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Executive summary

[De wetenschappelijke kwaliteit van de Nederlandse Materials Science hoort bij de
hoogste van de wereld. De Nederlandse onderzoekswereld verkeert in een uitstekende
uitgangspositie voor verdergaande samenwerking tussen academische onderzoekers en
de industrie op de terreinen waar materialen een sleutelrol spelen in grote maatschappelijke uitdagingen als voedselvoorziening, gezondheid, energie en duurzaamheid van
transport en grondstoffen. Die samenwerking is goed voor de wetenschap, voor de
Nederlandse economie en voor de samenleving als geheel. Om de Nederlandse positie te
behouden en te versterken is een nationale onderzoeksagenda voor de Materials Science
nodig. Dit rapport presenteert die onderzoeksagenda op basis van zes onderzoeksthema’s waarin Nederland excelleert en de aansluiting van die thema’s bij de grote
maatschappelijke uitdagingen. Het rapport doet drie aanbevelingen voor het versterken
van de wetenschappelijke infrastructuur voor de Materials Science. De onderzoeksagenda kan worden geïntegreerd in de Nationale Wetenschapsagenda.]
Materials are everywhere. They form our housing, transportation, clothing and food.
They produce our energy, form our living body, and much more. New advanced
materials can provide solutions to important societal and technological challenges in
areas such as healthy food, healthy living, renewable energy, sustainable transportation,
and scarcity of resources.
Materials Science is the discipline that engages with the design, synthesis, structure,
dynamics and performance of materials. It is a multidisciplinary field that includes
elements of physics, chemistry, biology, and engineering, and studies materials in a
broad range of length scales from the atomic scale, through nano and micro all the way
up to the macro scale. In the Netherlands the Materials Science field is very strong:
Dutch scientific papers in Materials Science have a citation impact of 1.7 times the world
average.
The Dutch research ecosystem – the academic research community and a wealth of
private enterprises from industrial R&D labs to innovative startups – is in an excellent
position to carry out fundamental research on topics that can lead to breakthrough
applications in five to ten years from now, providing the basis for new innovations that
can strengthen the Dutch economy. In parallel, academic and industrial partners have a
very good history of collaboration within joint research programmes that focus on
applications for the medium term (two to five years). Materials Science can contribute to
several of the six challenges identified in the NWO strategy for the period 2016-2020.
The field also plays an important role in Dutch Top Sectors (High Tech Systems and
Materials, Chemistry) or is very suited to do so (Energy, Agrifood and Life Sciences and
Health). Nevertheless, joint initiatives transcending these Top Sectors are limited so far.
Scope of the report
This report, combining the physics, engineering and chemistry perspectives, presents a
national materials view identifying the scientific challenges for the Materials Science
community for the next decade, leading to important scientific discoveries and
breakthrough innovations. The report kicks off the National Research Initiative
“Dutch Materials, Challenges for Materials Science in the Netherlands”. It provides an
inventory of the strengths of the Materials Science ecosystem in the Netherlands,
including academic and industrial partners. In addition it provides an overview of
international trends and describes two ‘gaps’ that should be bridged by strengthened
multidisciplinary collaborations: the 'engineering gap' (the occasional gap between basic
science research and engineering) and the ‘innovation gap’ (between scientific discoveries and application in industry). It addresses the entire chain from fundamental
research to more applied developments.
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Six strategic research directions
This report identifies six strategic research directions that build on key expertise gained
in the Netherlands over the past years:
1)
2)
3)
4)
5)
6)

Designer functional metamaterials
Soft- and bio-inspired materials
Next-generation engineering materials
Materials for sustainable energy production and storage
Sustainable materials
Thin films and coatings

These challenges are chosen because they address key societal and technological problems. All of them can potentially lead to important scientific discoveries and breakthrough innovations over the next five to ten years.
Recommendations
To establish a Materials Science ecosystem that is fit for the future, the report recommends the following:
1. Establish Centres/Programmes of Excellence in Materials Science Research
and Engineering
Centres/Programmes of Excellence in Materials Science Research and Engineering will be
major long-term academic research initiatives (duration five to ten years), carried out
not necessarily at a single location, each focusing on a single well-defined challenge.
The research challenge combines academic excellence with a clear long-term, bottom-up
strategic vision for applications that will become apparent after a five to ten year period.
The Centres/Programmes of Excellence should form a visible and flexible Materials
Science network – it is not proposed to establish new institutes – to raise the profile and
visibility of Materials Science and its leading Dutch institutes. In addition this network
could function as a platform for information exchange and provide strategic guidance for
future research.
2. Establish Public-Private Materials Programmes
Public-Private Materials Programmes (duration five years) should fully exploit the
potential of materials research leading to breakthrough innovations. These programmes
are collaborations between academic and industrial partners focusing on those topics
that connect the best basic science with medium-term applications. They require
commitment from academic and industrial partners to work on emerging technologies,
with a longer-term vision.
3. Create Fellowships for Advanced Materials Research and Engineering
Fellowships for Advanced Materials and Engineering (FAME) will provide funding for twoyear postdoc positions in a Materials Science and Engineering Department at a
renowned materials institute abroad, followed by a two-year landing position in the
Netherlands, for example at one of the aforementioned Centresabove mentioned
Centres/Programmes of Excellence. These fellowships offer postdocs the opportunity to
start their own materials-related research group upon returning to the Netherlands,
preferably in a setting with dual appointments or with ties with both a science and
engineering department. The newly trained FAME fellows will then transfer their mode of
operation to a next generation of students.
A total budget of 85 M€ would be required for these recommendations to be effective.
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Introduction: Materials Science – a key discipline

Materials are everywhere

Materials are everywhere. They form the basis of the world as we know it today.
Materials constitute the buildings around us and our daily modes of transport. Our
communication and computer technology is based on materials that are sculpted at the
nanoscale. Our energy supply makes use of materials and consumes them. The taste of
the food we eat is determined by subtle material properties, and increasingly we
understand the material properties of living matter in the human body.
Materials Science is the discipline that studies the synthesis, structure, properties and
performance of materials. It is a key discipline that is at the basis of many important
applications. At the same time, new materials and their development also make
advances in fundamental science possible. Materials Science spans a broad range of
length scales, from the atomic scale all the way up to the macro scale, and it is
inherently interdisciplinary, with important advances coming from physics, chemistry,
biology, and engineering. The cross-disciplinary field of computational science plays an
important role in many innovations as well, as powerful numerical modelling can often
guide new insights and developments.

Materials Science in the
Netherlands is of a very
high quality

Materials Science is also a field in which science and industry work closely together, as
novel insights from fundamental research often lead to new products and technologies.
Vice versa, improvements of existing technologies often require novel advanced
scientific insights. In the Netherlands the Materials Science field is very strong as
indicated, for example, by the high overall citation impact of scientific articles in
Materials Science, which is 1.7 times as high as the world average 1.
Materials Science can provide solutions, through a multidisciplinary approach, to
the major challenges that our society faces, in particular quality of life, energy,
food, transportation, health, and materials resources.

Many Nobel Prizes have
been awarded in
Materials Science

The award of Nobel Prizes is another indicator of the importance of Materials Science
and international materials trends. Recent examples of Nobel Prizes awarded for
materials-related discoveries are those for solid-state lighting (physics, 2014), superresolution microscopy (chemistry, 2014), multiscale modelling (chemistry, 2013),
graphene (physics, 2012), quasicrystals (chemistry, 2011), and optical fibres and CCD
sensors (physics, 2009).

While Materials Science has always been a continuously evolving field of research, today
this discipline is in a unique position to address many key challenges that our society
faces. For example, our transportation system is shifting towards electric power,
requiring novel battery materials. Our ageing population can benefit from the creation of
Materials Science can
artificial
tissue or even organs. And as the era of fossil fuels comes to an end, we
contribute to the solution of
major societal challenges
urgently need renewable sources of energy. These are just a few examples of the many

1

Study by CWTS, Leiden (2014)
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challenges that materials research can address today. In general, materials research can
lead to novel materials with properties that do not exist today and with potential new
applications that are entirely unforeseen. New materials can also replace scarce or
environmentally damaging systems that are in use today.
With these great challenges ahead, it is important to define a common multidisciplinary
strategic research agenda that builds on the strengths of the Dutch Materials Science
community. A concerted action is needed among different disciplines because Materials
Science involves many different scientific fields.

Scientific research in the
Netherlands sometimes
suffers from an engineering
gap

Science in the Netherlands
also suffers from an innovation gap

Such an initiative is particularly relevant because materials research in the Netherlands
sometimes suffers from an 'engineering gap': fundamental materials research and
application-driven engineering are often carried out independently, with a ‘no-man’s
land’ in between. This is an unwanted situation, as integration between basic science
and engineering can strengthen both. Integration between basic science and
engineering is also essential for developing novel applications of Materials Science.
Surprisingly, in most Dutch universities Materials Science and Engineering are organised
separately. And within NWO, typically separate funding programmes exist for
fundamental research and engineering.
Aside from the engineering gap the Netherlands also suffers from an 'innovation gap':
the barrier to translating novel fundamental insights into practical applications. The
trend to strictly separate science funding for fundamental and application-driven science
has been significantly broken in the past two decades by the introduction of the socalled Technological Topinstitutes in the 1990s. In the materials technology field the
Dutch Polymer Institute (DPI) and the Netherlands Institute for Metal Research (NIMR)
emerged, made possible by allocation of natural gas based state resources for
reinforcement of the Dutch economical infrastructure (FES-funding) and strategic long
term financial commitment of leading multinational materials industries such as DSM
and Hoogovens. Ten-fifteen years ago similar initiatives led to the foundation of the
platform Advanced Chemical Technologies for Sustainability (ACTS), the BioMedical
Materials initiative (BMM), the Centre for Translational Molecular Medicine (CTMM), and
programmes initiated or supported by DSM and Philips, respectively. Furthermore NIMR
widened its originally metal oriented scope and continued as the “Materials to Innovate
Industry (M2i) initiative. In 2010 the NanoNextNL programme emerged from the
preceding NanoNed and MicroNed programs. In this innovation ecosystem 40 knowledge
institutes and 90 industries ranging for multinational companies to startups collaborate
in over 260 PhD/post-doc projects until the end of 2016.
In view of the termination of the successful FES-funding based shared research and
constraints of the successive Top Sector policy, several industries, organisations and
new academic initiatives have changed their course to safeguard their strategic interests
in the materials science field. Both individual industries as well as organizations such as
M2i have meanwhile found and used possibilities provided by NWO, such as the
establishment of FOM Industrial Partnership Programs (IPPs), the NWO Fund for New
Chemical Innovations, and similar possibilities for public-private funded partnerships,
programs and projects at STW. Furthermore, internationally leading initiatives such as
Qtech, paving the way for next generation quantum computing technology and ARCNL,
focusing on strategic research needs for next-generation lithography of ASML have
emerged. Similarly M2i, has changed its position towards providing brokerage and
match making between industry and academia and providing joint access to remaining
and future funding possibilities. At present successful public-partnerships such as
NanoNextNL are actively pursuing possibilities for continuation of key strategic research
themes. Furthermore Materials Science based initiatives such as Solliance, developing
technologies for innovative solar panel technology, and the Brightland Materials Center
starting up R&D in the polymer materials field have emerged based on regional public
private collaboration possibilities. Despite these recently established initiatives, a wealth
of further opportunities can arise when the academic and industrial communities are
brought together further, so that the innovation gap can be further closed and public
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and private parties can work side by side on emergent technologies with a longer term
vision.
This report, which merges the vision of the FOM materials foresight committee, the
Programme Council Chemistry of Advanced Materials of the TKI Chemistry (Appendix A
and B) and the long term vision of the High Tech Materials roadmap of the Topsector
HTSM executed in partnership with STW, aims to be a starting point for a joint research
agenda for Materials Science and Engineering. The report addresses the following
questions:
•
•
•
•

What are the international trends and developments in Materials Science?
What are the national research trends, who are the relevant players in the field, and
how is the Dutch materials ecosystem organised?
What are the current strengths in Materials Science in the Netherlands and which
areas of research require reinforcement?
What are the scientific, societal and technological challenges in materials research
for the Netherlands for the next decade and how can they be addressed?

