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It is with great pleasure that I present this strategic plan of the 

Dutch Institute for Fundamental Energy Research (DIFFER), one 

of the three research institutes of the Dutch Foundation for 

Fundamental Research on Matter (FOM), part of the Netherlands

Organization for Scientifi c Research (NWO). This plan is part of 

three volumes published in preparation for the evaluation of the 

institute during the period 28-30 September 2011. 

The coming fi ve years will in many respects mark a challenging 

transition. DIFFER has redefi ned its mission, will implement new 

multidisciplinary research programs, will adopt a national 

coordinating role in fundamental energy research, and will 

relocate in 2015 to the Eindhoven University of Technology 

campus. This strategy report describes, motivates and elucidates 

the changes and challenges associated with this transition.

As the newly appointed director of DIFFER, I would like to take 

the opportunity of this preface for some elaboration on the 

history and future of the institute. Established in 1959 as the FOM 

Institute for Plasma Physics Rijnhuizen, our primary mission was 

to apply basic research towards the development of fusion as an 

energy source. In more than fi fty years the institute has 

established a reputation of excellence in fusion research, 

resulting in a substantial contribution to the international fusion 

experiment ITER - one of the largest and most complex interna-

tional high-tech experiments in the world today. Our latest feat 

is the large high-fl ux plasma generator Magnum-PSI, which will 

constitute a worldwide unique experiment to characterize 

plasma-surface interactions in a fusion reactor regime.

In 1986 our mission was broadened, leading to two very 

successful new activities. One was the development of the 

infrared Free Electron Laser FELIX, now an internationally very 

successful user facility. An extension of the facility with a Free 

Electron Laser for Intra-Cavity Experiments, FELICE, became 

operational in 2007. The other successful activity was the 

development of optical elements for Extreme Ultraviolet 

Lithography (EUVL). This led to the establishment of a mature 

research department in 2007. 

In 2009, driven by societal needs, FOM and its parent organi-

sation NWO (the Netherlands Organisation for Scientifi c 

Research) recognized the importance of focussing towards 

Energy Research. This was put forward in the FOM strategy 

‘Topfysica midden in de wereld’ which gave our institute a key 

position. A new name was adopted: Dutch Institute for 

Fundamental Energy Research (DIFFER) and a new mission 

articulated: Science for Future Energy. 

Charting a course towards fulfi lling this new mission requires 

major changes in our institute. Changes that in my opinion offer 

great opportunities to all parties involved. In addition to the 

focus on fusion, a new research focus will be initiated on solar 

fuels, a promising route to store intermittent renewable energy 

(generated by solar and wind) in chemical fuels. In this new 

direction two new research departments will be started. 

Although the FELIX activities will be discontinued at DIFFER, they 

have found a new environment where they will certainly prosper. 

Expectations are that the successful EUVL activities will fi nd an 

equally good new environment outside of DIFFER, while relevant 

coating and surface science competences, expertise and 

infrastructure will fl ourish in synthesizing materials for solar 

fuel research. With the relocation to the Eindhoven University of 

Technology campus, DIFFER will fi nd itself in a new and 

promising environment. In a stimulating academic ambiance 

and in a new building , tailor made to meet the demands of 

groundbreaking scientifi c research, DIFFER and its researchers 

will certainly fl ourish.

I am convinced that the strategy put forward in this document 

will place DIFFER in an excellent position to make a real 

difference in energy research. The well established research 

focus on fusion and the exciting new focus on solar fuels will 

result in major contributions to fulfi lling future energy needs. 

With a national leading and coordinating role, DIFFER will bring 

the Netherlands to the forefront in the international energy 

research arena.

I would like to thank all those who contributed to this document 

as well as all those who put their confi dence in our institute 

fulfi lling its challenging new mission.

Richard van de Sanden

Director

Nieuwegein, July 2011

Preface
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The Dutch Institute for Fundamental Energy Research (DIFFER) is 

one of the three research institutes of the Foundation for 

Fundamental Research on Matter (FOM), part of the Netherlands 

Organization for Scientifi c Research (NWO). 

DIFFER’s mission is to perform leading fundamental research in 
the fi eld of Fusion energy and Solar Fuels, in close partnership 
with academia and industry, and to have a national coordi-
nating role in the fi eld of fundamental energy research.

DIFFER is a key part of the FOM and NWO energy research 

strategies. It pursues four equally important goals to achieve its 

mission:

Fundamental energy research: The institute is in an excellent 

position to make major contributions to the development of 

fusion and solar fuels, potentially providing breakthrough 

solutions to the energy and climate change issues.

High-quality technical infrastructure: DIFFER will use its 

expertise in designing, developing and operating large scale 

experimental equipment to enable the novel research on Solar 

Fuels and to advance its Fusion research. 

Acquiring a national coordinating role: DIFFER aims to join 

together the fundamental energy research in the Netherlands 

into one coherent national research program. DIFFER strives for 

potential industrial applications and increased valorisation of 

energy research.

Further intensifying collaborations: The institute will set up 

strategic collaborations and joint research programs with 

universities and Large Technological Institutes (LTI’s). 

DIFFER focuses on two research themes: Solar Fuels and Fusion. 

By converting intermittent renewable energy into chemical fuels, 

Solar Fuels addresses the global challenge of energy storage and 

transport. The institute has an excellent opportunity to make 

major contributions to this fi eld via a plasma-chemical route. 

Six new Solar Fuels group leaders in tenure tracks positions will 

be actively scouted among talented young researchers. DIFFER 

will pursue a balanced gender ratio in the staff, in line with 

FOM’s “20 in 2020” strategy.

DIFFER’s two Fusion research programs are both high priority 

areas within the ITER program. The unique high-fl ux plasma 

generator Magnum-PSI enables studies of plasma-surface 

interactions at plasma facing components under future fusion 

reactor conditions. Research into the control of burning plasmas, 

in particular of magnetohydrodynamic (MHD) modes, aims at 

developing pertinent physics, diagnostics and technologies for 

ITER.

The division Generation and Use of TeraHertz radiation (GUTHz) 

will relocate to the Radboud University Nijmegen at the start of 

2013. The successful Extreme UV optics and mirrors research is 

expected to have equally good opportunities outside DIFFER. The 

institute will facilitate its relocation to a suitable research 

environment. 

The course to DIFFER’s national coordinating role in 

fundamental energy research will be charted by a Council for 
Energy Research, consisting of key players representing Dutch 

academic and industrial energy research. They will identify and 

stimulate new (inter-)national cooperation. To increase the focus 

and mass of DIFFER’s research, FOM will install fi ve or more 

focus groups on fundamental energy research within Dutch 

universities or institutes. Two focus groups were installed in the 

beginning of 2011. A center of excellence on IP management will 

advise DIFFER and the focus groups regarding Intellectual 

Property, knowledge transfer and valorization, maintaining the 

patent portfolio and developing a clear vision on promoting 

start-up companies.

In 2015 DIFFER will relocate to the campus of the TU/e 

(Eindhoven University of Technology). The new facilities will 

provide for an optimum research environment. The relocation is 

also instrumental in intensifying the collaborations with 
universities and acquiring a national coordinating role in 

fundamental energy research. This includes joint research 

programming, the exchange and training of students, the cross 

appointment of staff and active stimulation of concerted energy 

education by means of the development of courses by 

DIFFER’sstaff.

Financial Outlook

To realize its ambitions and transition to a strongly energy 

oriented research institute, DIFFER requests a structural increase 

of 1020 kf and a temporary (2012-2016) increase of 325 kf of the 

annual mission budget, in order to set up the new Solar Fuels 
departments, to maintain its Fusion research at full strength, 

and to successfully assume its national coordinating role in 

fundamental energy research. This request raises the annual 

mission budget to 6.645 Mb. 

Executive summary
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 1 Mission and Strategic Outlook

The Dutch Institute for Fundamental Energy Research (DIFFER) 
is one of the three research institutes of the Foundation for 
Fundamental Research on Matter (FOM), which is part of the 
Netherlands Organization for Scientifi c Research (NWO). DIFFER 
is formerly known as the FOM-institute for Plasma Physics 
Rijnhuizen.

DIFFER’s mission is:

To perform leading fundamental research in the fi eld of Fusion 
energy and Solar Fuels, in close partnership with academia 
and industry, and to have a national coordinating role in the 
fi eld of fundamental energy research.
In short, DIFFER performs “Science for Future Energy”.

To fulfi ll this mission DIFFER has charted a strategic course in 

accordance with both FOM and NWO strategies. For the years 

until 2016 the DIFFER strategy implies four equally important 

goals: 

1. Performing top-level fundamental energy research in Fusion 

and Solar Fuels;

2. Maintaining and exploiting the high-quality technical 

infrastructure;

3. Acquiring a national coordinating role in fundamental energy 

research;

4. Further intensifying the collaborations with universities and 

Large Technological Institutes (LTI’s).

Figure 1.1. 

The four goals of the 

DIFFER strategy.

Collaboration

Coordination

Fusion and Solar Fuels

High quality infrastructure
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The strategic research focus on fusion and solar fuels fi nds its 

origin in DIFFER’s scientifi c and technological track record as well 

as in one of the biggest challenges facing mankind: providing 

breakthrough solutions to the energy and climate change issue. 

In the short term the supply of sustainable energy will heavily 

depend on wind and sun. Here the storage and transport of 

energy are key issues to enable a transition towards a sustainable 

energy based economy. This is the motivation for DIFFER’s 

second and new research focus on solar fuels, which hold the 

promise of storing energy in much higher densities than in 

batteries or super capacitors. The challenge is to be able to 

produce fuels such as hydrocarbons and alcohols from CO2 and 

H2O in an energy effi cient and sustainable way. Considering the 

infancy of this approach, fundamental research is essential to 

obtain technological breakthroughs. DIFFER is in an excellent 

position to make major contributions in this fi eld and to rapidly 

acquire a nationally and internationally leading position.

Fusion, being a near inexhaustible way of energy generation, 

entails an exciting promise to meet this challenge in the longer 

run. DIFFER’s reputation of excellence in fusion research provides 

a fi rm basis for future contributions. This especially concerns the 

sustained production of energy from a burning plasma, and 

understanding plasma surface interaction under extreme fusion 

plasma loads.

With the emphasis on the technical infrastructure DIFFER aims 

to exploit its strengths in designing, developing and operating 

large scale experimental equipment, which will fi rmly enable 

DIFFER’s novel research direction on solar fuel generation. Of 

course the know-how and success of the institute in this fi eld 

will also continue to benefi t its fusion research. The recently 

constructed Magnum-PSI facility, operational by the end of 2011, 

will provide groundbreaking insights in the interaction between 

hot plasmas and material surfaces under fusion reactor 

conditions. It will also be relevant to solar fuels research, 

in which plasma-chemical reduction of CO2 is a promising 

approach.

DIFFER will actively pursue a decisive role in coordinating the 
national fundamental energy research. The institute already 

has a coordinating role in the national fusion research program, 

which is carried out in collaboration with Dutch universities. 

With its scale and multidisciplinarity the future DIFFER research 

will be more than complementary to Dutch academia. It provides 

DIFFER with the unique position to initiate a national focus in 

fundamental energy research. Currently in The Netherlands the 

In its strategy plan 2011-2015 “Topfysica midden in de 

wereld”1) FOM has defi ned several challenging spearheads. 

DIFFER will play a key role in at least four of them:

 Stimulate and expand high quality fundamental research 

on sustainable energy.

 Stimulate and intensify the collaboration with other 

disciplines such as chemistry and engineering sciences.

 Physics for society, and fundamental research 

partnerships with industry.

 The talent challenge: active stimulation and recruiting of 

young excellent female scientist to reach the goal of 20% 

female scientifi c staff in 2020.

