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Nuclear Fusion Research 
Vision for the years 2014 - 2020 

 

Executive Summary 
Nuclear fusion research in The Netherlands is focused on number of thrust areas. In this note we will describe 
for each of these areas the general challenges, the present Dutch position in the field as well as the strategy for 
the coming years. The four thrust areas are (within brackets the Dutch institutes and universities that presently 
play a role):   
 
1. Advanced control of plasma profiles and MHD modes (DIFFER, CWI, TU/e) 
Within FOM Programme FP120 the focus has been on the active control of magnetohydrodynamic instabilities 
in burning plasmas. The experimental part of the work was largely done at extramural tokamak devices. A 
strategic choice is to broaden the scope and to include the study and control of the edge and divertor plasma. 
Especially in the edge and divertor plasma there are many processes of which the underlying physics is not well 
understood, and where a boost is needed in order to develop model-based control techniques to be able to 
achieve high plasma performance in the plasma core with conditions at the extreme plasma edge that are mild 
enough for the plasma facing components to survive. The new emphasis makes it possible to perform part of 
the experimental work also on the in-house plasma devices at DIFFER and to make use of the available 
equipment in various universities; thereby a much closer connection is possible with the next topic. 
 
2. Plasma surface interaction and materials research (DIFFER, TU/e, TUD, NRG) 
The environmental conditions in a fusion reactor are very harsh. Plasma facing components should be able to 
survive high fluxes of energetic particles without significant degradation over time. This involves studying novel 
divertor concepts as the super-X and snowflake divertors, but also includes more exotic concepts as using 
divertors featuring liquid metals. But research should also include studies of novel materials, preferably with 
self-healing properties. Much of the experimental research in this field can be done with the in-house linear 
devices and utilizing analysis equipment available in university laboratories. 
 
3. Computational sciences for fusion (DIFFER, TU/e, TUD, CWI, UvA) 
A choice has been made to describe computational sciences for fusion under a separate heading, rather than 
including components of it under the first two topics. It may be evident that there is an intricate link between 
the plasma and the materials surrounding it. Firstly, the materials are affected by the plasma which influences 
its properties, but secondly, the material released from the surface and entering the plasma has also a 
pronounced effect on the plasma behaviour. The buzz word in computational sciences for fusion is mesoscale 
science, which involves the coupling of processes taking place at an atomic scale to the macroscopic properties 
of the system. 
 
4. Fusion technology (fusion neutronics (NRG, TUD) and superconductors (UT)) 
This rather applied technological thrust area is included in this note for completion. With the High Flux Reactor 
in Petten, NRG has a unique facility to test structural materials that are exposed to high neutron fluxes and 
fluences. Twente has become one of the key players in the field of modelling of superconductors and has set out 
a clear strategy for the years to come. 
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Introduction 
Nuclear fusion research focuses on the behaviour of hot plasmas confined by magnetic fields, with the aim to 
develop a fusion power plant. It is a field in which many disciplines of physics and technology come together. 
The field is characterized by extensive international collaboration, with the joint ITER project as the principal 
focus. Dutch scientist have made significant contributions in a number of selected research areas, in which a 
position of excellence has been built up over the years. For each of the thrust areas we will describe the 
scientific challenges, the status of the field in The Netherlands along with the strategy for the coming years, the 
available and required hardware and the links to other fields. At the end of the note we will discuss the 
connection to international fusion research and the Topsectoren.  

1. Advanced control of plasma profiles and MHD modes 
 
General challenges 
A significant aim in fusion research is to achieve high fusion gain, while simultaneously ensuring that the 
unprecedented exhaust of heat and particles does not damage the reactor wall. This involves many different 
elements, that are all in a complex way intertwined.  
 
Firstly, it is required to operate the plasma in the high-confinement (H-)mode, which is desirable as it leads to 
the highest plasma performance. The H-mode differs from the low-confinement mode (L-mode), by the 
existence of a strong transport barrier for heat and particles near the plasma edge. The L-H transition has a 
power threshold and exhibits a pronounced hysteresis: the power threshold for the back-transition to the L-
mode occurs is lower than that of the transition from the L- into the H-mode. The challenge is to stably operate 
the plasma in the H-mode, without that it falls back to the L-mode. Ideally the plasma should be maintained 
just above the H-L back transition, as this combines high confinement, with the smallest type of harmful edge-
localized modes. The precise physics governing the bifurcation process is still not fully understood which is 
needed in order to develop model-based controllers to stably keep the plasma in H-mode, without back-
transition to the much less desirable low-confinement (L-)mode.  
 