This report first identifies international trends and global societal and scientific
developments that drive Materials Science research. Next, it describes national research
trends, the relevant academic and industrial players, and the Dutch Materials Science
ecosystem as a whole. Based on proven strengths, the report then identifies six major
challenge areas that a National Materials Research agenda should include. Finally a
series of measures is proposed that will enable a practical implementation to realise a
rapid and powerful contribution of Materials Science to the solution of several economic,
societal and scientific challenges that our society faces.
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Worldwide trends in funding and organisation of
Materials Science

Materials Science is well
represented in Horizon
2020

Materials Science is a rapidly changing scientific discipline worldwide that receives much
attention in international funding schemes. In several European countries, the US, and
emerging economies such as China, Materials Science & Engineering research centres
have been established in the past decade. These centres typically focus on a
combination of interdisciplinary Materials Science research programmes, education of
talent, and support of networks and innovation. Some examples:
The European Research Programme 'Horizon 2020' explicitly recognises the importance
of Materials Science by positioning it as one of six Key Enabling Technologies (KET’s) for
several societal challenge-oriented programs, including:
•
•
•

•

•
•

Health, demographic change and well-being (with a focus on biomaterials and
soft matter research, et cetera);
Secure clean and efficient energy (with research on innovative technologies for
energy efficiency and renewable sources of energy, et cetera);
Smart green and integrated transport (where advanced materials are developed
for transport infrastructure, environmental-friendly multifunctional composite
manufacturing, materials for the aircraft and aeronautical industry, et cetera);
Climate action, environment, resource efficiency and raw materials (where
materials are studied for recycling and reuse, the processing and structuring
materials to reduce food waste, use in packaging materials, et cetera.);
Factories of the Future (that includes high-definition printing of multifunctional
materials, industrial technologies for materials assembly, et cetera);
Energy-efficient buildings (with research on smart building structures;
lightweight and high-strength materials, et cetera). A major new EU initiative is the
establishment of Future Emerging Technology Flagships; the first one is the
materials-related Graphene Flagship that was established in 2013.

Besides providing funding for materials research programmes, the EU is setting up
different kinds of networks for information sharing. For example, in 2014 a Knowledge
Innovation Centre (KIC) on Raw Materials (sustainable processing of raw materials) was
established as part of the European Institute of Technology (EIT). Also, in 2008 the
virtual European Multifunctional Materials Institute (EMMI) was created as a platform for
materials research, bringing together scientists from different research communities to
stimulate collaboration and information exchange.
The new German initiative
invests 100 M€ per year in
materials research.

A major national materials initiative in Europe is the new program initiated in 2015 by
the German Government called From Material to Innovation, within the new initiative
“High-Tech Strategy Innovations for Germany”. This new program provides materials
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researchers with a budget of 100 million € per year. It aims to establish materials
expertise and strengthen Germany’s competitiveness, with a focus on energy, transport,
medicine, and construction.
Materials Science is a
strong priority in the US.

And well organised within
the US Materials Genome
Initiative

In the United States many top-level universities have departments of Materials Science
and Engineering. In addition, the National Science Foundation has established Materials
Research Science and Engineering Centres (MRSECs) at several different
universities 2. These centres (budget 1-4 million USD per year) focus on well-defined
topics, such as photonic and multiscale materials, energy materials and new electronic
materials, with a long-term application potential. Importantly, successful MRSECs
almost always include a spectrum of participating groups from both fundamental
sciences and engineering. Furthermore, there are large privately funded centres, such
as the Wyss Institute for Biologically Inspired Engineering at Harvard University
(launched in 2009), which develops biologically inspired materials and devices that can
solve critical medical and environmental problems 3.
In 2011, the Materials Genome Initiative (MGI) was launched, in which the US
Federal Government has invested over 250 million USD in research and innovation
infrastructure to accelerate the development of new high-tech materials. Research
topics are: energy, health, transportation, food and agriculture, and more. This
initiative is specifically targeted at innovation and entrepreneurship to revitalise
manufacturing in the United States. The MGI funds a Centre for Hierarchical Materials
Design (CHiMaD, based at Northwestern University, Illinois) for the development of
industrially-ready advanced materials in emerging fields such as self-assembled
biomaterials, organic photovoltaic materials, advanced ceramics, and novel polymer and
metal alloys for structural applications. The MGI also supports over 500 materials
scientists across 200 companies, universities and national labs working on materials
innovation and developing new computational tools and instrumentation. Furthermore,
the MGI has launched three Institutes for Manufacturing Innovation: public-private
partnerships to accelerate the development and adoption of new materials technologies
(America Makes, the Lightweight and Modern Metals Innovation Institute, and Next
Generation Power Electronics). Most recently, a National Photonics Initiative has been
launched in the US. It has led to a call for proposals for a National Photonics
Manufacturing Facility (budget 100 million USD).
The US Department of Energy (DOE) has launched four institutes in energy research
(‘Energy Hubs’): the Consortium for Advanced Simulation of Light Water Reactors
(focusing on improving nuclear reactors through computer-based modelling), the Joint
Centre for Artificial Photosynthesis (to produce fuels directly from sunlight), the Joint
Centre for Energy Storage Research (to improving battery technology for transportation
and the grid) and the Critical Materials Institute (to develop solutions for rare earth
elements and other materials critical to clean energy technologies). Each Energy Hub
has a research budget of 15-25 million USD per year.

2
3

See: http://www.mrsec.org/mrsec-program-overview
See: http://wyss.harvard.edu/viewpage/about-us
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Newly emerging economies
invest strongly in Materials
Science

Emerging economies such as China and India also make strong investments in Materials
Science through both government-funded initiatives and public-private partnerships.
The Materials Research Society (MRS), based in Pittsburgh, is an active international
organisation promoting materials research in the broadest sense. It has over 16,000
international members. MRS organises annual Spring and Fall Meetings 4 that each bring
together over 5000 materials scientists from all over the world. The number of
participants at these meetings is growing every year, which testifies to the liveliness of
the Materials Science field. Main themes at the latest meeting were bio- and soft
materials (9 symposia), electronics & photonics (9 symposia), energy-related materials
(13 symposia), nanomaterials (6 symposia), theory, characterisation and modelling (8
symposia). The programming of these meetings clearly demonstrates that Materials
Science is interdisciplinary but also a discipline in its own right.

4

See: http://www.mrs.org/spring2015/ and http://www.mrs.org/fall2015/
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Multidisciplinary Materials Science: bridging the
engineering and innovation gaps
Physicists, chemists and
biologists know how to find
each other

But sometimes miss the
link with academic
engineering sciences, and
vice versa.

Materials Science is a multidisciplinary research field, in which the joint expertise of
physicists, chemists, and biologists can lead to entirely novel insights and applications.
In recent years we have seen a strong integration between research in these fields:
biophysicists speak the languages of both physics and biology, the interface between
physics and chemistry is blurred in many forms of materials synthesis and soft
condensed matter studies, et cetera. Nowadays, physicists, chemists and biologists
continuously take advantage of the benefits of cross-disciplinary collaboration in
Materials Science.
At the same time, a lack of integration between science and engineering disciplines can
often be observed in the Netherlands. This was noted by the Committee Dijkgraaf that
described the ambitions for physics and chemistry for the next 10 to 15 years: 5 “major
scientific questions, major societal challenges, and industrial problems often call for
researchers in engineering disciplines to work alongside researchers in basic science.
This requires a change of mentality and understanding in both teaching and research.
Scientists and engineers together need to generate breakthrough solutions that go
beyond incremental progress, also outside the technical universities.”
Materials Science is a field where the engineering gap can naturally be bridged. Key
engineering questions that involve new materials are, for example:
•
•
•
•
•
•
•

How can novel metal/polymer composites be made using 3D printing?
How can a novel biopolymer network architecture be turned into a functional tissue
that can replace a damaged or aged tissue?
How can a complex array of high-efficiency solar cells be integrated to form a solar
panel?
How can the surface properties of materials be changed to develop frictionless, nonfouling processes?
How can an optical emitter be turned into a quantum-secure communication
system?
How can the concept of storing genetic information in genomes be copied to drive
the development of new materials?
How can materials be designed to withstand extreme conditions?

Answering such engineering-related questions is distinctly different than the
development of practical applications. Key new insights in engineering are essential to
bring basic research a step further, and vice versa. This interrelation between basic

5

Chemistry & Physics, Fundamental for our Future, Report of the Committee Dijkgraaf (2014)
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Richard Feynman: What I
cannot create I do not
understand.

science and academic engineering is very well expressed by Nobel Prize winner Richard
Feynman who stated: “What I cannot create I do not understand”.
The separation of basic science and engineering that is often observed seems deeply
anchored in the Dutch culture. To bridge the engineering gap, it is essential to bring
together physicists, chemists, biologists, and engineers at an early stage to work
together on multidisciplinary problems. In this report, we propose six Materials Science
research themes that are ideally suited for this goal. If the engineering gap can be
closed, this will also contribute to solving the innovation gap, as the transfer of
discoveries in fundamental research to practical innovations nearly always requires
engineering.

It is important to invest
in long-term research
that lays the basis for
innovations 5-10 years
from now

It is well known that important innovations often result from long-term investment in
scientific themes for which the application potential was not apparent initially. For
example, nanophotonic concepts are now applied in solid-state lighting, more than ten
years after nanophotonics became a distinct field of research. Fullerene, the C60
molecule with the buckyball structure, was created by chemists during their search for
unidentified interstellar matter, but it later on turned out to be an interesting material
for organic solar cells. And ultrafast spectroscopic techniques are now used to improve
the texture of food, more than a decade after these techniques were invented for an
entirely different purpose. To sustain a healthy technology ecosystem that is
continuously fed with new ideas, it is essential to invest in long-term fundamental
research. Such research must focus on topics which are not necessarily needed by
industry today, but rather on topics about of which industry will say 5 to 10 years from
now: "starting this work was essential, as we benefit from it now".
The challenge for the Dutch academic research community is to carry out
fundamental research on topics that can lead to breakthrough applications 5-10
years from now and then lay the basis for new innovations that can strengthen
the Dutch economy. Selecting these topics requires exceptional strategic
ingenuity, a task for which the Dutch materials ecosystem is well positioned.

National Trends in Materials Science

In parallel, it is vitally important that academic and industrial partners team up for
research with a medium-term application horizon of 2 to 5 years. In the late 1990s
Technological Top Institutes such as DPI and M2i were set up with funds from the
Ministry of Economic Affairs to stimulate networks of industrial and academic groups
working on Materials Science. Several other successful mechanisms to achieve this have
been set up since then, such as ACTS, the FOM IPPs, different types of joint
academic/industrial programmes funded by STW and NWO Chemical Sciences, and the
national High Tech Systems and Materials Initiative NanoNextNL funded by the Ministry
of Economic Affairs. A new model that has recently been developed is the Advanced
Research Centre (ARC), such as the recently founded Advanced Research Centre for
Nanolithography, in which long-term academic research with a clear industrial strategic
vision is carried out, co-funded by NWO, universities, and industry.
The six Materials Science research themes that we propose in this report are all ideally
suited to establishing such medium-term, public-private partnership programmes in
research. Developing practical applications of Materials Science requires the integration
of device design, systems integration or application design to be an integral part of the
research programme. Such integration is only possible if academic researchers and
industrial specialists work closely together. To further stimulate academic-industrial
collaboration for medium- and long-term applications the establishment of Advanced
Research Centres or academic satellite groups located within a company or company
groups located within an academic institution can be explored.
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Dutch Materials Science ecosystem
The Dutch Materials Science ecosystem is composed of many different organisations,
including universities, research institutes, technological institutes and industry. The
different roles of these contributors are represented in Figure 1. The left half of the
figure represents research questions posed by industry, leading to incremental
innovations with the aim of further growing existing markets or fabricating new products
based on existing technology. At the top of this section is application-driven scientific
research for emerging markets (industrial valorisation), sometimes co-funded by
industry and academic partners.

Engineering
gap

Figure 1. Incremental and radical innovation types versus market life cycle. The engineering
gap and innovation gap are also indicated.

The right half of the figure represents radical innovations that result from scientific
research and stimulate the emergence of a new previously unknown products and
markets. This section starts with fundamental 'blue sky' materials research that is being
performed in academic research institutions creating new knowledge. Subsequently,
transfer of new ideas to industry is carried out through platforms such as the
technological institutes and through innovation programmes that will be discussed
below. The engineering and innovation gaps are schematically indicated in the figure as
well.
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In 2010, the Ministry of Education, Culture and Science acknowledged the ‘Sector Plan
Physics and Chemistry’ drawn up by the Committee Breimer, and reinforced a selected
number of high quality research groups (‘zwaartepunten’) at the Physics and Chemistry
departments of Dutch universities. Two of the four focal areas in chemistry and three of
the five focal areas in physics clearly relate to Materials Science and technology
research, with topics such as functional materials, soft condensed matter (colloids),
nanotechnology, and advanced spectroscopy of advanced materials, see Appendix E.
The ‘Sector Plan’ includes all high-quality research groups in Materials Science at
universities (see Figure 2). Centered around these research groups many new
collaborative thematic materials science programs have been set up in the past ten
years, be it fundamental research or of public-private origin. Materials groups the FOM
Institute AMOLF, at ARCNL, and at the Dutch Institute For Fundamental Energy
Research (DIFFER) were not part of the Sectorplan.

Figure 2. Map of the high quality research groups (‘zwaartepunten’) in Materials Science as
outlined by the Sectorplan Physics and Chemistry. Materials research at FOM Institutes
AMOLF, ARCNL and DIFFER is not indicated on the map as these institutes were not included
in the Sectorplan.

