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PREFACE
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This report is one of the products of a Technology Foresight study that was performed for
the Ministry of Economic Affairs in the Netherlands by RAND Europe and Coopers &
Lybrand Technology Consultants, with the assistance of Innovation & Technology
Management SA. The study, called the Technology Radar, had two primary objectives:

. To identify technology fields that are likely to be of strategic importance to Dutch business

and industry within the next ten years.
To investigate whether sufficient knowledge buildup is taking place in the fields of strate-

gic importance.

The intent of the information collected and the observations made based on this informa-
tion is to enlighten the ongoing discussion between business and the public research com-
munity about how to achieve an appropriate level of technology buildup in the Nether-
lands.

The results of the Technology Radar are contained in this main report and its four
supporting volumes. This volume (Volume 1) provides an overview of the work that was
done, information gathered, insights gained, issues raised, and conclusions reached. It
includes an Executive Summary, which summarizes the work and presents observations

drawn from the detailed information contained in all of the reports.
The four other volumes are:

Volume 2: Sector Profielen — Technologie-behoefteprofielen van 22 bedrijfssegmenten (Tech-
nology Need Profiles of 22 Business Segments), which is based on interviews with repre-
sentatives of all business segments in the Netherlands and a thorough desk study. The inter-
views produced insights into the problems and needs of the business segments, and into
the technologies that were considered to be important for meeting their needs and solving
their problems. This report is written in Dutch.

Volume 3: Technologie Profielen — Profielen van 15 technologiegebieden (Profiles of 15 Tech-
nology Fields), which compares the knowledge buildup to the knowledge needs in the
15 technology fields identified as being strategic to the Netherlands. This report is based on
interviews with technology demanders and technology suppliers in each of the 15 tech-
nology fields. The interviews identified possible gaps or problems between the demand for
and the supply of these technologies and raised questions and issues for further discussion.
This report is written in Dutch.

Volume 4: Global Views on Strategic Technologies, which presents the results of a literature
review that examined several national Technology Foresight exercises and strategic tech-
nology reports from other countries. It briefly describes the nature of the methods used to
arrive at national lists of strategic technologies, and presents a single combined list. This

report is written in English.
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Volume 5: Methodology, which describes the steps that were carried out on this project, and
the methodology and metrics that were used to identify strategic technologies for the
Netherlands. In addition to providing details about the project that are not contained in
Volume 1, this report is intended to provide documentation of the work that was done so
that the Ministry can carry out similar studies in the future. This report is written in
English.

RAND Europe, whose offices are located in Delft, is an independently chartered European
subsidiary of RAND. The mission of RAND Europe is to conduct objective, independent,
high-quality policy analysis that informs public and private sector decisionmaking
throughout Europe.

Coopers & Lybrand Technology Consultants is a subsidiary of Coopers & Lybrand, a
multinational organization providing services in the areas of auditing, tax consulting, and
management consulting. Coopers & Lybrand Technology Consultants assists public
policymakers and private enterprises in developing and implementing technology policies
and strategies.

Innovation and Technology Management SA (ITM) is a Battelle affiliate consultancy based
in Geneva, Switzerland. ITM has extensive experience in the study of technological inno-
vation and strategic technologies. It provided information, ideas, and evaluations related

to the technological, methodological, and organizational aspects of the study.
To obtain copies of any of the reports mentioned above, please contact:

Ministry of Economic Affairs
P.O. Box 20101

NL-2500 EC Den Haag

Tel: +31-70-379 8820

Fax: +31-70-379 7287



VOORWOORD

Aanleiding

Investeringen in kennis worden van steeds groter belang voor de Nederlandse economie.
Slimmere producten en diensten en goed opgeleide arbeidskrachten zorgen voor betere
economische prestaties en versterken zo onze concurrentiepositie. Uit de nota Kennis in
Beweging [1995] blijkt echter dat het niveau van investeringen in kennis achterblijft. Dat
maakt de noodzaak om het rendement op investeringen te verhogen in kennis, des te groter.
Dit rendement kan worden vergroot door samenwerkingsverbanden aan te gaan. Een betere
wisselwerking tussen publieke en private R&D activiteiten is daarom dan ook gewenst. De
overheid ondersteunt samenwerking in onderzoek op diverse manieren. Ik noem als voor-
beelden de oprichting van de Technologische Topinstituten, de regeling Bedrijfsgerichte
Technologische Samenwerkingsprojecten en de Innovatieve Onderzoeksprogramma’s.

De overheid roept bedrijven en kennisinstellingen op om die samenwerking te versterken.
Maar het is onvoldoende om alleen algemene uitgangspunten te herhalen, ze zijn bekend
en vrij algemeen aanvaard. In abstracte zin praten over de noodzaak van aansluiting van
onderzoeksactiviteiten van verschillende partijen is immers relatief eenvoudig. Maar waar
hebben we het dan concreet over? Welke technologische ontwikkelingen vinden de
verschillende bedrijven en kennisinstellingen nu echt van belang? Waar liggen nu de
prioriteiten voor onderzoek de komende jaren? Waar willen de bedrijven de komende jaren

hun investeringen op richten?

Doel TechnologieRadar

Voor de antwoorden op deze vragen is concrete en gedetailleerde informatie nodig. Deze
informatie zit veelal in de hoofden van mensen. De TechnologieRadar heeft getracht deze
informatie te expliciteren door naar de visies van deskundigen binnen de kennisinfra-
structuur en het bedrijfsleven te vragen. Zij geven antwoord op vragen als: Welke
verwachtingen heeft u van de technologische ontwikkelingen op een termijn van maximaal
10 jaar? Hoe verhouden de huidige R&D inspanningen in Nederland zich met die toekomst-
visie? Op welk niveau en in welke richting vinden deze inspanningen plaats? Hoe eenvoudig
is het om de benodigde kennis op peil te houden anders dan door er zelf onderzoek naar te
doen? De TechnologieRadar levert zo uiteindelijk een beeld op van de mate van aansluiting
tussen de vraag naar de technologieén en het aanbod ervan in diverse technologiegebieden;

waar is sprake van synergie en waar bestaat er een tekort aan afstemming?

Karakterisering TechnologieRadar

EZ heeft een splitsing gemaakt in het begin jaren 90 gestarte verkenningenproces. De zoge-
heten “Technologieverkenningen’ zijn voortgezet als kennisoverdrachtsprogramma. Hierin
wordt met name het MKB gewezen op toepassingsmogelijkheden van een al bestaande
technologie, waarvoor directe marktkansen zichtbaar zijn. De TechnologieRadar daaren-

tegen zet verwachtingen over toekomstige technologische ontwikkelingen centraal.
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De TechnologieRadar beslaat een periode van maximaal 10 jaar. Er zijn dus geen ‘wilde
ideeén’ over wetenschappelijke dan wel technologische ontwikkelingen in de verre
tockomst meegenomen. We hebben ons beperkt tot de periode die binnen de tijdshorizon
van bedrijven valt. Natuurlijk is ook een schets van de nabije tockomst met grote onzeker-
heden omgeven, maar zo’'n toekomstvisie is wel van belang. De toekomst over 5 a 10 jaar
wordt immers bepaald door investeringen die nit worden gepleegd. Het nut van het kijken
in de tockomst ligt daarom ook in het heden; het is van belang om de visies van de spelers
in het bedrijfsleven en de onderzoekswereld in concrete bewoordingen te beschrijven om
de onderlinge discussie hierover mogelijk te kunnen maken. De TechnologieRadar wil in
dit soort strategische, maar vooral ook tastbare informatie voorzien. De TechnologieRadar
kan daarmee een bijdrage leveren aan samenwerking en clustervorming zoals ik in mijn
brief aan de Tweede Kamer over het Clusterbeleid ‘Kansen door Synergie’, uiteen heb gezet.
Bij de ontwikkeling van de TechnologieRadar is veelvuldig gebruik gemaakt van de reeds
uitgevoerde studies, zoals de verkenningen van de Overleg Commissie Verkenningen
(OCV). Het verschil met deze verkenningen is dat TechndlogieRadar vertrekt vanuit de
vraag van bedrijven, die met name geinteresseerd zijn in de economische potentie van de
technologieén. Er is daarnaast gebruik gemaakt van de Arthur D. Little (ADL) studie ‘A
Technology Map for Dutch Business’ (1996), waarin een beeld van de private R&D-inspan-
ningen in Nederland wordt gegeven en van de studie ‘Het Kennisnetwerk’ (TNO-STB, in
opdracht van het Ministerie van Onderwijs, Cultuur en Wetenschappen 1995), waarin de
onderzoeksactiviteiten op een 15-tal technologiegebieden in Nederland is geinventariseerd.
In de gesprekken hebben de onderzoekers zich in eerste instantie gericht op problemen en
behoeften van de sectoren waarin de ondervraagden werkzaam zijn. De onderzoekers
hebben gezamenlijk met de bedrijven getracht de koppeling te maken tussen problemen en
behoeften die de bedrijven na ervaren en mogelijke (toekomstige) technologische
oplossingen. De TechnologieRadar tracht op deze wijze nauw aan te sluiten bij keuzes die
bedrijven maken ten aanzien van technologieén.

Deze benadering wijkt af van de meeste buitenlandse Foresight studies, die verwachtingen
over het aanbod van technologieén of juist maatschappelijke behoeften als uitgangspunt
nemen bij het bepalen van strategisch belangrijke technologieén. Een ander verschil is dat
deze buitenlandse Foresight studies technologische ontwikkelingen op een termijn van
10 tot 20 jaar laten zien. Dit in tegenstelling tot de TechnologieRadar, die een periode
beslaat van maximaal 10 jaar, zoals ik hierboven uiteen heb gezet. In één van de 4 achter-
liggende delen bij dit hoofdrapport wordt een integraal overzicht gepresenteerd van de
technologieén die worden genoemd in de internationale studies. In dit hoofdrapport wordt
een vergelijking getrokken tussen dit internationale overzicht en de lijst van strategische

technologieén voor Nederland, die de TechnologieRadar laat zien.

Uitkomsten TechnologieRadar

In een boeiend proces zijn voor iedere sector van de Nederlandse economie sleuteltech-
nologieén geidentificeerd. Daaruit zijn vervolgens technologieén geselecteerd die kunnen
worden gekarakteriseerd als breed toepasbaar en daarom van méér dan gemiddeld belang
zijn voor de Nederlandse economie. Het is een lijst geworden van 15 technologieén, die als

strategisch voor de Nederlandse economie kunnen worden gezien. Van deze 15 techno-



logieén zijn casestudies opgesteld, waarin een beeld wordt gevormd van o.a. de interactie
tussen de vraag naar en het aanbod van de technologie en de verwachte nationale en inter-
nationale ontwikkelingen binnen de technologie. Het laat ook zien dat in sommige
technologievelden al goede samenwerking tussen industrie en wetenschap is ontstaan,
terwijl op andere terreinen nog veel te winnen is. Zo ontstaat per technologieveld een
overzicht van trends, knelpunten, kansen en bedreigingen. Hiermee zal de Technologie-
Radar tastbare en gedetailleerde informatie kunnen bieden en gaat het daarmee verder dan
het herhalen van algemeen aanvaarde uitgangspunten. Tenslotte brengt de Technologie-
Radar in kaart hoe de samenwerking tussen het Nederlandse onderwijssysteem, de onder-
zoeksactiviteiten van de industrie en aan Nederlandse universiteiten kan worden verbeterd.
Deze samenvaitende schets wordt gevoed door diverse treffende voorbeelden vanuit de

case-studies.