NWO has recently published its NWO Strategic Plan 

2011-2014 “Groeien met Kennis”2) with six well defi ned 

themes. DIFFER plays a key role in at least four of them:

 Invest in the training of talent.

 The stimulation of six main scientifi c themes that are 

driven by societal challenges among which are sustainable 

energy, water and climate, and materials.

 Increase emphasis on contributing to the Dutch 

knowledge economy by stimulating valorization of 

fundamental research and academic-industrial 

partnerships.

 Strengthening the national coordinating role of NWO/FOM 

institutes and their collaboration with universities and 

Large Technological Institutes (LTIs).

The Dutch government’s ‘Top sectors’ approach calls for 

increased cooperation and coordination in and between 

academia and industry in 9 areas of excellence. DIFFER is 

uniquely positioned to play a key role in research and 

coordination in the Top sector Energy.3)

1) Strategisch plan FOM/N 2010-2015 “Topfysica midden in de 

wereld” (Top Physics in the middle of the World)
2) Strategienota NWO 2011-2014 “Groeien met Kennis” (Growing 

with Knowledge)
3) Advies Topsector Energie 2011, “Energie in beweging” (Energy in 

Motion)

The strategic plans of FOM and NWO 



FOM I NST I T U T E DIFFER   |   ST R AT EGIC PL A N 2011-201610

research on energy generation and storage is scattered among 

universities and technological research institutes. With a 

national stimulating role DIFFER can join various fragmented 

initiatives together into one coherent national energy research 

program. This will be benefi cial to all participants. Not only will 

they prosper in a stimulating nationwide research environment, 

the enhanced focus and mass of the network will broaden their 

opportunities to receive funding by European and other inter-

national research agencies. Furthermore, as the national 

coordinating institute, DIFFER will strive to focus future research 

on potential industrial applications and boost the valorisation of 

scientifi c research.

Following naturally from its ambition to be of national relevance, 

DIFFER will intensify the collaboration with universities and 

Large Technological Institutes (LTIs, such as the Energy Research 
Institute ECN and the Organization for Applied Research TNO). 
Other than the joint research programming already mentioned 

this will comprise the exchange and training of students, the 

cross appointment of staff and active stimulation of concerted 

energy education by means of the development of courses by 

DIFFER’s staff. The aim is to provide, on a national scale, a unique 

and dynamical environment for talented young scientists of all 

disciplines relevant to energy research. This will enable DIFFER to 

spot and recruit excellent tenure track group leaders. Their 

mission will be to initiate research into novel exciting fi elds 

within DIFFER, and to be future leaders in fundamental energy 

research. When their research topics have matured, mobility of 

staff to university professor positions will be actively pursued to 

enable DIFFER to start novel energy research directions.

Strengths

 Excellent track record in large experimental facilities, e.g. 

Magnum-PSI

 Unique scientifi c expertises in fusion and plasma physics/

chemistry, surface and interface science, and materials 

processing on the nanoscale

 Very good publication track record

 Excellent track record in public-private partnerships and in 

obtaining external funding

 National home base for fusion research in the context of 

Euratom

Weaknesses

 No track record in Solar Fuel research

 Low ratio temporary/permanent research staff

 Large dependence on external funding

Opportunities

 Multi disciplinary Solar Fuels research attractive for 

excellent tenure trackers

 Magnum-PSI as worldwide leading fusion related PSI 

experiment

 Energy research aligns well with Dutch Top Sector policy 

and with NWO and FOM strategies

 Coordination and streamlining of multidisciplinary 

fundamental energy research in the Netherlands

 Use-inspired research leading to private-public partnerships

Threats

 FES funds no longer available to fund ITER-NL research

 Declining Euratom funding

 Excellent tenure tracker diffi cult to hire due to fi erce 

competition

 National energy research diffi cult to coordinate
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The DIFFER mission presented in the previous chapter has 
been determined on the basis of a thorough internal and 
external analysis. The prospects of achieving the described 
strategic goals can be considered as good, even though in 
a research perspective DIFFER will break new ground. 
Nevertheless, for DIFFER to succeed in fulfi lling its mission 
it is paramount to make the right strategic choices and take 
appropriate actions.

2.1 Choice of research themes

Solar Fuels - a new research theme

The need to move to a sustainable energy infrastructure within 

the fi rst half of this century presents a wealth of scientifi c 

questions and challenges. With this new theme DIFFER wants to 

excel in researching the storage of renewable energy in chemical 

bonds by means of solar fuels. These fuels do not only have an 

excellent potential for harnessing solar energy but also for 

storing (electrical) energy from other intermittent renewable 

sources such as the wind. Their potential to contribute to the 

TeraWatt Challenge (see textbox) naturally forms a major 

motivation for DIFFER to pursue this new research direction. 

Another decisive motivation lies within the institute itself. 

The development of solar fuel technology offers DIFFER a 

perfect opportunity to employ and extend its expertise and 

experimental facilities towards energy related basic research. 

The institute aims to maximize its chances to acquire a unique 

position in this multi-disciplinary fi eld by choosing research 

topics which build on its core competences:

 plasma physics and chemistry;

 thin fi lm deposition with control down to the nanometer scale;

 nanoscale interface and materials engineering;

 the capability of designing, constructing and building complex 

research infrastructures. 

Research in these fi elds is expected to lead to breakthrough 

solutions in the multi-disciplinary challenge of sustainable 

energy storage and transport. This does, however, require a 

broader scientifi c orientation than the current focus on the 

physics discipline. One of the key strategies will therefore be 

to extend the research and research collaborations to other 

disciplines like chemistry, chemical engineering and materials 

engineering. By attracting excellent researchers from these fi elds 

new exciting interdisciplinary research can be started in areas 

such as surface science, physical chemistry, nanoscience and 

nanomanufacturing. 

Clearly the Solar Fuels research theme, since it is inspired by 

the societal challenge of a sustainable energy infrastructure, 

will offer ample opportunities for collaborations with industrial 

partners. 

As a starting point in solar fuels research DIFFER plans to 

develop two research programs. Their focus initially will be on 

the non-bio approach towards solar fuels, to distinguish the 

DIFFER research from projects carried out within the nationally 

funded research program Towards Bio Solar Cells. This choice for 

the non-bio approach however connects very well with existing 

research at the Dutch universities (a.o. Delft, Twente, Leiden, 

Amsterdam and Eindhoven), which gives this research in the 

Netherlands an enhanced focus and mass.

The fi rst research program, Materials and materials engineering 

for Solar Fuels (MaSF), will focus on materials development and 

materials processing for solar fuel generation, addressing the 

issues of materials scarcity from the onset of the defi nition of 

the research. This program will be built on the institute’s 

knowledge on nanoscale interface engineering. 

The second research program, Devices and processing technologies 

for Solar Fuels (DeSF), will aim for novel devices and processing 

routes for the conversion of renewable energy to chemical fuels. 

An important contribution of DIFFER could be on CO2 activation 

by means of plasmas. Therefore one of the foci will be on 

breakthrough innovations exploiting the expertise in controlling 

complexity in plasma processing of materials under highly 

nonequilibrium conditions, by applying in depth knowledge of 

the plasma chemistry, plasma physics and surface science 

involved.

The two new research programs will be kick-started by initiating 

research activities in existing DIFFER departments. These 

activities will gradually merge with or be transferred to the 

corresponding two new research departments. The start of MaSF 

is foreseen for the third quarter of 2012, DeSF will start in the 

fi rst quarter of 2013. Also from the offi cial start of DIFFER on 

January 1st 2012, joint programming with and seconding of staff 

to Dutch universities will be set up to develop the two research 

programs to full size when relocation to Eindhoven becomes 

reality in 2015.

 2. Strategic choices and actions
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Of the current global power consumption, totaling approximately 15 TW (1 TW = 1012 W), the vast 

majority is generated by the combustion of fossil fuels (coal, gas and oil). The associated release of CO2 

from these anthropogenic sources has dramatically altered the composition of the atmosphere and may 

detrimentally impact global temperature, sea levels and weather patterns. 

Because of the ever increasing world population and GDP growth, especially in the non-OECD countries, 

an increase in energy demand is inevitable. Unless there is a fundamental change in power generation, 

this increase will further enhance global CO2 emissions and its associated problems. 

The so-called TeraWatt Challenge is the global effort to address this alarming prospect. It’s aim is to supply 

up to 30 TW of CO2-neutral power by the mid 21st century.1) As intimidating as it might seem, this goal 

is defi nitely not beyond reach. It does, however, require the concerted development of a multitude 

of sustainable and renewable energy technologies. It is expected that solar fuels can make decisive 

contributions, both in the direct harnessing of the sun’s energy and in the storage of electrical energy 

from other sustainable technologies.

Of over 105 TW of sunlight hitting the earth, it is estimated that harnessing up to 600 TW is technically 

feasible. Solar energy may be harvested by conversion to heat (solar thermal), electrons (photovoltaic), 

or chemicals (solar fuels). The thermal route is perhaps the most straightforward, with systems ranging in 

scale from 1 kW household water heaters to 50 MW power plants.2) The photovoltaic approach is undergoing 

a rapid growth of over 40% annually in the past decade; annual shipment has reached 10 GWp. It is 

expected that before the year 2020 most countries will see grid parity, which means that the cost of PV 

generated electricity becomes equal to the cost of grid generated electricity. The third way of harvesting 

solar energy is by means of solar fuels. Although this is currently the least developed strategy, it is the 

focus of renewed fundamental research efforts because of its excellent prospects for storing renewable 

energy.3) The common approach here is the photoelectrochemical splitting of water to produce H2. 

Another possibility is the reduction of CO2 to produce liquid fuels such as hydrocarbons or alcohols, using 

so-called artifi cial leafs.4) 

There is another important way in which solar fuels can contribute to the TeraWatt Challenge. Their 

production is essentially an electrochemical process and can therefore not only be driven by sunlight but 

also by electricity. This offers an excellent opportunity to solve the problem of the asynchrony between on 

one hand production of renewable energy from fl uctuating sources such as wind and on the other hand 

energy consumption. Storage of electricity in batteries and condensators still provides signifi cant 

challenges both because of relatively low energy density and the need for materials from scarce resources. 

Converting renewable electricity to solar fuels offers a far more effective and sustainable outlook on 

storing renewable energy.

1) M.I. Hoffert, K. Caldeira, A.K. Jain, E.F. Haites, L.D.D. Harvey, S.D. Potter, M.E. Schlesinger, S.H. Schneider, 

R.G. Watts, T.M.L. Wigley and D.J. Wuebbles, Nature 385, 881 (1998)
2) D. Mills, Solar Energy 76, 19 (2004).
3) P.V. Kamat, J. Phys. Chem. C 111, 2834 (2007)
4) J.R. Bolton, Science 202, 705 (1978).

Solar fuels and the TeraWatt Challenge 
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Fusion - a well established research theme with new 
opportunities

In line with the labeling of fusion physics as a priority area in the 

FOM strategic plan, DIFFER has established a substantial, focused 

and internationally visible fusion research activity. Its programs 

are intimately connected to the international fusion experiment 

ITER, one of the largest and most complex international 

high-tech experiments in the world today. ITER offers an 

unprecedented opportunity to engage in top quality interna-

tional research and embark on new scientifi c challenges. 

In this arena it is DIFFER’s ambition to provide fundamental 

insights and solutions for future fusion reactors such as ITER. 

To ensure this, two research programs are carried out: Control of 

Burning Plasmas and Plasma-Surface Interactions. Both are high 

priority areas within ITER research and will remain so for at least 

the remainder of the current decade.