Secondly, it necessitates the active control of turbulence and magnetohydrodynamic instabilities, that can 
occur at distinct locations in the plasma, in a situation where the power carried by fast, fusion-born, ions 
exceeds the external heating power. This challenge is not straightforward as the fast ions directly interact with 
the various plasma instabilities, either stabilizing or destabilizing these. In FOM Programme FP120 the physics 
underlying these processes is studied and it was demonstrated that it is possible to develop model-based 
controllers to successfully suppress or control various types of plasma instabilities. 
 
Thirdly, the heat-exhaust system of the fusion reactor must be capable of withstanding large heat and particle 
fluxes. The main strategy for the accomplishment of this consists of reducing the heat load on the divertor 
targets by radiating a sufficient amount of power from the plasma and by producing “detached” divertor 
conditions. It is important to develop active model-based control methods to achieve stable detached divertor 
conditions. In addition to optimising the plasma operation in present magnetic confinement devices, also 
research is needed to design, realize and study completely new divertor geometries as the snowflake divertor, 
the Super-X divertor and liquid metal divertors. Additional to tailoring the plasma conditions, it is important to 
understand the detailed interaction of the fusion plasma with the various plasma facing components in order 
to be able to develop plasma facing materials that are more robust. This topic will be addressed in Sec. 2. 
 
The systems to control detached divertor conditions, to keep the plasma in H-mode just above the H-L back 
transition, to control (avoid or mitigate) edge-localized modes in present devices and ITER, need to be further 
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developed for application in DEMO. The new complication that arises in DEMO is that access to the plasma for 
diagnostic systems and auxiliary heating devices will be strongly limited (since as much as possible of the 
reactor surface needs to be used for tritium breeding), whereas at the same time many of the present 
diagnostic systems will not be able to survive the very harsh environmental conditions. Hence, research needs 
to be done in order to develop completely new methods to reconstruct the plasma state based on a strongly 
reduced set of measurements, as well as to control the plasma.  
 
Present status in The Netherlands and future strategy 
In recent years, Dutch researchers (DIFFER, CWI and TU/e) made an excellent impact in the field of plasma 
control. In FOM Programme FP120, plasma physicists, mathematicians and control engineers joined forces in a 
programme focussed on controlling magnetohydrodynamic (MHD) modes in burning plasmas. Emphasis is put 
on understanding and controlling the sawtooth instability, tearing modes, Alfvénic Eigenmodes and Edge 
Localized Modes. In particular, the importance of control-oriented modelling is recognized as a crucial tool to 
design integrated control loops for the various instabilities as well as plasma profiles. Dutch researchers today 
provide important contributions to the EU fusion programme in the field of core profile and MHD control. 
While this strategic position should be maintained, there is a clear opportunity to broaden the  scope of this 
research to also incorporate processes taking place closer to the plasma edge. Questions to address are: Can 
similar techniques as have been developed to control MHD instabilities in the core plasma be used to control 
the L-H bifurcation taking place near the plasma edge? Is it possible to obtain a better understanding of the 
conditions leading to plasma detachment in the divertor, and can we develop sensors and actuators to reliably 
control these conditions? An important ingredient underlying both divertor detachment as well as the L-H 
transition is the detailed interaction of the plasma with neutral particles surrounding it. Additionally, the 
transport of impurities, that either originate from sputtering and erosion of material components or from 
deliberate gas puffs to enhance the radiative power losses (spreading the reactor heat load more evenly) has a 
pronounced effect on the L-H transition as well as on the divertor detachment condition. Unfortunately, these 
detailed processes are not yet fully understood. 
 
A challenging Dutch research programme is possible, that is concentrated around integrated control of the 
plasma from the core to the far plasma edge. The experimental part of the programme can be partly 
performed in various international tokamaks, but importantly also on the in-house devices Magnum-PSI and 
Pilot-PSI. Those linear devices are ideally suited to study the detached divertor conditions in detail and to 
develop sensors and actuators to stably control these conditions. Moreover, the linear devices can be used to 
study the transport of wall materials sputtered from the target plates into the plasma. In other words, 
embracing control of the plasma edge gives a natural connection between the plasma physics work done on 
various European tokamaks and that done on the in-house devices. This leads to a clear synergy between the 
thus far separate Dutch activities in the field of high temperature fusion physics (FP120) and plasma-surface 
interaction (part of FP75). It is of utmost importance that the experimental activities are connected to a 
thorough theoretical activity; this will be described in Sec. 3. 
 