Vervoig op de TechnologieRadar

De TechnologieRadar is niet de opmaat naar wéér nieuwe beleidsinstrumenten en
prioriteiten. Het is ook niet aan de orde dat de overheid nu met ‘de TechnologieRadar in de
hand’ de onderzoeksagenda van Nederlandse kennisinfrastructuur en bedrijfsleven gaat
bepalen. Onderzoeksprioriteiten in Nederland worden niet top-down vastgesteld; het is
uiteindelijk een resultaat van de beslissingen van bedrijven en kennisinstellingen zelf. De
TechnologieRadar is primair bedoeld als bijdrage aan de discussies die binnen ¢n tussen de
bedrijven en kennisinstellingen plaatsvinden, zodat het kan leiden tot een betere afstem-
ming van ieders onderzoeksactiviteiten.

Ik zou daartoe graag bij u de uitnodiging willen neerleggen om uw stem te laten horen
tijdens een serie van workshops die Economische Zaken naar aanleiding van deze Techno-
logieRadar zal organiseren. Mogelijkerwijs had u de uitkomsten van de TechnologieRadar
liever anders gezien, het is dan des te belangrijker dat u met verhevigde inzet deelneemt aan
de discussies. Door de onderlinge dialoog aan te gaan kunnen de geconstateerde mis-
matchen tussen de vraag naar en het aanbod van technologische kennis worden verkleind.
Dat is het uiteindelijke doel van de TechnologieRadar: het rendement op investeringen in
kennis in Nederland vergroten!

Tk spreck tenslotte mijn grote waardering uit voor dec openhartige wijze waarop de meer

dan 100 geinterviewde experts hun visie hebben gegeven. Het is nu tijd om te concretiseren!

dr. G.J. Wijers

Minister van Economische Zaken
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FOREWORD

Situation analysis

Investments in knowledge are becoming increasingly important for the Dutch economy.
‘Smarter’ products and services and a highly educated workforce are delivering better
economic performances and consequently strengthening our competitive position.
However, according to the strategy document Knowledge in Action [1995], the Netherlands
is still not investing enough in knowledge. This makes it all the more important to generate
a higher return on the investments we do make. We can achieve this by concluding
collaborative partnerships, which in turn require a better match between private and public
sector R&D activities. The government is already supporting closer collaboration between
private and public sector research in various ways, for example through the creation of
‘Leading Technological Institutes’, the Commercial Technology Cooperation Projects
scheme, and the Innovative Research Programmes.

The government is urging companies and research institutes to strengthen their collabora-
tion. It is not enough simply to repeat general principles, which are well known and widely
accepted. It is relatively easy to talk in abstract terms about the need to match the research
activities of different players. Tt is less easy, however, to define precisely what it is we are
talking about. For instance, which technological developments do the various companies
and research institutes see as being genuinely important? Where do their research priori-
ties lie in the coming years? Where do companies want to target their investments in the

near future?

Purpose of the Technology Radar

These questions cannot be answered without specific, detailed information, much of which
is held by people. The Technology Radar has therefore tried to bring this information to
the fore by canvassing the views of experts working in companies and in the knowledge
infrastructure. The type of questions they were asked included the following: What expec-
tations do you have regarding technological developments over the next 10 years? How do
current R&D activities in the Netherlands compare with these expectations? At what level
are these activities taking place, and in what direction are they moving? How easy is it to
keep your levels of knowledge up to the state of the art other than by conducting research
yourself? After processing this information, the Technology Radar was able to shed light on
the quality of the interactions between technology supply and demand in a range of tech-
nology fields, identifying where synergy exists and where there is too little interaction.

How it works
The Ministry of Economic Affairs has divided up the foresight studies which were launched
during the early 1990s. The ‘Technology surveys’ are being continued as a knowledge trans-
fer programme. This programme is designed to alert SMEs in particular, to possible appli-
cations of existing technologies which may yield immediate commercial gains. On the

other hand, the Technology Radar primarily focuses on future technological developments.
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The Technology Radar covers a maximum of 10 years. This means that it does not look at
any speculative long term scientific or technological forecasts. Instead we have limited our-
selves to the timeframe adopted by companies. Even producing a forecast of developments
in the near future is highly speculative. However, we cannot afford not to do so, given that
developments over the next 5 to 10 years will be determined by the investments we make
today. So the purpose of looking into the future is tied to the present; if we are to generate
discussion on the subject, we must compile a detailed account of the views of those working
in both the public and private research system. The Technology Radar is designed to pro-
vide this type of strategic — and tangible - information. It can therefore play an important
role in promoting collaboration and cluster-forming, as described in my letter to the Lower
House of Parliament on the clustering policy ‘Opportunities through Synergy’.

During the development of the Technology Radar, the Ministry relied extensively on
existing studies such as those carried out by the Foresight Steering Committee (OCV). The
difference between these surveys and the Technology Radar is that the Technology Radar is
based on the needs of companies whose primary interest lies in the economic potential of
technologies. The Ministry also consulted the Arthur D. Little (ADL) study ‘A Technology
Map for Dutch Business’ [1996], which gives a summary of private sector R&D activities in
the Netherlands, and the study ‘Het Kennisnetwerk’ (The Knowledge Network) [TNO-STB
1995, commissioned by the Ministry of Education, Culture and Science], which catalogues
the research carried out in 15 different fields of technology in the Netherlands.

In their survey, the Technology Radar researchers concentrated largely on the needs and
problems of the sectors in which their respondents were working. Together with the
companies concerned, they tried to match the problems and needs being experienced with
possible (future) technological solutions. The Technology Radar thus seeks to reflect the
decisions companies make with regard to new technologies.

This approach differs from most of the Technology Foresight studies carried out in other
countries, which take as their point of departure probable technology supply or societal
needs when forecasting strategic technologies. Another difference is that these foreign
Foresight studies look at technological developments over a 10 to 20 year period. As |
mentioned earlier, the Technology Radar covers a maximum of only 10 years. One of the
four volumes to this main report gives a comprehensive overview of the technologies cited
by the international studies. This main report compares the international overview with the

list of strategic technologies for the Netherlands drawn up by the Technology Radar.

Results

In what proved a fascinating process, the Technology Radar identified a group of key
technologies for each sector of the Dutch economy. It then selected those technologies
which could be characterized as widely applicable and were therefore of above average
importance for the Dutch economy. This resulted in a list of 15 technologies which can be
regarded as strategic for the Dutch economy. Case studies were compiled for these
15 technologies, to explore, among other things, the interaction between technology supply
and demand and national and international trends within the technologies concerned. The
case studies also showed that some technology fields have already yielded fruitful cooper-
ation between industry and research, while others still have a long way to go. An overview



of trends, bottlenecks, opportunities and vulnerabilities was compiled for each of the tech-
nology fields. The Technology Radar can thus be used to generate tangible, concrete,
detailed information — something that goes further than simply repeating generally
accepted principles. Finally, the Technology Radar indicates how the relationships between
the Dutch education system, industrial research and university-based research in the
Netherlands can be improved. This summary outline is illustrated by striking examples

from the various case studies.

Follow-up

The Technology Radar is not a blueprint for yet more policy instruments and priorities.
Nor will the government be using the Technology Radar to set the future research agenda
of Dutch companies and the knowledge infrastructure. Research priorities in the
Netherlands are not prescribed on a top-down basis; they are ultimately the result of
decisions made by companies and research institutes themselves. The Technology Radar is
primarily intended as input to the discussions within and between companies and research
institutes, in order to improve the usefulness and effectiveness of their individual, and,
where possible, joint research activities.

I would like to take this opportunity to invite you to add your voice to a series of workshops
which the Ministry of Economic Affairs is organizing to examine the results of the
Technology Radar. You may, for example, have preferred to see a different outcome to this
survey. If so, it is especially important that you take an active part in these discussions. Only
through reciprocal dialogue will we be able to reduce the perceived mismatches between
the supply of, and demand for, technological knowledge. It is after all the ultimate goal of
the Technology Radar to generate a higher return on investments in knowledge in the
Netherlands!

Finally, I would like to express my heartfelt appreciation for the straightforward way in
which the more than 100 experts interviewed for the Technology Radar expressed their

views. It is now time to focus on concrete action!

Dr. G.]. Wijers
Minister of Economic Affairs
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EXECUTIVE SUMMARY

Background

The development and use of technologies is believed to be a driving force in national
economic prosperity. Maintaining the strength and competitiveness of a nation’s tech-
nological enterprise, therefore, is seen to be vital. In the current climate of intensifying
global competition, rapid technological change, and geopolitical uncertainties, these views
imply a need to identify technologies of strategic importance. Determining which tech-
nologies are of strategic importance for a national economy and what knowledge infra-
structure is needed to support the development and use of these technologies, however, is
a very complex task. The identification of such technologies is made even more challenging
by the complexities of an increasingly global economy. A number of governments carry out
‘Technology Foresight’ studies to identify technologies that might be expected to make
important contributions to economic growth and other national goals in the future. This
study is such a Technology Foresight exercise.

In March 1997, the Ministry of Economic Affairs, which is responsible for technology policy
in the Netherlands, asked RAND Europe and Coopers & Lybrand Technology Consultants
to carry out the ‘Technology Radar’ project. The project had two primary objectives:

To identify technology fields that are likely to be of strategic importance to Dutch business
and industry within the next ten years.
To investigate whether sufficient knowledge buildup is taking place in these fields of strate-

gic importance.

The intent of the information collected and the observations made based on this infor-
mation is to enlighten the ongoing discussion between business and the public research
community about how to achieve an appropriate level of technology buildup in the
Netherlands.

Technology Radar focused on the needs of business and industry

Recent years have seen a surge of interest among industrialized countries in forecasting
future technological development, resulting in national reports on this subject in many
countries. But the present study is different from the earlier studies in several respects.
First, many of those studies focus on the supply of technology, and project current
technological trends into the future. We have instead focused on the needs of Dutch
business and industry and translated these needs into demands for technological develop-
ments that would help to meet those needs. This focus on the needs of Dutch business and
industry means that the time horizon for this study is shorter than that of most other

Foresight studies. Since businesses rarely plan more than ten years into the future, we have



looked at technologies that businesses expect to use or believe will become important
within the next ten years. Even within this short time horizon, there are many uncertainties
confronting businesses. But, within the range of possibilities, there is a good understanding
of the products and system developments that they are likely to need to remain competi-
tive. The challenge for them is to obtain the technologies required to solve their problems
and develop the needed products and systems in a timely and cost-effective way. These are
the needs that we addressed in this study.

Second, even those studies that focus on the demand side look at a broad range of societal
needs. The technological solutions they identify include, for example, technologies to
reduce greenhouse emissions, to reduce traffic congestion, and to improve health. Our
effort, instead, concentrated on technologies whose benefits include a high economic value;

such technologies more often than not yield benefits in non-economic realms as well.

Technology Radar used extensive interviews

The focus on the perceived technological needs of business and industry led us to obtain
information primarily through interviews and expert opinion. We believed that the best
way to find out the perceived technological needs of Dutch business and industry was to
contact their representatives and ask them. We also believed that the best way to determine
how well the Dutch knowledge infrastructure was able to satisfy those needs was to discuss
those needs with actors in the Dutch system of knowledge development and use. In the
course of the project, we talked with more than 100 representatives of private companies,
universities, and research institutes. The interviews were conducted in a way that enabled
the interviewees to express their views in an outspoken manner. There were differences of
opinion, and no attempt was made to force a consensus. Nevertheless, a consistent picture
emerged, which we verified by discussing the results with many persons who were not inter-
viewed; we are confident that the results are, therefore, robust and representative.