Control of Burning Plasmas
The main objective of this program in the Fusion Physics division 

is to address the physics of burning plasmas, in particular the 

control of magnetohydrodynamic (MHD) modes in these 

plasmas. This poses many fundamental physics challenges, 

which are addressed in the granted FOM program FP120: 

Advanced control of magnetohydrodynamic modes in burning plasmas. 

The program aims at developing pertinent physics, diagnostics 

and technologies for ITER. It is carried out at the contemporary 

fusion facilities in England (JET) and Germany (ASDEX-UG), 

fosters intense international collaboration and thus ensures 

profound visibility of Dutch participation in the international 

fusion physics program.

Complementary to this, DIFFER participates in the ITER-NL a 

public-private partnership of FOM, NRG, TNO and TU/e, which 

aims at the realization of dedicated scientifi c instruments 

needed for performing burn control in ITER. By providing such 

specifi c hardware, i.e. diagnostics and heating equipment, 

ITER-NL offers the optimum entry ticket to getting involved in 

experiments at the ITER facility. To achieve the strongest possible 

synergy, the ITER-NL program focuses on equipment similar to 

that being used in the FOM program FP120. 

Plasma-Surface Interactions
The Plasma-Surface Interactions division investigates the 

interactions between the burning plasma and the plasma facing 

reactor materials, which are characterized by a particularly 

strong exchange of matter, high dimensionality of compressible 

fl ows, and extremely unsteady burst-like behaviour. The fl ux of 

particles or photons to the surface is so strong that on the one 

hand the surface is modifi ed to a depth of many atomic layers, 

whereas on the other hand the plasma in front of the surface 

becomes dominated by the particles that emerge from the 

surface. This can lead, among other things, to the formation of 

clusters of molecules and dust. At the same time the surface 

morphology changes profoundly, leading to nano-structures 

affecting fundamental properties of the material. 

These profound plasma-surface interactions are refl ected in 

fusion reactor parameters such as erosion yields of plasma 

facing materials and hydrogen inventory, to name but a few. In 

the so-called Trilateral Euregio Cluster (TEC) DIFFER collaborates 

with Forschungszentrum Jülich, Royal Military School Brussels 

and Nuclear Study Center Mol to reach a Fundamental 

Understanding of the Physics and Chemistry of the Plasma Surface 

Interaction and Material Science for Solving the Plasma Facing Material 

Problem in Future Fusion Reactors. 

DIFFER contributes to this with the new large high-fl ux plasma 

generator Magnum-PSI, an experiment unique in the world in its 

capability to characterize plasma-surface interactions in a fusion 

reactor regime. Additional objectives are related to applications 

Magnum-PSI is a one-of-its-kind large high-fl ux plasma 

generator which will enable the detailed study of plasma 

surface interaction. Over the past years DIFFER has designed, 

built and tested the system and the start of the operational 

phase is foreseen around the end of 2011. Initially the 

Magnum-PSI plasma generator will be equipped with a 

pulsed high-fi eld conventional copper magnet system. 

In due time this will be replaced with a system of super-

conducting coils which offers higher stationary magnetic 

fi elds, more versatility and experimental convenience (see 

Chapter 4).

Figure 2.1. The high-fl ux plasma generator Magnum-PSI.

Magnum-PSI
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for extreme loads other than nuclear fusion, such as in catalyst 

materials used in the production of solar fuels. For this a new 

research focus on energy materials for extreme loads will be 

developed. Finally the fundamental physics of high density low 

temperature plasmas will remain an important research issue.

2.2 Strategic actions 

To fulfi ll DIFFER’s mission of excellence in Fusion Energy and 

Solar Fuels and to obtain leadership in national fundamental 

energy research, a concerted effort is needed comprising various 

aspects of research management. It will be carried out conscien-

tiously to maximize effect and minimize potential drawbacks. 

The starting point is to create new opportunities for all parties 

involved.

Research organization of the institute

In 2011 the institute consists of 4 research divisions, of which 2 

divisions are dedicated to energy research: Fusion Physics and 

Plasma Surface Interactions. To allow the institute to initiate new 

activities related to Solar Fuels, the two other divisions will 

pursue their own course.

The division Generation and Use of TeraHertz radiation (GUTHz, 

with its user facility FELIX), will be relocated to the Radboud 

University Nijmegen starting from the second quarter of 2013 

(see textbox A new beginning for FELIX: relocation to the Radboud 

University in Nijmegen).

Expectations are that a part of the division Nanolayer Surfaces 

and Interface Physics (nSI, leading in the development of 

Extreme UV optics and mirrors) has equally good opportunities 

outside DIFFER. Actions are undertaken to facilitate such a 

relocation. On the other hand remaining parts of this division 

will fl ourish within DIFFER as competences, expertises and 

infrastructure can be utilized and explored in synthesizing 

materials for solar fuel research.

Following from the proposed research efforts in Solar Fuels, 

two new divisions will be established: Materials and materials 

engineering for Solar Fuels (MaSF) and Devices and processing 

technologies for Solar Fuels (DeSF). It is the aim to start with three 

research groups in each division. The new research groups can 

start as soon as the FELIX facility is relocated and new experi-

mental infrastructure can be built at DIFFER’s current location in 

Nieuwegein. In other cases, and where appropriate, research 

groups can be stationed in university groups until the relocation 

to the Eindhoven University of Technology (TU/e) campus has 

been realized.

The organizational changes are refl ected in fi gure 2.2. 

At the left the present organizational structure is represented, 

at the right the future organizational structure centered on the 

two research themes Fusion and Solar Fuels.
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Figure 2.2. The present (2011) and future (2015) organizational structure. The red color indicates new research expertise to be developed, 

blue color indicates existing expertise present within the institute

The transformation of DIFFER into an institute for fundamental energy research offers exciting new possibilities for FELIX. 

Relocation of the free electron laser facility was explored because of the shifting research focus of the institute, and there is great 

synergy in the merger of FELIX with the FLARE facility presently under construction at the Radboud University in Nijmegen. 

Thanks to FLARE, the long wavelength limit will expand from 250 µm, as presently available at FELIX, to 1.5 mm. The options for 

multi-color experiments will be greatly enhanced as it will be possible to run the two FELs synchronously for one experiment. 

This opens unique opportunities to produce various combinations of wavelengths in the IR and the THz range e.g. for 

pump-probe experiments. Another great asset is the proximity of the High Magnetic Field Laboratory (HFML). The combined 

potential of the new FEL facility and the HFML is worldwide unique and will therefore enable groundbreaking experiments.

The new facility will become part of the RU Institute for Molecules and Materials (IMM) and as such be fully embedded in the 

science faculty. This is expected to facilitate interaction with potential user groups and to provide a stimulating scientifi c 

atmosphere. As FELIX has attracted users from a broad range of scientifi c fi elds, including physics, chemistry, biology and 

material science, interactions with groups inside IMM but also university wide are to be expected.

 

According to the present schedule, the FELIX shutdown period for relocation will start 1 March 2012. In the recommissioning 

phase, priority will be given to the short-wavelength beam line for which the user demand is largest. Re-opening of this beam 

line for user operation is expected for June 2013, while the facility should be fully commissioned early 2014. 

A new beginning for FELIX: relocation to the Radboud University in Nijmegen
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Hiring strategy

Redirecting and expanding the research focus requires DIFFER to 

actively recruit for new personnel. The new divisions MaSF and 

DeSF each will employ three group leaders with new research 

expertise and new disciplinary backgrounds. Obviously each of 

them will have to have a track record of performing outstanding 

energy research. DIFFER will actively scout among the so-called 

YES! fellows and equivalent VENI/VIDI laureates and will try to 

hire these or other excellent candidates. In the hiring strategy a 

balanced gender ratio for the staff will be pursued, in line with 

the “20 in 2020” strategy of FOM.

The appointed candidates will be offered a starting package 

which includes a tenure track position, one PhD position, a 

research technician and an investment sum. The appointment of 

group leaders as part-time professors at Dutch universities will 

be highly promoted. One of the group leaders will act as 

department head starting from 2015. Until then the director of 

the institute will be leading the Solar Fuels research theme and 

thus be responsible for the recruiting of the research staff.

It is important to mention that the TU/e, as part of the agreement 

with FOM concerning the relocation, will provide one of the 

research groups. This group will be one of the six new DIFFER 

groups within the Solar Fuels theme, but it will be on the payroll 

of the TU/e. For the appointment of the group leader the same 

hiring strategy will be applied as for the other group leaders in 

the institute. 

Establishing national research coordination and 
collaboration

In fulfi lling DIFFER’s mission to have a national coordinating role 

in fundamental energy research it is essential to obtain a 

position of scientifi c standing by performing top-level research. 

This will provide DIFFER the opportunity to initiate and facilitate 

strategic activities leading to a successful national network in 

fundamental energy research. 

Council for Energy Research
Realizing all this requires insight, consensus and focused 

initiatives. DIFFER will therefore install a ‘Council for Energy 

Figure 2.3.
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Reseach’ representing the Dutch academic and industrial energy 

research network. The council will be headed by the director of 

DIFFER and each member will be a leader in his or her fi eld of 

energy research. All disciplines relevant to fundamental energy 

research will be represented, even if DIFFER does not (yet) have a 

substantial research effort in that fi eld. Together the Council for 

Energy Rearch will chart DIFFER’s course in establishing its 

national coordinating role.

The tasks of the Council of Energy Research are:

 obtaining funding at national and international levels to 

maintain the network;

 identifying and stimulating new (inter-)national cooperation;

 assuring communication within the DIFFER network through 

meetings and workshops;

 establishing a Center of Excellence on Intellectual Property for 

management and valorization of scientifi c knowledge.

Focus groups
Complementing DIFFER’s fundamental energy research, the FOM 

Executive Board will install so-called ‘focus groups’ according to 

the FOM strategy plan. Focus groups are research groups 

installed within Dutch universities or institutes on a particular 

research topic. They can be seen as annexes to DIFFER’s own 

research organization. The formation of FOM focus groups for 

fundamental energy research will both stimulate research 

excellence and strengthen the interaction and cooperation 

between DIFFER and academia. The focus group leaders will be 

members of DIFFER’s Council for Energy Research. The groups 

will be fi nancially responsible to FOM; the director of DIFFER will 

give advice to the FOM governing board with respect to 

performance and output of the groups. 

Focus groups are chosen in competition in which the excellence 

of the focus group leader and of the energy research topic are the 

prime selection criteria. In the second quarter of 2011 the fi rst 

two FOM focus groups for fundamental energy research were 

appointed by FOM. They are the group of professor Albert Polman 

at FOM-institute AMOLF and the group of professor Kees van 

Hummelen at the University of Groningen. FOM aims at 

establishing a total of fi ve or more focus groups within the 

coming years.

Figure 2.4.
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Relocation to the Eindhoven University of 
Technology campus

With the expansion of DIFFER’s research focus towards Solar 

Fuels comes the need for new research facilities. Together with 

a multitude of strategic reasons this has led to the decision for 

a complete relocation of the institute to the campus of the 

Eindhoven University of Technology. The relocation, foreseen for 

2015, will be a turning point for DIFFER and its researchers, 

marking the change in institutional profi le. DIFFER wants to seize 

this opportunity for creating a stimulating research environment 

that truly accommodates the needs of its researchers.

The new research building, fi nanced by NWO, FOM and the 

Ministry of Education, Culture and Research, will be optimally 

tuned to the needs of DIFFER’s research in Fusion and Solar 

Fuels. The stimulating multidisciplinary TU/e environment will 

enable cross-fertilization with other (technical) disciplines and 

will connect DIFFER’s fundamental approach to more applied 

research areas. Furthermore it provides a complementary high 

tech infrastructure as well as an educational surrounding in 

which students can be trained to become the next generation 

energy scientists and engineers. Especially in fusion research the 

relocation will strengthen the interaction with academia, as the 

TU/e recently installed the fi rst Dutch university group in fusion 

research, headed by professor Niek Lopes Cardozo.

