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Introduction 

This report was commissioned by the Dutch Ministry of Economic Affairs and Climate (Economische Zaken en 

Klimaat (EZK)) to conduct an objective, bibliometrics-based assessment of The Netherlands’ overall research 

base which includes all scientific publications across all fields, and across 50 key technologies. The Netherlands 

Organisation for Scientific Research (NWO) and the Netherlands Organisation for applied scientific research 

(TNO) provided significant insight and advice on the keyword sets used to define the key technologies during, 

and prior to, the analysis. 

In 2011, the Dutch Ministry of Economic Affairs and Climate (then Economic Affairs), developed the Top Sector 

policy, under Rutte-I, to strengthen the international position of the Netherlands as a knowledge economy, to 

increase Dutch efforts in R&D as a percentage of GDP, and to stimulate consortia for Knowledge and Innovation. 

The top sectors are characterised by their knowledge intensity, their high orientation towards exports, the 

importance of sector-specific legislation and regulations, and by their potential to contribute to solving societal 

issues. These sectors, therefore, offer opportunities to the Dutch business community. 

The Minister of Economic Affairs and Climate anticipated in 2017, that solutions for these challenges will become 

more central to the Top Sector policy. These challenges and the preservation of the strong competitive strength of 

the Netherlands require continuous innovation and the development of key technologies, which must come from:  

1) the joint innovative strength of knowledge institutions and companies and 

2) an effective link between this strength and the government's policy input.  

Approach  

In June 2017, the High Level Group Sleuteltechnologieen defined a list of 50 key technologies in which the 

Netherlands was either scientifically strong and where enough scientific advancement and economic opportunities 

could be expected for the coming years. 

The first step in evaluating the 50 relevant key technologies, hereafter referred to as ‘KT’1, was to define them. 

To identify relevant terms (i.e. keywords and key phrases) for a definition of a set of publications related to each 

KT, NWO, on behalf of the Ministry, and with the cooperation of TNO, provided lists of keywords, supplemented 

by key concepts identified by Elsevier, pertaining to each of the 50 relevant KT. The definition process was split 

into two phases. In the first phase, highly relevant technology keywords were provided by experts from NWO and 

TNO. These keywords were then filtered to exclude what could be considered overly general terms. The remaining 

                                                      

1 A full list of all key technologies (KT) can be found in the Appendix, including a grouping of the KT into 8 main categories.  
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candidate keywords were then linked to science- and technology-specific thesauri concepts. In the second phase, 

the candidate keywords and concepts were validated by the KT-specific groups of experts. With this approach 49 

of the initial KT could be defined. The KT “Quantum Sensors and Metrology” could not be defined as no 

consensus amongst the experts could be reached on the best representation of keywords describing this field.  

To gain more insight into the accuracy of the keywords and concepts, the KTs were evaluated by TNO and NWO, 

together with Elsevier, by assessing the author data related to the key concepts. This resulted in the creation of the 

final set of keywords and concepts used by Elsevier to retrieve publication sets for quantitative analysis. 

Due to the high degree of interdisciplinarity that is inherent in the development of the KTs, a complete set of 

keywords per technology is virtually impossible to determine fully a priori. Thus, some recurring challenges 

were identified during the process of identifying key words and concepts. One challenge was presented by the 

poor definition of some KTs - for example, keywords and concepts for Biocatalysis overlapped with certain life 

sciences, such that a strict demarcation proved to be difficult. Secondly, the width and breadth of a KT varied 

due to the fact that in some instances the research of a KT includes certain application aspects i.e. the distinction 

between innovating 'in' and innovating 'with' could not always be made. Lastly, developments in one KT can 

lead to breakthroughs in another KT. For instance, in order to produce more energy-efficient and better 

semiconductor devices, innovation in the production process is required. This involves many different 

technologies, such as photon generation technology and nanomanufacturing.  

1. Netherlands overall research in context 

Dutch research output kept pace with European and Global output boom 

The Netherlands is a high performing research nation with close ties between its research activity and output, and 

economic development. Given that the Netherlands’ population only makes up 0.2% of the world’s total 

population, it punches above its weight as a research nation by producing no less than 2.1% of all scientific 

publications, with 38,400 publications in 2007 alone. The Netherlands’ share of global research output was 2.1% 

in 2016 (more than 52,815 publications), indicating its growth of publication output has kept pace with the 

European and Global output boom. 