The interviews, combined with desk research, provided us with information that allowed
us to highlight issues that deserve special attention and draw insights about the techno-
logical needs of Dutch industry and the extent to which these needs are being met.

Overview of approach

The general approach that we used in the project is shown in Fig. S.1. Work on the project
was divided into two phases. Phase 1 produced a list of technologies believed to be of
strategic importance to the Dutch economy. We began by identifying the needs, problems,
and solution directions in each of the sectors of the Dutch industry. We then identified the
technologies required to address those needs and problems (which we called important
technologies). Phase 1 concluded by identifying the subset of the important technologies
that were most critical for the entire Dutch economy (which we called strategic tech-
nologies). Phase 2 compared the demands and supplies of knowledge supporting these

strategic technologies, and made a number of observations regarding their relationships.
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Figure 5.1
Steps in the Technology Radar project

PHASE 1
1 Create list of international

strategic technologies

|

2 Create list of technologies
important to Dutch businesses

3 Identify technologies of strategic
importance to the Netherlands

PHASE 2 i den
4 identify availability of knowledge

related to strategic technologies

I

5 Determin;z problems between the
supply]demand for knowledge

Document results and methodology

Phase 1: Identify technologies of strategic importance to the Netherlands

Step 1: Create a list of international strategic technologies

We reviewed several national Technology Foresight reports and produced a combined list
of technologies that are recognized as being of strategic importance by one or more
countries. {(See [RAND Europe and Coopers & Lybrand, Technology Radar: Global Views on
Strategic Technologies, Delft, 1998c].) Our review showed that Technology Foresight studies
can be divided into two categories according to their approach. In the first category are
studies that develop a list of technologies and then rate the importance of these
technologies for meeting national, societal, economic, and other objectives. (We will call
this the technology supply approach.) The second category includes studies that start by list-
ing the needs or problems (of society, economic sectors, or industry) and then ask which
technologies can help to fulfill the needs or solve the problems. (We call this the technology
demand approach.) Since there was a clearly defined focus for this study — the technology
needs of Dutch business and industry — we followed the technology demand approach.

Step 2: Create a list of technologies important to Dutch businesses

In order to complete Step 2, we needed a classification scheme for businesses and a typology
for grouping together technologies and their applications. For classifying business
segments, we adapted the classification scheme developed by Arthur D. Little (ADL) [1996]
in creating their ‘technology map’ of research and development (R&D)".



Just as we needed a classification scheme to group together similar businesses, we needed
a typology for classifying technologies and their applications. The typology for classifying
technologies had to fulfill two needs of this project:

To facilitate the translation of the needs of Dutch industry that were identified in the inter-
views into technological solutions to fill those needs.

To provide a link to the knowledge infrastructure that was to be investigated in Phase 2.

Although we found many typologies of technologies, we were unable to find a typology that
met the specific needs of the project and, consequently, developed our own. Our typology
divides technologies into categories called technology clusters. Each cluster includes a num-
ber of technology fields, which are groups of technologies that have common or similar
functions, production methods, or products, or that operate together as systems. Our
typology consists of nine technology clusters and 46 technology fields.

We used the ADL business segments and the RAND Europe/C&L typology for technologies
to identify the technologies considered important for Dutch businesses. We interviewed
representatives from several companies in each of the 22 business segments. These repre-
sentatives, most of whom were involved with strategic planning or planning of R&D in
their companies, were asked to discuss their business strategies, goals, and objectives, and
then to identify technologies that were important elements of the strategies or that might
help them to achieve their goals and objectives. These interviews produced insights into the
problems and needs of each business segment, and into the technologies considered to be
important for meeting the needs and solving the problems. (See [RAND Europe and
Coopers & Lybrand, TechnologieRadar: Sector Profielen — Technologie-behoefteprofielen van
22 bedrijfssegmenten, Delft, 1998a].) We used the information from the interviews and our
analysis to generate a matrix of what we refer to as important technologies. This matrix of

important technologies is shown in Table S.1.

Step 3: Identify technologies of strategic importance for the Netherlands

In this study, the focus was on identifying technologies that are of strategic importance to
the Dutch economy as a whole, from the perspective of Dutch business and industry. The
primary goal of all businesses is to remain viable (profitable). In order to do this success-
fully, companies must constantly create something of value to their customers — i.e., they
have to create economic value. Creating economic value requires the ability to identify and
exploit opportunities, and to do so more quickly and efficiently than competitors. The
development and exploitation of new products, processes, and services based on new tech-
nologies is one way for companies to stay competitive. Thus, we determined that a technol-
ogy would be considered strategic if it has a strong potential for creating opportunities that can
be profitably exploited across the spectrum of business and industry in the Netherlands to

maintain, enhance, or create economic value and competitive advantage.

The ADL classification of businesses consists of 23 ‘businesses segments’. Two of the 23 ADL business segments, electrical and
electronic components (business segment J) and electrical systems (business segment K), referred to the same Standaard Bedrijfs
Indeling (SBI)-codes and were therefore combined and treated as one business segment in this study.
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Table S.1
Important technology fields

by business segment
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We used quantitative measures, qualitative measures, and expert judgment (of project team
members and external experts) to screen the list of important technologies (developed in

Step 2) to produce a list of strategic technologies. We used two criteria for this screening:

The economic value of the technology to the economy.

The contribution of the technology to the competitive advantage of businesses.

For a detailed description of the methodology and the metrics we used, see [RAND Europe
and Coopers & Lybrand, Technology Radar: Methodology, Delft, 1998d]. The initial list of
strategic technologies that resulted was slightly modified based on comments from an
external panel of industry experts. The final list comprises 15 technologies, which are listed
below in alphabetical order:

Bioprocess technology.

Catalysis.

Data and knowledge systems (including CAD, computer modeling, and simulation).
Development and production of composites.
Development and production of polymers.
Energy saving technologies.

Gene technology.

Measurement & process control.

Mechatronics.

Microelectronic components: sensors & actuators.
Production automation technologies (workfloor).
Separation technologies.

Software engineering.

Surface treatments.

Technologies for interactive and multimedia applications.

This does not mean that the other technologies identified as important by the business
segments are not also of importance to the Dutch economy. There is no clear-cut dividing
line. The list of strategic technologies indicates those that are thought to have high
economic value and high competitive advantage for Dutch businesses. Technologies not on
this short list may have high economic potential for particular companies and business

segments or be strategic for non-economic reasons.

Phase 2: Compare the supply of and demand for knowledge
for strategic technologies

In Phase 2 we investigated the linkages between the technology demanders and suppliers,
using a framework based on the structure of technology systems [Carlsson and
Stankiewicz, 1991]. By comparing the needs of the demanders with what was being
produced by the suppliers, we identified possible gaps and raised some questions for
further discussion.
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Phase 2 consisted of two steps:

Gathering information about the knowledge infrastructure that is in place to support the
needs of the developers and users of each of the strategic technologies.

Comparing the supply of and demand for knowledge for each of the 15 technologies iden-
tified as strategic.

We investigated the technology system (Figure S.2) associated with each of the 15 strategic
technologies identified in Phase 1. On the demand side are all of the business segments that
have a need for a given technology and the individual companies within each business

segment. We divided these companies into two categories:

Technology developers. These arc organizations (either whole companies or parts of
companies) that develop and/or produce technological products. Their profits, in large
part, depend on their bringing these products to market and competing successfully with
other technology developers.

Technology users. These are organizations (either whole companies or parts of com-
panies) whose primary business is to deliver products or services that are not directly
related to the specific strategic technology under investigation. However, the success of

their business depends to some extent on the successful use of this technology.

On the supply side is the entire knowledge infrastructure. The knowledge infrastructure

includes:

Universities and other institutions of higher education, which educate people through
courses and research, produce knowledge by performing basic research, and stay current
with the status of knowledge production by keeping track of the latest scientific develop-
ments.

Research institutes (TNO, DLO, and the grote technologische instituten), which focus
primarily on applied research. They act as bridges between the basic research being done
in the universities and the practical problems and technological needs of industry. Their
rescarch is meant to be directly responsive to industry, and especially to the needs and
problems of Small and Medium Sized Enterprises (SME’s).

Private research organizations in the Netherlands and all research going on abroad whose
results are accessible to Dutch demanders.

In any technology ficld, the more technology developers are able to articulate a consistent,
long-term view, the more likely it is that the research community will be responsive, and
the more benefits will accrue to the Dutch economy. This is one of the main messages in
the Ministry’s strategy document Knowledge in Action [Ministry of Economic Affairs,
Ministry of Education, Culture and Science and Ministry of Agriculture, Nature Manage-
ment and Fisheries, 1995]. Tt was also the focus of our investigation into the interactions
and possible gaps between the demand for knowledge by technology developers and the
knowledge being supplied by the knowledge infrastructure.



Figure 5.2

Relationships between technology suppliers and technology demanders

SUPPLY DEMAND

Higher education

Research institutes

Technology developers

Research from abroad

Private research Technology users

Asin Phase 1, we used interviews to gather information about the suppliers and demanders
related to a given technology field. Our starting point for this phase was the list of fifteen
strategic technology fields produced in Phase 1. A separate case study was completed for
each of the strategic technology fields®. The interviews were combined with desk research
to produce a written profile for each of the technologies. Each technology profile identifies
possible gaps or problems related to the supply or demand activities for that technology
field and raises issues useful for further discussion. The set of technology profiles has been
published as a separate supporting volume [RAND Europe and Coopers & Lybrand, Tech-
nologieRadar: Technologie Profielen — profielen van 15 technologiegebieden, Delft, 1998b].
A summary of each of the case studies is included later in this report.

Looking across all of the technology profiles, we found that each tells a different story. For
example, the Dutch organizations involved on both the supply and demand sides differ in
size and interact in different ways; the technologies differ in the rate at which they are
changing, as well as in the number and types of disciplines that are relevant; and there are
large differences in the roles played by organizations outside the Netherlands. Because of
these differences, broad generalizations across all technologies are not possible. In order to
illustrate the variety of issues we found, we discuss four of the fifteen technology fields
below.

Lastly, even though the problems related to the supply and demand activities are specific to
each technology, we did observe some important issues regarding research and education
that are pertinent across all fields. We conclude by presenting general observations related
to the quantity of graduates and the quality of their education relative to the needs of
industry and some observations aboult the need for a continuing dialogue between industry

and academaia.

Although there are 15 strategic technologies, there are only 13 case studies because the three technology fields mechatronics,
sensors and actuators, and process control were combined into a single case study.
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Observations from four technology fields

In order to identify issues regarding the technological needs of Dutch industry, we focused
on the roles of the various actors in the technology system and how they interact to provide
the technology buildup needed in the fields of strategic importance. These actors and their
interactions can be thought of as part of a chain of knowledge development and use that
begins with basic science, continues through applied research, laboratory testing of
product ideas, and new product development, and ends with market-ready products.
Figure S.3 shows the conceptual framework that we used to help identify potential
problems across the entire system. The rectangles represent the activities carried out in this
chain. The lines represent interactions between activities. The activities need not be
performed by different organizations. In fact, some organizations (e.g., large companies)
play a role in all parts of the chain. Note that the interactions between the activities can and
do take place in both directions. For example, technology developers often learn from the
technology users.