The relocation is instrumental in achieving DIFFER’s goals of 

intensifying its collaborations with universities and acquiring a 

national coordinating role in research. It will lead to a strong 

concentration of national knowledge on energy related research 

because of the synergy with the Eindhoven Energy Institute and 

its national academic networks such as the 3TU alliance. 

Last but not least, the proximity of the High Tech campus, with 

its open innovation model of collaborating within the Eindhoven 

region and the Eindhoven-Leuven-Aachen economic region, 

offers a promising opportunity to strengthen DIFFER’s role as a 

natural partner for industry. 

IP management and Public Private Partnership

Fundamental energy research is intrinsically use-inspired so 

intellectual property (IP) will undoubtedly be generated within 

the DIFFER network. This needs to be managed professionally for 

DIFFER to be a serious partner for the industry and technology 

sector. A DIFFER Center of Excellence (CoE) on IP management 

will be initiated, playing a key role in:

 enhancing accessibility to industrial partners.

 advising on patent applications and developing a patent 

portfolio strategy;

 maintaining the DIFFER patent portfolio;

 advising on knowledge transfer to industry and valorization of 

scientifi c results;

In February 2011, the FOM Executive Board appointed two FOM focus groups for fundamental energy research in Amsterdam 

and Groningen. Both focus groups received a 5 Mb grant for their activities.

The focus group ‘Next generation organic photovoltaics’, based at the University of Groningen, will be led by Professor Kees 

Hummelen. This group will carry out research in ‘plastic’ solar cells for widespread use in cheap and sustainable electricity 

generation. In order to achieve this, the yield, lifetime, and cost price of the solar cells and the sustainability of the materials and 

processes used need considerable improvement. The emphasis is, for example, on the development of a completely new 

generation of molecular semiconductors that can bridge the differences between the current organic semiconductors and the 

traditional inorganic semiconductors. These spectacular new electronic materials could also be extremely useful beyond the fi eld 

of solar energy. The focus group shall work with Dutch knowledge institutes and industrial partners on the scaling up and 

preparations needed for large-scale production and use.

The focus group with the theme ‘Light management in new photovoltaic materials’ will be led by Professor Albert Polman at FOM 

Institute AMOLF in Amsterdam. The key theme of this new FOM focus group is ‘light management’: controlling the capture, 

construction, concentration and conversion of light at the nanoscale to achieve conversion of sunlight into electric current in a 

cheaper and more effi cient manner. The new designs will require far less material, which will mean a signifi cant drop in the 

production costs of the solar cells. For these future solar cell structures, new cleanroom techniques such as soft imprinting and 

molecular self-assembly will be developed. The research will be realised in collaboration with Utrecht University and the Energy 

research Centre of the Netherlands (ECN).

FOM focus groups for fundamental energy research in 2011
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The CoE will also develop a clear vision on how to promote the 

establishment of start-up companies based on DIFFER research 

results. Public-private partnership in the form of Industrial 

Partner Programs on Energy research topics will remain an 

instrument of DIFFER to further strengthen the collaboration 

with industrial partners. 

2.3 Important milestones

Table 2.5 gives the important milestones for the implementation 

of the mission and strategy.

DIFFER has a strong track record in valorisation of scientifi c 

research. Connections to industry are an important element 

in the formulation of programs and research directions. 

In the 2005-2010 period the earning capacity of the institute 

was on average well above 160%, i.e. funding from sources 

other than FOM and NWO equalled 160% of DIFFER’s direct 

funding by these organisations. This illustrates that valori-

sation at present is an important aspect in the institute’s 

program. ITER-NL and the CP3E programs serve as an 

example. A signifi cant fraction of these funds directly or 

indirectly originates from close collaboration with industry. 

Valorisation

Table 2.5.

Milestone Timeframe Strategic goal

Start of two DIFFER focus groups second quarter, 2011 research, coordination

Start of project “new building DIFFER” second quarter, 2011 collaboration

Installation of the DIFFER Council for Energy Research third quarter, 2011 coordination

Magnum-PSI is operational end of 2011 infrastructure

Hiring staff for setting up DIFFER coordination fourth quarter, 2011 coordination

Start of DIFFER 1 january 2012

Initiation of new program on Solar Fuels second quarter, 2012 research

Layout of Solar Fuel research departments is detailed second quarter, 2012 research

Start of Solar Fuel division MaSF third quarter, 2012 research

Start of CoE IP management fourth quarter, 2012 coordination

Start of Solar Fuel division DeSF fi rst quarter, 2013 research

Hiring tenure tracks including TU/e group fi rst quarter, 2011 - second quarter, 2014 research, collaboration

Start of FELIX shutdown period for relocation 1 March 2012 infrastructure

Initiation of new programs on extreme loads third quarter, 2013 research

Initiation of follow up program on Control of Burning 

Plasmas fi rst quarter, 2014 research

Relocation to Eindhoven fi rst quarter, 2015 collaboration

Departments active fi rst quarter, 2016 research

Transformation into DIFFER completed fi rst quarter, 2020 research, infrastructure, 

coordination, collaboration
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with today’s energy infrastructure. At the same time it will solve 

issues related to the intermittent nature of renewable energy 

generation by means of solar and wind1. 

The challenge of renewable energy to chemical fuel conversion 

has been taken up by many research groups and institutes 

worldwide (see textbox ‘A world of research initiatives into Solar 

Fuels’). 

The scope of these ongoing initiatives emphasizes the need for 

DIFFER to make the right choice of research topics within the 

new research theme, i.e. to identify niches in which DIFFER 

research can have a global impact. 

Energy storage and transport

In converting CO2 and H2O into useful products such as fuels, 

nature sets an impressive example. Although it is known since 

Jan van Helmont (1577-1644) that plants convert gases (CO2) 

into plant material, the details of the process of photosynthesis 

are only recently being unraveled. And although the overall 

effi ciency of plants to convert CO2 into plant material is low 

(a few percent at most), they do succeed in taking the thermo-

dynamic hurdle of the conversion. Activation of the thermo-

1  In this respect it should be noted that about 85% of the present 

global energy needs is transported by means of liquid fuels 

(crude oil and LNG).

 3. Description of programs, planning 
  and milestones

Many research groups and institutes worldwide have taken up the challenge of converting renewable 

energy to solar fuels. In the USA the Department of Energy (DOE) Basic Energy Research2 initiative stands 

out as an example of a concerted action of nine research centers to provide breakthrough solutions to the 

energy storage and transport challenge. It is organized through the so called Energy Frontier Research 

Centers (EFRC) initiative. Parallel to this an Energy Innovation Hub was announced recently: the Joint 

Center for Artifi cial Photosynthesis (JCAP), led by the Californian Institute of Technology in partnership 

with the DOE Lawrence Berkeley National Laboratory. 

In Europe major initiatives are undertaken, e.g. the EU consortium on “Artifi cial Photosynthesis” led by the 

University of Uppsala (Sweden). In The Netherlands the FES program “Towards Bio-Solar Cells” sprouted a 

large consortium that addresses the bio-route conversion of solar energy to chemical fuels.

A world of research initiatives into Solar Fuels

The DIFFER research programs fi nd their origin in one of the 
biggest challenges facing mankind: providing breakthrough 
solutions to the energy and climate change issue. 
In the short term the supply of sustainable energy will heavily 
depend on wind and sun. Here the storage and transport of 
energy are key issues to enable a transition towards a 
sustainable energy based economy. This is the motivation for 
DIFFER’s new research focus on solar fuels produced from CO2 
and H2O in an energy effi cient and sustainable way.
Fusion, being a nearly inexhaustible way of energy generation, 
holds an exciting promise to meet this challenge, albeit in the 
longer run. DIFFER’s research in this fi eld concerns the 
sustained production of energy from a burning plasma, and the 
understanding of plasma surface interaction under extreme 
fusion plasma loads.

3.1 Solar Fuels

In the new Solar Fuels research theme DIFFER will rise to the 

challenge of storing renewable energy in chemical fuels, utilizing 

CO2 and H2O as feedstock. When successful this approach 

provides an effi cient way of large scale energy storage, compatible 

2  http://science.energy.gov/bes/
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dynamically stable molecule CO2 is most demanding and at 

present mankind has not succeeded in developing an energy 

effi cient solution to this challenge. 

Many research efforts pursue a plant inspired biological CO2 

conversion route. This is for instance the case in the national 

program “Towards Bio-Solar Cells” and in multiple international 

efforts. DIFFER has decided to initially focus research in the new 

Solar Fuels divisions on the non-bio conversion of renewable 

energy into chemical fuels. This better fi ts the competences and 

expertises of the institute and offers a greater opportunity for 

making a distinct contribution. The non-bio approach has the 

major advantage that it makes use of more robust inorganic 

materials, while showing the perspective of favourable energy 

effi ciencies.

Next to the generation of H2 by means of splitting water, the 

reduction of CO2 together with H2O to produce hydrocarbons and 

alcohols is the most viable example of the non-bio approach to 

solar fuel generation. The energy required to drive the conversion 

process away from the backward downhill reaction is provided 

by solar radiation, either directly or in an indirect manner.

Direct harvesting of sunlight can be done by means of the 

photochemical2 splitting of water on a photocatalyst or a 

photochemical cell, and through the thermochemical reduction 

2  X. Chen, S. Shen, L.Guo and S.S. Mao, Chem. Rev. 110 6503 (2010) 

Figure 3.1. An impression of a solar fuel device converting feedstock of 

CO2 and H2O into CH4 and O2 (reprinted with permission, courtesy of 

C.A. Grimes (A.C. Roy, O.K. Varghese, M. Paulose and C.A. Grimes, 

ACSNano 4 1259 (2010) of ))



FOM I NST I T U T E DIFFER   |   ST R AT EGIC PL A N 2011-201622

of CO2 and H2O by using concentrated solar power and e.g. 

cerium oxide based catalysts3.

The indirect route is based on effi cient solar cells of which the 

electricity generated is used to electrochemically reduce CO2 or 

split H2O. In the latter case the issue of the use of abundant 

materials is still a vivid research area, as the commonly used 

electrode is based on the scarce metal Pt4. 

An interesting and exciting non-biological approach is the 

plasma-chemical reduction of CO2 into CO and O2. This is in 

particular true for the FOM-DIFFER institute, considering its 

expertise in the science of plasmas. This approach can provide a 

materials free solution for the reduction of CO2 and, if 

demonstrated in an energy effi cient way, a cost-effective route 

towards solar fuels.5 These can be synthesized from the 

generated CO with H2 or H2O using conventional chemical 

processes such as Sabatier’s or Fisher-Tropsch reaction schemes. 

The non-bio route of converting renewable energy into chemical 

fuels starting from CO2 and H2O offers the ability to be used well 

near CO2 point sources such as electric power generation plants. 

Furthermore, hydrocarbons and alcohols are directly applicable 

in the current infrastructure for transport of fuels, in the 

chemical industry, and for generation of electricity. By reducing 

CO2, it can be turned from waste product into feedstock. This is 

least diffi cult for concentrated point emitters such as coal or 

biomass-fi red power plants; the newest versions of such plants 

are designed to allow CO2 capture. 

As mentioned earlier such a scheme would be only relevant 

when the reduction of CO2 can be done in a sustainable manner, 

directly using sunlight, or using electricity generated by 

intermittent sustainable sources such as photovoltaic cells, 

wind turbines or concentrated solar power. 