Hardware 
The experimental work in the field of Plasma Control can be largely done at the main European tokamak 
devices: ASDEX-Upgrade, JET, MAST, WEST and TCV and on the in-house linear devices Magnum-PSI and Pilot-
PSI. Within FP120 a number of diagnostics have been installed at ASDEX Upgrade that are well suited for 
plasma edge studies. These include an 3D Electron Cyclotron Emission (ECE) Imaging system that has two 
separate views and that yields detailed information on edge localized modes; an in-line ECE system that can be 
used along with the collinear Electron Cyclotron Resonance Heating system for plasma control; a high 
resolution Thomson scattering which not only measures the electron temperature and density in the edge 
pedestal, but which has the unique feature to also measure the edge current density; and a charge exchange 
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recombination spectroscopy system to measure the ion temperature and rotation velocities in the plasma. All 
these system are relatively recent and they perfectly fit into a programme focused on plasma control, all the 
way from the plasma core to the far plasma edge. At TCV a high frame rate optical system has been installed to 
monitor the plasma boundary. This system could be a forerunner of a diagnostic to monitor the flame front 
position in the divertor, which is essential for controlling the divertor detachment conditions. 
 
Links to other research fields 
The area of plasma profile and instability control has strong links with plasma-astrophysics (MHD), turbulence 
in fluids, large-scale computational physics, atomic physics, advanced control of complex systems, 
instrumentation, microwave technology, spectroscopy, fast data acquisition and analysis, control theory and 
engineering. 

2. Plasma Surface Interaction and Materials Research 
 
General challenges 
Even though one can optimize the plasma edge conditions in order to minimize the heat loads on the plasma 
facing components, and especially on the divertor plates (see Sec. 1), materials in nuclear fusion reactors have 
to withstand intensive irradiation by neutrons and gammas, high heat and particle fluxes by ions and atoms 
having energies from a few eV to a few hundred eV, particle fluxes to the divertor that in steady state can 
reach up to 10 MW/m2 (being the technological limit for actively-cooled tungsten) and transiently up to 10 
GW/m2, in chemically aggressive hydrogen environments. Powerful plasma flows in the boundary region of 
magnetically confined fusion plasmas connect the hot, burning plasma core, the edge plasma, the main 
chamber and the divertor region, and this currently even under highly transient conditions (Edge Localised 
Modes). Exposed to such an environment, the plasma-facing materials should have a minimal impact on the 
fusion plasma performance and hence have very low erosion rates and maximized lifetime. To ensure a high 
enough breeding ratio (a reactor should produce more tritium than it consumes), those materials should retain 
the least possible amount of tritium. In addition, the materials should have a high heat conductivity, low 
diffusion of hydrogen, and a favourable neutron irradiation resistance (i.e. low activation). The latter is 
important in the context of nano-structural changes to the material, which influence many of the material 
properties. For most structural materials in a tokamak irradiation resistance for material integrity is important, 
whereas for the plasma facing materials in the divertor region material resistance with respect to heat load 
capability, surface morphology and tritium retention is more important. 
 
ITER relies on the use of a water-cooled tungsten divertor which can sustain 10 MW/m2 in steady-state. 
Tungsten is however prone to plasma-induced morphology changes which, given the extreme particle doses 
expected during the divertor lifetime, might strongly affect the materials’ thermo-mechanical properties. In 
DEMO-type reactors, the need to operate at higher temperatures (for thermodynamic efficiency) will require 
the use of gas-cooling which will limit the maximum tolerable heat fluxes. It is not clear that power dissipation 
by radiation/detachment will be sufficient to maintain the heat loads within those technological limits. 
Alternatives should be pursued with the aim to both improve the power handling capabilities of the plasma-
facing component and their lifetime. One such alternative could be the use of liquid metals as plasma-facing 
materials which would provide a self-healing surface, and thus remove the problem of material erosion, 
neutron irradiation and morphology changes. So far, however, the science of plasma-liquid interactions in a 
fusion environment is poorly understood. 
 
