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Presenter
Presentation Notes
My name is Jan Malec and I’m a researcher at Jožef Stefan Institute. I’m going to talk about the need to build a new reactor in Slovenia.



Overview

■ TRIGA Mark II in Ljubljana

■ Motivation

■ Technology

■ Next steps

Presenter
Presentation Notes
I will start the preach by telling you about the profound effect the existing TRIGA reactor in Ljubljana had on Slovenia and tell you why we want to build a new reactor. I will describe some possibilities for reactor technology and conclude with next steps for the future.



Research 
reactor

■ Nuclear Institute Jožef Stefan -> Institute Jožef Stefan

■ Computer science, nuclear and reactor physics, nuclear medicine, reactor technology, 
nuclear chemistry, analytical chemistry

Development 
of science

Presenter
Presentation Notes
The research reactor had a huge effect on the development of science. Not just nuclear science, but computer science, nuclear and reactor physics, nuclear medicine, reactor technology, nuclear chemistry, analytical chemistry. The bottom left picture is a display of academic activities, on the middle photo we can see a room with early computers which came to Slovenia thanks to the nuclear reactor and on the right a laboratory for analysis of fission traces.




Some other achievements of TRIGA in 
Ljubljana

■ Isotope production in Yugoslavia

■ NEK support – reduce outage and fuel 
management costs (DMR43, CORD2)

■ Education and training of practically all 
Slovenian nuclear experts

■ Detector and radiation hardness 
testing for NATO, CEA

■ Reference laboratory for radiation 
hardness for CERN

Presenter
Presentation Notes
Thanks to the Triga reactor, researchers in Slovenia have produced numerous radioactive isotopes for medicine and the Industry, developed procedures and codes such as DMR43 and CORD2 that lead to decreased dependence on the plant manufacturer and reduced fuel management costs. Practically all Slovenian nuclear experts have at some point in their careers trained at JSI TRIGA. There have been many projects for research partners and industry, such as NATO and CEA where detector testing and radiation hardness testing has been performed. TRIGA is also a reference laboratory for radiation hardness for CERN.



Motivation for a new 
reactor – Research
■ Attract new generations of 

researchers

■ Nuclear physics and technology
interesting and relevant

■ Keep advancing research in the
next 60 years!

Presenter
Presentation Notes
The research must continue in the future. Research is the most important reason why we need a new research reactor. As a student, TRIGA reactor was what attracted me to join F8 and study nuclear physics and I am not the only one. A new reactor will make nuclear physics and technology interesting and relevant in Slovenia and allow the research to advance in the next 60 years. On the left you can see thermal flux of a fuel element.



Motivation – Research 2

■ Europe: 35 reactors in 
decommissioning, 2 reactors planned

■ The 2 reactors planned not flexible 
enough for education or wide range of 
experiments

■ Support for Myrrha, Jules Horowitz 
Reactor

■ Support for other big European projects

■ Complementaries with fusion

Presenter
Presentation Notes
Europe will need desperately research reactors in the future. According to IAEA database, 35 research reactors are in decommissioning at the moment and only two research reactors are planned in Europe and even these two reactors are not flexible enough for a wide range of experiments and education. A lot of advancements in reactor physics in technology have also helped fusion. Myrrha, Jules Horowitz and any other big European projects in the future will also require a smaller laboratory to carry out support projects.



Motivation – Industry 
and Healthcare support
■ Partners (CEA, Rolls-Royce, ..)

■ Support for NEK (staff AND research)

■ European NPP

■ Nuclear medicine

■ Agriculture

■ Environmental sciences

■ Neutron imaging

■ NEK2? (SLO net importer, rising demand)

Presenter
Presentation Notes
Existing partners like CEA an Rolls Royce are likely to continue to conduct experiments in Slovenia as well new partners. A new reactor will allow JSI to support NEK with staff as well as with research. Furthermore, it will support the ageing fleet of European NPP. Nuclear medicine will continue to rely on nuclear research, as well as Agriculcure, Environmental sicences. Neutron imaging is still important in many fields and last but not least, NEK2. Slovenia is a net importer of electricity in 2019. We get around 1/3 of electricity from NEK1, 1/3 from Fossil and 1/3 from the rest. Considering that before 2050, both NEK and all fossil plants will reach EOL and electricity consumption will increase due to economic growth and electrification of transport and heating makes it difficult to immagine a future without nuclear.



Motivation – Training and Education

Prof. Leon Cizelj: „Every nuclear physics student should at 
least touch a reactor“

Rosatom training program: 17 years for newcomer country 
to a powerplant

Presenter
Presentation Notes
Every pilot has to start on a small plane, before they are allowed to fly a big plane. Same way, we need to build a small reactor to practice for the big one. Not just to train operators, but to serve as a pilot for the entire NEK2 project. Slovenia has not built a nuclear power plant in the last 40 years so we need a pilot project for things like legislation, which is similar for small and big reactors.  If we get stuck somewhere, the financial impact will be much smaller when building a research reactor compared to a NPP. Something Prof. Cizelj told me last week: „Every nuclear physics student should at least touch a reactor“ and something to think about: Rosatom training program foresees 17 years for newcomer country to a powerplant. When you decide to build NPP, you are 20 years behind when starting from scratch!




Technology – reactor for research?

■ Reactor use case  design 
characteristics

■ Characteristics for research?
■ Flexible, easy to use, easy to 

operate, new technology, 
accessible core

■ Not all above are compatible
■ Small improvements or radically 

new technology?

Presenter
Presentation Notes
Now that we have established that Slovenia NEEDS a research reactor, we need to choose the technology. The design follows the use case, which is in our case primarily research. What kind of reactor is most suitable for research? Flexible, easy to use, easy to operate, accessible core, cutting edge technology are all desired, but not neccessarely compatible. Should we make small improvements or radically new technology?