Goal and Ambition

The goal of the Solar Fuels research theme is to realize break-

through solutions to renewable energy to chemical fuel conversion 

starting from CO2 and H2O as feedstock. The program will lead to 

novel material combinations, device architectures and 

processing routes which are cost-effective and scalable to large 

volume production. The research will yield new fundamental 

3  W. C. Chueh et al. Science 330, 1797 (2010)
4  K. Zheng, D. Zhang, Prog. Energy Combust. Sci. 36 307 (2010)
5  Literature reports on > 80% energy effi cient dissociation of CO2, 

see Plasma Chemistry, Chapter 5, Taylor&Francis, New York (2009)

insights in photo- and electrochemical processes in nano-

structured materials optimized for sunlight capture and in 

photocarrier generation and transport used for chemical fuel 

production. In addition fundamental insights will be obtained 

to control the complexity of plasma chemical and physical 

processes, including plasma-surface interaction, in novel energy 

effi cient plasma sources used for CO2 activation to CO and O2.

Research directions

The fundamental research into these non-bio based solar fuels is 

clearly multi-disciplinary in nature and requires knowledge from 

the physics, chemistry and materials science disciplines. At this 

stage no defi nite research topics can be identifi ed since they 

depend strongly on the human resources which will be recruited 

in the coming years. Nevertheless, it is important to realize that 

in most research approaches on solar fuels, driven by the need 

for cost-effective and abundant materials, nanostructuring of the 

materials and devices is key to overcome the short mean free 

path of sunlight generated excitons or electron-hole pairs. 

Therefore a profound understanding of interfaces, defect 

structures and how to control them is imperative. Whereas for 

the splitting of H2O by an artifi cial leaf recently an effi ciency of 

5.5% was announced6 for the conversion of sunlight into 

hydrogen, one of the outstanding issues in this research fi eld 

remains how to activate CO2 and convert it to fuels with an 

effi ciency exceeding the 0.03% reported so far7. Nano-engineered 

materials with novel properties such as size controlled 

nano-particles and nano-sized multi-fi lm systems, made from 

abundantly available elements, will most probably be a part of 

future large scale solar fuel reactors.

The Solar Fuel theme will be executed in two research divisions: 

 Materials and materials engineering for Solar Fuels (MaSF)

 Devices and processing technologies for Solar Fuels (DeSF)

The fi rst research division will focus on the materials and 

materials engineering aspect required for solar fuel production. 

In this division materials scarcity will be taken into account right 

from the onset. This division will be built on the unique 

knowledge within the institute on nanoscale interface 

engineering. 

6 Artifi cial leafs turn sunlight into a cheap energy source, 

Science 332 25 (2011)
7  A.C. Roy, O.K. Varghese, M. Paulose and C.A. Grimes, 

ACSNano 4 1259 (2010)
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The second research division will aim for novel devices and 

processing routes for renewable energy to chemical fuel 

conversion. It will for example focus on breakthrough 

innovations exploiting the expertise in controlling complexity in 

plasma processing of materials under highly nonequilibrium 

conditions. This requires in depth knowledge of the plasma 

chemistry, physics and surface science involved. 

National collaborations

In this research theme new expertise and research infrastructure 

needs to be developed or required, especially in materials 

processing, materials science and chemistry disciplines (a.o. 

chemical engineering). Therefore strategic collaborations with 

universities and institutes (e.g. NanoLab) will be set up. The two 

Solar Fuels programs will be carried out in close cooperation 

with partners at the Dutch universities. Moreover, close collabo-

rations with the Energy Research Institute (ECN) and the 

industrial and technological energy sector will be pursued. 

Planning and milestones

The two new research programs will be kick-started by initiating 

research activities in existing DIFFER divisions already in the 

second quarter of 2011. These activities will gradually merge with 

or be transferred to the corresponding two new research 

divisions. A detailed lay out of the Solar Fuels division will be 

presented in the second quarter of 2012. This lay out will set 

clear research goals and will anticipate on possible funding 

possibilities for energy research such as FOM and NWO 

programs, but also within European funding scheme (ERC Grants 

and Framework programs). Immediately, tenure trackers will be 

spotted and recruited starting from the fourth quarter of 2012 

and, where needed, will be seconded to the Dutch universities. 

The hiring of tenure trackers will cover the period until the 

second quarter of 2014 and will include the installation of the 

TU/e DIFFER group. The start of MaSF is foreseen for the third 

quarter of 2012, DeSF will start the fi rst quarter of 2013. The two 

research programs will be developed to full size when relocation 

to Eindhoven becomes reality in 2015.

Personnel

The size of the Solar Fuels program will be around 50 fte in 2015: 

6 group leaders, 18 PhD students, 6 research technicians, 12 

postdocs, 6 undergraduate students and 2 guests. 

3.2 Fusion 

In future tokamaks like ITER the power generated by the fusion 

reactions will have to substantially exceed the external input 

power (Pfusion/Pin ≥ 10). Creating and controlling such a ‘burning’ 

plasma poses exciting challenges which can only be met through 

detailed understanding of the physics of the plasma. With its 

fusion research DIFFER contributes to resolving two major issues 

in realising a steady state high performance operation of future 

fusion reactors: 

 controlling the burning plasma, especially the magnetohydro-

dynamic (MHD) modes (division Fusion Physic)

 determining plasma edge conditions and wall materials 

(division Plasma Surface Interaction)

Fusion Physics

An important element in burning plasmas is connected to the 

charged alpha particles. They form a minority but carry a large 

fraction (up to twenty percent) of the plasma’s kinetic energy. In 

a process called thermalization they transfer their energy to the 

ambient plasma by means of collisions. A new phenomenon in 

burning plasmas is that the alpha particles can collectively drive 

certain types of magneto-hydrodynamic (MHD) modes, while 

they can suppress other MHD modes. These MHD modes can 

have both desirable and unwanted effects on the plasma. 

Active control of MHD-modes is required to optimize this mix of 

desired and detrimental effects. This is in itself far from straight-

forward but in addition suffers from the complication that in a 

burning plasma the external heating power, generally used for 

plasma control, is small compared to the heating power of the 

alpha particles.

Goal and Ambition

The objective of the Fusion Physics division is to address the 

physics of burning plasmas, and in particular the control of MHD modes 

in these plasmas. 

Research programs

Advanced Control of Magneto-hydrodynamic Modes in Burning Plasmas 

This is the FOM program FP120, which sets out to fi nd the proper 

balance between desired and detrimental effects of the MHD 

modes and to develop the tools for active control of these modes 

in burning plasmas. For this, detailed knowledge is needed of the 

mutual interactions between the fast alpha particles and the 

MHD instabilities, in particular the sawtooth instability and Alfvén 
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eigenmodes. Understanding the underlying physics requires 

diagnosis with high spatial and temporal resolution of the MHD 

instabilities and of the fast particle distribution.

For example, the so-called sawtooth instability on the one hand 

helps to transport the thermalized alpha particles out of the core 

(desirable), but on the other hand may result in the loss of the 

energetic alpha particles before they have fully thermalized 

(unwanted). 

A further undesirable effect of the sawtooth instability is that it 

may trigger other MHD modes such as neoclassical tearing modes 

(NTMs). These NTMs are detrimental to the plasma confi nement 

and in some cases may even lead to disruptive termination of 

the plasma. 

Finally, at the edge of the plasma so-called Edge Localized Modes 

(ELMs) occur, which result in extremely high transient heat and 

particle loads on the plasma facing components of a reactor. 

Since burning plasmas will not exist until 2026 (when ITER 

reaches full performance operation) the relevant data will have 

to be obtained from experiments in which the alpha particles are 

accelerated to high energies by means of special heating 

techniques. 

Since in present-day tokamaks the precise conditions of burning 

plasmas can be reproduced only in part, a detailed modelling 

effort is included in the FOM program. It will translate the results 

obtained with present fusion machines to the machines of the 

future. 

All three groups in the division work very closely together: the 

Tokamak Physics group focuses on the development of control 

tools, the Computational Plasma Physics – High Temperature group on 

the development of physics models and theory, while the Plasma 

Figure 3.3. 

Impression of an 

ECRH in-line control 

system for magnetic 

island instabilities in 

a fusion plasma.

The start of the construction of ITER in 2009 together with the confi rmation of DEMO as the next nuclear 

fusion device has heralded a new era in fusion research. In the coming years the fusion community will 

focus more and more on supporting ITER construction, preparing for ITER operation and designing DEMO. 

Within the European Fusion Development Agreement (EFDA) the R&D needs for a rapid and effi cient 

realisation of fusion energy are categorised in 7 missions. With its research programs and research 

facilities DIFFER is in an excellent position to make a difference in three of these missions:

 Mission 1: Burning Plasmas;

 Mission 3: First Wall Materials and the Compatibility with ITER/DEMO Relevant Plants; 

 Mission 6: Materials and Components for Nuclear Operation. 

Within EFDA it was recognized that plasma-wall interaction simulators (such as DIFFER’s Magnum PSI) are 

a scarce resource and that an enhancement of the capacity of European material laboratories is needed. 

With its strengthened efforts in the fi eld of plasma surface interactions as well as plasma facing material 

research DIFFER can contribute to the development of new materials, preparation of samples, and pre-and 

post irradiation examination.

Making a difference in future fusion research
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Diagnostic group concentrates on the development of control 

sensors. All groups are jointly involved in performing the 

experiments at contemporary fusion devices, and in analyzing 

and interpreting the data.

External relations and collaborations

All work within the division is carried out in close collaboration 

with academic and industrial partners in the Netherlands and 

abroad. These include formal research collaborations as well as 

many informal relations with researchers and research institutes 

world-wide.

FOM Program 120 is based on a tight cooperation of DIFFER with 

groups at Eindhoven University of Technology (TU/e), the 

mathematical research centre (CWI) and Leiden University (LEI). 

The specifi c research expertises within FP120 are:

 Plasma wave interaction, in particular focused on Electron 

Cyclotron Resonance Heating and Current Drive (DIFFER);

 Advanced diagnostics for MHD modes and fast particles 

(DIFFER and TU/e);

 Control systems technology (DIFFER and TU/e);

 MHD physics and physics of fast particles (DIFFER, CWI, LEI, TU/e)

 Numerical mathematics (DIFFER, CWI, LEI, TU/e)

The experimental work of the Fusion Physics division is carried 

out at various experimental facilities abroad. The most important 

devices are JET (Joint European Torus, United Kingdom) and 

ASDEX-Upgrade (Max-Planck-Institute für Plasma Physik 

Garching, Germany). Work is also done on a campaign basis on 

KSTAR (South-Korea), MAST (UK), Tore Supra (France) and DIII-D 

(USA). The effort in developing integrated modeling codes is 

carried out through strong international collaborations including 

amongst others IPP (Germany), CEA (France), and IAP (Russia). 

All work of the division is tightly embedded within the EURATOM 

program and within the European Fusion Development 

Agreement, involving all European Fusion Associations.

DIFFER is coordinating the Dutch-Russian Centre-of-Excellence 

on Fusion Physics and Technology, a consortium of FOM, and the 

Russian Kurchatov, Ioffe, Triniti and IAP institutes, that roughly 

covers the same subjects as in FP120. The work in the fi eld of 

Electron Cyclotron Emission Imaging is done in close collabo-

ration with UC Davis, General Atomics, Princeton and Colorado 

University (USA), POSTECH and NFRI (South-Korea) and Kyushu 

University (Japan). The work in the fi eld of Electron Cyclotron 

Resonance Heating with IPF and IPP (Germany), IAP (Russia), 

CRPP (Switzerland) and CNR (Italy). Additionally bilateral 

collaboration agreements exist with NIFS (Japan), ASIPP and 

SWIP (China), IPR (India), IPP (Germany).