The scientific challenges and overall objectives of the Plasma Surface Interaction and Materials Research are 
related to: 
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• Investigation of erosion and re-deposition for lifetime prediction of plasma facing components and 
contamination of plasma; 

• Effect of very high particle dose on thermo-mechanical properties of materials; 
• Investigation of processes in the plasma boundary; 
• Development and validation of multi-scale and multi-physics computational models of the thermo-

mechanical properties of the divertor material and the evolution of the material structure under the 
extreme in-situ conditions; 

• Development of advanced plasma surface interaction diagnostics and control tools;  
• Research into new directions as the development and deployment of liquid metal plasma facing 

components. 
 
The knowledge gained within in this field should form the basis for the solution to the problem of plasma 
surface interactions.  
 
Present status in The Netherlands and future strategy 
With the in-house facilities Magnum-PSI and Pilot-PSI Dutch researchers have a world leading position. The two 
devices are unique in their ability to mimic the plasma conditions in the ITER divertor (both steady-state as well 
as transiently). Additionally, in contrast to divertor plasmas in tokamaks, the linear devices can be easily 
accessed by diagnostic techniques, such that it is possible to study the plasma-surface interaction in great 
detail. Besides analysis of plasma surface interaction with the more traditional tungsten plasma facing material, 
other materials should be tested (Li, Sn, Ga). Furthermore, novel design approaches for plasma facing materials 
– e.g. following the concepts developed in the field of self-healing materials – should be explored as means to 
develop materials suited for extreme environments. 
 
The traditional divertor concept with tungsten tiles that will be employed in ITER is very likely not suited to 
withstand the high power loads and particle fluences in DEMO and in the commercial reactors to follow. 
Therefore, new divertor concepts need to be studied, like pebble divertor concepts, liquid metal divertor 
targets, while giving emphasis to geometry aspects, the effect of additional electric fields, incorporation of 
perturbation fields, etc. It is important to study these new divertor concepts first in test beds like Magnum-PSI 
and Pilot-PSI, because they feature excellent diagnostic access, such that the various plasma-surface processes 
can be studied in great detail. 
 
There are many research questions that can be addressed, both experimentally as well as theoretically. Just to 
mention a few: 

• What causes the temperature enhancement in the sputtering rate of liquid Li, Ga, Sn during sputtering 
by low-energy ions of different kinds? 

• What are the differences between H and He bombardment on various wall materials? Especially with a 
focus on bubble formation. 

• Through what atomic mechanism(s) do interstitials in W cause the formation of the brittle beta-W (A15 
phase)? What is the relative stability of A15 W-Ta and sigma W-Ta compared to bcc?  How do defects 
affect these relative stabilities? 

• Can we understand the interstitial/defect diffusion in bcc W and A-15 W? 
• How do thermo-mechanical properties of the divertor target material depend on the material 

microstructure and its evolution and how can this evolution be manipulated or controlled in-situ? 
• How does irradiation affect the pseudo-ductility of layered W composites? 
• How effective are grain boundaries, dislocation loops and liquid films as defect sinks? 
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• How exactly does the thermal conductivity of plasma-facing layers decrease? Can this be 
counteracted/prevented? 

 
Improved understanding of these issues will be instrumental in the development of novel materials, like for 
example self-healing materials. 
 
A stronger link needs to be developed between the plasma-surface interactions research and the materials 
community- both nationally and internationally. Much expertise exists in the Netherlands in the field of self-
healing materials, materials characterization and multi-scale modelling. Joint efforts between the different 
groups should foster innovation in the field of plasma-facing materials design. 
 
Hardware 
It may be evident that experiments at dedicated plasma surface devices are an absolute necessity to perform 
state-of-the-art research in this field. The Trilateral Euregio Cluster (TEC) constituted of the Forschungszentrum 
Jülich (FZJ), the Royal Military School (ERM/KMS) Brussels, the Centre for Nuclear Studies (SCK/CEN) Mol and 
FOM-DIFFER, are world leading in the field of plasma surface interaction studies. TEC exploits a number of 
unique plasma devices of which Magnum-PSI at FOM-DIFFER is by far the largest and also the leading device. 
The Pilot-PSI device is smaller, but much more flexible and is ideally suited to test all kinds of new thoughts and 
concepts before they are implemented on MAGNUM. In the near-future, after its relocation to Eindhoven, the 
Target Analysis and Exchange Chamber of Magnum-PSI will be connected to an in-situ Ion Beam Analysis facility 
(enabling techniques as Nuclear Recoil Analysis, Rutherford Backscattering, Elastic Recoil Detection), which will 
be an essential diagnostic in detailed investigations of processes like hydrogen diffusion in the materials for 
example. In addition, Pilot-PSI will be modified to allow for Ion-Beam Analysis in-situ during high-flux plasma 
exposure so that hydrogen/helium diffusion can be studied dynamically under high-flux plasma exposure.  
Moreover, an Ion Beam system can mimic damage by neutron irradiation. Available techniques for material 
characterization are also available at the TU/e and include AFM, ESEM, HR-SEM/OIM, Micro/Nano-CT, 
nanoindentor, digital image analysis equipment, profilometry, in-situ mechanical testing equipment. 
 