The Netherlands hosts a remarkable number of knowledge-intensive industries. Major
global multinationals like Shell, Akzo-Nobel, Unilever, Philips, ASML and DSM have large
R&D labs in the Netherlands. These labs have a long history in transforming science into
technology and strong relationships exist between these laboratories and universities
and research institutes in the Netherlands. To illustrate the Materials Science industrial
playing field an overview was made of patent filings by various companies over the
period 1994-2014 (Figure 3).
This overview shows that Philips (biomedical scanning and X-ray technologies), ASML
(thin-film technology), and DSM (coatings) are the most active in filing patents in
nanomaterials/ Materials Science. In the area of biopolymers Unilever and AKZO are
very active. In colloidal systems, DSM (both food and non-food) and Unilever are
dominant. Other companies appearing in the figure are Mapper, Shell, ASML,
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Panalytical, Sabic, Fujifilm, and Isotis. Many smaller companies together compose the
'others' category.
Many materials-technology
related companies are
active in the Netherlands

Aside from the three topical areas represented in Figure 3, several other materialsrelated topics are covered by large companies active in the Netherlands such as Shell
(composites, polymers, corrosion, sensors), Tata Steel (steel & metallurgy), FEI
Company (electron microscopes), NXP Semiconductors (electronic components),
Océ/Canon (printers, scanners, copiers), FrieslandCampina (food), Danone (food), BASF
(e.g. catalysts, coatings), Sabic (polymers), Dow Benelux (polymers), AkzoNobel (paint,
coatings), DAF Trucks (trucks and lorries), Nedal (aluminium extrusions), AllSeas
(offshore platforms), IHC (dredging equipment) and Damen Shipyard (specialty ships).
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Nanomaterials/
materials science

Biopolymers

Colloids
Figure 3. Industrial strengths in nanomaterials/materials science,
biopolymers and colloids
Overview based on patent filings by various companies over the
period 1994-2014. The surface area of each shape is proportional to
the number of patents filed. Only patents with a Dutch assignee are
included. The purple area consists of small companies with only a few
patents filed in the studied period.
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Academic and industrial
materials partners are well
connected

Figure 4 shows an overview of companies involved in materials research that are either
based in the Netherlands, or are based elsewhere but have a significant
research/production activity in the Netherlands. Appendix C (Table C1) provides an
overview of some of the most important products manufactured by these companies.
Many of these companies carry out joint materials research programmes with academic
partners either through FOM IPPs, CW ChIPPs or Technology Area’s (TA’s), or STW
Partnership or Perspective Programs. The research topics of these collaborative
programmes are listed in Appendix C (Table C2). This table shows that academic and
industrial partners are quite well connected through a wide range of research
programmes. Obviously, there are many other ongoing smaller-scale industry/academic
materials collaborations and contracts that are not indicated in the table.

Figure 4. Many companies involved in materials research are based in the Netherlands, or are
based elsewhere and have a significant research/production activity in the Netherlands

The technological institutes and organisations ECN, TNO, M2i, TIFN, and DPI are also
indicated in Figure 4. All of them have strong materials research activities. The Materials
Innovation Institute (M2i) supports the manufacturing industry in the Netherlands with
research on hybrid/composite materials, thin films, smart materials, advanced metals
and concrete, as well as additive manufacturing. The Dutch Polymer Institute (DPI)
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Five technological institutes
play an important role in
materials technology

The large number of
materials startups shows
the vitality of the Dutch
materials ecosystem

supports the polymer industry in and outside the Netherlands via research programmes
on catalysis for polyolefins, coatings, performance polymers and functional polymers.
The Netherlands Organisation for Applied Scientific Research (TNO) contributes
expertise and research to support the competitiveness of companies and organisations
within the themes industry, healthy living, urbanisation, defence, safety and security
and energy. TNO is a partner, together with IMEC, in the Holst Centre that develops
generic technologies for wireless sensor technologies and flexible electronics. The
Energy research Centre of the Netherlands (ECN), together with its partners, develops
knowledge and technology that enables a transition of our society to a durable energy
system, with a focus on solar energy, wind energy, biomass, energy efficiency,
environment and engineering & materials. The Top Institute Food and Nutrition (TIFN)
is a public-private partnership for interdisciplinary research in food and nutrition and
stimulates investments in fundamental research in the areas of food, nutrition and foodchain sustainability.
All technological institutes are linked with a large number of industrial partners.
Research within M2i, DPI and TIFN is carried out mostly within universities. The funding
scheme for M2i, DPI, and TIFN is presently in transition. ECN and TNO carry out most of
their research in-house, but have many collaborative projects with academic partners as
well. In 2010, the Ministry for Economic Affairs funded the national nanotechnology
programme NanoNextNL (125 million €) through the Economic Structure Enhancing
Fund (FES). It brought together an ecosystem of over 30 knowledge institutes and
academic partners to collaborate with more than 90 multinationals, SMEs and startup
companies to develop innovations based on nano(materials) technology in over 260
projects and their related PhD/postdoc positions.
The area of Materials Science is also an excellent breeding ground for a large number of
smaller companies that spin out from university groups and institutes, such as Airborne
(composites, from TUD), Amsterdam Scientific Instruments (pixel detectors, from
NIKHEF/AMOLF), Encapson (biomedical coatings, from Radboud University),
LeidenProbeMicroscopy (materials characterisation, from Leiden University), and
XIOPhotonics (optical devices, from University of Twente). A small selection of these
startups that manufacture materials-related products is given in Appendix C, Table C3.
They are all located close to the university or institute where they originate from.
Together, these companies provide jobs for several hundred employees and their
existence directly demonstrates the vitality of the Dutch materials ecosystem.
In 2011 the Dutch government established the Top Sector system. Materials Science is
very well represented in this system. The Top Sector High Tech Systems and
Materials has a separate High Tech Materials Roadmap which describes several
materials application areas including hybrid and composite materials, surface and
interface engineering, and nanostructured functional materials with industrial
applications in, for example, textiles, photovoltaics, displays, energy conversion and
storage. Advanced Materials is also one of the priorities within the Top Sector
Chemistry, addressing, for example, polymers and other soft-matter based materials,
in three main themes: (1) materials with added functionality, (2) thin films and
coatings, and (3) materials for sustainability, aiming at applications in, for example:
self-healing materials, food, smart packaging, energy storage, materials for transport,
and biodegradable materials. Furthermore, materials research is considered an enabling
technology for the Top Sector Energy, enabling novel solar cells, photocatalytic
generation of solar fuel, energy storage systems, materials for wind energy, et cetera.
Within the Top Sector Life Sciences and Health bio-related, bio-inspired, and
synthetic materials play a key role in roadmaps on regenerative medicine, Materials
Science and bioengineering, synthetic and natural biomaterials. In the Top Sector
Agrifood the food industry searches for new materials as nutrients and food that can be
produced with fewer raw materials.
The Top Sector system does not directly provide funding for joint academic/industrial
research. It does provide research budgets through a matching system for projects that

- 18 -

Dutch Materials - Challenges for Materials Science in the Netherlands

have financial support from industry. In general, this work concerns activities that are
incrementally innovative (in the schematic of Figure 1: the centre of the left column).
In summary, the Dutch Materials Science ecosystem is well organised and
connected, and all elements in the innovation diagram of Figure 1 are well
represented. This report addresses the radical innovation category: new
applications that result from investments in medium- and long-term scientific
research on topics that are defined through bottom-up basic research as well as
collaborative research programmes between industry and academia.
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Basic Materials Research in the Netherlands
Internationally, the Netherlands has a very strong position in basic Materials Science.
The citation impact of Dutch publications in physics and Materials Science is 1.7 times
higher than the world average. Also, among the personal grants and awards granted to
Dutch scientists, such as ERC grants and NWO Veni, Vidi & Vici grants, materials
scientists are very well represented. In addition, large consortia of materials scientists
have been assembled, via NanoNextNL and several Gravitation grants. Here we provide
an overview of some characteristic key developments in basic materials research in
recent years, grouped under four main topics.
Engineering materials
Strength, stiffness, ductility, formability, damage, fracture and fatigue resistance are all
key mechanical properties of a material and are determined by the material's
composition and structure at the atomic scale as well as its microstructure at larger
length scales. Dutch research groups have made key advances in this area, studying
fundamental structure-property relationships of traditional engineering materials,
including metals, alloys, and polymers. These studies are strongly motivated by the
industrial need for materials that are strong, tough, and lightweight, and resistant to
extreme conditions. Key expertise has been built up in ultra-high resolution imaging of
materials using advanced electron microscopy techniques and image correlation
methods to investigate the microstructure evolution of materials under deformation and
the kinetics of solid-state phase transformations. Furthermore, research has focused on
the characterisation and description of inelastic deformation of metals, alloys and
various polymers at all length scales. These advances have gone hand-in-hand with the
development of powerful theoretical and numerical modelling techniques that can guide
materials design. Specific recent computational efforts have focused on the integration
and bridging of multiple length scales, from the atomic, to micro- and macroscopic. The
integration of materials characterisation and modelling insights has led to the design of
entirely new materials such as fibre/metal laminates (e.g. GLARE). The Netherlands has
played a pioneering role in the development of self-healing materials for thermal barrier
coatings on turbine engines and thermal interface materials for microelectronics have
been developed in which small cracks and defects are annihilated by innovative material
re-design. Research on materials structure and composition also led to new insights in
how the lifetime and reliability of materials can be improved. Thanks to DPI, M2i,
various IOP programmes as well as STW funding, most of these developments have
taken place in strong collaboration with the Dutch steel and polymer industry, as well as
Dutch engineering companies. Furthermore, with Magnum-PSI at DIFFER Eindhoven, the
Netherlands is equipped with a unique user facility to study engineered materials under
extreme conditions.
Soft and biological materials
The Netherlands has a strong international standing in research on soft condensed
matter, which includes colloid science, complex fluids, and polymers, as well in the
physics of living matter, from the single-molecule to single-cell level. An important
component of this work is the Materials Science of colloidal systems, biological systems
and biomaterials, a research area where biophysics and soft condensed matter overlap.
The Dutch scientific community has made significant contributions to the fundamental
understanding of structure-property relations in soft condensed matter, aided
substantially by close collaborations between experimental and theoretical multiscale
modelling research efforts. In the realm of chemistry, Dutch Materials Science is
internationally leading in supramolecular chemistry, including recent work on bioinspired hydrogels and synthetic molecular motors. There is now a visible integration of
soft matter physics, biophysics, and supramolecular chemistry, where these fields are
beginning to cross-fertilise each other. Soft condensed matter, biological and bioinspired materials have unusual thermodynamic, rheological and optical properties,
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which makes them interesting for many applications. From a theoretical perspective,
these properties make predictive modelling very challenging. Dutch theoretical and
computational efforts have focused on both equilibrium and non-equilibrium aspects,
which have contributed significantly to our fundamental understanding on
thermodynamic and structural properties of soft matter systems, and to the growing
area of active materials, including both motor-activated polymer gels and active colloids,
both of which have been directly inspired by biology. An important application area of
soft matter is in food products and the Netherlands is internationally well-recognised for
its strong track record in the materials physics of, for example, dairy and cereal
proteins, gelatine, and carbohydrates, areas where academia and industry strongly
interact. With the FOM IPP Bio(related) Materials academic researchers collaborate with
companies organised within DPI and TIFN. Another key area of soft matter with a strong
Dutch academic and industrial interest is that of paints and coatings. Here, a CW
Technology Area programme on polyurethane particles in coatings is carried out in
collaboration with DSM and SyMo-Chem, a SME company originating from Eindhoven
University of Technology.
Functional materials
The Netherlands has built up a very strong reputation in the fields of optical, opto-electronic, magnetic and opto-magnetic materials. Research in this area aims to control
materials structure and composition at the nanometer or (sub-)wavelength scale to
achieve unique properties and dedicated functionalities that do not exist in natural
materials. Light can now be controlled at length scales much smaller than an optical
wavelength and at time scales of a single optical cycle. Ultra-intense optical fields can
control light propagation, photonic crystals can control light emission, scattering
nanostructures have led to enhanced light trapping in solar cells, wavefront shaping has
made opaque materials transparent, and magnetic multilayers have led to new
spintronic devices. The Netherlands is also leading in developments of the new fields of
magneto-caloritronics and optomagnetism, which may both play an essential role in the
transition towards more energy efficient devices, spin-based electronics, logic and
information storage. Nearly all leading activities in optical and magnetic materials are
carried out in collaboration with industrial partners, as the Netherlands has a very
strong industrial base in these areas. A successful example is the FOM-Philips IPP on
solid-state lighting.
Coatings & thin-film materials
Many research groups within the Netherlands conduct fundamental materials research
within the area of surface science and thin-film growth, cross-cutting all (in)organic and
metallic material categories. These studies focus on the fundamental mechanisms that
control film growth, on the one hand, and the novel functional properties of surfaces and
layers on the other hand. It has been possible to demonstrate atomically-controlled
synthesis of ultrathin films and thin-film heterostructures using atomic layer deposition,
chemical vapour deposition, and pulsed laser deposition. These thin film and atomically
controlled materials can be increasingly modelled, designed and engineered to provide
desired novel functional properties, such as very high dielectric, ferroelectric and
piezoelectric coefficients, unique magnetic and multiferroic behaviour, and high
electronic and ionic conductivities. Thin films are being utilised in many application
areas, including photovoltaics, solid-state lighting and displays, electronics, piezoelectric
applications such as ink-jet printing, and multilayer mirrors for extreme-UV lithography.
Dedicated in-situ tools such as scanning tunnelling and atomic force microscopy have
been developed to study growth processes and catalytic reactions, surface friction and
lubrication in real time. The Netherlands also has leading activities in materials
characterisation using electron microscopy both in academia and industry. Many natural
links exist between surface and thin-film researchers and industry in microscopy, solidstate lighting, photovoltaics,
coatings, and integrated circuits. Some of the activities
in surface and thin-film science as well as microscopy have led to startup companies. A
ChIPP programme in the field of inorganic nanoparticles as extreme UV-resists is carried
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out with ASML. The recently started ARCNL also has important thin-film and surfacescience related activities.
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Challenges for Materials Science
In this section we identify six strategic research directions that cover major challenges
in materials research today. They build on key expertise that has been built up in the
Netherlands over the past years as described in the previous section. The six strategic
themes are:
1)
2)
3)
4)
5)
6)