Publication impact well above global and European averages 

To measure the impact of a country’s research, it would not be enough to simply count how many citations its 

publications have received. A better, and widely-accepted, measure is the field-weighted citation impact (FWCI) 

– wherein the actual number of citations an article has received is normalised against the expected number of 

citations for articles of the same subject area, document type (article, review, or conference paper), and publication 

year.2 If we consider the Netherlands citation impact, it increased from 1.70 in 2007 to 1.80 in 2016, and for the 

whole period was 1.77 on average. This means that the citation impact of Dutch publications has increased from 

being 70% above the world average to be 80% above the world average. Additionally, the Netherlands FWCI is 

much higher than the overall EU 28 FWCI for each year in the period.  

                                                      

2 The indicator is always defined in reference to the global baseline of 1.0. Thus, values above 1.00 indicate that a country’s publications are 

of above-average impact, while values below 1.00 indicate below-average impact. 
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Figure 1– Overall FWCI and share of EU 28 total output for all EU 28 countries, for the period 2007-2016. Source: Scopus and 

ScienceDirect. 

Dutch research focuses on excellence rather than publication growth 

By its very nature, citation distribution across articles is strongly skewed: a small proportion of all published 

articles receive the majority of the citations, a larger proportion receive some citations, and a significant proportion 

of all articles never receive a single citation. One approach to research assessment is an examination of the small 

proportion of the most highly-cited articles. The Netherlands’ share of the global top 1% of cited output has 

increased from 5.1% in the period 2007-2011 to 5.6% in the period 2012-2016. While the number of Dutch 

publications in the world’s top 1% most cited was just over 4,500 in the first reference period, it grew to over 

5,900 in the second. The Netherlands’ global share of top 10% cited output did not increase as visibly as the top 

1%, but rather maintained a steady 4.0% share across both reference periods. The Netherlands’ was responsible 

for 10.1% of the EU 28’s top 10% cited output across both periods. 

Whilst Dutch research among the top 1% of cited publications represents a higher share of both global and 

European research in the most recent period compared to the latter period, there is no commensurate increase seen 

for the Netherlands’ top 10% of cited publications. This is not necessarily a problem, and suggests a focus on 

highly excellent research, whilst maintaining its status on excellent research. 

2. The Netherlands and comparator countries per Key Technology 

The KTs are not composed of discrete clusters of publications, but rather exhibit high degrees of similarity due to 

publications that fall into one or more KTs. As an example, of the six KT in the Nanotechnologies category 

(Bionanotechnology, Micro and nanofluidics, Nanomanufacturing, Nanomaterials, Nanoscale devices, 

Semiconductor devices) it can be expected that e.g. Nanomaterials, Nanomanufacturing, and Nanoscale devices 

will share a great number of publications and thus overlap. Methodologies and application areas across KTs are 

also likely to overlap, and the sometimes-broad scope of KTs, High frequency and mixed signal technologies 

being a prime example, will also ensure overlap.  
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The overlap and similarity between KTs can be presented in the form of a network map, highlighting the relative 

volume of publications in each KT and how each KT links to others. Figure 2 provides such a view. Each KT has 

been clustered and coloured according to similarity based on shared publications.  

 

Figure 2: Similarity of Key Technologies, based on shared publications, for global output in the period 2007-2016. Source: Scopus and 

ScienceDirect. Note: Edges with very low counts of shared publications have been removed to improve readability. The full names of each 

of the KTs can be found in the appendix. 

Each line in the figure indicates overlap between the joined KTs. The thicker the line, the more overlap. The left 

side of the map is primarily computer-science-oriented KTs (dark green), including Robotics, Encryption, and 

Big Data. Quantum Computing and Quantum Communication have also been included in this cluster and form an 

important bridge between the more material-science-oriented cluster (purple) which includes Structural Materials, 

Smart Materials, and Nano Materials amongst others. Life-sciences-oriented KTs (light blue) are clustered tightly 

on the right of the map but have strong links to both genomics oriented cluster (light green; top-right) and the 

analytical sciences3 (red; center).  