The Netherlands need not (and do not) perform all of the activities for all technology fields
within its borders. In the chain for any technology field, some of the activities are
performed abroad. The arrows in Fig. S.3 show the contributions of activities outside the
Netherlands to the activities inside, and the results of the activities inside the Netherlands

that are used abroad.

Figure 5.3
The technology chain

OUTSIDE THE NETHERLANDS

INSIDE THE NETHERLANDS

KNOWLEDGE
SUPPLY

KNOWLEDGE
DEMAND




For any technology to contribute fully to the Dutch economy, the activities (whether being “Y
performed in the Netherlands or abroad) should be in balance; that is, all activities should
be relatively strong, with no serious weaknesses or deficiencies anywhere in the chain.
Furthermore, there should be effective linkages and strong interactions among all activi-
ties. We found these conditions in some technology fields; but, in most cases there were
imbalances in some of the activities or disconnects in some parts of the chain. For exam-
ple, one consistent theme expressed throughout the interviews is that there are relatively
few companies in the Netherlands working in the middie of the chain (i.e., technology
developers) to turn research into marketable products needed by Dutch industry. Said in
another way, the Netherlands is relatively strong in the service industries and relatively
weak in the manufacturing industries. This may or may not be a problem. Whether or not
it is a problem depends on the specifics of the situation in the individual technology field.
Each technology field presents a different pattern of activities and interactions. The details
for each are contained in the supporting volume of Technology Profiles [RAND Europe and
Coopers & Lybrand, 1998b]. To illustrate the variety of these patterns, we describe the

situations in four technology fields. 5

[«]

o

Catalysis 2
The technology field of catalysis provides an example of a technology chain that has >
practically all of its activities carried out in the Netherlands, and that has well established =u
interactions among the actors. There are several factors that contribute to the strength and ‘ -
balance of this chain. Ll 27

First, there are strong and well established technology developers and users within the
country that have established a closely-knit network. In most cases, the developers and
users are separate organizations within the same larger company (e.g., Akzo Nobel and
Shell). Even when they are not within the same company they are in close communication.
Because of the closely-knit network and the size of the companies who are the major
players, there is no need for intermediaries to support applied research and development.
Also, because there are few actors and they are mainly in the Netherlands, there is good
communication across the entire chain’.

Second, basic research on catalysis is more or less monodisciplinary. The research takes

place within the scientific field of chemistry. This makes the linkages between the actors

AdYWIWNS IAILNDIXT ANV LAOdId NIVI

fairly straightforward — they can all ‘speak the same language’. It also lines up well with the
existing university structure, which is organized along monodisciplinary lines.

Third, the life cycle of catalyst technologies has traditionally been rather long. A long life
cycle for a technology gives technology developers time to formulate their needs and
communicate them to the universities. It also makes working on these needs more
attractive to university researchers, who prefer to focus on long-term issues. This situation
is gradually changing as the rate of change in the knowledge underlying this field is

increasing.

7 This is in sharp contrast to the situation in the separation technology field. In this case, although there is a large knowledge
demand from technology users (e.g. the dairy industry), the major activities in technology development take place outside the
Netherlands (e.g., in Denmark).
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Fourth, in order to reduce costs and increase shareholder value, technology developers are
cutting their own R&D efforts. As a result, they are experiencing a need to expand their use
of knowledge suppliers. These changes by technology developers are among the factors
leading to the creation of VIRAN, an association of industrial users of university tech-
nology, which will help supply some of what is being eliminated from their own organi-
zations.

For all its strengths, the catalysis field is, however, not without problems. The increasing
reliance on outside knowledge suppliers is placing increasing demands on the university
system, including increasing pressure for specialization. Currently there is considerable
overlap among the universities doing research and teaching in this field. Because of this
overlap, the limited resources in the knowledge infrastructure are not being used as
efficiently as they could. In addition, this fragmentation and spreading of resources creates
‘gaps’ in the research, which means that some important research directions are not being
addressed (e.g., in metallocenic catalysis). The increasing reliance on additional suppliers
also requires industry to make better specifications of their long-term needs. However, the
catalysis industry is extremely competitive, making it difficult to formulate a combined set
of R&D goals that reflect their long-term needs. Despite these difficulties, the industry has
succeeded in formulating three long-term R&D themes for the universities and research

institutes.

Software engineering

In contrast to the strong chain that exists in catalysis, the interviews and our investigations
revealed that the software engineering chain is very weak. During the last decades Dutch
researchers have performed high quality, but theoretical, research in software engineering.
The Dutch, for example, have played a large role in the development and application of
formal software design methods. These methods, however, have not been widely used in
industry. Software companies in the Netherlands still work very traditionally in the devel-
opment of software for their clients. They generally do not develop standard software tools,
but rather implement and maintain large software packages, which are primarily developed
by American companies. They also develop single-client, custom made software.

Most of the technology development in software engineering is carried out outside the
Netherlands, mainly in the United States. Since Dutch software companies are more users
than developers of software, they generally do not perform research for the medium and
long term. As a result of the short-term orientation of the users, there is little interaction
between industry and universities in this field.

Another reason for this lack of interaction (which applies to the information and commu-
nication technology cluster in general) is that the rate of change in the technology field is
rapid. Universities are not organized in a way that permits them to react quickly to rapid
changes. The applied research projects needed to support software engineering companies
would tend to be of short duration. They are, therefore, often of little interest to the
academic researchers, who generally perform longer term research.

As in the case of catalysis, the university research groups are fragmented. As a result, these
research groups lack critical mass. But, unlike catalysis, there is little long term vision from

industry to focus these research efforts.



Mechatronics

The technology chain in the mechatronics technology field is strong, although a major part
of the chain lies outside of the Netherlands. Dutch universities are acknowledged as being
centers of excellence in this field. There are many large users of these technologies in the
Netherlands (e.g., in the food and chemical industries), who clearly see the importance of
basic research and actively support the research being done in the universities. But, with
few exceptions, there is little technology development in the Netherlands. For example,
most of the sensors and actuators needed by Dutch users are supplied by foreign compa-
nies.

The results generated by the Dutch knowledge infrastructure in this ficld are utilized by
companies in other countries. (For example, many Swiss companies make use of the
research being carried out in the field of sensors at TU Delft.) Additionally, many highly
educated graduates from Dutch universities leave the Netherlands to find employment at
research institutes and with companies in other countries (e.g., the United States and
Switzerland).

The fact that there are few technology developers in the Netherlands seems not to be a
problem at this time. The overall chain is still strong and the system of knowledge supply
and demand is currently in balance. The question is whether this situation can continue
without affecting the quality of Dutch research in this field? Without a strong link between
knowledge supply and demand in the Netherlands, there is a danger that the knowledge
suppliers will shift to other countries. That might cause problems for the big technology
users in the Netherlands (e.g., Philips), who partly depend on the Dutch knowledge
infrastructure to supply young researchers and to support their in-house technology
development.

Mechatronics is an multidisciplinary field. The challenge for universities, which are
unaccustomed to performing multidisciplinary research, is to find ways to promote a
multidisciplinary education while at the same time providing a grounding in at least one
basic discipline. In this technology field, Dutch universities seem to be responding well to
this challenge. Multidisciplinary educational programs are beginning to be developed, such
as the Mechatronics Designer program at the University of Twente.

Bioprocess technology

The Netherlands has a strong position in bioprocess technology. It has some leading
technology developers (e.g., Gist-brocades and Unilever), and has big users in two very
important business sectors (agro-food and fine chemicals). The bioprocess technology
chain has practically all of its activities carried out in the Netherlands. In these respects, the
technology field is similar to the field of catalysis. However, there are important differences.
The products from technology development (specific biological processes) are highly
integrated with their use. As a result, technology development is almost always carried out
by the company that uses the technology. Furthermore, the knowledge for technology
development is multidisciplinary (biology and chemistry), which makes the linkage
between industry and the universities difficult.

The integration of technology development with technology use and the fact that there is

little need for interaction with activities outside the Netherlands provide some strong
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elements to the chain. However, there are problems on the supply side. It has turned out to
be difficult to generate cooperative research efforts between biologists and process
technologists. (Although the problem of multidisciplinarity is being dealt with effectively
in the field of mechatronics, the origins of the problem lie in the structure of the university
system, which makes the problem a difficult one to resolve. We elaborate on it further in
the following subsection on university research and education.)

In the case of bioprocess technology, there is an additional problem that is caused by the
relative unattractiveness at the research level of downstream issues (e.g., waste stream
processing) compared to upstream issues (e.g., genetic engineering). There is a lack of
research on downstream problems (e.g., how to separate end products from aquatic
environments). For example, there is only one Bioprocess Technology Designer program
(BODL) in the Netherlands, which has very few graduates per year. This lack of research
produces weak interactions between the universities and the technology developers and
users.

One way of dealing with the problems caused by multidisciplinarity is to organize research
around themes that can provide a focus for the various disciplines. For example, in the
Leading Technological Institute for Food (LTI-Food), chemists and biologists will be
working closely together on bioprocess technologies with respect to functional foods.
LTI-Food has direct links with the VLAG onderzoekschool, which will provide the institute
with Ph.D. students.

Observations concerning research and education

The four case studies presented above illustrate the variety of situations in the different
technology fields. As they show, generalizations about interactions between industry and
universities across the fields must be made with caution. Nevertheless, one overarching
observation from the interviews is that the interaction between the suppliers and demand-
ers of technology in the Netherlands needs improvement. On the one hand, the demand for
technology is not always certain or it is not clearly articulated by industry. This results in
some sectors of industry failing to take full economic advantage of the knowledge that is
available within the Dutch public knowledge infrastructure. On the other hand, research
and educational institutes are often not aware of the technological needs of industry.
Improving the interaction between the (potential) supply and (potential) demand of tech-
nology would offer many new opportunities for technological development and innovation
in the Netherlands. Thus, top priority must be given to improving the interactions between
the suppliers and demanders of technology.

Although we found that this interaction needs improvement, not all participants recognize
this need to the same extent. Better and more frequent communication between all
participants is key to improving the needed interaction. Research institutes, ministries,
industry associations, and individual companies need to pro-actively communicate the
technological needs of industry and the knowledge available in the public knowledge infra-
structure. These interactions should be given concrete shape and content in daily practice.
In addition, there are a number of more specific issues about education and research that
were mentioned by interviewees from a number of technology fields that deserve special

mention here. They fall into five categories:



The quality of university graduates. V(
The quantity of university graduates.
Fragmentation of university research.

Lack of responsiveness and multidisciplinarity of university research.

M

Importance for industry to articulate their research needs more clearly to the universities.

The quality of new researchers

Dutch universities are acknowledged to produce high quality graduates in the technologi-
cal fields that we investigated. OQur interviewees told us that university graduates are very
well trained in their fields of study. A common quality problem, however, expressed from
industry’s perspective, is that the training is too narrow in two respects.

First, interviewees expressed the concern that the typical graduate of a Dutch university
often lacks the experience of working in teams made up of people with different discipli-
nary backgrounds. Much of the work in industry is increasingly carried out by such teams.
It would be useful for students to gain experience in group dynamics and in working
together with persons from other fields. For example, companies that make products such
as lithographic machines and copiers have difficulty finding people with this type of
team-oriented experience.

Second, industry wants graduates to be more broadly educated; i.e., to have knowledge
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about disciplines other than their own field of study. Dutch university graduates tend to be

i

quite knowledgeable about the discipline they have studied, but have little knowledge of

subjects outside their field of study. For example, industry has difficulties in finding tech-
nically-trained people who have an awareness of business issues. It would like more persons
with deep knowledge in at least one field and broad knowledge spanning many fields (not
necessarily scientific). It is known that several universities and faculties are trying to adapt
their curricula to the needs expressed above.