Technology – A new light water reactor

■ Support ageing European nuclear fleet of PWR
- direct support AND research!,

■ Commercially available,
■ Easier to build and license than radical designs,
■ Possible features:

– A bigger pool
– Higher flux than current reactor
– Advanced diagnostics
– Exotic fuel (U-Al, U-Mo)
– Two reactors: zero power and high flux

Presenter
Presentation Notes
One possibility is to build a more modern light water reactor. This way we could directly support European PWR with research. LW reactors are commercially available and erasure to build and license than radical designs. A couple of possible new features would be a bigger pool that could host more or bigger experiments, a high flux reactor, advanced diagnostics, exotic fuel like U-Al or U-Mo. Another possibility is building a zero power reactor in addition to a high flux one.



Technology – GEN IV
■ Cutting edge 

research!

■ Myrrha, ASTRID, 
ALFRED support

■ Is Slovenia ready?

■ Simple enough for 
education?

Reactor 
with 

GEN IV 
features

Hydrogen

Neutrons (fast!)

Desalination

Electricity

Transmutation

Presenter
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On the other hand, LWR have been extensively researched. There is an option to adopt a reactor with GEN IV features to do cutting edge research. This way, we could support Myrrha, ASTRID and ALFRED and research numerous applications that address modern problems, such as Transmutation, Desalination, Hydrogen production. This option is more ambitious, so the question is: is Slovenia ready? We certainly are! Such reactor might not be as simple to operate as LWR, so this is something to keep in mind.



Technology –
GEN IV 
Considerations

• Some are more 
suitable 
for researchers

• Reprocessing
• Pressure
• Accessible/visible 

core
• Accelerator driven 

system?
• Dual fluid reactor?

Presenter
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These are the six reactor systems recognized by the GEN IV forum. Not all are equally suitable for a smaller laboratory, as we want to have an accessible core, something that is not under pressure and we probably can’t or don’t want to do reprocessing. The molten salt reactor are definitely interesting, because they don’t need to be pressurized and the salt can be transparent, especially in a dual fuel system, where the region containing fuel would be small. Accelerator driven system are also interesting for research.



Technology - SMR
■ Support transition to SMR?

■ SMR promise:
– Mass production  lower cost
– Delivery on site
– Lower initial investment

■ Closed SMR  Not for reactor 
core/neutronics research?

■ SMR mockup – like SMR but 
accessible core/irradiation channels

Presenter
Presentation Notes
One way to support the transition to small modular reactors would be adopting one ourselves. SMR promise lower cost, lower initial investment and delivery on-site. SMR are typically closed systems, which might not be ideal for core or neutronics research, but maybe we could adopt a SMR mockup with more accessible core and irradiation channels.



Technology – hybrid system
• Slovenia has:

• Land dense with rivers
• Highway
• Potential locations for research 

and power reactors
• Energy development center with:

• Hydroelectric power
• Solar, Wind
• Hydrogen production
• Storage
• District heating

• Connect nuclear, environmental 
sciences, energy, electric mobility, ..

Presenter
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Slovenia is densely populated with rivers, highways and has potential locations for both research and power reactors. The infrastructure could be utilized to develop an energy center, where a SMR would be connected in a hybrid system with Hydroelectric power, Solar, Wind, storage, hydrogen production and district heating. Such system would be unique and ideal for research in energetics, environmental sciencis, energy, electric mobility and others



Presenter
Presentation Notes
I wasn’t bluffing with the potential location for the RR. This is our research reactor and around it JSI has planty of space that can be used to build another.



72km

Presenter
Presentation Notes
If we zoom out, here are TRIGA reactor and ELES distribution (what?), a highway, and just an hour away by car NEK and the river Sava.



Potential 
stakeholders

Scientific 
organizations

• JSI – operating 
reactor, research

• Research partners 
(CEA, CERN, ..)

Training and Education
• Home universities

• Universities abroad (MIT, ..)
• Nuclear training center JSI (operator training)

• IAEA

Industry
• Existing TRIGA 

already has 
many partners

• Detector testing
• LED lighting, 

electronics

???

Presenter
Presentation Notes
Potenital stakeholders are all existing stakeholders, such as scientific organisations, JSI in Slovenia and institutes like CEA and CERN abroad, for training and education home and forein universities, MIT already had trainings at Triga reactor in Ljubljana, as well as Nuclear training center JSI. IAEA also conducts regular trainings at Triga. There are already many existing industrial partners that test detectors or radiation hard products. We should go to all other potential stakeholders and ask what their needs are.



What’s next

IAEA: Feasibility Study 
Preparation for New 
Research Reactor 
Programmes

Presenter
Presentation Notes
These are the recommended milestones from the „Feasibility Study for New Research Reactor Programmes“ by IEAE. The first step is „Possibility of a research reactor considered“.. This one is done! The next one is Justification, which we are currently presenting. We are on the way towards completing a Feasability study, where projects starts.



Conclusion

■ Slovenia: Potential locations, infrastructure, tradition

■ Nuclear expertise and research necessary with or without NEK2!

■ Big impact on non-nuclear fields

■ Plan ready for realization in 3 years

■ Let’s talk about it!

Presenter
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Conclusion. Slovenia has excellent predispositions for new nuclear and energy projects including potential locations, infrastructure and tradition. The message is: WE WILL NEED NUCLEAR RESEARCH WITH OR WITHOUT NEK2. The existing reactor had huge impact on science, numerous non nuclear field and a new reactor could have even bigger impact, especially if we decide to connect research with environmental sicences. We hope to have a plan ready for realization in 3 years. The purpose of this presentation was to start discussions, so let‘s talk about it! Thank you!
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