Dutch Relative Activity per KT follows EU rather than global research trends 

Relative Activity Index (RAI) is a metric that compares the relative share of research published in a subject area 

within a country, with the relative share of research published in the same subject area in the world. For example, 

between 2007 and 2016, the Netherlands produced 8,102 publications in Opto-mechatronics. This number 

represents 1.7% of the total number of publications the Netherlands produced during the period. At the EU 28 

level, Opto-mechatronics publications accounted for 1.4% of all EU 28 publications. Thus, the Dutch RAI, using 

the EU 28 as a baseline, is 1.7%/1.4% or 1.21. In other words, research in the Netherlands in Opto-mechatronics 

occupies a 21% greater relative share of Netherlands research than it does across the EU 28.  

Overall, Dutch research trends closely mirror EU research trends. Dutch relative shares for each KT are almost 

always closer to the EU 28 than the world relative share values. Considering the European-Commission is a 

                                                      

3 High frequency and mixed signal technologies (HFMSTech) appears to stand out in size (see Figure 2), which was not necessarily 

expected on the basis of ongoing electrical engineering research. A closer inspection of the publication results revealed that the HFMSTech 
corpus included a significant fraction of research using medical imaging and diagnostics such as NMR, PET and CT. An in-depth study in a 

particular KT would lead to a more focused result on the R&D in this KT. This was, however, beyond the scope of the current study.    
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significant international collaboration funding entity for Dutch researchers, this is to be expected. However, Dutch 

research does show further specialisation, even when compared to the EU 28 averages.  

From a Dutch perspective, there are some distinct groupings of relative shares for each KT, as compared to both 

global and EU 28 shares. In the Life Sciences, Genomics/ proteomics/metabolomics/glycomics/X-omics, Gene 

Editing & Engineering, Stem Cell Technologies and Biofabrication have much higher relative shares compared 

to both the world and EU 28 averages. Other KTs and categories where Dutch research has higher relative shares 

can be found within:  

- Chemical Technologies: Micro Reactors - 25% more than world relative share 

- Engineering & Fabrication Technologies: Opto-Mechatronics - 38% more than world relative share; and 

Imaging Technologies - 35% more than world relative share 

 

Given the specialisation trends in each of the group categories and KTs, an important issue can be addressed - 

whether specialisation brings an increase in quality. Presented in Figure 3 are the global RAI and FWCI values of 

each of the KTs. While numerous KTs have much higher relative shares in the context of the world, there is no 

trend to suggest that FWCI values increase with specialisation. For example, Encryption research in the 

Netherlands has a far smaller relative share than Genomics/proteomics/metabolomics/ glycomics/X-omics (0.74 

vs. 1.57), but its FWCI is much higher (2.09 vs. 1.61). 

Regardless of RAI, there is a strong trend towards highly excellent research (top 1%) and excellent research (top 

10%) among almost all KT publications in all group categories from the Netherlands. In general, Dutch KT 

research is more likely to be found among the top 1% than in the top 10% of cited publications.  

Within EU 28, Dutch leads in multiple KTs in FWCI and top 1% and top 10% share of total output 

It is of interest to evaluate the status of the Netherlands rank and impact, as compared to each of the national 

entities in the EU 28 for each KT. What the Netherlands lacks in terms of volume, its impact across the KTs is 

prolific enough for it to be the top EU 28 ranked country for 13 of the KTs based on FWCI. It is the 2nd highest 

ranked country for 16 of the KTs, and 3rd highest ranked country for 12 KTs. In fact, there are only 8 KTs where 

the Netherlands is not ranked in the top 3. In short, the Netherlands, across almost all KTs produces high quality 

research.  

International Collaboration on the rise for almost all KT 

Overall, the share of all Dutch research that results from international collaboration has increased 14 percentage 

points (pp) from 47% in 2007 to 61% in 2016. A similar pattern is observed for the KTs, with almost all increasing 

their share of publications resulting from international collaborations between 2007 and 2016.  

The greatest increase was observed in Sensors and Actuators wherein 37% (59 of 168) of publications in this KT 

were international collaborations in 2007, and 62% (145 of 234) in 2016. Other KTs with large positive changes 

in the level of international collaboration during the period include: Robotics (+22pp), Micro Reactors (+21pp), 

and Electrification/Hydrogen technology/ Power to gas (+21pp).  

At the overall level in the Netherlands, there is a strong positive correlation between an increase in the share of 

international collaboration and an increase in overall FWCI. Within the KTs, the greatest positive correlation was 

in High-Frequency Mixed-Signal Technologies, followed by Imaging technologies and Analytical Technologies. 

