accelerator for 

deuteron beam of energy 40 MeV, at the assumed ion current to 125 mA. The beam will be used 

for producing strong neutron fluxes generated during the stripping reaction on an adequately 

constructed liquid lithium target. The facility constructed this way will be a source of high-energy 

neutrons with significant proportion of 14 MeV neutrons. The laboratory is designed to 

investigate basic properties of materials exposed to strong neutron irradiation in conditions 

similar to those occurring in the process of nuclear fusion carried out in ITER and DEMO. 

The most promissing project is DONES (DEMO - Oriented Neutron Source, deuteron accelerator 

40 MeV/1x125 mA), lithium target, 20 dpa/fpy @ 70 cm3.  Green field site, cost: 378 M€. 

The main changes in comparison to the present IFMIF design can be summarized in the 

following items: 

• DONES only includes one full IFMIF accelerator; 

• DONES is exclusively designed for high flux irradiations of structural materials, as a 

consequence no medium flux area modules or low flux area modules are foreseen 

simplifying the auxiliaries systems linked to these modules and reducing the maintenance 

time; 

• No repetitive irradiation of samples is foreseen: the maximum dpa level is given by the 
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module lifetime (estimated in around 50 dpa), as a consequence no management of the 

irradiated modules, components and samples is required on-site, simplifying he RH 

operations and the Hot Cell needs and significantly reducing the required waste 

management; 

• Post-irradiation analysis of the irradiated materials will not be made on site, but it will be 

assured by collaborations with existing material research institutions (still to be identified). 

As a consequence all the IFMIF PIE area, including the building can be strongly simplified and 

thus the waste management is significantly releaxed; 

• On-site remote maintenance operations are reduced as much as possible. The reference 

approach is that the irradiated module should be introduced in a cask and transported to an 

existing external facility for handling. This will also simplify the Hot Cell needs and 

significantly reduce the required waste management;  

• The Li loop will manage only 5 MW of power, simplifying the requirement on the heat 

extraction systems; 

• The amount of activated radioactive materials in the Li loop will be significantly reduced, 

simplifying the purification system requirements. 

 

2.2. Interrelation with leading areas of research in Poland 

1. Research on thermonuclear fusion 

Research in this area has been conducted in Poland for over 40 years. The recent rapid increase 

in the scope of research is linked with EURATOM-IPPLM Association, which has been operating 

for 8 years (until 2013), under an Association Contract between IPPLM and Euratom Community 

of the EC. Starting in 2014, Poland participates in projects of Consortium EUROfusion. Polish 

strategic research project, entitled “Research and development of technologies for controlled 

thermonuclear fusion”, which was financed by the National Centre for Research and 

Development, has been conducted in 2011-2014; besides that a number of research projects of 

international importance have been initiated. Importantly, Poland (mainly: Institute of Nuclear 

Physics of the Polish Academy of Sciences and National Centre for Nuclear Research) significantly 

contributes to the construction of Stellarator W7-X in Germany. 

2. Advanced research focusing on properties of materials and structures, their production, 

functionalization and characterization   

Relevant examples include the Laboratory for Nanotechnology of Semiconductors and 

Semiconductor Structures (LaNSP) at the Faculty of Physics, University of Warsaw. This is a 

unique research facility of national importance where it is possible to generate 

semiconductors and semiconductor structures, also at nano scale, with non-standard 
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parameters. Cooperation with a facility owning a source of fast neutrons of very high intensity 

will make it possible to expand the scope of research focusing on the impact of radiation 

damage on functional properties of semiconductor structures and materials. The findings may 

be of great importance for selecting suitable technological solutions in the proximity of strong 

sources of neutrons. When they are identified, low sensitivity semiconductor systems may be 

used in designing measuring instruments for spacecrafts and in construction of experimental 

instruments operating in accelerators supplying high-intensity beams. 

Significant part of research instruments available at LaNSP was purchased from funds 

designated for projects listed in Polish Roadmap for Research Infrastructures, i.e. the Centre of 

Preclinical Research and Technology (CePT) and the Centre for Advanced Materials and 

Technologies (CEZAMAT), carried out under Operational Program – Innovative Economy. The 

aforementioned research capabilities are, naturally in the case of university, linked with the 

first, second and third cycle courses provided for students. Therefore, it is necessary to 

emphasize the significance of interdisciplinary courses conducted jointly with the Faculty of 

Chemistry at the University of Warsaw, i.e. “Nanostructure engineering” and “Nuclear power 

industry and chemistry”. The courses are increasingly popular among candidates applying to the 

university, despite the decline in Polish population in this age group.  

The above areas of research are consistent with the provisions of the National Research 

Program (KPB), approved by the Council of Ministers in August 2011, and defining the fields 

of long-term industry-oriented research and development, with strategic importance for our 

country. These are in particular connected with such priority R&D areas as: diseases of affluence, 

novel pharmaceuticals and regenerative medicine; advanced information, telecommunications 

and mechatronics technologies; and modern materials technologies. Related research is 

conducted by all scientific entities interested in the construction of IFMIF/ELAMAT in Poland. 