Designer functional metamaterials
Soft and bio-inspired materials
Next-generation engineering materials
Materials for sustainable energy production and storage
Sustainable materials
Thin films and coatings

These topics are chosen because they address key societal and technological challenges.
All six topics can potentially lead to important scientific discoveries and
breakthrough innovations. A key element in all six topics is that they require strong
integration between basic science and engineering. Moreover, each of these
themes is expected to require a combination of experimental methods and approaches,
as well as theoretical/computational modelling.
The challenges described in this report typically focus on medium-term (2-5 years) and
long-term (5-10 years) goals: research that is typically not carried out by industry
(alone). Research on these challenges will provide a knowledge base that can lead to
innovations over a period of 2 to 10 years from now.

1. Designer functional metamaterials
Designer functional
metamaterials offer great
scientific and engineering
challenges

Throughout the ages, civilizations have been defined by the materials of their dominant
technologies (stone, bronze, iron, steel, silicon) which exploited their intrinsic material
properties. We are now witnessing the dawn of the age of designer metamaterials, the
properties of which are determined by controlling structure rather than composition.
Two important developments come together here: (i) We can make an unprecedented
range of novel forms of matter with a control down to the atomic scale; (ii) We are
starting to comprehend how to design forms of functional (meta)materials with specific
predetermined properties and functionalities.
Scientific and engineering challenges
Making it The unprecedented control of matter (3D printing, self-assembly, lithography,
in-vitro biomimetics, atomic scale manipulation), paired with an explosive growth in our
understanding of how material behaviour emerges in complex and hybrid materials, is
increasingly allowing us to dream of, investigate and create entirely novel types of
matter with exciting new properties that cannot be found in natural materials. This
development to create and manipulate new forms of matter permeates many scientific
fields, from optical metamaterials to graphene and from creating artificial life-like cells
to designer colloidal particle assemblies.
Designing it Scientists have traditionally excelled in probing the underlying structure of
matter and, in recent decades, have increasingly understood how complex phenomena
emerge from the interactions of simple building blocks. The next scientific revolution will
be to attack the inverse, or design problem: what are the ingredients so that a given
desired property or behaviour emerges? This type of research requires closure of the
engineering gap and a multidisciplinary approach in which physicists, chemists,
materials scientists and engineers work together. These design efforts will also rely
heavily on the development of quantitative and predictive theory and computational
modelling to direct the parallel synthesis efforts.
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Designer functional metamaterials derive their functionality from their one-, two- or
three-dimensional architecture rather than just their composition. The concept of
metamaterials originates in optics, where optical materials were demonstrated with
unusual properties such as negative refraction of light or invisibility cloaking of objects.
Also, the giant magnetoresistance observed in atomic-scale engineered magnetic
multilayer metamaterials originates from engineering the intricate interplay between
materials with different magnetic properties. Most recently, we are witnessing the rapid
growth of work on acoustic, mechanical, thermal, electronic and other metamaterials.
For example, three-dimensional architectures have been demonstrated that achieve
mechanical cloaking or acoustic superlensing, and nanophononic metamaterials can
control thermal conductivity by exploiting resonances. Similarly, complex atomic-scale
superlattices and hetero-interfaces can show two-dimensional electrical conductivity.
Self-assembled arrays of semiconductor nanocrystals ('quantum dot solids') are yet
another class of metamaterials in which electronic and optical properties can be
simultaneously engineered.
Integrating it The functionality of designer metamaterials often comes from the fact
that they are directly integrated within a device architecture. Indeed, in some of the
new metamaterials the boundary between matter, sensor and read-out circuitry is
blurred: together they form the device. For example, novel piezo-electric
heterostructures can serve as miniature energy sources in mobile electronic devices, or
in biomolecular sensors embedded in the human body. Light emitting diodes or lasers
integrated with active mechanical beam steering architectures can lead to entirely novel
lighting architectures.
Developing successful applications of designer functional metamaterials therefore
requires integration of materials synthesis and fabrication, fabrication of multiscale
materials architectures, and device design and systems integration. Also, novel material
synthesis and (self-)assembly tools are essential for fabricating the novel metamaterials
architectures, spanning lengths scales all the way from the atomic scale to lengths
beyond a metre. Furthermore, novel materials analysis techniques dedicated to
functional designer metamaterials are required, as well as novel fundamental materials
design theories and simulation tools. Multiscale computational modelling of materials
properties and predictive models will also lead to novel materials design. We only now
start to develop modelling tools to unravel the behaviour of metamaterials that involve
strong nonlinearities in their intrinsic behaviour. These 'next-generation' nonlinear
materials are only accessible through strong fundamental, theoretical and numerical
(multiscale) analysis methods.
There is no doubt that the development of designer metamaterials will lead to entirely
new and unforeseen applications in, for example, solid-state lighting, data storage,
photovoltaics, quantum-secure communication, nanolithography, active biomaterials,
medical diagnosis and therapy, space technology, food, robotics, and much more. Many
Dutch companies can benefit from this knowledge. Because of the entirely new concepts
evolving in this new research area it is very likely that startups will appear from this
work as well.
Application potential
Can lead to new
innovations

Many different applications of functional metamaterials come to mind. For example, selfassembled nanostructured metal meshes form transparent conductors for applications in
smartphone displays. Core-shell nanowires can serve as building blocks to catalyse
photochemical reactions. Acoustic metamaterials can selectively absorb sound at predesigned frequency bands. Hybrid organic/inorganic assemblies may be exploited for
application in ultra-fast switching in optical integrated circuits. Self-folding
metamaterials could serve as deployable structures for ultra-lightweight solar panels
and other appliances. Patterned elastic media can have arbitrary and programmable
elastic properties, and hierarchically constructed materials that are extremely light, and
still solid.
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2. Soft and bio-inspired materials
Soft and bio-inspired
materials offer great
scientific and
engineering challenges

Soft matter comprised of mesoscopic components such as polymers, colloids, and
emulsion droplets is ubiquitous in society. Familiar examples include plastics, coatings
and paints, food, and cosmetics. Additionally, soft matter is used in various modern
technologies such as e-ink screens, liquid crystal displays, electro-rheological fluids for
car brakes, and solar cells. The mesoscopic components of soft materials often organise
themselves into highly complex structures that dictate the mechanical, optical, and
other functional properties of the materials. Biological systems are even more complex
soft matter systems, for which the mechanical properties are determined by complex
interactions within adaptive biopolymer networks coupled to regulatory biochemical
networks. Cells and whole tissues, for example, exhibit intriguing nonlinear elastic
properties, such as strain hardening and superior strength, and these systems are
highly responsive to external cues. In the last decade we have seen tremendous
advances in the understanding of the structure-function relation for both man-made and
living soft matter, but we are still far from a truly multiscale understanding that links the
two.
Scientific and engineering challenges
A key opportunity in soft matter research today is to exploit the recently generated body
of knowledge on molecular and mesoscopic building blocks and their interactions to
design materials with entirely new functionalities. With its strong tradition in colloid
science and biophysics, the Netherlands is well positioned to play a leading role in this
field. Novel colloidal and bio-inspired materials, as well as hybrids constructed from both
man-made and living systems will require extensive research at the interface of physics,
chemistry, biology, and medicine, in the lab as well as through the development of new
multiscale modelling techniques. The coming years will see a continuing interaction
between these different fields, addressing the challenge to design and program the
organisation of molecular and mesoscopic building blocks to achieve entirely new
mechanical, optical, and electronic functions.
Hierarchical self-assembly Hierarchical assembly, the step-wise organisation of
building blocks both in time as well as on increasing length scales, is a key design
principle of biological matter (e.g., cell cytoskeleton, spider silk, and collagen). Now, our
theoretical understanding of the basic principles as well as practical use of hierarchical
self-assembly are bringing within reach new man-made materials based not only on
organic but also inorganic chemistry. Hierarchical self-assembly is a promising new
research direction to achieve structured materials with new properties and
functionalities that are built in at different length/time scales. For instance, metallic,
catalytic, and polymeric colloids and quantum dots can be self-assembled into
supraparticles, which can in turn self-assemble into larger structures resulting in
materials with unique functional properties.
Bio-inspired materials design There are also excellent opportunities at the interface
between biophysics and supramolecular chemistry to produce new types of bio-inspired
materials, for instance durable adhesives that work in aqueous environments inspired by
mussels, self-repairing polymer materials inspired by living tissue, and biocompatible
smart materials inspired by the cellular cytoskeleton. Biophysical concepts also provide
inspiration to exert control over self-assembly of colloids and nanoparticles using DNA
origami and designer peptides in combination with novel colloidal building blocks for
directional self-assembly.
From active colloids to living biomaterials An important feature of living systems is
the ability of many of their building blocks to convert energy into motion, leading to outof-equilibrium processes that are important for the functioning of biological systems.
The physics of these out-of-equilibrium processes is very rich and introduces entirely
new possibilities for materials science – if we are able to harness it within man-made
materials. Inspired by bacterial swimming and swarming, recent advances in colloidal
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science have only now put within reach the production of synthetic, active, motile,
colloidal building blocks. For example, active colloids that can continuously convert
energy either from an internal energy source, such as catalytic reactions, or from an
external source, such as electric or magnetic fields, into motion. These systems can
form structures with new properties and functionalities that are not present in their
equilibrium counterparts, and can perform tasks on demand in response to external
stimuli. The potential for self-assembly of active micro-/nano-scale materials is
enormous. This growing area of active soft matter involves a strong, interdisciplinary
collaboration of fundamental hydrodynamics, biophysics, surface chemistry, synthetic
colloidal science and theoretical/computational modelling.
Another intriguing possibility is to combine synthetic building blocks with biological parts
such as molecular motors, inspiring applications in, for example, soft robotics. By
combining insights from systems biophysics and synthetic biology with materials
engineering, it will become possible to create designer smart matter such as stimuliresponsive bacterial biofilms, materials with genetically programmed properties, or
biosensors based on cell-free genetic circuits. The combination of living cells with a nonliving polymer matrix also provides unique opportunities to exploit the adaptive
response of living matter to external stimuli. Indeed, there are enormous opportunities
in blurring the boundaries between materials and devices, creating living matter that
actuates (artificial muscles), interacts with light, harvests energy, performs a diagnostic
function, possibly linked to targeted therapeutic action (theranostics), or that can
replace or assist dysfunctional tissues or organs beyond the traditional implants. These
applications provide unique opportunities in regenerative medicine and the growth of
artificial organs-on-a-chip for drug screening.
Food materials Food materials represent a class of soft matter that is vital for society.
Food represents a wide range of materials, from low-aw fracturing products like crisps
and cookies to highly viscous products like soups and sauces. These materials pose
enormous challenges to soft matter scientists due to their complex composition and
multiscale architecture. Moreover, preparing these products also imposes tremendous
challenges in coping with ingredient variation and process conditions under typically
thermodynamically unstable conditions. In the next years we will have to develop
multiscale experimental approaches and computational modelling to address the
structure-function relations of food materials across all relevant length and time scales.
Combining disciplines Engineering new colloidal and bio-inspired soft materials
requires highly multidisciplinary teams of scientists and engineers from a wide range of
different disciplines including physics, chemistry, biology, materials science, and
medicine. Indeed, soft matter research is unique in the broad range of disciplines it
touches upon. Future breakthroughs in, for example artificial tissue, will only appear
through strong collaborations between medical scientists, engineers, and doctors and
the development of soft robotics will require a multidisciplinary task force of physicists,
chemists, biologists, and engineers. New materials for a sustainable society such as
improved catalytic materials and solar cells will also require teams of physicists,
chemists, and engineers, and even novel and improved food products will require a
mixture of physics, chemistry, and engineering. Hence, the challenge for the future of
soft materials will be the successful integration of these wide-ranging disciplines into
coherent teams who can work well together to develop new materials for our future.
Application potential

Can lead to new
innovations

Many novel applications of colloidal and bio-inspired soft materials come immediately to
mind. For example, self-assembled composite colloidal supraparticles of DNA-origami
can find applications in novel optical and electronic devices, and mechanical systems
and engineering soft matter may result in self-repairing polymers and adhesives in
aqueous environments. One can envision biocompatible smart materials inspired by the
cellular cytoskeleton or tissues serving to replace damaged tissue or even a complete
organ. Imaging using (multifunctional) nanoprobes in combination with controlled drug
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delivery and/or release makes a more targeted and personalised medicine possible.
Inexpensive small-scale diagnostics (e.g. using lab-on-chip technology, even in
combination with mobile phones) based on (nano)sensors for diagnosis at home or in
remote areas is growing and requires a continued effort in finding new materials for
more reliable and cheaper diagnosis. Further, novel healthy food products may appear
from the engineering of soft matter. Established large companies as well as SMEs will
play a role in developing these applications. In the biomedical field, such cooperation
between large companies and SMEs, together with universities and university hospitals
has been supported in several successful programmes, such as BioMedical Materials
(BMM), Centre for Translational Molecular Medicine (CTMM), and NanoNed/NanoNextNL.