Only some KTs showed a negative correlation between international collaboration and FWCI, which could be a 

reason to investigate these collaboration partnerships further.  
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Figure 3: Global Relative Activity Index (WLD RAI) and FWCI of Dutch output, per Key Technology, for the period 2007-2016. Source: 

Scopus and ScienceDirect. 
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Cross-sector collaboration exceeds global average by three times, with high impact 

Cross-sector collaboration is often seen as the greatest source of knowledge transfer in the research world, with 

innovation, expertise and practice co-mingling to provide opportunities and improve efficiency for the 

improvement of science and technology.  

The Netherlands displays a high degree of cross-sector collaboration: 7.5% of its total output in the period 2007-

2016 is the result of collaboration between Academic and Corporate institutions, and 2.2% is between Corporate 

and Governmental institutions. Considering the world average for Academic-Corporate collaboration is 

approximately 1.7%, the Netherlands has wholly embraced cross-sector collaboration. Even though the 

Netherlands does not have extremely large national research entities, such as CSIC in Spain or CNRS in France, 

it does have a thriving Corporate R&D sector which has gradually increased its research footprint through 

increased spending in the last ten years.  

In the context of the KTs, High-Frequency Mixed-Signal Technologies publications account for the greatest share 

of Dutch research overall. However, Nano Manufacturing and Semiconductor Devices account for the greatest 

share of academic-corporate collaborations - with 19% of research resulting from these collaborations. In fact, 36 

KTs had academic-corporate collaboration shares greater than 10%, and only 2 had shares lower than the overall 

Dutch share of 7.5%. The impact of cross-sector collaboration is noticeably higher than the overall average such 

that in almost all KTs, FWCI values are higher, in some cases even double or triple, than overall values. For 

example, 10% of Gene editing/precise genetic engineering publications are academic-corporate collaborations 

and their FWCI, 4.31, is far greater than the total output average of 1.56.  

3. Dutch research institutes across all Key Technologies 

Dutch research institutes have diverse research portfolios. The most diverse of these research institutes are not 

necessarily the most productive overall. Given the focus of the KT, technical universities are more likely to be the 

top ranked institutes based on KT publication output.  

Dutch universities active in all KTs 

TU Delft is the highest ranked research institutions, by publication count, for 17 KTs. Eindhoven is another strong 

research institute, occupying the top spot for 7 KTs, and public and non-governmental research organisations also 

appear in the rankings – CWI, FOM (now part of NWO), M2i, and IHE-Delft are all prominent publishers in their 

respective KTs. M2i and IHE-Delft are the 3rd largest publishers in, respectively, Structural Materials and 

Separation Technologies, KTs in which TU Delft is the largest. As can be expected, corporate research institutes 

publish on a smaller scale and are present in some KTs. 

Considering the Dutch university system, the overall pattern appears to be that the more technical universities 

focus more on niche KTs - indicated by the low average number of publications per institute in the KT, as well as 

a large difference in volume between the top institute’s output and other institutes’ output.  

To gain a more detailed view of the specific research institutions involved in KT research, presented in Table 2 

are selected KTs, highlighting the top 5 Dutch research institutes, ranked by count of publications between 2007 

and 2016, and how they compare to the top institute from each comparator country. 
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Table 1: Output and FWCI of top 5 Dutch research institutes compared to top institutes of comparator countries, for select key 

Technologies, for the period 2007-2016. Source: Scopus and ScienceDirect 

Group  
Category 

Tech Name Top 5 NL Institutes 
Public-
ations 

FWCI 
Top Institutes of 
Comparator countries 

Public-
ations 

FWCI 

Engineering  
&  

Fabrication 
Technologies 

ImagTech Utrecht University 3313 2.01 (USA) Harvard University 16951 2.11 

 Erasmus University Rotterdam 3082 2.23 (FRA) CNRS 11654 1.56 

 University of Amsterdam 2949 2.04 (DEU) University of Heidelberg 4287 1.79 

 Philips HealthTech 2611 1.71 
(GBR) University College 
London 

7027 2.07 

 Radboud University Nijmegen 2542 2.24 (KOR) Seoul National University 4965 1.38 

Nano- 
technologies 

NanoManuf ASML Netherlands BV 411 3.39 
(USA) Massachusetts Institute 
of Technology 