The design and development of scientifi c components for ITER, 

nationally embedded in ITER-NL, is performed by three European 

consortia, each involving typically fi ve to nine European fusion 

research institutes. ITER-NL consists of FOM, the Dutch Institute 

for Applied Scientifi c Research (TNO), the Nuclear Research and 

consultancy Group (NRG) and TU/e. ITER-NL also aims at 

maximizing the involvement of Dutch industry into the ITER 

project through a number of specifi c valorisation activities. 

Planning and milestones

The FP120 research program runs from 2010 – 2014 and the 

ITER-NL development and valorisation program will end in 2013.

In 2014 a proposal will be submitted to FOM for a follow up 

research program covering the period 2015 – 2020. To maintain its 

international impact the follow-up program needs to be roughly 

similar in size. It is to be expected that the research will evolve 

towards a more integrated control of the fusion power plant 

where cost and effect of different control actions (which may not 

be simultaneously possible) must be weighed against each other. 

The optimum entry ticket to getting involved in experiments at 

international facilities is to provide specifi c hardware like 

diagnostics and heating equipment. Within ITER-NL a choice was 

made to focus on the Charge Exchange Recombination Spectro-

scopy and the LIDAR Thomson scattering diagnostics as well as 

Electron Cyclotron Resonance Heating and Current Drive, since 

similar equipment has already been developed and is being used 

for FP120. To maintain a position ultimately leading to partici-

pation in the scientifi c exploitation of ITER, it is essential that 

the instrumental development activities under the ITER-NL 

framework are continued after 2013. However, since the national 

‘Fonds Economische Structuurversterking (FES)’ has been 

discontinued, alternative ways of funding have to be looked for. 

DIFFER’s nationally coordinating role and excellent track record 

in public-private partnering will be instrumental in securing 

future funding for ITER-NL.

Table 3.4. 

Personnel in the 

Fusion Physics 

division
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Plasma surface interactions 

Plasma parameters in future fusion reactors operating in a 

steady state high performance mode are almost incompre-

hensable, posing huge contraints on the materials used. The 

fusion reactions require temperatures up to 108 K (~10 keV) and 

even though the plasma cools down to ~104 -106 K (~1-100 eV) 

because of radiative losses and imperfections of the magnetic 

confi nement, the plasma-facing components encounter 

extremely stressful situations. There is a highly complex 

unsteady and compressible fl ow of energy and particles in the 

boundary towards the plasma facing components. In steady state 

conditions, the power loads are highest in the divertor region 

(typically 10 MW/m2 in ITER). At high plasma performance, edge 

localized instabilities can occur at the plasma edge, leading to 

transient (~1 ms) power loads in the divertor up to 15 GW/m2.

It is clear that to be able to meet the demands of future fusion 

reactors the study of plasma-surface interactions is crucial. 

The plasma-surface system is complex, governed by strong 

non-linearities in particular at high densities. The plasma in 

front of the surface (composition, temperature, density, etc.) is 

strongly infl uenced by plasma-surface interaction (PSI). In turn, 

the surface is modifi ed by the plasma through radical reactions, 

erosion and deposition of clusters and compounds formed in the 

plasma. Thus, plasma and surface cannot be treated separately. 

Together they form a strongly coupled physical-chemical system 

in dynamic equilibrium. 

The study of this intense plasma surface interaction is not only 

relevant to the development of fusion energy. Results fi nd their 

way into other fi elds such as the production of robust 

components for XUV optics and the formation of dust in 

astrophysical systems. A promising area where contributions can 

be made is the use of plasmas as a unique source of chemical 

radicals. This allows for the tuning of chemistry at surfaces with 

opportunities beyond classical chemistry. This might open new 

possibilities in using catalyst materials for energy solutions 

(e.g. solar fuels), which will also have to absorb large power 

fl uxes. This is a completely new fi eld of research with unforeseen 

challenges ahead.

Goal and ambition

The goal for the research programs on Plasma Surface 

Interactions is the Fundamental Understanding of the Physics and 

Chemistry of the Plasma Surface Interaction and Material Science for 

Solving the Plasma Facing Material Problem in Future Fusion Reactors. 

In a more broad perspective the PSI division aims to investigate 

plasma surface interaction and plasma facing materials exposed 

to extreme loads other than nuclear fusion, such as (catalyst) 

materials for solar fuels. Finally the investigation of fundamental 

plasma physics and chemistry of high density low temperature 

plasmas is an important objective.

Research programs

PSI-lab, an integrated laboratory on plasma surface interaction

This is the FOM program FP75 which aims to study the interaction 

of intense particle or photon fl uxes with a material surface in a 

fundamental approach. This is defi ned in 3 research areas: 

(1) The search for mechanisms to create surfaces that are 

dynamically stable under intense plasma or radiation 

bombardment; 

Figure 3.5. 

Understanding 

Plasma Surface 

Interactions (top 
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future fusion 

reactors. To create 

and study plasma-

surface interactions 
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ITER divertor (left), 

DIFFER has built the 

linear plasma device 

Magnum-PSI (bottom 

right - plasma 

source). 
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(2) The study of the physics of plasma jets, in particular those in 

close contact with a material surface; 

(3) Study of the physics of dust formation during intense Plasma 

Surface Interaction.

The main objectives related to the nuclear fusion oriented 

research program are:

 Investigation of erosion and re-deposition for lifetime 

prediction of plasma facing components and contamination of 

plasma

 Investigation of hydrogen retention (and removal) for safety 

and fuel cycle

 Investigation of dust production for safety

 Investigation of structural integrity of the plasma facing 

components under the infl uence of high particle and heat 

fl uxes

 Investigation of processes in boundary plasma

 Development of advanced plasma surface interaction 

diagnostics and control tools

 Development and validation of computational models for 

interpretation and prediction to fusion reactors

The knowledge gained within this program should form a basis 

on which solutions to the problem of plasma surface interactions 

will be proposed, which will include but not be limited to the 

development of (a) new materials; (b) new energy exhaust 

systems; and (c) new operation scenarios.

External relation and collaborations

With its research in the FP75 program DIFFER contributes to the 

so-called Trilateral Euregio Cluster (TEC), a collaboration with 

Forschungszentrum Jülich, Royal Military School Brussels and 

Nuclear Study Center Mol. Members of the Trilateral Euregio 

Cluster contribute to the design and building of Magnum-PSI.

Within FP75 limited work is carried out on the tokamaks JET, 

ASDEX-Upgrade, MAST and TEXTOR. This is work related to 

plasma surface interactions, divertor physics and power exhaust 

in tokamaks. The scientifi c work on the tokamaks complements 

the in-house experimental work on the facility Pilot-PSI and will 

also in the future complement work on Magnum-PSI.

In addition to the collaborations with the TEC partners, in The 

Netherlands close collaborations exist with Leiden University, 

Eindhoven University of Technology and Delft University of 

Technology. Several strong collaborations have been developed 

with the Kurchatov institute (Russia) within the Centre of 

Excellence on Fusion Physics and Technology, MIT (USA), CIEMAT 

(Spain), IPP Garching (Germany), TEKES (Finland and Estonia), 

CEA (France), CCFE (UK), the University Iasi (Romania), the 

University of Basel (Switzerland), and the Heriot-Watt University 

Edinburgh (UK). 

Planning and milestones

As a continuation of the FP75 research a new program will be 

proposed: PSI in the strongly coupled regime at high fl uxes for nuclear 

fusion research. It should focus on the exploration of the strongly 

coupled regime and the high fl uxes. Furthermore controlling of 

plasma surface interactions should be included. This program 

will be performed in preparation of the ITER operation, which 

means that the PSI is investigated under ITER divertor conditions 

with ITER qualifi ed materials (ITER-CFC for the ITER early stage, 

ITER-W for the second generation divertor) or proxies of thereof 

(e.g. Al or Mg for Be). The investigation of the strongly coupled 

plasma surface interaction processes will be the central part of 

the experimental program. Furthermore, within this program 

the divertor plasma physics of high density, low electron 

temperature plasmas will be investigated. A large part of the 

program will be also dedicated to modeling of the plasma and 

the plasma surface interaction with numerical tools like 

B2-Eirene and ERO. 

Another potential fusion related program is Plasma facing 

materials and components for extreme loads. In this program novel 

materials as well as novel energy exhaust concepts like liquid 

metal targets and cascading pebble targets can be investigated. 

It would focus more on the science and technology of plasma 

facing components and materials, tested with Magnum-PSI. 

The new DIFFER mission of Science for Future Energy offers a 

multitude of possibilities for the PSI division to apply its 

expertise to the Solar Fuels area. Possible research subjects are 

Catalyst materials for solar fuels and Energy effi cient CO2 breakup 

with plasmas for solar fuels. These projects can be seen as seeds 

for much larger programs to be developed within the new Solar 

Fuels divisions. 

Table 3.6. 

Personnel in the 

PSI division.
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 4. The experimental facilities, 
  the new building and moving plan

In this chapter the experimental facilities of the institute are 
presented. In addition, details with respect to the project 
management of the design and construction of the new DIFFER 
building will be discussed. The relocation of the institute to the 
Eindhoven University of Technology campus is described in 
some detail. 

4.1 The experimental facilities

Magnum-PSI

The large infrastructure present at the institute to study plasma-

surface interaction, Magnum-PSI, will become available for 

detailed experiments at the end of 2011. It will operate using 

conventional water-cooled magnets, able to obtain magnetic 

fi elds in the target chamber up to 1.4 T in pulsed mode. Hydrogen 

ion fl uxes that can be obtained in continuous mode are above 

1024 m-2s-1, fl uxes far exceeding any other linear plasma device in 

the world. Substrates with dimensions of up to 60 x 20 cm2 can 

be used under normal and oblique position with respect to the 

magnetic fi eld. They can be easily exchanged for external 

analysis or transported to the material analysis chamber for 

further analysis without ambient exposure.

Despite the fact that the original planned 3T superconducting 

magnet is not available until mid 2012, the scientifi c program 

that will be executed at Magnum-PSI using the conventional 

magnets will be unique. Compared to the competition (e.g. 

PISCES in San Diego USA), novel Plasma-Surface Interaction 

regimes can be explored. In particular ground breaking results 

are expected in the research regarding the strongly coupled 

regime which is accessible thanks to the high fl uxes reached. 

Moreover, the recently developed pulsed plasma source, capable 

of simulating Edge Localized Modes (ELM’s) puts the Magnum–PSI 

facility at the forefront of the plasma-surface interaction 

research under ITER-like conditions. Magnum-PSI was designed 

to provide excellent optical access to the materials exposed to 

the high fl ux plasma beam. When operated in 2012-2015, it will 

be fully equipped with an elaborate set of in situ diagnostics for 

plasma phase measurements. 

The plasma diagnostics installed in the so-called target chamber 

are Thomson-Rayleigh scattering and optical emission 

spectroscopy. In addition, strong efforts are made to implement 

collective Thomson scattering providing all relevant plasma 

parameters of the high fl ux beam. To measure fast plasma 

phenomena and transient effects during plasma-wall interaction, 

Figure 4.1. MAGNUM-PSI device. 
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the target chamber is equipped with an extreme fast camera. 

Laser Induced fl uoresence and cavity ringdown spectroscopy are 

being developed to measure the density of atoms, molecules and 

radicals with high spatial resolution.

The following surface investigation diagnostics are being 

implemented to measure deuterium retention and other 

impurities during plasma exposure: Quartz Microbalance 

(QMB: measuring deposited layers), Laser Induced Desorption 

Spectroscopy (LIDS: measuring deuterium retention), Laser 

Induced Ablation Spectroscopy (LIAS: measuring deuterium 

accumulated on surface in deposited layers). For in situ erosion 

measurements a speckle interferometer system is foreseen 

for 2012. Calorimetry is available in the target chamber to 

measure the plasma power deposited on the water cooled 

targets. A fast IR camera and an accurate multi-wavelength 

pyrometer are available to measure the substrate temperature 

under plasma exposure. 