3. Next-generation engineering materials
Engineering materials offer
great scientific and
engineering challenges

Engineering materials, in other words materials that provide load-bearing capabilities
and dimensional stability, are the building blocks of almost all technologies on which our
society relies. The desired performance of engineering materials is usually expressed in
terms of a higher strength, ductility, formability, resilience, extended lifetime or
controllable levels of damage and fracture, allowing for reduced maintenance. These
qualifications are often desired in combination with (ultra-)low weight. In addition, to
enable the design of next generation coatings, composites, packaging, sensors,
actuators et cetera, advanced engineering materials are needed that combine some
level of structural integrity with one or more additional functions.
So far, engineering materials research in the Netherlands has been very successful in
developing the physical basis for understanding the nano- and microscopic deformation
processes linking the material microstructure to the resulting temperature- and timedependent mechanical properties. To a lesser extent, the focus has been on physical
processes such as stress- and temperature-dependent phase transformations,
crystallisation, diffusion, oxidation, void formation, spinodal decomposition, phase
separation, micro-cracking, et cetera that control the emergence and evolution of such
microstructures. These achievements put Materials Science engineering in a unique
position to address the following key challenges.
Scientific and engineering challenges
Design of new multifunctional materials driven by a bottom-up multi-physics
model To design multifunctional materials, a variety of different models need to be
combined to realise the underlying atomic arrangement, thereby linking initial and
evolving atomic and microstructural arrangements to mechanical and physical
properties. Such an approach allows the limits of material properties to be explored and
ultimate combinations of properties to be sought, such as low density combined with
high strength. Reach the limits in thermo-mechanical properties and the design of
multifunctional materials requires the shaping, controlling and combining of materials at
different length scales, whereby the interfacial behaviour between the constituent
phases must be understood, mastered and finally designed.
Exploring the new opportunities of additive manufacturing methods whereby
materials can be combined and employed to their physical limits Currently
almost all component-producing processes (such as casting, forging, hot isostatic
processing, PVD, etc.) rely on processes in which the material to be produced has to
follow the same temperature-time history. This puts severe limitations on combining
materials of different classes. Hence, the class of multi-material products having
controlled dimensions and exceptional properties barely exists. A notable exception is
the fibre/metal laminate concept behind 'glare', the structural material for the Airbus
A380 fuselage. New additive manufacturing techniques now allow the separation of
material characteristics and processing conditions. Additive manufacturing routes have
opened up numerous opportunities that are being experimentally explored worldwide, so
far without any theoretical framework. The challenge for the scientific community is to
formulate and explore the physical opportunities and limitations of new additive
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manufacturing routes. Achieving a high resolution in the additive processes with multiple
materials requires a combination of different techniques (e.g. selective laser melting,
jetting, photopolymerisation and laser-induced sintering), the combination of which
involves complex physical phenomena that will govern the resulting properties of the
material and products. These techniques could provide a huge potential to create notyet-existing microstructures between incompatible materials. To achieve optimal
additive manufacturing settings, the physical processes during manufacturing must be
qualitatively and quantitatively unravelled so that the resulting materials properties can
be extracted in a predictive manner.
Multifunctional materials are often multi-component or hybrid systems Typical
building blocks include ceramics, metals and (bio)polymers. Of interest are
organic/inorganic nanocomposites where the matrix offers the structural integrity and
processing capability and the nanofiller introduces a second functionality, like reinforcing
the matrix and adding an electrical, thermal, actuating/morphing or sensing
functionality. Self-healing polymers or ceramics with the ability to reverse crack
formation have a strong advantage over traditional construction materials. Designing
multifunctional materials requires a multidisciplinary approach and the ability to design
materials at different length scales (Å to m).
Bridging gaps It is obvious that the development of successful engineering materials is
a research field that naturally bridges the gap between basic science and engineering. In
fact, in the past, this research field has very successfully demonstrated the importance
of such integration, and the new challenges fit naturally in this trend.
Application potential
Can lead to new
innovations

The engineering materials research will naturally lead to many different applications.
Examples are: piezo-ceramic granulate composites able to withstand many loading
cycles with high energy-harvesting efficiency; high-strength polymers that
simultaneously act as a photovoltaic material; ceramics with autonomous crack healing
ability at very high temperatures; optically transparent polymer blends with high impact
resistance; and radiation-resistant high-temperature nuclear fusion wall reactor
materials.

4. Materials for sustainable energy production and storage
Materials for sustainable
energy offer great scientific
and engineering challenges

Very large-scale deployment of renewable energy technologies is an essential part of the
transition to a global sustainable energy system. This step requires the technologies to
be affordable, applicable and sustainable in a broad sense. These requirements are
strongly interlinked and are related to the design and manufacturing of devices (solar
modules, batteries, electrolysers, wind turbines, etc.), and to the materials used in all
parts of these devices. Moreover, the applicability of energy devices is strongly linked
with integration into the energy system and therefore with energy transport and
storage. Although many of the solutions needed are technically available in some form,
they are not yet available in a form that allows large-scale use.
Research into energy technologies is a major field already, but progress is increasingly
limited by the fact that the focus in most of the work is on devices and applications
rather than on the materials they are composed of. Rethinking and redesigning these
materials is essential for developing new technologies and for pushing existing
technologies beyond classical limits. Clearly, new materials cannot and should not be
developed in isolation, but in the context of their (potential) use in a device or
application. New large-scale synthetic methods to fabricate functional materials must be
developed in the context of their (potential) use in a device.
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Scientific and engineering challenges
Conversion technologies Although the number of renewable energy conversion
technologies may seem large, just a handful of technologies are expected to have an
impact on a global scale: solar energy for generation of electricity, heat and fuels; bioenergy; wind energy; and geothermal energy. In addition, some secondary converters
could assist the use of renewables, such as thermoelectric devices, piezo-electrics, heat
pumps and fuel cells. Some key challenges in the energy conversion field are, for
example, realising a practical solar panel with a conversion efficiency above 50 percent
or a photocatalytic system that efficiently converts sunlight to a practical fuel.
From macro to nano Nanotechnology offers a wide range of potential options for performance enhancement and/or cost reduction. Examples are nanostructured layers,
coatings and materials for light absorption and photon management in solar cells and
modules, nanostructured (photo)catalysts in solar fuel generators, and self-healing
materials for wind turbine blades or solar device covers, et cetera. Although proofs-ofprinciple of nanomaterials architectures exist, very few technologies have yet proven
sufficiently effective or advantageous to warrant further development into commercial
applications. This leaves a great potential unused. The challenge now is to select and
foster options that can make a difference, identify 'killer applications' and enable
nanotechnology to ultimately move from lab to fab.
Design for sustainability Energy technologies have so far usually been designed and
optimised for high performance, long lifetime and low-cost maintenance. Adding another
key major driver, integral sustainability, to the development drastically changes the
research parameter space. Resource availability or price risk, possibilities for recycling
(cradle-to-cradle), durability, toxicity and other aspects need to be taken into account.
This often has a big impact, and may even require a complete redesign of a device and
the materials used. Examples are replacing noble or non-earth-abundant metals in
catalysts and solar cells by sustainable elements, and replacing composite materials by
more abundant and recyclable alternatives. The challenges in this field of research on
sustainable materials are significant and therefore legitimate a separate challenge called
Sustainable Materials (Challenge 5).
Transport and storage technologies In this category, conduction of electricity and
storage of electricity, heat and hydrogen are the most important challenges. The slow
introduction of electric vehicles, and the absence of seasonal energy storage at any
scale illustrate that there is still a lot to be gained. Improvements in active materials for
carbon dioxide capture and conversion is required to make large-scale conversion to
electric vehicles competitive with the alternatives options. A major challenge is, for
example, realising electric vehicles at similar costs as conventional technology, or
realising an effective, low-cost, large-area CO2 storage system.
New look at an old problem Conduction of electricity at macroscopic level and at device
level is crucial for the success of renewables. Although superconducting 'cables' are
found under the streets of Tokyo, their use for long-distance transport of electricity
probably remains a dream in the foreseeable future. At device level, however,
alternatives for conventional conductors (and transparent conductors) may become a
reality much sooner. Again driven by the possibilities offered by nanotechnology,
carbon-based conductors, conductive and optically transparent metal nanostructures,
and other options may change the way devices can be designed.
In search of the holy grail Whereas there is broad confidence that renewable energy
conversion technologies will become available in many different forms and at low cost,
the realisation of truly effective energy storage technologies on a large scale (the “grid”)
as well as a small local scale is still a dream. This energy can be stored in reversible
chemistry, such as in well-known in batteries (Li cells) but also in hydrogen cells, for
example. New (nanostructured) materials for batteries and supercapacitors and new
materials for compact storage of heat and hydrogen can become real game changers.
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Examples are carbon- and silicon-based electrode materials for high energy density,
long-lifetime Li-based batteries. New (nanostructured) separators and electrolytes have
to be developed as well. Recent battery developments have shown considerable
progress in terms of energy density (J/kg) but still face challenges and limitations in
terms of power density (W/kg), while the different needs for energy storage will require
breakthroughs on both fronts (transport, portable devices, local solar facilities).
Supercapacitors hold promise for higher power densities, but are still in their
(technology) infancy. Polymer supercapacitors are in need of reliable multi-lamination
technology of thin films with step-change increased electrical breakdown resistance.
Also here, integral sustainability is a boundary condition for very large-scale use and a
major driver for the development of new materials.
Altogether, it is clear that the search for new large-scale renewable energy technologies
is very much a materials problem and that a major research effort is needed to make
the indispensable next steps in energy technology.
Engineering challenges. Materials research in the energy field naturally goes hand in
hand with engineering. Nonetheless, these engineering challenges are immense. The
design of efficient wind turbine systems requires the use of materials with extreme
strength at low mass. Photovoltaic materials must be integrated in practical solar panel
architectures that must be manufacturable at low costs at the square-kilometre level.
The practical realisation of solar fuel generators requires the complex integration of solid
materials, liquids and gases in one system, together with electronic circuitry. And
despite the fact that lithium ion batteries have already entered the sustainable electric
vehicle market, the performance of state-of-the-art systems is still limited and further
development of electric cars is strongly linked with the design and operation of novel
battery systems, to mention just a few examples.
Application potential
Can lead to new
innovations

The application potential of materials research for energy conversion is obvious. Solving
the energy problem is one of the largest technological problems that our society faces.
Materials Science is at the heart of the solution to this problem. Only the ingenuity of
physicists, chemists and materials scientists can lead to novel electrochemical processes
to generate solar fuels, solar panels with high-efficiency that can be made at low costs,
ultra-high capacity batteries, efficient wind turbines, et cetera.