614 2.05 

NanoManuf University of Twente 291 1.27 (FRA) CNRS 1901 1.27 

NanoManuf Delft University of Technology 254 1.56 
(DEU) Karlsruhe Institute of 
Technology KIT 

484 1.70 

NanoManuf 
Eindhoven University of 
Technology 

247 1.24 (GBR) University of Cambridge 407 1.36 

NanoManuf Philips HealthTech 106 2.77 
(KOR) Korea Advanced Institute 
of Science and Technology 

529 1.44 

Digital  
Technologies 

BigData University of Amsterdam 1352 1.61 (USA) Harvard University 4223 1.70 

 Utrecht University 936 1.57 (FRA) CNRS 5384 1.20 

 
Delft University of Technology 877 1.42 

(DEU) Technische Universitat 
Munchen 

1303 1.90 

 
Eindhoven University of 
Technology 

864 2.45 
(GBR) University College 
London 

2233 1.78 

 Radboud University Nijmegen 837 1.60 (KOR) Seoul National University 1498 1.12 

 

Overall, Dutch research institutes fare well against the top institutes of comparator countries. Output volumes are 

often lower, but FWCI values are often the highest, even compared to institutes from the USA. For example, in 

Big Data, Eindhoven may have far fewer publications than all top international comparator institutes, but its FWCI 

is far higher. The same pattern can be seen for Imaging Technologies wherein Erasmus University Rotterdam has 

less than a fifth of the publication count of Harvard University but has significantly higher impact from that output. 

Corporate entities play a large role in Dutch research output and this can be readily seen for KTs such as Imaging 

Technologies, where Philips HealthTech is the 4th largest research institute by output. In Nano-manufacturing, 

ASML Netherlands BV is the largest producer of publications in the Netherlands and Philips Healthcare is the 5th 

largest. Philips and ASML also have the highest FWCI values in Nano-manufacturing of all Dutch and comparator 

country institutes.  

4. Dutch research cited in patents 

Patent data provide a means to assess the effectiveness by which research is being translated into real world 

applications. Patent citations to literature, an indicator measuring the number of times publications are cited in 

patents, are considered a proxy of the economic value of research output. A patent family represents the collective 

patent applications and granted patents related to a specific technology. Counts of patent families, rather than 

counts of patent applications (or granted patents), are increasingly used in evaluation studies as they more 

accurately capture the collective knowledge that is relevant to a specific technology. 

Differences can be seen between patent authorities, and these differences provide insight into not only the 

nationalities of the inventors and assignees (inventors and assignees will most often apply first to their own patent 

authority - the so-called “home-office advantage”, and then other patent authorities4), but also the potential 

markets for the technologies. For example, the United States of America is the largest commercial market in the 

world, and by patenting via the United States Patent and Trademark Office (USPTO), the applicant expects to 

extract the most value from the technology.  

                                                      

4 For more information on costs and coverage considerations in patent applications, see:  
Harhoff, D., F. M. Scherer and K. Vopel (2002), “Citations, family size, opposition and the value of patent rights”, Research Policy, Vol. 

32/8, pp. 1343–63. 
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Dutch research is highly relevant on a global scale 

Across the United States Patent and Trademark Office (USPTO), the European Patent Office (EPO), and the 

World Intellectual Property Office (WIPO), Dutch-authored publications, published between 2007 and 2016, in 

High Frequency Mixed Signal Technologies are cited by 7,985 patent families around the world. A Dutch inventor 

was involved in 920 (11.5%) of those families; an inventor from within the EU 28 was involved in 1,729 (26.7%); 

an inventor from outside the EU 28 was involved in 5,357 (67.1%) patent. In fact, for all KTs, most inventors 

listed in patent families that cite Dutch research are from outside the EU 28. This implies that for Dutch research 

(i.e. publications) in, and technologies (i.e. patents) related to each of the KTs, the expected economic gains are 

primarily from outside the EU 28. Of all KTs, Dutch research in High frequency and mixed signal technologies 

is cited the most in patents across the world, and the most by Dutch inventors and assignees, closely followed by 

Catalysis and Analytical Technologies. Interestingly, Catalysis is the KT which is most often cited in patent 

families with inventors and assignees from both within, and outside of, the EU 28.  

The strong corporate presence of companies such as Philips, and the fact that the Netherlands hosts 19 of the 

world’s largest Chemical companies, including BASF, AkzoNobel, Dow Chemical, SABIC and Royal Dutch 

Shell, shows that Dutch research in these KTs has ample opportunity for commercialisation not only locally but 

also through the global subsidiaries of these companies. 