An additional pressure on the quality of technological and scientific programs of study at
universities results from the shortened time within which students must now finish their
studies and graduate. As a result, it was decided to extend the time available to students
enrolled in technological sciences programs to five years in which to complete their study.
In addition, this extension is also being considered for other physical science disciplines,

with the proviso that these programs modify their curricula to include subjects outside
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their direct areas of specialization. It is expected that the addition of subjects outside the
direct area of specialization will produce students who are better equipped to meet the
needs of industry. Further, this is also expected to yield the additional benefits of increasing
the appeal of these study programs for future students and increasing the number of
graduates.

The quantity of university graduates
There are concerns in industry and in the universities about the numbers of graduates in
certain disciplines. This seems to be part of a more general decline in interest among young
people in the Netherlands for technical studies and careers. In particular, the gap between
the yearly supply of computer science graduates and the demand for those skills is very
large. Similar gaps exist in other areas related to information and communications tech-
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nologies. In electrical engineering, concern was expressed that, although the current supply
is roughly in balance with demand, the number of new students is dropping and it is only
a matter of time before significant shortages develop in this field. There is also a shortage
of graduates in the areas of process technology and materials technology. We were told that
research institutes in some fields are unable to get enough Dutch students, and are forced
to obtain staff members from abroad (e.g., from Eastern Europe). The problem is some-
what different in pharmaceuticals. In this case, the total number of researchers is sufficient,
but too many persons have been trained in classical pharmacology, and too few in the new

technologies, such as bio-informatics and biochemistry.

Fragmentation of university research

Research in Dutch universities is considered to be of high quality by most of our inter-
viewees. However, as illustrated in the catalysis and software engineering cases, industry
often sees university research as being fragmented and not responsive enough to techno-
logical change. The knowledge that is needed for working on projects that industry would
like to see carried out at universities is resident in a number of departments scattered
throughout a university or throughout the university system. This dispersion of knowledge
makes it hard for industry to access and make use of the knowledge.

One measure that has been taken to reduce the dispersion of knowledge in universities has
been the establishment of onderzoekscholen across the entire spectrum of university
research. In general, this has led to some improvements in the organization, management,
and programming of university research. In many cases onderzoekscholen have advisory
councils (made up of representatives of research users) that co-plan their research agendas.
However, with a number of important exceptions, the onderzoekscholen are (as are the
research groups concerned) mono-disciplinary in nature. Because of this, it is difficult for

them to adequately respond to industry’s need for multi-disciplinary research.

University responsiveness and multidisciplinarity

From industry’s perspective, universities are not organized in a way that permits them to
react quickly to the rapidly changing research needs of companies engaged in the develop-
ment of products with short life cycles. Industry does acknowledge and stresses that the
role of universities (as laid down by the Dutch government) is to produce knowledge by
performing basic research. This generally leads to universities focussing primarily on long-
term and discipline oriented research. Nonetheless, taking into account the different
perspectives of universities and industry, the interaction between the demand and supply
of technology can still be improved. Industry would like the universities to be more respon-
sive to their needs for new concepts and ideas in areas of basic research that are relevant to
them.

Recent trends in the organizational and financial structures of universities in the United
States are towards closer relationships between industry and universities, thus making
universities more responsive to industry’s needs. Teachers and researchers are encouraged
(and given incentives) to investigate any and all sources of funding. Junior faculty mem-
bers (wetenschappelijk medewerkers) are able to pursue their own research interests, seek

their own sources of funds, and attract their own graduate students. This encourages link-



ages among departments within a university and among universities in order to bid on
projects, encourages the creation of multidisciplinary centers organized around specific
problem areas, and allows for rapid response to new situations.

As an example of the responsivencss of universities to the multidisciplinary needs of indus-
try in the United States, when electronic commerce became an emerging area of interest for
business and industry, the Graduate School of Business at the University of Texas at Austin
{with no funding from the government) set up a Center for Research in Electronic Com-
merce (CREC). It has obtained research funds from several large corporations, and draws
its research staff from a number of departments, including computer science, economics,
law, information systems, and operations management.

The Dutch government is also urging universities in the Netherlands to increase the share
of privately financed contract research as a share of total research. Currently, the share of
contract research at universities accounts for almost one quarter of the total research bud-
get. However, industry’s share of this contract research is relatively small. The establish-
ment of four Leading lechnology Institutes, which are intended to help bridge the gap
between university research and industry needs, provides another vehicle for industry,
government, and research institutes to finance contract research.

The problems observed regarding the responsiveness of universities to industry needs are,
to a large extent, connected to the way in which the Dutch university system has been
traditionally organized. It makes it easier for universities to respond if there exists a well
organized field of research that could bear responsibility for an on-going dialogue and the
ensuing agreements with users of publicly financed research. In the past few years, various
policy initiatives have been undertaken to improve the organization of research: the estab-
lishment of onderzoekscholen, the creation of Leading Technology Institutes, the on-going
creation of Toponderzoekscholen for fundamental research, and initiatives involving indus-
try in the strategic policy of universitics and onderzoekscholen. These initiatives can lead to
important advantages for the Netherlands in bringing about technological innovation.
However, one overarching observation from this study, as discussed carlier, is that to take
full advantage of these initiatives requires improving the interaction between the public
knowledge infrastructure and industry, and make it part of daily practice. In addition, the
position of multi-disciplinary research requires particular attention. The incentives for
university researchers to participate in multi-disciplinary research and education was

considered insufficient in all fields according to the interviewees.

Articulation of needs of industry

University researchers often indicated that they were very willing to do research that was
responsive to industry’s needs. But, to do so they would have to receive clear enough signals
from industry to enable them to set their research agendas. As in the case of catalysis, some
industries are already articulating their needs. But, most are not. The articulation of needs
seems to be especially difficult in technology fields in which most of the technology devel-
opers are SMEs, which often lack a long-term perspective.

More often than not, companies in an industry will be unable to come up with a single con-
sistent view of their research priorities for a particular technology field. This suggests the

need for continual interaction and an ongoing dialogue between industry and academia, so

Avaviy ADOTONHD3IL

1

w
w

ABVIWAINS JATLNDIXT ANV Ld0dIY NIVIN



YVavyd ADOIONHD3IL

l

w
F -

AIVIWIWNNS JAILINDIXI ANV L¥043Y NIVIW

that both sides can keep each other informed. Universities and industry must make an
investment in such interactions. Industry must be willing to actively work on translating
its rather fuzzy views of the future into concrete research questions; and universities cannot
sit back and wait for industry to show up on their doorsteps with fully-formulated research
ideas.

The government and industry associations can help the dialogue between the public
knowledge infrastructure and industry by stimulating the participants to ‘apply’ the results
of studies such as the Technology Radar in setting research agendas or developing corpo-
rate policy. The government is attempting ~ by conducting Foresight exercises — to stimu-
late a dialogue between representatives of specific research fields or disciplines and (poten-
tial) users of research and graduates from these fields and disciplines. The aim of these
Foresight studies is to draw up a research agenda for the next ten years. However, to date

the number of specific Technology Foresight studies has remained small.

To conclude, the Technology Radar study set out to:

Identify technology fields that are likely to be of strategic importance to Dutch business
and industry within the next ten years.
Investigate whether sufficient knowledge buildup is taking place in the fields of strategic

importance.

Through a process that used quantitative measures, qualitative measures, and expert judg-
ment (of project team members and external experts), we identified 15 technology fields
that are key to the success of the Dutch economy as a whole.

In the course of the research, complemented by extensive interviews with representatives
from business and the research community, issues and insights were identified regarding
possible gaps or problems related to the adequacy of the supply of knowledge about these
technologies to meet the demands of industry. Specific observations pertaining to each of
the 15 technology fields were documented in separate technology profiles.

In this Executive Summary, we presented some of the observations related to four technol-
ogy fields to provide a sense of the variety of issues that exist, but which are largely specific
to each technology field. Because the interviews and investigations surfaced a number of
important issues about research and education across many technology fields, we presented

these issues in the Executive Summary as well.



INTRODUCTION

Background

The development and use of technologies is believed to be a driving force in national
economic prosperity. Maintaining the strength and competitiveness of a nation’s tech-
nological enterprise, therefore, is seen to be vital. In the current climate of intensifying
global competition, rapid technological change, and geopolitical uncertainties, these views
imply a need to identify technologies of strategic importance. Determining which tech-
nologies are of strategic importance for a national economy and what knowledge infra-
structure is needed to support the development and use of these technologies, however, is
a very complex task. The identification of such technologies is made even more challeng-
ing by the complexities of an increasingly global economy. A number of governments
carries out “Technology Foresight’ studies to identify technologies that might be expected
to make important contributions to economic growth and other national goals in the
tuture. This study is such a Technology Foresight exercise.

In March 1997, the Ministry of Economic Affairs, which is responsible for technology policy
in the Netherlands, asked RAND Europe and Coopers & Lybrand Technology Consultants

to carry out a ‘“Technology Radar’ project. The project had two primary objectives:

To identify technology fields that are likely to be of strategic importance to Dutch business
and industry within the next ten years.
To investigate whether sufficient knowledge buildup is taking place in these fields of strate-

gic importance.

The intent of the information collected and the observations made based on this informa-
tion is to enlighten the ongoing discussion between business and the public research
community about how to achieve an appropriate level of technology buildup in the
Netherlands.

A steering group composed of representatives from the Ministry of Education, Culture and
Science, the Confederation of Netherlands Industry and Employers (VNO-NCW), the
government’s Advisory Council for Science and Technology Policy (AWT), and the
Ministry of Economic Affairs, periodically reviewed the project’s research progress and
offered guidance.

Recent years have seen a surge of interest among industrialized countries in forecasting
future technological development, resulting in national reports on this subject in many
countries. But the present study is different from the earlier studies in several respects.
First, many of those studies focus on the supply of technology, and project current
technological trends into the future. We have instead focused on the needs of Dutch
business and industry and translated these needs into demands for technological develop-
ments that would help to meet those needs. This focus on the needs of Dutch business and

industry means that the time horizon for this study is shorter than that of most other Fore-
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sight studies. Since businesses rarely plan more than ten years into the future, we have
looked at technologies that businesses expect to use or believe will become important
within the next ten years. Even within this short time horizon, there are many uncertain-
ties confronting businesses. But, within the range of possibilities, there is a good under-
standing of the products and system developments that they are likely to need to remain
competitive. The challenge for them is to obtain the technologies required to solve their
problems and develop the needed products and systems in a timely and cost-effective way.
These are the needs that we addressed in this study.

Second, even those studies that focus on the demand side look at a broad range of societal
needs. The technological solutions they identify include, for example, technologies to
reduce greenhouse emissions, to reduce traffic congestion, and to improve health. Our
effort, instead, concentrated on technologies whose benefits include a high economic value;
such technologies more often than not yield benefits in non-economic realms as well.
The focus on the perceived technological needs of business and industry led us to obtain
information primarily through interviews and expert opinion. We believed that the best
way to find out the perceived technological needs of Dutch business and industry was to
contact their representatives and ask them. We also believed that the best way to determine
how well the Dutch knowledge infrastructure was able to satisfy those needs was to discuss
those nceds with actors in the Dutch system of knowledge development and use. In the
course of the project, we talked with more than 100 representatives of private companies,
universities, and research institutes. The interviews were conducted in a way that enabled
the interviewees to express their views in an outspoken manner. There were differences of
opinion, and no attempt was made to force a consensus. Nevertheless, a consistent picture
emerged, which we verified by discussing the results with many persons who were not inter-

viewed; we are confident that the results are, therefore, robust and representative.