Links to other research fields 
The area of plasma-surface interaction is related to low-temperature plasma physics (industrial plasmas, 
plasma sources, deposition and erosion), plasma chemistry, materials research, surface chemistry and catalysis 
(e.g. the effect of W-fuzz on the catalysis of solar fuels). 

3. Computational Sciences for Fusion 
 
General challenges 
Many of the topics described in Sec. 1 and 2 call for a significant modelling effort posing great challenges in 
multi-scale, multi-physics modelling. These computational challenges range from materials modelling, through 
plasma wall interaction to the modelling of the plasma itself.  This holds in particular for the understanding, 
modelling and control of the plasma exhaust. Understanding of the relevant fundamental processes, like 
erosion, retention, or deposition, that occur when the plasma comes into contact with a wall, requires 
modelling of the interaction of individual atoms, molecules, or ions from the plasma with bulk material of the 
wall (either solid material or liquid on top of the solid material).  The structure of the wall on all scales from 
atomistic through mesoscopic to macroscopic plays an important role in and is altered by these processes. The 
interactions at the wall influence the plasma, and in their turn are influenced by the plasma.  Also in the core 
plasma many different (multi-scale) processes occur on many different time and length scales that require 
different modelling approaches incorporating the multi-scale character of the interaction phenomena. Kinetic 
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or Monte-Carlo modelling are required to describe populations of particles that are far out of thermal 
equilibrium with the bulk fluid or plasma. Finally the processes in the core and edge plasma are intimately 
linked. This holds in particular for the transport barrier that forms between the scrape-off layer and core 
plasma in the high-confinement (H-)mode, and its stability. Development of optimal operational regimes and 
their control can only be achieved by considering  the system as a whole. This requires the integration of 
modelling  tools of all important processes and at all relevant scales.  At the same time, development of control 
strategies and algorithms (in particular, model-based controllers) requires formulation of reduced, real-time 
capable control-oriented models that describe the essential input-output behaviour of the system. Integrated 
tokamak simulators for that are suitable for controller development and testing are still lacking. 
 
Present status in The Netherlands and future strategy 
Apart from the computational plasma physics groups at DIFFER with expertise in high-temperature core plasma 
as well as low temperature edge plasma modelling, groups at several Dutch universities already contribute or 
are interested in contributing to these modelling challenges in fusion plasma and material science.  Research 
groups at the TUD and TU/e contribute to microscopic and mesoscopic material modelling. Different groups at 
UvA, CWI, and TU/e have extensive expertise in generic multi-scale modelling. Control-oriented models of the 
core plasma are developed at TU/e and DIFFER. Finally, research groups at TU/e posses considerable expertise 
in (low temperature) plasma and plasma-wall interaction modelling that is complimentary to the research 
within DIFFER in this area. Researchers at TUD have experience in developing high fidelity Boltzmann and 
Fokker-Planck calculation methods for neutron and charged particle radiation. They are in an ideal position to 
contribute to the area of blanket design to provide Tritium self-sufficiency.  
 
Plasma-surface interaction is an example of materials under extreme conditions where mesoscale science is 
central. This can involve the study and control of individual defects on an atomic or nano-scale, the evolution 
and dynamics of defects and the collective influence on the macroscopic properties and behaviour of the 
material, interfaces, chemistry, material degradation and self-healing and the effect of the material on the 
plasma. From the computational science perspective in the field of plasma-surface interaction the following is 
required: 

• Model description of the physical and chemical processes over a range of length and time scales, while 
taking into account the material heterogeneity, interfaces, statistical fluctuations, etc.; 

• Translation of these models to computational science algorithms; 
• Coupling of these models while taking atomic/molecular algorithms into account, mean field approach 

like density functional theory, and translation of molecular simulations to ‘continuum’-calculations on 
mesoscale of transport and material properties, and ultimately coupling to classical partial differential 
equations. 