5. Sustainable materials
Sustainable materials offer
great scientific and
engineering challenges

Sustainability is important to accommodate the growth of the world's population and its
future demand of resources for water, food and energy at a higher average standard of
life. This requires a significant change of today’s practice, including the minimisation of
the manufacturing footprint of a material, but also the sustainable gains of its use
during the life cycle and clever reuse of the material or its components. Integral
sustainability must become a driver for new energy technologies, to produce durable
systems to convert, produce and store clean energy.
Resources for energy (fossil origin) and raw materials (rare elements) are depleting and
this requires a transition to sustainable energy production as well as the reduction,
replacement or recycling of rare elements and the further development of bio-based
materials. The transition to a sustainable society will likely have a tremendous impact.
While initial efforts are aimed at reducing the footprint by making existing technologies
more efficient, the final goal is a (circular) society based on truly sustainable resources
for energy and materials. In this transition to a sustainable society, advanced materials
will play a crucial role; a sustainable society cannot be realised without the
corresponding materials that enable it. These materials will have in common: less nonrenewable energy use and less greenhouse gas emission during the synthesis,
construction, processing, packaging, transportation usage, recycling and reuse.
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Scientific and engineering challenges
Replacement of scarce metals The challenge here is to develop economically feasible
extraction of metals. Besides physical processes, electrolysis and leaching are key
processes both in mineral processing as for reuse or regaining critical elements /
materials. Chemical interactions can be used for material recovery from (waste)
materials to bring back the original element suitable for new applications. This step
requires knowledge and processes that enable coupling of material properties and
chemistry. In many cases, harvesting these elements from the earth is too energy
consuming. This creates a clear need to replace scarce metals by more easily available
alternatives, while maintaining the same functionality (i.e. drop-in solutions). Examples
of this include the replacement of noble metals by transition metals in catalysis and the
recent development of Al-based batteries that could replace Li-batteries that are critical
to the development of electrical transportation and/or energy storage. Another
challenging problem is to find alternatives for the use of rare earth elements like
neodymium in supermagnets. Some alternatives have already been developed, but in
many applications the search for conservation of functionality based on alternative raw
materials still faces challenges. In order to replace scare raw materials, the functionality
of materials needs to be understood fundamentally better and descriptors for predictive
modelling have to be developed to support the quest for alternatives. In the field of
catalysis, this has already resulted in examples where new formulations were predicted
and validated in the experimental domain. Further development of the toolbox for this is
a prerequisite in this domain.
Sustainable synthesis - Increased energy and material efficiency (yields)
leading to more sustainable products Over the years, chemical processes have
continually improved in terms of their greater utilisation of (secondary) raw materials,
improved safety and increased productivity, whilst minimising waste and energy use.
Yet, the chemical industry is still facing the need to restructure and modernise by
continuing to reduce energy as well as resource consumption next to reducing waste
production and emissions at the same time. Challenges include a near 100% selectivity
in multi-step and complex syntheses, the exploration of new reaction pathways and
conditions, the reduction of the number of reaction steps, and the introduction of
intensified separation technologies and intensification in the energy input. Furthermore,
design challenges are found in integrated processes, adapted materials (e.g.
membranes for hybrid separations), solvents (e.g. ionic liquids for extraction) as well as
equipment.
Improved waste management by recycling of polymeric materials, reuse and
recovery of product components and / or compounds To enhance the possibilities
for recycling, materials with less complex formulations will be desired, and the ability to
recycle, recover or (bio)degrade in the environment should be regarded as one of the
most important performance characteristics of a (polymeric) material. For materials that
are supposed to be used as new again (“upcycling”), it is important that these can be
separated, not just physically, but also chemically. This still requires extensive basic
research. “Back to monomer recycling” of polymers will increase in importance, since
recycling and use of polymers will inevitably result in material deterioration. A promising
alternative route is “design for recycling” – during the design of the material future
reuse is already anticipated.
Replacement of petrochemical feedstocks by bio-based feedstocks Declining
reserves of fossil feedstocks and the need to mitigate carbon dioxide emissions enforces
an increased use of biomass in the production of polymeric materials. Therefore,
producing and using biobased materials will be of imminent importance. These materials
will be based upon modified natural biopolymers (e.g. starch cellulose, proteins), but
increasingly also be a result of polymerising biobased monomers. With regard to
naturally occurring biopolymers such as polysaccharides (starches and cellulose etc.),
there is a need for better understanding of their physical properties in relation to their
detailed structure, a need for site-specific (bio)catalytic modification strategies, and a
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need for chemistries that allow the product to be modified while avoiding highly polar,
potentially hazardous solvents. With regard to lignin as another naturally occurring
irregular polymer there is a higher need to develop chemo- or biocatalytic strategies to
obtain well-defined products at a higher value.
One could try to create molecules or materials from bio-based feedstocks that are
identical to the material from petrochemical origin, so-called drop-ins. Here, the
challenge is to develop technology to optimise biorefinery systems for generating the
feedstocks, and optimising biotechnological or chemo-catalytic modification methods to
achieve efficient ways of synthesising the identical, drop–ins. For unique molecules and
materials, the development of efficient synthesis routes as well as the synthesis and
exploration of these materials should go hand-in-hand. Many (bio)polymers owe their
function to additives such as lubricants, heat stabilisers, antioxidants, pigments etc.
Improved sustainability of materials will also require polymer additives with substantially
reduced health, safety, and environmental issues compared to many current additives
(e.g. lead-based heat stabilisers, brominated flame retardants etc.). Furthermore, polar
solvents that are very important to the current and future industry like NMP, DMSO and
DMAA should be replaced. It is vitally important to develop new classes of additives,
designed and engineered for optimal functioning in new (biobased) polymers.
Application potential
Can lead to new
innovations

Improved (bio)catalytic modification strategies should enable us to use biobased
polymers in a broader range of applications, including water-based paints, coatings,
adhesives, dishwashing formulations, cosmetics et cetera, but also in more durable
products like agrofibre-reinforced materials or biobased plastics. This will also lead to
the envisioned novel or added properties.

6. Thin films and coatings
Thin films and coatings
offer great scientific and
engineering challenges

Materials research within the area of surface science and thin-film growth forms a
specifically strong field in the Netherlands. This area is a cross-cutting subject to the
previous five sections of challenges and addresses a) mechanical functionalities like
adhesion of thin layers on substrates or between thin layers in multi-laminates,
resistance against scratch, and wear stress; b) chemical functionalities like resistance
against high-energy radiation such as UV, ozone, weather and moisture, and creation of
active molecules upon absorption of high-energy radiation such as UV (photooxidation); c) physical functionalities such as roughness and surface topology, optical
properties of thin layers (in/outcoupling of light, matting versus gloss, reflection or
antireflection), photoactive properties (photon conversion), thin layer electroconductivity and electrical breakdown resistance, and barrier properties and permselectivity of thin layers and membranes; and d) interfacial properties like
(super)hydrophilicity, (super)hydrophobicity, and switchability on the solid-liquid
interface; corrosion protection (resistance to ion migration across the buried interface)
and dusting on the solid-solid interface; antimicrobial properties in solid-cell
interactions, and haemocompatibility, anti-inflammation, and biostability in solid-tissue
interactions.
The science in this field has made impressive progress in the past 15 years. For
example, surfaces have been explored which are self-healing or self-replenishing,
possess specific barrier properties, and are switchable from hydrophobic to hydrophilic
by response to external triggers such as temperature. Other response triggers known
today are, for example, light, heat and scratching. Further development of the
underlying technologies, however, will open up new opportunities.
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Scientific and engineering challenges
Step changes in known functionalities Although coatings and films usually already
combine different functions, we will mention some step changes that are still highly
needed in the already known functions. Anti-corrosion is still an unsolved challenge.
Durable passivation of interfaces (also when damaged) remains an unmet need. Barrier
properties of membranes and packaging films against most prominently oxygen, water
and carbon dioxide, or even perm-selectivity still require higher performance materials
with tailored micro- and mesomorphology. Increased use of robustness of protective and
decorative coatings is a ubiquitous unmet need: car body coatings are still vulnerable to
scratching, while waterborne coatings are still notoriously difficult to apply on plastic
parts without expensive pre-treatments due to loss of adhesion and membranes for
energy saving separation processes have limited lifetime. Increased mechanistic insights
into these mechanical properties on the micro- and mesoscale are expected to
substantially increase these durability performances.
Multifunctional and responsive coatings and thin films Apart from many
applications that require a combination of the functionalities mentioned above, the
following examples illustrate the needs for combinations of new surface functionalities.
Self-healing capabilities can be incorporated into coatings to repair damage, for instance
as a result of insufficient scratch resistance or to further improve anti-corrosion
properties or prolonged service lifetime, by transporting material from "reservoirs" to
the damage area. Self-healing materials have become a very active field of research
recently, but self-healing technologies of materials which also heal the (surface)
functionality are scarcely known. Self-cleaning coatings can remove (with an external
trigger like rainfall or sunlight) liquid or dust autonomously by virtue of their
(super)hydrophilic / hydrophobic or photoactive surfaces, while anti-soiling coatings can
prevent dusty solids from settling and adhering on their surface. Switchability between
lyophilicity even enhances these effects and creates extra external triggering. Active ion
transport incorporated in water-permeable membranes can enable low-energy
desalination devices. Active scavenging or (chemo)absorption of unwanted species
(water, carbon dioxide) inside a packaging material can help to establish the ideal
atmosphere for the safe storage of food and medicines. At the same time packaging
films are becoming thinner, requiring less raw material to be used. This asks for a
strong demand in manufacturing process developments, for example multi-, micro- or
even nanolayer co-extrusion processes offer enormous unexplored possibilities.
Sensoring and signalling of food packaging materials, indicating for instance heat or
oxidative stress, pH change, metabolite or toxin levels, ageing or even microbial activity
inside the packaging will help in preventing food waste.
Understanding and manipulating the material-biology interaction Bio(inter)active sensors, coatings and films are mentioned here because of the expected
strong growth of this research area in response to the global need for healthcare and
the ageing population in the West. Specific examples include coatings and surfaces that
have a positive material-biology interaction, such as sustained release of drugs and
other active substances, and cell growth stimulation and tissue integration that will
greatly enhance the ability of man-designed technology to become a functional part of
the damaged / imperfect human body. Negative material-biology interaction is desired
in antimicrobial surfaces. Hygienic conditions and sterile procedures are particularly
important in hospitals, kitchens and sanitary facilities, air conditioning and ventilation
systems, in food preparation and in the manufacture of packaging material. In these
areas, bacteria and fungi compromise the health of both consumers and patients. There
is a strong need for antimicrobial mechanically and chemically robust coatings. Finally,
bio-resorbable membranes can temporarily prevent post-operative organ adhesions, or
act as a scaffold to grow new skin from stem cells after severe burns. 3D (printed),
layer-on-layer deposition of material-cell combinations hold the promise of growing
artificial organs from a patient's own cells without immunogenic response. The rate of
biodegradation and resorption of the material residues by the body need to be carefully
designed.
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Application potential
Can lead to new
innovations

Advanced coatings tailored to corrosion protection of metallic substrates are of the
utmost relevance to ensure reliability and long-term performance of coated parts as well
as the product value of the coated materials. Improved membranes and packaging films
could be employed in, for example, aluminium-free barrier packaging foils, breathable
packaging for fresh foods (water and oxygen in, carbon dioxide out), membranes for
fresh water (decontamination), or highly selective membranes for industrial separation
processes. A specific application area of thin films and coatings is the harvesting and
conversion of renewable energy, for example wind or solar. In photovoltaics, coatings
and films are applied for light in-coupling/trapping, photon up-/down-conversion, ITO
replacement, easy-to-clean, anti-dust, printable transparent conductors, and
improvement in lifetime, whereas in wind turbines, impingement resistant coatings are
necessary to supply market demand for increasingly larger wind turbine blades.
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Facilities for Materials Science
The Netherlands has
excellent facilities for
materials research