In addition a materials analysis chamber is equipped with a high 

resolution and sensitive Quadrupole Mass Spectrometer (QMS). 

The combination of QMS and the laser injection systems (similar 

to these used in the target chamber) allows to measure 

accurately the amount of deuterium released from the target 

surface during laser induced desorption or laser induced ablation 

and is therefore an accurate method to validate LIDS and LIAS 

(based on optical emission spectroscopy). In the same chamber 

Laser Induced breakdown spectroscopy (LIBS) will be applied, 

which measures impurities by performing spectroscopy on the 

light originating from the laser induced plasma of the target 

material itself. 

Ex situ analysis of plasma exposed targets which are available 

within the institute are Thermal Desorption setup (TDS), X-ray 

Photoelectron Spectroscopy (XPS) and Auger Electron 

Spectroscopy (AES). 

Research by scientists from outside the institute will be 

coordinated by DIFFER scientists as part of the TEC collaboration 

and the EFDA Task Force on Plasma Surface Interaction. 

Magnum-PSI will thus initially not be operated on a proposal 

basis. 

Pilot-PSI

Pilot-PSI is the fore runner of Magnum-PSI and was utilized to 

provide the design parameters of Magnum-PSI. The set up has 

obtained record high fl uxes using a cascaded arc thermal plasma 

source. A pulsed magnetic fi eld of up to 1.6T is provided and 

substrates with sizes up to 1 cm in diameter can be exposed to 

the high ion fl uxes of above 1023 m-2s-1 in continuous plasma 

mode and up to 1024 m-2s-1 in pulsed plasma mode. Plasma 

diagnostics such as Thomson-Rayleigh scattering, Cavity Ring 

down spectroscopy and optical emission spectroscopy are 

present. No in situ surface diagnostics are available on this set up. 

At Pilot-PSI, Thomson scattering and optical emission 

spectroscopy are available. A pyrometer, fast IR and visible light 

camera are shared between Pilot-PSI and Magnum-PSI. Recently 

it was discovered that in the plasma pulsed mode Cu and Mo 

metallic nanoparticles with sizes up to 100 nm can be deposited 

in a controlled way. Moreover, metals exposed to He ions under 

extreme conditions have demonstrated the possibility to 

generate nanoporous metal structures. This result demonstrates 

the unexpected capability of the use of Pilot-PSI for plasma 

processing of materials. It provides therefore interesting 

possibilities of synergies with the solar fuel research program in 

which catalyst metallic particles and nanoporous metallic 

structures might be key to certain schemes to generate H2 from 

water. 

Coating and surface science facilities

Within the nSI division an excellent research infrastructure 

exists to develop multilayer structures and to analyse them. 

Figure 4.2. 
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The main device is an Advanced Deposition Coater (ADC). This 

equipment is as a rule not available to outside users other than 

partners involved in joint research projects, such as on Extreme 

Ultraviolet Lithography and Plasma Surface Interaction (PSI). 

An ultra-high vacuum transfer system links the ADC coating 

facility to separate set-ups for X-ray photoelectron spectroscopy 

(XPS) and scanning tunnelling microscopy (STM). The XPS is 

equipped with a monochromatic Al-Kα source, an analyser for 

angle-resolved measurements and an ion gun for sputter 

depth-profi ling with nanometre depth resolution. Furthermore a 

focused electron gun allows AES and secondary electron 

microscopy (SEM). The STM chamber is equipped with an ion gun 

and miniature e-beam evaporators, thereby allowing growth and 

ion erosion studies both on ADC prepared samples, as well as on 

thin fi lms deposited in the STM chamber.

The Coater 3 deposition set-up is equipped with e-beam 

evaporators and a Kaufmann ion gun. In-situ XPS can be used to 

measure the surface composition. Furthermore, a spectroscopic 

ellipsometer allows in-situ characterisation of the optical 

properties of the deposited layers during growth and ion 

treatment.

The solar fuels set-up features several techniques for studying 

photochemical reactions with surface science techniques. Thin 

fi lm metal oxide model catalysts can be prepared with the aid of 

miniature e-beam evaporators and analysed with a low-energy 

electron diffraction system that is also suited for AES. (Photo)

reactions on these model catalysts can be investigated with 

temperature-programmed desorption and time-of-fl ight laser-

induced desorption, for which a differentially pumped 

quadrupole mass spectrometer is used. Furthermore, adsorbed 

molecules can be vibrationally characterised with refl ection-

absorption infrared spectroscopy (RAIRS).

The unique Harpoen set-up is designed for the characterisation 

of ion-surface interactions under ultra-high vacuum conditions. 

The set-up features a triply differentially pumped cascaded arc 

source and a rotatable quadrupole mass spectrometer for 

angle-resolved surface scattering of thermal and hyperthermal 

particles. Apart from this, the set-up is also equipped with an ion 

gun and position sensitive detector for grazing-incidence 

low-energy ion scattering.

Extra-mural research facilities

Besides the in-house research infrastructure, active use is also 

made from external large infrastructures. In the Fusion Physics 

and the PSI divisions this concerns notably the TEXTOR, 

ASDEX-UG, MAST and JET tokamaks for the coming period. 

For the MaSF and DeSF divisions intensive collaboration with 

existing research infrastructure in The Netherlands, such as 

Nanolab, is foreseen.

4.2 Relocation to Eindhoven

The timely relocation of the institute to the Eindhoven University 

of Technology is a crucial operation for realizing the new mission 

and therefore needs to be managed and executed professionally. 

In 2010, the Schedule of Requirements for the new building was 

made by a user group consisting of delegates from the scientifi c 

and support departments. The group was headed by the former 

institute manager and supported by the external consultancy 

company Kraan RPS. In the Schedule of Requirements, the 

numbers of people, fl oor offi ce space, experimental areas, fl oor 

loads of the experiments, vibrations, relations between areas, 

were drawn up. The general requirements of the new building 

were defi ned as:

 Independent, scientifi cally inspiring and clearly visible 

building

 Fully adapted to the new mission of DIFFER

 In-house workshop, electronics and ICT offi ce, drawing offi ce 

and canteen

 Functional, sustainable and sober building 

In 2010 a memorandum of understanding was agreed upon by 

FOM and TU/e. This document states that DIFFER will be an 

independent institute housed on the campus, but will be treated 

as a TU/e department with respects to access to TU/e facilities. 

The Schedule of Requirements was carefully assessed by an 

external expert group and by a second opinion organized by 

NWO in March 2011. In April 2011 the budget for the new 

building was secured by the governing board of FOM. 

A Project Management Plan for the construction of the new 

building has been made. The plan describes in detail (1) how the 

Figure 4.3. 

Close-up of the Solar 

Fuels set-up.
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project is realized and tracked, (2) the project organization, 

(3) the roles and responsibilities of the project members, 

(4) the procedures for quality and communication and 

(5) the budget. The general project plan is given in the textbox.

4.3 Relocation of the experiments

The relocation of the small experimental set ups such as 

Pilot-PSI as well as the coating and surface science and materials 

processing equipment and analysis set ups is not expected to be 

critical. The right timing for moving can be optimized depending 

on the need within the experimental programs. In all these cases, 

downtime should be minimized and when needed, additional man 

power will be recruited to assist in the moving of these set ups.

Signifi cantly more effort will be the moving of Magnum PSI, 

which is a major operation taking at least several months. Again 

the leading principle will be to minimize the downtime of this 

unique facility and guarantee a maximum research output of the 

experiments. 

The replacement of the Magnum-PSI conventional copper coils 

by the superconducting magnet provides an additional compli-

cation. However, the precise availability of the super conducting 

magnet is at the moment not yet known. A strategic decision on 

a moving plan for Magnum-PSI, including a risk assessment and 

contingency plan, will be made carefully and is expected to be 

completed in the second quarter of 2012. This strategic decision 

will balance the possible installation of the superconducting 

magnet before the relocation to the Eindhoven campus against 

the running of a high impact Plasma-Surface Interaction 

research program at the Rijnhuizen premises using the conven-

tional copper coils. 

Figure 4.4. 

Location of the 

DIFFER building on 

the University 

campus in Eindhoven.
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 5. Support divisions 

Providing the general and technical support and the 
infrastructure for the accomplishment of the DIFFER mission 
“Science for Future Energy” is a challenging task. Firstly, all 
research programs described in chapter 3 need to be managed 
and administrated in an effi cient and transparent way. 
Secondly, the scientifi c groups require expert technical support 
in the design, manufacturing, procurement and assembly 
of all equipment needed for the experimental devices. Thirdly, 
in order to accommodate all research facilities and staff, a 
continuous adaptation of the infrastructure is needed. 

5.1 Administration and management support

The management of DIFFER is carried out in a context of 

increasing complexity and growing demands on administration. 

As a consequence the team supporting the management has 

recently been expanded with a staff member to handle and 

safeguard all contracts. The management has also decided that 

all employees in all divisions should fi ll in time sheets. The rules 

of the European Union with respect to tendering in the 

procurement of equipment or services have to be followed in a 

growing number of cases. Unfortunately, these procedures are 

expensive and time-consuming.

The legislation with respect to safety of equipment and 

personnel and the protection of the environment is becoming 

more stringent and does have a considerable impact on the 

operation of the institute. To give just one small example: 

all electrical equipment needs to be checked regularly and 

records should be kept indicating which staff members are 

allowed to handle this equipment.

In view of the developments described above a modest increase 

of the staff for management, management support, adminis-

tration and maintenance support is unavoidable.

5.2 Technical support

In order to carry out the scientifi c programs as described and 

projected, it is essential to have in-house facilities for design and 

manufacturing of experimental equipment, for electronics and 

software engineering and for computer infrastructure support. 

The self-evaluation document gives a concise description of the 

existing technical support. Today’s level of permanent staff and 

their technological skills are for the most part expected to be 

appropriate for the coming years. 

DIFFER is especially strong in the design and construction of 

state of the art experimental set-ups. Striking examples are 

FELIX and Magnum-PSI. The excellent technical infrastructure 

and staff will enable us to realize the technical and experiment 

ambitions we have for the two new scientifi c divisions MaSF en 

DeSF. To adequately support these new divisions, some reorien-

tation within the technical support towards other disciplines 

such as chemistry, chemical and materials is needed.

5.3 Human Resource Management

The Human Resources Management (HRM) department 

contributes to and aims for a professional, responsible and 

motivated workforce. This is especially needed in the coming 

years for the development of new research programs and the 

relocation to Eindhoven.

The HRM-department consists of three people and is responsible 

for activities in four main areas:

 employment conditions and regulations;

 advising and informing management and employees on 

HR-policies, instruments and employment regulations;

 coaching employees and managers with respect to the 

upcoming organizational change;

 developing HR-policies.

Regarding the new goals of the organization the following policy 

guidelines, goals and activities are defi ned:

 The recruitment of specialists in the new scientifi c fi elds is 

crucial. Active recruiting and talent spotting will be 

undertaken. 

 Hiring criteria for new tenure track positions will be developed 

and these positions offered to new talented academic staff 

(PhD graduates). These new leaders will be appointed for 5 to 

6 years with the purpose to develop new viable research fi elds 

within a research group that contributes to the development 

of the new institute.