 
Links to other research fields 
Significant overlap exists with and synergy is expected from modelling challenges related to solar fuel research 
at DIFFER: in particular, concerning the modelling of plasma/fluid wall interaction related to the study and 
optimization of fundamental processes involved in plasma assisted CO2 activation, surface catalytic CO2 
capture, and photo-electrochemistry. Control-oriented modelling of plasmas has links to modelling of other 
distributed-parameter systems, for example in the process industry. 

4. Fusion technology 
 
Dutch research groups are involved in two areas of fusion technology: fusion neutronics and superconductors 
for fusion. These areas are briefly described here for completeness. 
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Fusion neutronics 
Copious amounts of fast neutrons (up to ~14 MeV) are generated in a fusion reactor. The neutrons are not 
confined by the magnetic fields, leave the plasma and penetrate into the structures surrounding the plasma. In 
the blanket modules the neutrons are decelerated, thereby heating the blanket. Additionally the neutrons are 
needed to breed the tritium that is required as fusion fuel. It is important to achieve a tritium breeding ratio 
that is slightly larger than 1, to ultimately make the fusion reactor economically attractive. Apart from the 
desired effects, neutrons also lead to activation (and transmutation) of structural components, and 
embrittlement of materials. For the proper operation of plasma diagnostics and plasma heating devices it is 
necessary to design the system hardware such that neutron streaming to the periphery of the reactor is 
reduced as much as possible, while at the same time the functionality of the equipment is maintained. 
 
Dutch research groups (in particular at TUD and NRG) are active in the field of radiation transport (applied to 
neutrons in innovative nuclear reactors and protons in medical applications) and thermohydraulics. These 
processes are strongly coupled because radiation (and the related processes such as fission) creates heat, 
which, in turn, influences the thermohydraulics, which, in turn, influences the transport of radiation. Similar 
techniques can be employed for studying the effect of neutron radiation in port plugs used for plasma 
diagnostics and heating.  
 
Irradiation studies on structural materials are presently done with the high-flux reactor of NRG in Petten. For 
the theoretical modelling of neutron transport various models are used like Monte-Carlo Neutron Particle 
(MCNP) codes and high fidelity Boltzmann and Fokker-Planck calculation methods. 
 
Superconductors for fusion applications 
Superconducting cables in fusion reactors need to be robust and should feature a lifetime that exceeds that of 
the reactor. The lifetime is determined in a very sensitive way on how precisely the cables are wound. 
Simulation calculations on the mechanical stresses in superconducting cables as a function of the winding pitch 
are an important asset in developing more robust cables. In the coming decades much effort will be devoted in 
developing high-temperature superconducting cables at a scale relevant for applications in fusion. The 
development goes hand-in-hand with detailed model calculations to understand the behaviour. 
 
University of Twente plans to further refine the successful superconductor cable model JackPot-ACDC, 
developed and utilized for the optimization of the ITER conductors and presently used for the optimization of 
coil termination and inter-pancake joints. The aim for DEMO is to optimize the low-temperature 
superconductors (LTS) and focus on new materials for high-temperature superconductors (HTS). Important, not 
only for ITER, is to understand the limits of the conductors. For this it is important to run studies based on the 
Twente cable models and specific stability tests in the Sultan-facility in Switzerland. The models allow studies 
under different plasma scenario conditions, for which no experimental facilities exist. Twente plans to join the 
ASIPP magnet group in Hefei for development of the magnets for the next Chinese Fusion Experimental Test 
Reactor (CFETR). In addition Twente took the initiative to start developing poloidal field conductors based on 
MgB2 strands with Chinese and US partners. They furthermore plan to expand their activities on Bi-2212 and 
ReBCO superconductors, developing high-current cabled conductors.  

5. Connection to European Fusion Research under Horizon 2020 
Leading document for the European Fusion Research effort during Horizon 2020 and beyond is the so-called 
Fusion Roadmap that describes the relevant and important fusion research and the related challenges: for the 
period until 2020 the challenges are described in detail, and for the periods from 2020 to 2050 in a more 
course manner. The main focus during H2020 is on building ITER – the International Thermonuclear 
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Experimental Reactor, a device in which the (thermal) fusion power will be 10 times the input power. Parallel 
to this much physics oriented work is done in the accompanying programme to better understand the detailed 
plasma physics processes and thereby mitigate the risks for ITER at later date.  
 