Continuous
investments in
equipment are
essential

Maintenance cost are
often difficult to fund

Over the years, the Netherlands has built up a broad collection of synthesis, analysis
and modelling facilities for materials research. First of all, every Dutch research
laboratory that is active in materials research has facilities dedicated to the local
research programme. Such facilities often include a wide range of materials synthesis,
optical spectroscopies, electron microscopy, X-ray diffraction, mechanical
measurements, thermal measurements, specialised computer clusters, et cetera.
Secondly, excellent national and international facilities are available to Dutch materials
researchers (see Appendix D).
However, to initiate the new materials research directions introduced above, it is
essential to continue investments in novel tools that are dedicated to new developments
at the interface between disciplines and to stimulate bridging the gap between Materials
Science and engineering. For example, integrated facilities are needed in which the
multifunctionality of materials can be tested, visualised, and quantified. This requires
multifunctional instrumentation, for example the combination of (electron) microscopy
with mechanical or optical measurements.
An important point of concern about investments in both smaller-scale local facilities and
the larger national facilities is the growing cost of maintenance contracts. For example:
the maintenance costs of an electron microscope over its entire lifetime can be as large
as the initial investment costs. However, in many research grants maintenance costs
cannot be included.
Materials synthesis and processing is a very broad field and covers, for example,
cleanroom processes for the fabrication of nanostructured surfaces and films,
biomolecular assembly to create polymer networks, thin-film growth and deposition,
chemical synthesis of polymer films and gels, 3D printing to create tailored objects,
spark plasma sintering, magnetic compaction, single-crystal growth, and solution-phase
synthesis of nanoparticles and nanostructures.
Materials characterisation includes, for example, facilities for (in-situ) high-resolution
electron microscopy, X-ray diffraction, SEM, TEM, AFM, STM, time-resolved and/or
spatially resolved optical spectroscopies, mechanical measurements, measurements of
electrical and thermal properties, neutron diffraction, neutron depolarisation, positron
annihilation spectroscopy, dielectric spectroscopy, coupled IR spectroscopy-rheology,
XPS, atom probe microscopy, micro-CT, rheology, and measurements of the electronic,
magnetic, and thermal properties spanning multiple length and time scales.
Materials modelling involves analytical models and numerical simulation methods.
Computational methods are indispensable tools in the Materials Science research of
today as they allow us to explore regions in parameter space that are difficult,
impossible, or too expensive to achieve experimentally. Thus, such theoretical modelling
can provide important guidance, even short-cuts in the design of materials. The
Netherlands has a strong international position in modelling and numerical simulations.
The dramatic increase in simulation power is partly due to the large increase in raw
computing power during the past 60 years, but the introduction of novel computational
techniques has been at least as important. Along with new theoretical paradigms,
simulations methods have been developed at various length scales, including quantum
and classical molecular dynamics simulations and a range of mesoscopic methods
tailored to phenomena at hand.
At present, we are witnessing the application of advanced simulation techniques to
material systems of ever increasing complexity such as high-performance engineering
materials, as well as molecular wires, colloids, and polymers including polyelectrolytes
and proteins, et cetera. Many of these materials are of considerable importance in a biomedical or industrial context. Yet, a proper understanding of their properties is
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hampered by the fact that “brute force” simulations cannot cover the full range of length
and time scales that are needed to model the structure and dynamics of these
materials. This requires an integrated multiscale modelling approach, which involves
combinations of various techniques ranging from quantum chemistry to molecular
through mesoscopic simulations up to macroscopic computations. Multiscale
computational modelling of materials properties and predictive models will lead to novel
materials design. However, it requires high-performance computer facilities for
numerical analysis.
Overall, the Netherlands is quite well equipped to carry out Materials Science research
programmes at a very high level. Indeed, the high international ranking of the
Netherlands in the materials field is partly due to continuous investments in dedicated
facilities for materials research over the past years. Also, there seems a good balance
between the number of large user facilities available in the Netherlands and the use of
facilities elsewhere.
However, to maintain its world-leading position in materials research, it is vital that the
Netherlands continues to make investments in equipment that is directly linked to the
local research programme of universities and institutes. These investments must be an
integral part of the initiatives that we recommend in the Conclusions and
Recommendations section of this report.
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Conclusions and Recommendations
Materials Science is the cross-disciplinary research field that studies the design,
structure, dynamics and performance of materials. It is a key discipline that is at the
basis of many important applications. Materials Science can provide solutions, through a
multidisciplinary approach, to the major challenges that our society faces in the fields of
energy, environment, sustainability, food, transportation, health and scarcity of
resources, contributing to a circular economy, innovations in society and an
understanding of living matter. With so much potential for society, Materials Science is a
field in which science and industry can work closely together.
Historically, the Netherlands has built up a very strong international reputation in
Materials Science. Over the years, physicists, chemists and biologists have crossed
disciplinary boarders and by now a multidisciplinary mode of collaboration has become
more common. As also stated by the Committee Dijkgraaf as well as the Vision on
Science 2025 of the Dutch Government in 2014, a multidisciplinary approach in
addressing the grand societal challenges is essential. A unique opportunity now arises to
address challenging research questions that appear at the interface between disciplines
and that can lead to breakthrough innovations that address key technical and societal
problems.
We propose six themes that address these goals: 1) Designer functional
metamaterials, 2) Soft and bio-inspired materials, 3) Next-generation
engineering materials, 4) Materials for sustainable energy production and
storage, 5) Sustainable materials, and 6) Thin films and coatings. These topics
are chosen because of their potential for scientific and engineering breakthroughs,
societal impact, and potential industrial applications. They are also chosen because they
will enable a closing of the engineering gap as well as the innovation gap. The six topics
were selected from a combined physics & chemistry perspective and serve as a start for
a broad and multidisciplinary Materials Science national research agenda. The topics
overlap well with the inventory of the Dutch Science Agenda in 2015.
The Materials Foresight Committee makes three recommendations:
1. Centres/Programmes of Excellence in Materials Science Research and
Engineering
Establish CentresCentres/Programmes of Excellence in Materials Research and
Engineering, major research initiatives (M€ 5 for 10 years) that focus on a single welldefined topic. The research topics combine academic excellence with a clear long-term,
bottom-up strategic vision for applications that will become apparent after a 5 to 10
year period. The Centres/Programmes of Excellence can either be established at a single
location or can take the form of a multiple-location collaboration. They are composed of
(tenure-track) academic group leaders, PhD students, and postdocs, from several
disciplines, including engineering. The Centres/Programmes of Excellence in Materials
Science Research and Engineering have significant budget for equipment investments
and maintenance. The concept resembles – and is indeed inspired and motivated by that of the Materials Research Science and Engineering Centres (MRSECs) and the
Energy Hubs in the US.
Centres/Programmes of Excellence should form a visible and flexible Materials Science
network – the establishment of new institutes is not proposed - to raise the profile and
visibility of Materials Science and its leading Dutch institutes. In addition this network
could function as a platform for information exchange and provide strategic guidance for
future research. An annual Forum, e.g. “MaterialsScience@Veldhoven”, could be
established.
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Implementation: A call for proposals can be published, in which materials scientists
and engineers are invited to submit research proposals for a Centre/Programme of
Excellence. The research challenges that are described in this report can provide
inspiration in drafting these proposals.
2. Public-Private Materials Programmes
Establish Public-Private Materials Programmes to fully exploit the potential of materials
research leading to breakthrough innovations in a 2 to 5 year period. These
programmes are collaborations between academic and industrial partners, and will focus
on those topics that connect the best basic science with medium-term applications. They
require commitment from academic and industrial partners to work on emerging
technologies with a longer-term vision. These programmes can become part of the
propositions for Top Sector-related research that NWO will make in the coming year.
The TTIs in transition M2i, DPI, but also TIFN, could and should play a role in
establishing these PPP initiatives. However, these PPP programmes should not be limited
to existing networks and collaborations. It is hoped that these will lead to the
establishments of new long-term PPPs, for example in the form of an Advanced
Research Centre. Possible examples for ARCs for which a sufficient academic and
industrial base may exist in the Netherlands are in soft/biomaterials/food (Unilever,
Friesland Campina, Danone, DSM), materials for catalysis (Shell), composite materials
(Tata steel), or electron microscopy (FEI), for example. To further stimulate academicindustrial collaboration for medium- and long-term applications, the establishment of
academic satellite groups located within a company or company groups located within
an academic institution can be explored.
Implementation: A call for proposals can be published, in which the academic and
industrial partners are invited to submit proposals for Public-Private Materials
Programmes or ARCs. To further enhance academic-industrial interaction, an inventory
can be made of themes on which academic satellite groups could work within a company
or company groups within an academic institution.
3. Fellows for Advanced Materials Science and Engineering
Materials Science as a multidisciplinary research field is exceptionally well positioned to
bridge the gap between science and engineering. To create a generation of young
scientific leaders with a natural tendency to bridge the engineering gap, we propose
appointing Fellows for Advanced Materials and Engineering (FAME): two-year postdoc
positions at a renowned Materials Science and Engineering institute abroad, followed by
a two-year landing position in the Netherlands to explore the possibility to start a
materials-related research group, preferably in a setting with dual appointments or with
ties with both a science and engineering department. The newly trained FAME fellows
will then transfer their mode of operation to a next generation of students.
Implementation: A call for proposals can be published, in which FAME candidates can
submit a proposal for their research project that is written in consultation with the hosting institution abroad. Submission of a proposal will be open to young scientists of all
disciplines who have just completed their PhD or have at most two years of postdoctoral
experience. A selection committee composed of scientists from all relevant disciplines
will judge the proposals.
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Budget

Budget
Centres/Programmes of
Excellence in Materials
Science Research and
Engineering
Public-Private Materials
Programmes
Fellows for Advanced
Materials Science and
Engineering
TOTAL (M€)

8 Centres/Programmes (M€ 5 each)

8 PPM programmes (M€ 5 each)
10 FAME Fellows (k€ 500 each)

(M€)
40

40
5

85
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Appendix A
Assignment to the Materials Foresight Committee (Verkenningscommissie
Materialen) by the Executive Board of FOM
“De Verkenningscommissie Materialen wordt gevraagd op systematische wijze in kaart
te brengen wat er in de Nederlandse fysica aan materialenonderzoek gebeurt en wat de
agenda van de toekomst zou moeten zijn. Gevraagd wordt een rapport op te stellen en
daarin de wetenschappelijke uitdagingen te belichten en daarbij ook aandacht te
besteden aan de ontwikkelingen en trends in het buitenland. Voorts wordt gevraagd in
te gaan op het belang van materialenonderzoek voor maatschappij en industrie.
Tot slot wordt gevraagd aan te geven waar de overgangen naar andere disciplines liggen
en welke onderzoeksactiviteiten beter samen met of door andere disciplines opgepakt
zouden kunnen worden.
Toelichting
Materials Science is in vele opzichten een breed begrip: het heeft raakvlakken met
vrijwel alle subgebieden binnen de fysica, het omvat vele wetenschappelijke disciplines,
science en engineering en het heeft zeer uiteenlopende toepassingen en dergelijke. Van
oudsher zijn FOM-onderzoekers altijd actief geweest in deze tak van sport. Het
materialenonderzoek is belangwekkend, met name met het oog op de vele
toepassingen: van energietechnologieën en self-healing biomaterials tot toepassingen in
de ruimtevaart. Daarnaast is het materialenonderzoek sterk transdisciplinair:
succesvolle resultaten ontstaan dikwijls op het snijvlak van fysica, chemie en
engineering/technische wetenschappen.
Het FOM-bestuur heeft zich ten doel gesteld het materialenonderzoek binnen FOM
steviger op de kaart te zetten, onder meer door opnieuw te onderzoeken welke
onderwerpen interessant en uitdagend zijn vanuit fysisch oogpunt. Materialenonderzoek
leent zich ideaal om verbinding te zoeken: niet alleen binnen de fysica, maar ook met
andere wetenschappelijke disciplines en NWO-gebieden en bedrijven.
De eerste functie van het rapport van de Verkenningscommissie is die van inspiratiebron
voor (jonge) onderzoekers bij de keuze van hun onderwerpen en het formuleren van
aanvragen voor projecten en programma's. De bevindingen van de commissie kunnen
voor FOM ook aanleiding zijn speciale programma's te starten en eventueel te
participeren in nieuwe ARC's op het gebied van materialen. De afgelopen jaren waren er
drie TTI's actief op het gebied van materialen, DPI, M2i en TIFN. Met het wegvallen van
de FES-middelen zullen deze TTI's in de huidige vorm verdwijnen; er zijn verschillende
initiatieven om naar nieuwe samenwerkingsvormen met bedrijven te zoeken. Een ARC is
hierbij een mogelijkheid.”
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Appendix B
Members, FOM Materials Foresight Committee
Albert Polman, chair

AMOLF

Photovoltaics, optical metamaterials

Marjolein Robijn,
secretary

NWO-N office

-

Marjolein Dijkstra,
member

Utrecht University

Computational soft-condensed
matter

Marc Geers, member

TU Eindhoven

Multiscale mechanics

Erik van der Giessen,
member

University of
Groningen

Multiscale mechanics

Rob Hamer, member

Unilever

Food materials

Martin van Hecke,
member

Leiden University
/AMOLF

Soft matter, designer matter

Lene Hviid, member

Shell

Materials and corrosion

René Janssen, member

TU Eindhoven/ DIFFER

Organic semiconductors, solar
cells

Gijsje Koenderink,
member

AMOLF

Biomaterials, living soft matter

Maria Antonietta Loi,
member

University of
Groningen

Organic semiconductors, materials
for energy

Fred MacKintosh,
member

VU University
Amsterdam

Biomaterials, theory

Guus Rijnders, member

University of Twente

Oxidic materials

Mario van Wingerde,
member

M2i

Materials, general

Sybrand van der Zwaag,
member

TU Delft/DPI

Self-healing materials, metals,
polymers

Theo Rasing, member

Radboud University
/UB-FOM

Spectroscopy of materials

Hendrik van Vuren,
observer

FOM office

Science policy

Members, TKI Chemistry Programme Council Chemistry of Advanced Materials
Rolf van Benthem chair

DSM, TU Eindhoven

Andries Meijerink, vice chair

Utrecht University

Keimpe van den Berg, member

Akzo Nobel

Pascal Buskens, member

TNO

Jeroen Cornelissen, member

University of Twente

Theo Dingemans, member

TUD

Harold Gankema, member

AFP Holland

Han Goossens, member

Sabic

Jacco van Haveren, member

Wageningen University

René Janssen, member

TU Eindhoven

Katja Loos, member

University of Groningen

Jan Noordegraaf, member

Synbra Technology

Matthijs Ruitenbeek, member

Dow

Jaco Saurwalt, member

ECN

Irene Hamelers/Ivo Ridder, secretary

NWO/TKI Chemistry
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Appendix C
In the past 15-20 years, two large consortia of public and private parties in materials
research have evolved; the Dutch Polymer Institute (DPI) and the Materials Innovation
Institute (M2i). DPI unites 38 companies and 51 (international) academic partners, while
M2i spans 45 companies and 21 academic partners. Companies are represented in
industry associations like NRK (rubber and plastics), VVVF (paints/coatings), VNCI
(chemicals), FME (metals), and VA (waste). A non-exhaustive list of companies in the
field of (advanced) materials that have ties with the Dutch research community is given
below.
Table C1 Overview of major materials-related companies based in the Netherlands and
international companies with a significant research/production activity in the
Netherlands.