 To ensure that a signifi cant part of the current staff will 

transfer with the institute to Eindhoven, special attention is 

given to informing the staff about the relocation. 
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 Two Relocation Employment conditions Plans have been 

developed for staff that relocates to Eindhoven and for staff 

that relocates to Nijmegen University. The plans focus on 

facilitating the move and on ensuring that a maximum 

number of employees chooses to join DIFFER in relocating 

to Eindhoven and GUTHz to Nijmegen. The plans provide 

1. a bonus for those who join, 2. special facilities to ease the 

change in work location (extra temporary reimbursements of 

travel costs, etc) and 3. training and education facilities for 

employees who wish to enlarge their employability in order to 

be able to leave the organisation. The HR-department will take 

care of formal processing of agreements with employees when 

they want to apply for one or more of these options.

5.4 Outreach and communication

In the coming years, DIFFER will position itself as a nationally 

coordinating research institute in fundamental energy science. 

The Public Information (PI) group supports this mission by 

providing accurate, timely information on the institute’s 

activities to stakeholders as diverse as policy makers, fellow 

scientists, industry, university students, secondary and primary 

education, and the general public. 

The PI strategy for the future consists of four specifi c elements:

 Develop DIFFER’s public image as leader in the fi eld of 

fundamental energy research via a strong and ongoing 

information campaign, and coordinating and facilitating joint 

outreach activities within the DIFFER network.

 Help attract promising young students to DIFFER by presenting 

it as an exciting, cutting-edge research environment.

 Ensure continuity for DIFFER by engaging the future generation 

of fundamental energy researchers via education activities for 

secondary and primary schools.

 Gain and cement public support for the institute in particular 

and energy research in general by promoting awareness of the 

need for sustainable energy.

The strategic actions build on existing strengths in the PI group. 

Experience with coordinating joint outreach activities in a 

network of research partners was gained when PI helped set up 

the public communication activities for fusion research at EFDA 

and at ITER. The group also has extensive expertise in communi-

cating fundamental research to stakeholders and society at large 

via e.g. its succesful Fusion Road Show or its secondary school 

lessons module on nuclear fusion. All these competences will 

serve DIFFER well as it assumes its nationally coordinating role 

in the energy research landscape.

Figure 5.1. 

The mechanical 

workshop
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DIFFER is committed to successfully implement its new 
mission and realizes that suffi cient resources are needed to 
fulfi ll this challenging ambition. In the following sections a 
detailed analysis follows of the resources needed for a 
successful implementation of the new mission. In section 6.1 
the funding structure of the institute is explained. 6.2. outlines 
the fi nancial movements associated with the new strategy. 
In section 6.3 a detailed justifi cation of the necessary extra 
resources is given. 
The institute is confi dent that with the necessary extra 
resources the new mission can be implemented in a fi nancially 
healthy manner.

6.1 Funding structure of the institute

The institute receives funding from three sources: the mission 

budget from NWO/FOM, EURATOM baseline support and funding 

from projects and programs. 

Mission budget

In the period 2009 – 2011, the institute received a mission budget 

from NWO/FOM for its base exploitation. This fi nances the 

infrastructure of the institute, such as, but not limited to building 

maintenance, energy cost, personnel cost of the support division, 

part of the salaries of permanent scientifi c staff and research 

technicians, and materials budgets for the scientifi c groups.

At this moment, the mission budget is composed of a base 

component and a temporary component. The temporary 

component was awarded for the period 2009 – 2011 after the 

mission evaluation in 2008 (250 kc per year for the years 2009 – 

2011). The base mission budget amounted to nearly 5.3 Mc in 

2011.

EURATOM baseline support

The institute receives baseline support from EURATOM and uses 

this as part of the basic exploitation of the institute. In 2009, the 

EURATOM base support was lowered by approximately 200 kc per 

year. There is a serious risk that EURATOM base support will be 

further lowered the coming years due to further European budget 

constraints. In 2011, the baseline support of EURATOM amounts 

to 951 kc.

Funding from projects and programs

In addition to the base funding by NWO/FOM and by EURATOM, 

projects and programs funding is acquired from external 

organizations. These include, among others, projects from 

national FOM programs, IPP programs, EFDA contracts, contracts 

with industry, F4E contracts, STW projects, M2i projects, and 

NWO projects. In 2010, over 8 Mc was acquired from projects and 

programs. Despite the downward trend in recent years, the 

institute realised an impressive fi nancial earning capacity of 

160% over the period 2005 -2010.

6.2 Financial movements 2012 – 2016

In the previous chapters of the strategy document, the new 

mission ‘Science for Future Energy’ was introduced and its 

implementation was discussed. In the next section, the impact of 

the new mission on the required resources will be discussed and 

justifi ed. 

The major developments which impact the mission budget in 

the coming period are:

Start of two new divisions

Two new divisions will be established in DIFFER: MaSF (Material 

and processing technologies for Solar Fuels) and DeSF (Devices 

and processing technologies for Solar Fuels). The aim is to start 

with three research groups in each division. The new research 

groups can start as soon the GUTHz department (and the FELIX 

facility) is relocated and new experimental infrastructure can be 

built at DIFFER’s current location in Nieuwegein. If appropriate, 

research groups can be stationed in university groups until the 

relocation to the TU/e campus has been realized. The targeted 

minimum group size is one tenure track group leader, one research 

technician and three PhD students. Each tenure tracker is offered a 

‘starting package’ consisting of 1 PhD student, 1 research 

technician and an investment budget of 200 kc.

The Solar Fuel divisions can be partly paid by the mission budget 

coming available after the relocation of GUTHz. The section 

Relocation of GUTHz to Nijmegen offers an estimate of the amount 

of mission budget which becomes available.

No mission budget can be deferred from the nSI division to the 

new solar fuel divisions, because effectively there is no mission 

budget assigned to nSI. The nSI division section below details this.

Housing of a TU/e group

The TU/e will provide a research group of 5 fte (the target 

minimum group size). This group will be one of the six new 

DIFFER groups within the Solar Fuel theme. It will be on the 

payroll of the TU/e. Agreements with the TU/e will specify the 

group’s running budget, investment budget, and overhead costs.

 6. Financial outlook
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Relocation of GUTHz to Nijmegen

The GUTHz division will be relocated to the Radboud University 

Nijmegen starting from the second quarter of 2013. Through this 

relocation, mission budget for direct costs (among others 

personnel, investments, material budgets) becomes available in 

the order of 500 kc per year. In addition, overhead of the same 

order will be available (for personnel support in workshop, 

electronics and ICT department, drawing offi ce, administration, 

et cetera). With the relocation of the GUTHz division to Nijmegen 

the funds from the FOM programs FP58 and FP59, personnel 

grants and external funds such as ESPRC funding amounting to 

830 kc will also leave the institute.

Part of the relocation cost of GUTHz will be paid from the 

mission budget of DIFFER. This amounts to about 1.1 Mc. This 

will be spread over 10 years and equals 110 kc per year until 

2022.

The nSI division

Expectations are that part of the nSI division has equally good 

opportunities outside DIFFER. Actions are undertaken to 

facilitate such a relocation. On the other hand the remaining part 

of this division will fl ourish within DIFFER as competences of the 

staff and equipment currently used can be utilized in the Solar 

Fuels program.

To the nSI division effectively no mission budget is assigned. The 

major programmes in the nSI division are industrial partnership 

programmes which do not bear on the mission budget. 

Personnel, infrastructure and also the overhead are paid by the 

external contracts acquired by nSI.

Reduction of EURATOM support

In 2009, the EURATOM base support was lowered by approxi-

mately 200 kc per year. As was mentioned earlier, there is a 

serious risk that EURATOM base support will be further lowered 

the coming years.

Acquiring a national coordinating role in fundamental 
energy research

To acquire a national coordinating role on energy research in the 

Netherlands extra resources will be needed to set-up and 

maintain the governance of DIFFER. For this 2 fte’s will be 

needed.

6.3 Resources 2012 – 2016

Summarizing, the successful realization of DIFFER and its 

mission requires extra resources as follows:

The DeSF division

The mission budget released with the relocation of the 

department GUTHz and the FELIX facility to Nijmegen is used to 

fund the DeSF division. This budget pays for two tenure trackers, 

two research technicians, the running budgets of the groups in 

the solar fuel divisions, and two PhD positions to start new 

research.

The initiation of the DeSF division is budget neutral as far as the 

mission budget is concerned, effectively replacing the GUTHz 

division. However, the two tenure trackers will be offered an 

investment budget of 200 kb as part of the starting package.

The MaSF division 

MaSF will be the fourth division in DIFFER and will bear on the 

regular exploitation of the institute. The new division will apply 

for FOM programmes and NWO grants which do not cover costs 

for permanent staff, infrastructure and overhead. For this, 

mission budget is required which is not available at this moment. 

Therefore, a structural increase of the mission budget is needed to pay 

for the permanent staff (3 fte), technical staff (3 fte) and overhead. 

Initially, each tenure tracker will get one PhD student to 

kick-start the research of the group. To this end, 3 PhD students 

– one per tenure tracker – are temporarily requested. The other 

PhD students have to be acquired by the tenure tracker from 

other funds. In addition each tenure tracker is offered an 

investment budget of 200 kb as part of the starting package.

The initiation of the MaSF division is not budget neutral as far as 

the mission budget is concerned. MaSF requires mission budget, 

but replaces nSI which does not bear on the mission budget.

Acquiring a national coordinating role in fundamental 
energy research

To acquire a national coordinating role on energy research in the 

Netherlands, two policy/administrative persons are needed to 

set-up and maintain the governance of DIFFER. This requires a 

structural increase of the mission budget with 110 kb.
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Maintaining the strength of the fusion divisions

In 2009, the EURATOM base support was lowered by approxi-

mately 200 kc per year. To maintain the level of activities in the 

fusion oriented divisions (Fusion Physics and PSI) a compensation 

for the reduction in EURATOM support is needed. 

Table 6.1 below details the required extra resources. It details the 

development, nature of the request and whether this is a 

structural or temporary request.

Table 6.1. 

Required extra 

resources to achieve 

the institute’s mission

Development Resources Nature of request

DeSF division 2 tenure track positions

2 research technicians

2 PhD students

paid by DIFFER 

mission budget 

(i.e. GUTHz part)

Investment budgets for 2 tenure 

trackers to kick-start research;

temporary

MaSF division 3 tenure track positions

3 research technicians 

indirect cost

structural

3 PhD students

Investment budgets for 3 tenure 

trackers to kick-start research

temporary

Acquiring a national coordinating 

role

1 fte senior +  1 fte Junior adminis-

trative/policy 

structural

Maintaining the strength of the 

fusion divisions

Compensation for lowering of 

Euratom funding

structural
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6.4. Financial request to FOM/NWO

The resources required for the period 2012-2016 result in the 

following request for a structural increase of the annual mission 

budget:

Start of the MaSF department 710 kb

Acquiring a national coordinating role 110 kb

Maintaining the strength of the fusion 

department
200 kb

Total 1020 kf 

Table 6.2.

Requested structural increase of the annual mission budget

In addition to kick-start the new departments and to attract the 

best tenure trackers a temporary increase of the mission budget is 

required for the period 2012-2016. This relates to 3 PhD students 

(153 kb for four years) and 5 investments budgets for 5 tenure 

trackers (each 200 kb large). This results in an averaged temporary 

increase of the annual mission budget for the period 2012-2016 

of 325 kL.

If the requested extra mission budget is granted, the new DIFFER 

institute will be able to:

 Create suffi cient focus and mass for the two new energy 

divisions MaSF and DeSF to make an impact in the fi eld. A 

successful reorientation of the institute towards energy 

research and a fl ourishing start of DIFFER is guaranteed. 

 Maintain the activities in the fusion divisions at the same level 

despite the reduction of the EURATOM support. 

 Set up and maintain a strong national coordinating role for 

DIFFER.
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