Similarly, the Research and Development Laboratory for Aerospace Materials at Rzeszów 

University of Technology is also interested in the opportunities for conducting research based on 

the new neutron source. The Laboratory conducts interdisciplinary research and teaching 

activities in the field of aerospace materials, creep resistant alloys and protective coatings. 

Additionally, research focuses on developing and obtaining novel materials and products with 

special resistance and functional properties for aviation, automotive, power and biomedical 

industry. The Laboratory cooperates with the Centre of Advanced Technology "AERONET - 

Aviation Valley" and the Centre for Advanced Materials and Technologies "CAMAT”. 

3. Research in nuclear physics  

High-intensity proton or deuteron beams as well as neutron fluxes may be used to investigate a 

number of essential issues in the area of nuclear physics.   

Many essential issues in contemporary nuclear physics remain unsolved; this is particularly true 

in the case of problems which require examination of exotic nuclei, distant from the relatively 
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well-known stable nuclei or those close to the stability pattern, which appear, e.g. in reactions 

of fission or spallation induced with protons or deuterons. During studies focusing on these 

isotopes it is necessary to measure extremely rare phenomena, which means very high-intensity 

beams are required. By identifying properties of such exotic nuclei we may expand our 

knowledge of both the basics of nuclear physics and the processes of formation of high mass 

elements in the universe and we can gain new insights into physics other than the Standard 

Model of elementary particles. 

Accelerator with such extreme parameters may also be used for researching transmutation of 

actinides and production of isotopes. 

 

3. Organizational issues and location of IFMIF/ELAMAT facility 

By general assumption, IFMIF/ELAMAT facility is designed as the so-called large-scale research 

infrastructure, available for conducting research, like in other facilities in the world (e.g. JET 

Tokamak in the UK). Because of this, the facility should be a separate, independent research 

entity, yet it should ensure strong and long-lasting cooperation with the centres currently 

existing in Poland. Importantly, it will be a nuclear installation, subject to supervision for nuclear 

safety, and therefore it will be met with strong objections from environmentalists.  On the other 

hand, because of its international nature, it will contribute to the region’s growth, for instance 

through the development of service/maintenance facilities, during its construction and 

operation. 

As a result, the location for such a facility should ensure the following 

conditions in terms of organization: 

1. Links with strong scientific and research centres operating in the same region, which 

will provide academic, research and technological resources. 

2. Significant involvement and approval of local authorities,  

and conditions in terms of location: 

1. Land comprising an area of at least 20 hectares, provided with adequate utilities. 

2. Suitable transport infrastructure (airport, access roads, access from airport – less than 

1 hour by car). 

3. Location which will not be met with opposition from the public (adequate distance 

from inhabited areas, not disturbing to the environment). 

Authorities of Rzeszów University of Technology, in agreement with and having approval of the 

Marshal of the Podkarpackie Voivodeship, propose a location for a new facility for IFMIF/ELAMAT 

within the territory of their voivodeship, approx. 15 km away from Rzeszów, between A4 
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Motorway and Rzeszów-Jasionka Airport. The authorities of the Podkarpackie Voivodeship 

undertake to comply with the requirements related to the organization and location of 

IFMIF/ELAMAT project. 

Additionally, IFMIF/ELAMAT project is consistent with issues investigated under research of 

materials, linked with works on 4th generation nuclear reactor, a project carried out under an 

agreement signed by the Visegrad Group. In the framework of this agreement Poland has 

committed to conduct research on the impact of high-intensity neutron fluxes on the properties 

of construction materials. 

Academic and research resources for IFMIF/ELAMAT facility at this location would be provided by 

Rzeszów University of Technology, as well as the scientific and academic centres with which it 

has been regularly cooperating. 

Proposed location of the infrastructure in East-Southern part of the Poland creates an attractive 

possibility to take a close co-operation with Ukraine and to take a concerted effort to build the 

IFMIF/ELAMAT in this part of Europe. 

 

Conclusions 

 Polish scientific communities, involved in studies focusing on priority research and 

development areas, such as: novel materials technologies, advanced information, 

telecommunications and mechatronics technologies; novel promising sources of energy, 

including research of thermonuclear fusion, have come up with a proposal for locating an 

international research facility in Poland: a neutron source dedicated to research of new 

materials, the so-called IFMIF/ELAMAT. 

 The proposal is related to involvement of Poland, as a host country for IFMIF/ELAMAT 

consisting of Linac type accelerator and liquid lithium target on which strong neutron fluxes 

will be generated. Technological conditions for completing such infrastructure are currently 

ensured by DONES project. 

 The “green field” location in the East-Southern Poland, Podkarpackie Voivodeship, 15 km from 

Rzeszów will be as easily accessible for research institutions from central Poland and the 

adjoining regions and will contribute to closer international cooperation within the Visegrad 

Group and with research centres in Ukraine, Romania, Hungary, Czech Republic and Slovakia.  

 

IFMIF/ELAMAT Consortium 
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