There are numerous renowned foreign academic research institutes that cite Dutch research in their patent 

documents. These include Harvard University, the University of California system, CalTech, and MIT, and public 

research institutes such as CNRS. Dutch academic research institutes including Leiden University, University of 

Amsterdam, University of Utrecht, TU Delft and Eindhoven, do cite Dutch research but to a much smaller degree 

than foreign institutes. 

The most relevant point here is that entities that cite Dutch research are global in market reach, and span the 

academic, corporate, medical and public sectors. Dutch research output in the KTs is frequently utilised to support 

patent applications, indicating that the expertise and quality of Dutch research are far-reaching. The scope of this 

report does not call for an in-depth analysis of data on the licensing or commercial results of the patent families 

that cite Dutch research. However, the data discussed in this section provide positive signals of the utility and, by 

proxy, the value of Dutch research. 

5. Science and Technology Maturity per Key Technology 

Patterns of cumulative growth in output of scientific publications are very good indicators of where radical 

developments in science, technology and innovation occur. As the world produces more research, leading to more 

scientific publications, there will always be competition for resources, be it funding for basic or applied research 

or people who are able to undertake this research. By analysing growth characteristics, estimates can be generated 

to identify fast growing, breakthrough technologies5. The classification of each KT into three phases: emerging, 

improvement/uptake and mature, is based on the 2016 percentage share of the estimated maximum number of 

publications and the growth rate. The growth rate can be considered a proxy for how ‘hot’ the field of research is, 

and the share of estimated maximum count indicates the staying power of the field of research. 

Key Technologies vary in levels in maturity 

Among the KTs, Nanoscale Devices, Microfluidics, Blockchain and Nanomedicine have the highest growth rates 

as shown in Figure 4. Nanomedicine also has one of the lowest percentage-of-estimated-maximum values, 

indicating the field has significant room for growth. For broad KTs such as High-Frequency Mixed Signal 

Technologies, Analytical Technologies and Catalysis, growth was slower, and 2016 shares of estimated maximum 

counts tended toward higher ranges.  

Generally speaking, KTs in the lower right of Figure 4 can be considered as high-interest technologies in emerging 

fields, whereas KTs in the upper left are maturing fields.  

                                                      

5 Growth parameters and estimates of maximum output are provided by fitting logistic curve functions to the cumulative totals of each of the 
KTs, based on output data for the years 1996-2016. For an overview of studies that apply this technique, see Tugrul U. et al, Forecasting 

emerging technologies: Use of bibliometrics and patent analysis, Technological Forecasting and Social Change, 2006. 
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Figure 4: Growth rates and 2016 share of estimated maximum publications, per Key Technology, based on logistic curve fitting of 

cumulative global publication output between 1996 and 2016. Counts were estimated for years up to and including 2036. Bubble size 

represents estimated maximum number of publications. Source: Scopus.  

6. Concluding remarks 

The general view of research activity and output in the Netherlands is positive, both at the level of all publishing 

across all fields, and at the level of the KTs. Analysis of publication data demonstrates that, for all publication 

output across all fields, the Netherlands punches well above its weight, with a global publication share of 2.1% 
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(and a population share of just 0.2%), with an impact 77% above the world average, indicated by an FWCI of 

1.77. 

The development, definition and close examination of research activities surrounding each KT and the larger 

subject area categories they belong to, is a step towards identifying and refining the research agenda likely to have 

the greatest impact on the Dutch social, economic and research landscape in the near future. To this end, at the 

level of the KTs, the Netherlands is in a leading position in the EU 28, with almost all KTs having high impact, 

and an observable tendency towards highly excellent research (top 1%) in all KTs. The KT subject categories 

where Dutch research shows much higher relative shares compared to global shares include the Life Sciences 

technologies, Chemical technologies and Engineering & Fabrication technologies. 

Dutch research is not only highly international, with almost 61% of all publications the result of international 

collaboration, but also demonstrates high proportions of cross-sector collaboration – trends which can be observed 

in almost all KTs as well. Additionally, the economic value of Dutch research is being realised globally with 

Dutch research increasingly cited by inventors around the world. Dutch multinationals are some of the largest 

users and incorporators of Dutch research, and globally renowned research institutes are increasingly recognising 

the value of innovative research activities from the Netherlands. This is in line with the goals of policy instruments 

such as the Topsector policy, and the internationalisation of Private Public Partnerships. 