Approach

The general approach that we used in the project is shown in Fig. 1.1.

Work on the project was divided into two phases. Phase 1 produced a list of technologies
believed to be of strategic importance to the Dutch economy. We began by identifying the
needs, problems, and solution directions in each of the sectors of Dutch industry. We then
identified the technologies required to address those needs and problems (which we called
important technologies). Phase 1 concluded by identifying the subset of the important tech-
nologies that were most critical for the entire Dutch economy (which we called strategic
technologies). Phase 2 compared the demands and supplies of knowledge supporting these
strategic technologies, and made a number of observations regarding their relationships.
The Phase 1 work leading to the list of strategic technologies was divided into three steps.
In the first step, a review of national and international reports produced a combined list of
technologies that are recognized as being of strategic importance by one or more countries.
In the second step, representatives of Dutch industry from all business segments were inter-
viewed. They were asked to discuss their business strategies, goals, and objectives, and then

to identify technologies that were important elements of the strategies or that might help



Figure 1.1
Steps in the Technology Radar project

PHASE 1
1 Create list of international

strategic technologies

2 Create list of technologies
important to Dutch businesses

3 Identify technologies of strategic
importance to the Netherlands

PHASE 2 :
4 identify availability of knowledge

related to strategic technologies

.

Determinekpmbiems between the
supply|demand for knowledge

Document results and methodology

them to achieve their goals and objectives. A set of technologies of importance to Dutch
industry was compiled from these interviews.

In order to identify the subset of the important technologies that were of strategic impor-
tance to the Dutch economy, a number of criteria was specified. These criteria were
transformed into several performance measures. The measures were used to screen the
technologies. The screening resulted in a list of 15 technologies of strategic importance
(Step 3).

Phase 2 involved three steps. The first step obtained information about the knowledge
infrastructure that is in place to support the needs of the developers and users of each of
the strategic technologies. The information was obtained through desk research and a set
of interviews with both the demanders and the suppliers. In the next step, the supplies were
compared to the demands, and observations were made about the extent of the matches in
each case.

The final step in the project was to write a series of reports documenting the results of the

study and its methodology. In addition to this report, there are four supporting volumes:

The list of international strategic technologies compiled in Step 1, and the process that
was used to compile it [RAND Europe and Coopers & Lybrand, Technology Radar: Global
Views on Strategic Technologies, Delft, 1998c].

Profiles of the technological needs of business segments, which are based on the inter-
views conducted in Step 2 and on a thorough desk study [RAND Europe and Coopers &
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Lybrand, TechnologieRadar: Sector Profielen — Technologie-behoefteprofielen van 22 bedrijfs-
segmenten, Delft, 1998a].

A complete description of the steps that were carried out on the project, and the method-
ology and metrics that were used in Step 3 to identify strategic technologies for the
Netherlands [RAND Europe and Coopers & Lybrand, Technology Radar: Methodology,
Delft, 1998d].

A comparison of knowledge buildup to knowledge needs in each of the 15 strategic tech-
nology fields (the results from Step 5). The report is based on interviews with technology
demanders and technology suppliers in each of the 15 fields. The interviews identified
possible gaps or problems between the demands and the supplies and raised questions
and issues for further discussion [RAND Europe and Coopers & Lybrand, Tech-
nologieRadar: Technologie Profielen — profielen van 15 technologiegebieden, Delft, 1998b].

Organization of this report

The body of this report is divided into three sections. This section is an introduction and
overview of the project. The following section reports the results of Phase 1. It includes an
overview of the process and methods that were used, and a discussion of the results — i.e.,
what were found to be the important and strategic technologies for Dutch industry.
Throughout this report, we use the term important to refer to technologies that repre-
sentatives of individual business segments mentioned as helping them to meet their needs
or solve their problems. We use the term straregic to refer to technologies that are key to the
success of the Dutch economy as a whole, because of their wide possible use across a
number of business segments and/or their great potential value to a few important seg-
ments. It should be noted, however, that there is no clear cut dividing line between ‘impor-
tant’ and ‘strategic’ technologies.

The third section reports the results of Phase 2. Again, there is an overview of the process
and methods that were used, and a discussion of the results — i.e., on the match between
the knowledge needs of the technology demanders and the knowledge being supplied by
the knowledge suppliers for each of the strategic technologies. A separate case study was
completed for each of the strategic technology fields, which are contained in [RAND
Europe and Coopers & Lybrand, 1998b]. A summary of each of the case studies is included
in the third section of this report.

The Executive Summary at the beginning of this report presents the overall issues and
insights from the project as a whole (including issues and insights based on the informa-
tion contained in the four supporting volumes). These are intended to contribute to the
discussion between business and the public research community about how to achieve an

appropriate level of technology buildup in the Netherlands.



PHASE 1:
IDENTIFYING TECHNOLOGIES OF STRATEGIC

IMPORTANCE TO THE DUTCH ECONOMY

An overview of the Phase 1 process

Neither governments nor industry can invest in every promising area of technology. In
order to better define the areas of the technology infrastructure to bolster and where to
place key supports for industry, a number of governments carry out exercises to identify
technologies that might be expected to make important contributions to economic growth
and other national goals in the future. These exercises are often referred to as ‘Technology
Foresights’. According to Gavigan and Cahill [1997], Technology Foresight “describes a com-
bined analysis and communication process in which informed parties and stakeholders
participate in a forward looking exercise to identify the most important issues in the
emerging science and technology portfolio’. This study is a Technology Foresight exercise.
Recent years have seen a surge of interest among industrialized countries in these exercises.
We decided to make a compendium of recent Technology Foresight studies, the starting
point of our study. In particular, we combined the national lists of ‘strategic technologies™®
from France, Germany, Japan, the United Kingdom, and the United States, and placed them
in a common typology. Our intention was to gain insights into what international experts
consider to be important or strategic technologies and to provide a comparison with the
results from Phase 1 of our study. A supporting volume from our study [RAND Europe and
Coopers & Lybrand, 1998¢c] provides this combined list and briefly describes the nature of
the national exercises that produced the lists.

These exercises had a variety of technological foci (e.g., emerging technologies, technolo-
gies aimed at solving social problems), used a variety of methodologies (e.g., Delphi,
scenario writing, relevance trees), and involved different types of stakeholders (e.g., the
general public, technology experts, businessmen). The focus of our study was on
technologies that are likely to be strategic for the Dutch economy. Thus, we did not expli-
citly address or consider other national goals or societal needs in identifying strategic
technologies. Our effort, instead, concentrated on technologies whose benefits included a
high economic value. This does not mean that the Dutch government is not willing to invest
in technologies that are expected to contribute to societal goals. Other government studies
explicitly pay attention to these needs.’

The results from Step 1 of this study [RAND Europe and Coopers & Lybrand, 1998¢] show
that the different national Technology Foresight studies can be roughly divided into two

The countries use a variety of terms to refer to these technologies (e.g., 'strategic’, ‘critical’, and ‘key’). In this report we use the
word ‘strategic’ to refer to all such technologies.

For example, a study group for the Interministerial Commission on Economic Structure (ICES) has looked at knowledge infrastruc-
ture investments that would strengthen the spatial-economic structure of the Netherlands (e.g., see [RAND Europe, 1997] and
[ICES. 1996]).
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categories according to their approach. In the first category are studies that develop a list
of technologies and then rate the importance of these technologies for meeting national,
societal, economic, and other objectives. (We will call this the technology supply approach.)
The importance of each technology on the list is rated according to criteria such as poten-
tial market size, contribution to reducing CO2 emissions, etc. The individuals doing the
rating can be knowledgeable experts, ordinary citizens, or an appropriate mix of the two.
The second category includes studies that start by listing the needs or problems (of society,
economic sectors, or industry) and then ask which technologies can help to fulfill the needs
or solve the problems. (We call this the technology demand approach.)

In this study, we opted for the technology demand approach. The technology supply
approach requires major efforts to create a list and carry out the rating, without focusing
on any particular goal. (For example, the United Kingdom study created a list of 1207 topics
in 15 technological areas, and sent surveys to over 10,000 experts over the course of two
rounds of surveys.) There was a clearly defined focus for our study — the technology needs
of Dutch business and industry — so the effort to create an exhaustive list of all technolo-
gies was not warranted.

Our approach began by identifying the needs, problems, and solution directions in each of
the sectors of Dutch industry, based in large part on interviews with their representatives.
We then identified the technologies required to address those needs and problems (which
we called important technologies). Phase 1 concluded by identifying the subset of the impor-
tant technologies that were most critical for the entire Dutch economy (which we called
strategic technologies). This process is summarized in the following three steps (which are

described in more detail in the next two subsections):

Identify the problems, needs, and solution directions in each business segment comprising
the Dutch economy.

Identify the technologies that would be helpful in solving the problems or fulfilling the
needs.

Assess the importance of these technologies across all of the business segments.

Important technologies for Dutch business segments

Business segments

Well-developed economies, such as that of the Netherlands, comprise a large number of
diverse economic activities, each of which may have different technological needs.
However, similar economic activities may be grouped into categories, which we refer to as
business segments, that have common or similar technological needs.

We considered two existing groupings:

The Standaard Bedrijfsindeling (SBI) classification system used by the Central Bureau of
Statistics (CBS), which divides the private sector of the Dutch economy into 50 categories.
The classification of Dutch businesses into 23 ‘business segments’ developed by Arthur D.

Little (ADL) [1996] in creating their ‘technology map’ of rescarch and development (R&D).



Table 2.1

Business segments of the Dutch economy

A 1,2,5 Agriculture and fishing

B 10,11, 14 Mineral exploration, production, and processing
C 15,16 Food and consumables

D 17,18, 19 Textiles, clothing, and leather

E 20, 21 Timber, pulp, and paper

F 22 Printing and publishing

G 24 (excl. 244), 25 Chemicals and polymers

H 244 Pharmaceuticals

1 26,27 Basic materials

J+K 30, 31, 32 Electrical and electronic components

L 33 Instruments and optics

M 28, 36 Metal products and other manufactured products
N 29, 34, 35 Machinery and transport equipment

0 40, 41 Utilities

P 45 Building and construction

Q 50, 51,52 Trade and retail

R 55, 92 Leisure and entertainment

S 60,61,62,63 Transportation services

T 64,72 Information, software, and telecom services
u 65, 66, 67 Financial services

A\ 37,90 Environmental services

w 70,71,74,93 Other services

Source: Arthur D. Little, International [1996]

In choosing a classification system we wanted to keep the number of categories to a mini-
mum, and we wanted to be able to use the economic data collected by the CBS. Given the
above two choices, we opted for the ADL classification. In our view, the 23 ADL categories
represented the right level of aggregation of economic activity for examining technologi-
cal needs. Furthermore, since the ADL categories are based on the 50 two-digit SBI codes,
we were still able to make use of the economic data using that coding that is collected by
the CBS. The ADL classification offers the additional advantages that it is well known to
Dutch business and that using it provides possibilities for making comparisons between the
two studies.

Two of the 23 ADL business segments, electrical and electronic components (business seg-

ment J) and electrical systems (business segment K), referred to the same SBI-codes and
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were therefore combined and treated as one business segment in this study. The list of the
resulting 22 business segments we used in our study, and their corresponding SBI codes, is
given in Table 2.1.