Company name
AkzoNobel
AllSeas

City
Arnhem
Delft

ASMI
ASML
Avantium
Avebe Food
BASF
Cargill
Corbion
Crucell
CSK Food Enrichment
Danone
Damen shipyards
DAF Trucks
DSM
Dow Benelux
Elopak
FEI
Fokker Technologies
Friesland Campina
Fujifilm

Almere
Veldhoven
Amsterdam, Geleen
Veendam
Arnhem, De Meern
Schiphol
Amsterdam
Leiden
Leeuwarden
Utrecht
Gorinchem
Eindhoven
Geleen
Terneuzen
Terneuzen
Eindhoven
Papendrecht
Amersfoort, Wageningen
Tilburg

Lanxess
Lionix
Mapper
Michelin
Micronit Microfluidics BV
Nedal
NXP semiconductors
Océ/Canon
Panalytical
Paques
Pervatech
Philips
Photonis
PPG
Sabic
Shell
SKF
Synbra
Tata steel
Tejin Aramid
Unilever
Zeiss

Geleen
Enschede
Delft
Drunen
Enschede
Utrecht
Eindhoven
Venlo
Almelo
Balk
Rijssen
Eindhoven
Roden
Amsterdam
Geleen, Bergen op Zoom
Amsterdam, Rijswijk
Nieuwegein
Etten-Leur
Velsen, IJmuiden
Arnhem
Vlaardingen
Sliedrecht
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Products
paint, coatings
off-shore platforms and heavy
marine lifting vessels
thin-film growth and deposition
lithography tools
bioplastics
starch products
catalysts, coatings, packaging
food ingredients
bioplastics, coatings
biopharmaceutical products
dairy ingredients
food products
specialty marine vessels
trucks and lorries
polymers, fibres, coatings
polymers
packaging
electron microscopy
aircraft systems
food products
thin-film deposition, gelatine-based
biomaterials
rubber
optical devices
lithography tools
rubber, automotive
microfluidics devices
aluminium extrusions
electronic components
printers, scanners, copiers
X-ray systems
recycling, waste treatment
membranes
lighting, healthcare
photodetectors and night vision
coatings
polymers
composites, polymers, corrosion
bearings
packaging
(coated) steel materials
high-performance fibres
food products
optics, medical technology
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Table C2 Ongoing FOM, CW and STW-funded joint public-private partnership programmes
with a strong Materials Science component.
Materials Science programme theme

Industrial partner

Advanced sustainable lighting solutions
Analysis of (bio)polymers and (nano)particles

Philips
several

BioGeoCivil
Biorelated materials
Bio-related materials

several
DPI, TIFN
DPI

Computational sciences for energy research
Controlling photon and plasma induced
processes at EUV optical surfaces
Diffusional nanoprobes for multi-length scale
material characterisation
Foundations for faster electron microscopy
Fundamentals and application of silicon
heterojunction solar cells
High-tech materials call
Hypercrosslinked nanoscale-hybrid membranes
for solvent nanofiltration
HYPERformance liquid chromatography
Innovative physics for oil and gas
Integral solutions for sustainable construction
Joint solar programme
Localised spectroscopy of polymers by solidstate NMR
Nanoparticle-based EUV resists
Nanophotonics for solid-state lighting
NEWPOL
Physics for nanolithography
Physics of failure
PUSYNSTAB (Polyurethane synthesis)
Size dependent material properties
Structure-stability relationships for supported
catalysts
Supramolecular peptide amphiphile
nanoparticles as a novel allergy vaccine
platform
The science of atmospheric plasma processing
of functional films
Third generation magnetocaloric materials
Understanding the visco-elasticity of elastomerbased nanocomposites
Unravelling the mystery of solar steam
nanobubbles
Volatile fatty acid platform

Shell
Zeiss/ASML

Programme
type
STW Partnership
CW-Technology
Area (TA)
STW Perspectief
FOM-IPP
FOM-DPI
programme
FOM-IPP
FOM-IPP

SyMO-Chem, Unilever

CW-TA

FEI
several

FOM-IPP
STW Perspectief

several
ISPT

FOM/STW
CW-TA

several
Shell
several
HyEt
several

CW-TA
FOM-IPP
STW Perspectief
FOM-IPP
CW-TA

ASML
Philips
DPI
ASML
M2i
DSM, SyMO-Chem
M2i
Shell

CW-ChIPP
FOM-IPP
CW-TA
FOM-IPP
FOM-IPP
CW-TA
FOM-IPP
CW-ChIPP

HAL Allergy

CW-TA

Fujifilm

FOM-IPP

BASF
SKF, Michelin, DPI

FOM-IPP
FOM-IPP

TNO

CW-TA

Paques

CW/STW
Partnership
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Table C3 Some materials-related startup companies based in the Netherlands.
Startup name
3DPPM

City
Eindhoven

Origin
TU Eindhoven

Leidschendam
Delft
Amsterdam

Products
recycling 3D-printing
material
composite structures
engineering polymers
pixel detectors

Airborne
Allotropica
Amsterdam Scientific
Instruments
Applied Nanolayers
Cristal Therapeutics

Leiden
Maastricht

graphene layers
nanomedicine

Delmic
Encapson

Delft
Nijmegen

Fibriant/Profibrix
Generation of Change
HQGraphene

Leiden
Katwijk
Groningen

LeidenProbeMicroscopy

Leiden

Levitech

Almere

Omics2Image

Amsterdam

Matech
Materiomics

Eindhoven
Bilthoven

microscopy
coatings for medical
devices
biomaterials
biomaterials
graphene on 2D
materials
materials
characterisation
thin-film
growth/deposition
molecular imaging
detectors
lead-free solders
biocompatible surfaces

Leiden University
Utrecht
University
TU Delft, AMOLF
Radboud
University
Leiden University
Leiden University
University of
Groningen
Leiden University

QTIS/e
Shapeways
Single Quantum
Solmates

Eindhoven
Eindhoven
Delft
Enschede

Spinnovation
Analytical
Surface Preparation
Laboratory
Surfix

Oss
Zaandam

biomaterials
3D-printing materials
photodetectors
thin-film
growth/deposition
integrated NMR
materials analysis
single crystal surfaces

Wageningen

nanocoatings

SyMO-Chem b.v.

Eindhoven

XIO Photonics b.v.

Enschede

custom materials
synthesis
optical devices

VSParticle

Delft

Nanoparticle synthesis
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TU Delft
TU Delft
Nikhef/AMOLF

ASMI
AMOLF
TU Delft
University of
Twente
TU Eindhoven
Philips Electronics
TU Delft
University of
Twente
Pivot Park
AMOLF
Wageningen
University
TU Eindhoven
University of
Twente
TU Delft
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Appendix D
Facilities for materials research
National facilities for materials research with a significant number of external users
are:
- National facility for electron microscopy: SEM, TEM (TU Delft);
- Infrared free electron lasers FELIX, FELICE and FLARE (Radboud University);
- High-Field Magnet Laboratory HFML for high-magnetic field experiments (jointly run
by Radboud University and FOM);
- Netherlands Centre for Electron Nanoscopy NeCEN for biological samples (Leiden
University);
- Cleanrooms for nanofabrication and nanocharacterisation (University of Twente, TU
Delft, TU Eindhoven, AMOLF, University of Groningen);
- Atom-probe facility (TU Eindhoven);
- Reactor Institute Delft for neutron and positron based materials research (TU Delft)
- SARA supercomputer facility for computer simulations (SARA);
- ssNMR facility IMM (Radboud University);
- Magnum-PSI facility for plasma-surface interaction (DIFFER).
Major international facilities in which the Netherlands is a partner are the European
Synchrotron Radiation Facility (ESRF) in Grenoble, with a dedicated Dutch/Flemish
DUBBLE beam line, and the European Magnetic Field Laboratory (EMFL), with distributed
facilities in France (Grenoble and Toulouse), Germany (Dresden) and the Netherlands
(Nijmegen). Furthermore, Dutch researchers are regular users of X-ray free-electron
lasers (LCLS, SwissFEL, European XFEL), and many other facilities.
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Appendix E
In 2010, the Ministry of Education, Culture and Science acknowledged the ‘Sector Plan
Physics and Chemistry’ drawn up by the Committee Breimer, and reinforced a selected
number of high-quality research groups (‘zwaartepunten’) at the Physics and Chemistry
departments of Dutch universities. Two of the four focal areas in chemistry and three of
the five focal areas in physics clearly relate to Materials Science and technology
research. The full matrices are given below, with the Materials Science and technology
groups in black.
High-quality research groups matrix Chemistry

TU Eindhoven
University of
Twente
TU Delft (D)
+Leiden
University (L)

Focusgebied 1 (C1)
duurzame chemie en
chemische
(bio)technologie
Procestechnologie
Katalyse

Focus area 2 (C2)
Materials Science,
Physical Chemistry &
Nanotechnology
Polymers

Focusgebied 3
(C3) levens- en
biomedische
wetenschappen

Sustainable process
technology and biomass
conversion
Katalytische systemen
(Bio)procestechnologie
(D) (Bio)katalyse (D)
Katalyse en
duurzaamheid (L)

Nanotechnology
Biomedical Technology

Complex
molecular
systems
Bio-nano, soft matter and
supramolecular chemistry

Biotechnologie (D)
Nanoscience (D)
Theory & Spectroscopy (L) Chemische
biologie (L)
Structuurbiologie
(L)
Structuurbiologie

Colloids

Utrecht
University
University of
Groningen

Katalyse
Catalysis and green
Chemistry

Functional materials

University of
Amsterdam
(U)
+VU University
Radboud
University

Synthese en katalyse (U)

Computational
Systeembiologie (U)
Farmacochemie (V)
chemistry (U+V)
Analytical Chemistry (U+V)
Molecules and materials
(synthesis,
growth,
spectroscopy)

Chemische biologie
Structuurbiologie

Chemische biologie

Focus area 4 (C4)
Complex molecular
systems

Supramolecular
chemistry and
systems chemistry

Supramolecular
chemistry

Colloid chemistry,
surfactants and
bionanotechnology
(see also F3)

Wageningen
University
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High-quality research groups matrix Physics

Focusgebied 1 (F1)
quantum universe

Focus area 2 (F2)
Nanophysics &
N a n o technology

TU Eindhoven

Functional materials

University of
Twente

Fluid physics
Computational
physics
Material sciences

TU Delft (D)
+Leiden
University (L)

Theoretical physics
(L)

Optical nanoscopy
and nanomaterials
(D) Nanophysics and
quantum optics (L)

Utrecht University High energy physics
Theoretical physics

Nanophysics: Soft
Condensed
Matter (Colloids)
Functional materials

University of
Groningen

Theoretical and
subatomic physics

University of
Amsterdam
(U)
+VU University
Amsterdam(V)

(Astro)particle
physics (U)
Quantum matter &
quantum information
(U)
Physics of light and
matter (V)

Radboud
University

(Astro)particle
physics

Wageningen
University

Focus area 3 (F3)
Complex
systems, liquids
and soft
Plasma physics
Transport physics

Soft condensed
matter (L)

Complex systems
& soft matter (U)

Focusgebied
4 (F4) physics
of life and
health

Focus area 5 (F5)
Energy

Optics &
biophysics

Physics of energy

Physics of
radiation for
health (D)
Biomolecular
physics (L)

Energy technologies
(D)

Biomedical
science and
engineering
Biophysics
and
biomedical
physics (V)

Energy and
sustainability
Physics of energy (V)

Advanced
spectroscopy
of molecules
and materials
Bionanotechnology
(see also C4)

The research institutes FOM-AMOLF, ARCNL,DIFFER and Nikhef were not included in the
‘Sectorplan Physics’.
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Appendix F
Interconnection of academic groups
Academic materials research is mostly funded by NWO and its subdivisions FOM, STW,
CW, EW and ALW. Several of these programs are carried out by a network of partners.
As an example, about 17 programs are presently carried out within FOM in biomaterials,
materials theory, materials for renewable energy, functional materials, complex
materials, materials friction in which all universities (University of Groningen, University
of Amsterdam, VU University of Amsterdam, University of Twente, Leiden University, TU
Delft, Radboud University, Wageningen University and TU Eindhoven) are involved, as
well as the research institutes FOM-AMOLF, ARCNL, and DIFFER.

Figure F1. Overview of major ongoing materials-related research programs size (Vrije
Programma’s and Focus groups) funded by FOM. The figure shows that there is an extensive
network and collaboration between all universities and FOM institutes active in Materials
Science.
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