Dutch research expertise is spread across both maturing technologies, and promising, newer technology fields. 

Considering the relatively small number of research institutes in the Netherlands, the diversity of research 

activities provides benefits in the form of high impact output. So much so that Dutch research in certain KTs 

demonstrates higher impact than many internationally renowned institutes, including MIT and Harvard.  
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Appendix: Definition of Key Technologies 

The key technologies  included in this report are a result of the analysis of technologies that are important to the 

Dutch economy and/or solving current and future societal challenges as established by a High Level Group on 

key technologies in which representatives from a number of sectors, knowledge institutes, companies and 

ministries participated.  

From a High Level Group meeting of May 11 2017, a definition of Key technologies was established:  

 “A key technology is a technology characterised by a broad scope or range in innovations and/or sectors. They 

are essential in solving societal challenges and/or make a major potential contribution to the economy, through 

the emergence of new business and new markets, increasing competitiveness, and strengthening job growth. Key 

technologies create pioneering processes, products and/or services in innovations possible. Key technologies are 

relevant to science, society and the market.”6 

The KTs are clustered into 8 categories. These are: 

1. Advanced Materials  

2. Photonics and Light technologies  

3. Quantum technologies  

4. Digital technologies  

5. Chemical technologies  

6. Nanotechnologies  

7. Life science technologies  

8. Engineering and Fabrication technologies  

The categories and abbreviations for each key technology are presented in Table A.1. 

Table A.1: Categories and key technologies and abbreviations used in Figures and Tables. 

Category Technology name 
Abbreviated 
name 

Advanced Materials Bio (related) materials and soft material BioMat 
 Composite and ceramics CompCerms 
 Designer and meta materials DesMetaMat 
 Energy conversion EnrgConv 
 Energy storage materials EnrgStorg 
 Optical/electronic/magnetic materials (incl 2D and graphene) OEMMat 
 Smart/self healing/self-organising materials SmartMat 
 Structural materials StructMat 
 Thin films and coatings ThinFilmCoats 

Chemical technologies (Bio)Process technology including process intensification BioProcTech 
 Analytic technologies AnalytTech 
 Catalysis Catalysis 
 Electrification / Hydrogen technology / power to gas ElecHTech 
 Microreactors MicroReact 
 Separation technology SeprtTech 

Digital technologies Artificial intelligence (incl. machine and deep learning) AI 
 Big data and data analytics BigData 
 Block chain Blockchain 
 Encryption technologies/ digital security Encrypt 

                                                      

6 MEMO SLEUTELTECHNOLOGIEEN, EZ, NWO, TNO, 28 Juni 2017.  
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Category Technology name 
Abbreviated 
name 

 
High Performance Computing Grid Computing and Cloud 
Technologies/Computing 

HPCC 

Engineering and 
fabrication technologies 

(Opto)mechatronics OpMechat 

 Additive manufacturing/3D printing AddManuf 
 Cyberphysical systems CyberPhySys 
 High frequency and mixed signal technologies HFMSTech 
 Imaging technologies ImagTech 
 Robotics Robotics 
 Sensors and actuators SensActua 

Life sciences technologies Biocatalysis BioCat 
 Biochips and biosensors BioChipSens 
 Biofabrication Biofab 
 Gene editing/precise genetic engineering GeneEditEng 
 Genomics/proteomics/metabolomics/ glycomics/X-omics GenXomics 
 Industrial biotechnology (white) IndBiot 
 Nanomedicine NanoMed 
 Organ on a chip OrgChip 
 Stem cell technology StemCellTech 
 Synthetic cell technology SynthCellTech 

Nanotechnologies Bionanotechnology Bionano 
 Micro and nanofluidics MicroFluidcs 
 Nanomanufacturing NanoManuf 
 Nanomaterials NanoMat 
 Nanoscale devices NanoDev 
 Semiconductor devices SemiCondD 

Photonics and light 
technologies 

Integrated photonics IntPhoton 

 Photon generation technologies PhoGenTech 
 Photonic detection PhoDet 
 Photovoltaics PV 

Quantum technologies Quantum communication QuComm 
 Quantum computing QuComp 
 Quantum sensors and metrology QuSensMet 

 