In order to identify the technologies that are of importance to the Dutch economy, we first
had to identify the technological needs of each of the business segments. In order to
identify these needs, we conducted a set of interviews with persons involved in strategic
planning and in research and development in those segments. (The list of persons whom
we interviewed is given in Appendix A.)

Each of the interviews began by focusing on problems and needs, and worked from these
towards technological solutions. In discussing strategic plans and problems for the future
the time horizon was generally less than ten years, since we found that ten years is about as
far into the future as ‘long-term’ planning in business and industry generally looks.

Our preparation for the interviews included familiarizing ourselves with each of the busi-
ness segments. This involved gathering information about the segment’s economic statis-
tics (e.g., its contribution to gross domestic product and its research and development
volume), its products, its domestic and international markets, and its business strategies.
We compiled this information from a large number of sources, which are listed in the bibli-
ography. This information, combined with the information obtained in the interviews, was
summarized for each business segment. These summaries constitute a supporting volume
from this study [RAND Europe and Coopers & Lybrand, 1998b].

The technology typology: technology clusters and technology fields

Just as we needed a classification scheme to group together similar businesses, we needed
a typology for classifying technologies and their applications. The typology for classifying
technologies had to fulfill two needs of this project:

Facilitate the translation of the needs of Dutch industry that were identified in the inter-
views into technological solutions to fulfill those needs.

Provide a link to the knowledge infrastructure that was to be investigated in Phase 2.

Although we found many typologies of technologies, we were unable to find a typology that
met the specific needs of the project and, consequently, developed our own.

Our typology divides technologies into categories called rechnology clusters. Each cluster
includes a number of technology fields, which are groups of technologies that have common
or similar functions, production methods, or products, or that operate together as systems.
Our typology consists of 9 technology clusters and 46 technology fields. The clusters and
fields comprising this typology are listed in Table 2.2. Brief descriptions of the clusters and
fields are given below.

The technology fields represent fairly high levels of technology aggregations. Nevertheless,
we felt that this level of aggregation was best for connecting the needs of business and
industry with what might be supplied by the knowledge infrastructure. Since this is the
lowest level we investigated, and to simplify the following discussion, we often refer to the

technology fields as technologies in the remainder of this report.



Table 2.2

Technology clusters and technology fields

TECHNOLOGY CLUSTER TECHNOLOGY FIELD

PROCESS TECHNOLOGY

BIOTECHNOLOGY

MATERIALS TECHNOLOGY

DISCRETE PRODUCTION TECHNOLOGY

PLASTIC MOLDING TECHNOLOGY

ENERGY TECHNOLOGY

OPTO- & MICROELECTRONICS

INFORMATION & COMMUNICATION
TECHNOLOGY

CIVIL ENGINEERING TECHNOLOGY

Reactor engineering

Catalysis

Process development
Separation technologies
Physical transport phenomena

Breeding of plants and animals
Gene technology

Metabolic pathway engineering
Bioprocess technology
Pharmaceutical development

Development & production of metals

Development & production of ceramics

Development & production of classical materials

Development & production of polymers

Development & production of composites

Development & production of functional materials (optical, electrical, mechanical)
Joining technologies

Surface treatments (thick and thin)

Surface chemistry and physics

Machining technologies
Deformation technologies
Production automation technologies
Nanofabrication technologies
Microfabrication technologies

Rheology
Cotloid chemistry
Molecular physics

Energy conversion to electricity
Energy conversion to heat
Energy saving technologies
Renewable energy technologies

Microelectronic components, general
Microelectronic components, sensors & actuators
Technologies for embedded software
Microelectronic systems development
Mechatronics

Measurement and process control

Computer & network systems

Data & knowledge systems (including CAD, computational modeling, and simulation)
Software engineering

Technologies for interactive & multimedia applications

Algorithms and fundamental research

Fluid mechanics and dynamics

Geotechnology

Technologies for improved buildings

Technologies for new types of infrastructure (e.g., underground building)
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Brief descriptions of the technology clusters and technology fields

Terminology for technologies is not standardized. Different types of organizations name
technologies in ways that are relevant for them. Industry generally names technology fields
according to application areas and systems (e.g., encryption technologies), while univer-
sities and research organizations mostly make use of disciplines (e.g., rheology). Because
of the absence of a commonly used framework, we developed a framework that is suitable
for mapping the technologies mentioned in the interviews as being important to the needs
of Dutch industry and relating these technologies to the knowledge infrastructure.

As stated carlier, the framework consists of nine technology clusters, each of which is
subdivided into technology fields. In total, we distinguish ¢ clusters and 46 fields, which are
briefly described below.

Process technology refers to ways of processing base materials via chemical reactions. We

have divided this technology cluster into the following five technology fields:

Reactor engineering: the development of improved reactor designs (including the design
of apparatus for the integral separation of reaction mixtures).

Catalysis: the collection of techniques that make use of the physical phenomenon that
the speed of a chemical reaction between two compounds can be significantly accelerated
by the presence of a third compound (the catalytic agent).

Process development: the development of new industrial processes (e.g., the combina-
tion of process steps).

Separation technology: a number of technologies that are used to separate the products
of chemical reactions. The technologies are based on different physical processes.
Examples of separation technologies are: distillation, filtration, centrifuge, drying,
extraction, absorption, crystallization, and ion exchange.

Physical transport phenomena: the knowledge of mass and heat transport in production

installations, necessary to engineer industrial processes.

Biotechnology is the application of scientific and engineering principles to the processing
of materials by biological agents (micro-organisms, cell cultures, and parts of cells or

organisms). We have divided this technology cluster into five technology fields:

Breeding of plants and animals: ways of improving organisms by selection and inter-
breeding without interfering with genetic material.

Gene technology: a number of recombinant DNA techniques that enable genetic mate-
rial to be transferred from one organism to another.

Metabolic pathway engineering: ways of influencing the metabolic processes of living
organisms.

Bioprocess technology: technology that transforms living organisms (such as agri-
cultural products and other biological material) into foods, plastics, and medicines by
using other living organisms.

Pharmaceutical development: the application of gene technology and combinatorial

chemistry to the development of pharmaceuticals.



Materials technology is the use of knowledge for the development of new materials, the
development of materials with substantially improved properties, or the application of
existing materials to new application areas. We subdivided the technology cluster into the

following nine technology fields, which are mostly related to the type of material:

Metals.

Ceramics.

Classical materials, e.g. wood, concrete, glass, leather.

Polymers.

Composites.

Functional materials.

Joining technologies: technologies used for joining/bonding materials together.

Surface treatments: technologies for the deposition of thin (for integrated circuits) and
thick layers (such as paint), as well as technologies for the improvement of surface
characteristics, such as heat treatments.

Surface chemistry and physics: understanding the interactions on surfaces at a molecular

level.

Discrete production technologies are technologies that are used in manufacturing

processes. We divided this technology cluster into the following five technology fields:

Machining technologies: technologies that are used to shape a product by removing parts
of the original solid (e.g. metal cutting technology).

Deformation technologies: technologies that are used to shape a product by deforming
the original solid. No mass is being removed (e.g. rolling).

Production automation technologies: the application of information technology to the
domain of discrete production technologies, comprising administrative automation as
well as automation on the production floor.

Nanofabrication technologies: the set of technologies for understanding and shaping
matter in a range between 1 and 100 nanometers.

Microfabrication technology: the set of technologies for developing and producing

systems in a range between 100 nanometers and one millimeter.

Plastic molding technology is the cluster of technologies necessary for the molding of
liquid materials. Plastic molding is particularly important for modeling, but is also impor-
tant in the context of processability of materials. We divided the technology cluster into the
following three technology fields:

Rheology: the discipline aimed at understanding the flow of materials.

Colloid chemistry: chemistry and physics of discrete particles (e.g. oil droplets) in a
continuous medium (water).

Molecular physics: knowledge of how molecules interact; more specifically, the inter-

action between metal atoms or polymer chains in a material under strain.
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Energy technologies are technologies needed for the generation, conversion, and use of
energy. Not included are the technologies for the mining of primary fuels (coal, oil, gas)
and the conversion of those primary fuels by means of refining processes. We divided the
technology cluster into the following four technology fields:

Technologies for converting one form of energy into electricity. This specifically pertains
to the development and improvement of turbines, but also to various new technologies
that can convert primary fuels into electricity.

Technologies for converting one form of energy into heat. These particularly relate to
burner technologies.

Energy saving technologies: all technologies developed and used to reduce the consump-
tion of energy.

Renewable energy technologies: all technologies to develop and improve systems that are

based on renewable energy sources, such as solar energy, wind energy, biomass.

Opto- and microelectronics technologies is a cluster of technologies needed for develop-
ing opto- and microelectronic components. We divided the technology cluster into the
following six technology fields:

Microelectronic components general: the technologies needed to develop and produce
hardware components such as integrated circuits. Not included are the specific technolo-
gies to deposit thin layers.

Sensors and actuators: sensors are devices for measuring and converting properties of
substances or processes to digital signals; actuators are devices for converting a digital
signal into a physical action.

Embedded software: a series of fixed micro-instructions that is built into a piece of hard-
ware or software, such as low-level hardware interface layers (e.g., BIOS), operating
systems (e.g., embedded DOS), and task-specific libraries (e.g., communication or image-
processing libraries).

Microelectronic system development: technologies used when combining hardware
components and software in systems or subsystems.

Mechatronics: the synergistic combination of precision mechanical engineering, elec-
tronic control, and systems thinking in the design of products and processes.
Measurement and process control: controlling the dynamic behavior of complex tech-
nical systems (e.g., electro-mechanical systems) using methods, techniques, and tools

from many scientific fields, in particular from systems theory.

Information and communication technology is the cluster of technologies for the devel-
opment of information systems, excluding the area of opto- and microelectronics. We

divided the technology cluster into the following five technology fields:

Computer and network systems: the development of new architectures (parallel,
distributed).
Data and knowledge systems: all technologies related to the storage and retrieval of



information, such as database systems, datamining and data warehousing, workflow
systems, groupware, expert systems, and text processing.

« Software engineering: all technologies needed for developing ICT applications from a
given set of specifications. This involves formal specification methods, construction
methods (object oriented programming), testing, CASE tools, and software management.

» Technologies for interactive and multimedia applications: the (digital) reproduction of
information by means of a variety of media, such as text, image, and sound. Interactivity
enables the user to control the way the information is presented. Technologies include
image processing, speech recognition and synthesis, computer graphics, and user
interface systems.

» Algorithms and fundamental research: technologies for data compression, encryption,
combinatorial, parallel and heuristic algorithms, neurocomputing, and fundamental
sciences such as complexity theory, computational modeling, semantics, process models,

and formal methods.

9. Civil engineering technology is the set of technologies that are applied in the building and
construction industry. We divided the technology cluster into the following four
technology fields:

»  Fluid mechanics and dynamics: a branch of mechanics dealing with the properties and
dynamics of liquids that are needed for hydraulic constructions.

+  Geotechnology: technologies dealing with earth (geology, soil mechanics) that are needed
when building structures on or below the ground.

»  Technologies for improved buildings: all technologies developed specifically for improved
buildings, particularly materials technology, design systems, and logistical systems.

«  Technologies for new types of infrastructure (underground construction, foundation

technology, drilling technology).

Developing a matrix of important technologies

For each business segment, we conducted interviews with selected key companies that
could be considered representative of the segment. During the interviews, we focused on
the needs of the business segment and not necessarily the needs of the specific company.
The interviews revealed a variety of attitudes, which differed according to business
segment, and even within the same segment.