To focus the European research, eight R&D missions have been defined within the European Fusion Roadmap, 
that will be coordinated by the EUROFUSION consortium: 1. Plasma Regimes of Operation; 2. Heat-Exhaust 
Systems; 3. Neutron Resistant Materials; 4. Tritium Self-Sufficiency; 5. Implementation of the Intrinsic Safety 
Features of Fusion; 6. Integrated DEMO Design and System Development; 7. Competitive Cost of Electricity; 8. 
Stellarator. Given that fusion physics has the clear long-term objective to generate electricity from fusion 
reactions, it may not come as a surprise that the Dutch and the European strategy in fusion research are well 
aligned. The Dutch strategy described above in Sec. 1 (Advanced control of plasma profiles and MHD modes) is 
well aligned with Missions 1, 2 and 6 of the Fusion Roadmap. The Dutch strategy described in Sec. 2 (Plasma 
Surface Interaction and Materials Research) is strongly connected to Missions 2 and 6, that in Fusion Neutronics 
with Missions 3, 4 and 6, and that in Superconductors with Mission 6.  
 
In the early 2020’s ITER will come into operation. ITER is the largest scientific experiment worldwide and the 
ITER plasma will be the first plasma achieving burning conditions, where the alpha particles, created by the 
fusion reactions, have enough power to self-heat the plasma. Although ITER will be beyond doubt a 
technological enterprise, the machine will have plasmas operated in a completely new physics regime and 
therefore, there will be ample fundamental scientific challenges. The Netherlands is contributing, via the 
European Union, approximately 20 million Euro per year to the realization of ITER. The research topics 
presented in this focus note will ideally prepare the Dutch scientific community to take an important role in the 
scientific exploitation of ITER. An important requirement for getting involved in the scientific exploitation of a 
Big Science experiment is to develop some of its specific hardware, as advanced diagnostics and detectors. 
 
Within the ITER-NL framework (a consortium comprising of FOM, TNO, NRG and TU/e), the focus is on the 
realization of a number of dedicated scientific instruments needed for performing physics experiments in ITER. 
ITER-NL is involved in the development of Charge Exchange Recombination Spectroscopy and Thomson 
scattering as diagnostic techniques for ITER and on Electron Cyclotron Resonance Heating and Current Drive as 
ITER heating technique. Work on these instrumental developments as partner in European consortia of fusion 
institutes in which ITER-NL is the Dutch partner. Dutch industry is involved as much as possible in the project 
right from the start to enhance their chances to get orders from the ITER project.  
 
Involvement in topics related to the European Fusion Roadmap (i.e. work coordinated by EUROFUSION) as well 
as work on equipment for ITER (i.e. in Europe coordinated by Fusion for Energy – F4E) is arranged via grants 
that are allocated to the various European fusion institutes on the basis of scientific excellence, past 
performance and specific expertise in the various topics. The grants are based on co-funding, where part of the 
budget comes from Europe (typically 40% for F4E grants and 40% (hardware) – 50% (manpower) for Eurofusion 
grants). Both the F4E as well as the EUROFUSION grant are based on national matching of the remaining 
budget. 

6. Connection to the Topsectoren 
Nuclear Fusion Research should ideally be connected to the Topsector Energie. But it isn’t. The main motivation 
of the Topteam Energie to not include fusion energy is that the ultimate realisation of electricity from fusion is 
still at least three decades away, and therefore it is not realistic to consider that already at this stage industry is 
willing to invest in a development that would bring profit after tens of years. However, ITER is as many other 
Big Science experiments a driver of innovation. Companies that deliver equipment, components and/or 
knowledge to ITER innovate and increase their competence level by which they can enter new markets and 
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enhance their financial outturn. Therefore, specific work for ITER has been embedded within the Topsector 
High Tech Systems and Materials; specifically within the Roadmap Advanced Instrumentation. This doesn’t 
solve the matching problem, mentioned in Sec. 5, needed for developing a number of scientific instruments, as 
here the initiative will be mainly with the research institutes and not so much with the industry. For this a good 
solution needs to be urgently found. 
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