As expected, the firms cited many different reasons why technologies were important to
their business segments. Often, specific technological solutions were identified that
improved operational efficiency. For instance, a transportation firm mentioned that infor-
mation technology had recently become much more important to them. In particular, the
technology cluster of radio frequency scanning, GPS, and in-cab technology makes on-line
contact between the driver/vehicle and a control center possible. The current position of
any parcels or truck can be immediately traced. This improves efficiency, leads to higher
productivity, and results in better customer service. The firm estimated that the use of
in-cab technology had reduced delivery times by 10-15 percent.
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Some of the technologies were mentioned as being important because they would solve a
specific business problem. For example, to deal with strict regulation on noise-levels
regarding night flights, a firm was interested in finding the most ‘silent’ airplanes that were
available on the market.

Some of the needs were specifically to develop new products to market. For example, as a
result of its fundamental research on biotechnology, a food manufacturer decided to enter
the market of pharmaceuticals with a diagnostic kit.

Often technological solutions had to be inferred from the problems and needs, because
some interviewees did not think in terms of technologies, but in terms of systems or
concepts. For example, in the Trade and Retail business segment, a large retailer described
in vivid detail the retail outlet of the future. He mentioned a number of systems that are
not yet in existence but that are likely to be integrated into future retail outlets. However,
he could not link those systems to specific technology fields. In this, and similar cases, we
made the link from systems to technologies by ourselves.

Some interviewees stressed the possibilities of developing technologies themselves. In one
case in which the functional need was somewhat unique and specific, a company decided
that off-the-shelf technologies were too generic or included too many unneeded capabili-
ties. The firm decided that it was cheaper for them to make than to buy.

Other firms were reluctant to pay premiums for acquiring new technology. Rather, they
took existing technologies that were already well established and applied them to solve
business problems and to improve the efficiency of their operations. For example, one
company told us that leading-edge technologies do not hold any special attraction. It uses
well established technologies to solve business problems and to improve the efficiency of
its operations. Another small firm that was a technological leader in its field said it refused
to invest in technologies that had been targeted by other big developers. If the technology
would be mass-produced, the price would drop dramatically and the costs of the own
investments would never be recovered.

Overall, the interviews produced insights into the problems and needs of the various
business segments, and into the technologies that were considered to be important for
meeting the needs and solving the problems. The last subsection of cach business segment
profile [RAND Europe and Coopers & Lybrand, 1998a] lists the technologies determined to
be important for that business segment. This information is summarized in the matrix
shown in Table 2.3. The columns of the matrix are the business segments, the rows are the
technology fields, and a box with a red dot means that the corresponding technology field
is considered important to that business segment.

This matrix is similar to ADL’s Technology Map [Arthur D. Little, 1996] in that its columns
identify the same business segments as are used in the Technology Map and its rows identify
technology fields (although we used a different typology for these fields as explained
above). An important difference between the two matrices lies in the meaning of the cells
with red dots. The cells in the ADL matrix show the current R&D man-years invested in a
given technology field by a given business segment, and the cells are colored according to
differences in the man-vyears of investment. In the Technology Radar matrix, the boxes with
red dots represent the technology fields that have been identified as important for many

reasons by the various business segments.



Table 2.3
Important technology fields

by business segment

Output from Step 3 of the process

® Indicates that the technology field is important
to the business segment

PROCESS TECHNOLOGY
Reactor engineering

Catalysis

Process development
Separation technologies
Physical transport phenomena

BIOTECHNOLOGY

Breeding of plants and animals
Gene technology

Metabolic pathway engineering
Bioprocess technology
Pharmaceutical development

MATERIALS TECHNOLOGY

Development and production of metals

Development and production of ceramics

Development and production of classical materials
Development and production of polymers

Development and production of composites

Dev. and prod. of functional materials (opto., elec., mech.)
Joining technologies

Surface treatments

Surface chemistry and physics

DISCRETE PRODUCTION

Machining technologies

Deformation technologies

Production automation technologies (work floor)
Nanofabrication technologies

Microfabrication technologies

PLASTIC MOLDING TECHNOLOGY
Rheology

Colloid chemistry

Molecular physics

ENERGY TECHNOLOGY

Energy conversion to electricity
Energy conversion to heat
Energy saving technologies
Renewable energy technologies

OPTO- & MICROELECTRONICS

Microelelectronic components: general
Microelectronic components: sensors & actuators
Technologies for embedded software
Microelectronic system development
Mechatronics

Measurement & process control

INFORMATION & COMMUNICATION TECHNOLOGY

Computer- and networksystems

Data and knowledge systems (CAD, comp. modelling & simulation)
Software engineering

Technologies for interactive and multimedia applications
Algorithms and fundamental research

CIVIL ENGINEERING TECHNOLOGY

fluid mechanics & dynamics
Geotechnologies

Technologies for improved buildings
Technologies for new types of infrastructure

»  Agriculture & fishing

Mineral exploration, production & processing

Food & consumables

® n

o Textiles, clothing & leather

D

Timber, pulp & paper

m

Printing & publishing

-

F

Chemicals & polymers

o
T Pharmaceuticals
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R&D man-years invested by a given business segment in a technology is a reasonable proxy
for the importance of a technology to that business segment. In fact, as will be described
later, we did use a measure of R&D investment by business segment (different from that
used in the ADL study) as one factor in identifying strategic technologies. However, we did
not want to restrict ourselves to a single metric in identifying the technologies that are
important for business segments. Instead, for purposes of this project we needed to use a
combination of metrics and expert judgment to get a richer understanding of the needs of
Dutch industry, so that in later stages we could use this understanding in assessing how well
these needs are being met by the Dutch knowledge infrastructure.

While total R&D man-years invested by a particular business segment in a given technology
tells us something about the importance the business segment attaches to the technology,
it does not reflect the entire range of technological developments that the company
considers to be important. For example, a company may buy a technology when it consid-
ers it to be of strategic importance. Such purchases should be added to the technological
needs of the company. In our interviews, many persons mentioned the field of information
and communication technology (ICT) as being extremely important to them, while doing
no research at all in this field. In order to get an appropriate picture of the technological
needs of Dutch business and industry, we have asked companies to identify technologies of
importance to them, whether or not they are being developed inside their companies. This
is the major difference between ADL’s Technology Map and our identification of important
technologies.

As discussed earlier, the results naturally reflect the perspectives of the persons who were
interviewed. If different persons had been interviewed, we may have ended up with differ-
ences in the set of important technologies. Nevertheless, a consistent picture emerged,
which we verified by discussing the results with many persons who were not interviewed.
We are confident that the results are robust and representative, and that the matrix of
important technologies is a good starting point for stimulating further discussions.



From important technologies to strategic technologies

In this, the final part of Phase 1, we looked across all 22 business segments and used several
criteria to reduce the set of technologies that were important to each of the business
segments to a smaller set of technologies that can be considered to be strategic for the
Netherlands as a whole - that is, the subset of the important technologies that are key to
the success of the Dutch economy. The challenge we faced is that there is no clear cut
definition of a ‘strategic technology’. This is because there is no property that is inherent in
a technology that makes it strategic. In our survey of international strategic technologies
[RAND Europe and Coopers & Lybrand, 1998¢], we found that some uses of the term
focused on the advanced or ‘state-of-the-art’ qualities of the technologies, and some on the
desirability of domestic formation of a certain technical capability. Other interpretations
were based on a belief in the intrinsic importance of certain applications of technologies
in specific industries like aerospace or pharmaceuticals, and still others on the generic or
emergent characteristics of the technologies.

In this study, our focus was on identifying technologies that are of strategic importance to
the Dutch economy as a whole, from the perspective of Dutch business and industry. The
primary goal of all businesses is to remain viable (profitable). In order to do this success-
fully, they must constantly create something of value to their customers — i.e., they have to
create economic value. Creating economic value requires the ability to identify and exploit
opportunities, and to do so more quickly and efficiently than competitors. The develop-
ment and exploitation of new products, processes, and services based on new technologies
is one way for companies to stay competitive. Thus, we determined that a technology would
be considered strategic if it has a strong potential for creating opportunities that can be profit-
ably exploited across the spectrum of business and industry in the Netherlands to maintain,
enhance, or create economic value and competitive advantage.

We used quantitative measures, qualitative measures, and expert judgments to reduce the
list of important technologies to a list of strategic technologies. For a detailed discussion
of the methodology and the measures that we designed for this purpose, see [RAND Europe
and Coopers & Lybrand, 1998d]. In this report we focus on the conclusions, providing only
a brief overview of the method.

Our measure of economic value took into account both the significance to the Dutch
economy of the business segments related to a technology and the relative importance of
technology to those business segments. For the economic significance to the Dutch
economy, we used the contribution of the business segments to the Netherlands’ gross
domestic product (GDP). For the relative importance of technology to those business
segments, we used a measure (which we called corrected R&D) that takes into account the
expenditures on R&D that these business segments produced and consumed for
themselves, expenditures they made on behalf of other business segments, and expendi-

tures other business segments made on their behalf.
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At the overall national level, the competitive advantage to be gained from a technology was
estimated using a two-step process. For a detailed description of the methodology and the
metrics we used, see [RAND Europe and Coopers & Lybrand, 1998d]. In brief, we first made
a subjective estimate of the competitive advantage of a technology for a business segment
by assigning a weight of 1 (low importance), 2 (important), or 3 (high importance) to the
technologies considered important by a specific business segment. The importance was
based on the relative amount the technology was expected to improve the competitive
advantage of that business segment. The weights that were assigned to the technologies are
shown in Table 2.4.

A relative measure of the overall competitive advantage to be gained from a technology was
then estimated by normalizing the competitive weights within a business segment and
summing the normalized competitive weights across all the business segments. This
measure provides an indication of the relative contributions to competitive advantage of
the various technologies.

We should stress that both this measure and the measure of economic advantage are indices
that we designed for use in making relative comparisons among the technologies. Their
numeric values are not useful as absolute measures of differences in economic importance
or competitive advantage among the technologies, and consequently should not be used as

such.



Table 2.4
Competitive weights of technologies

by business segment

@ High competitive weight
O Medium competitive weight
O Low competitive weight

Mineral exploration, production & processing
Information & telecom services, software

Electrical & electronic components
Machinery & transport equipment

©  Utilities
Leisure & entertainment

Environmental services

Food & consumables
Timber, pulp & paper
Printing & publishing
Chemicals & polymers
Pharmaceuticals
Instruments & optics
Building & construction
© Trade & retail
Transportation services
Financial services

Basic materials
2 Metal products & other manuf. products

» Agriculture & fishing
=
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© Textiles, clothing & leather
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PROCESS TECHNOLOGY

Reactor engineering o
Catalysis

Process development o
Separation technologies o o
Physical transport phenomena

COe0
o

BIOTECHNOLOGY

Breeding of plants and animals
Gene technology @) fe) [ N ] o]
Metabolic pathway engineering o o

Bioprocess technology ¢l (6] ©
Pharmaceutical development ®

o

MATERIALS TECHNOLOGY

Development and production of metals [ ]

Development and production of ceramics o

Development and production of classical materials o o o o
Development and production of polymers
Development and production of composites
Dev. and prod. of functional materials (opto., elec., mech.} o O

Joining technologies o
Surface treatments o c oo o o o
Surface chemistry and physics o o &)

°c@®

DISCRETE PRODUCTION

Machining technologies o
Deformation technologies C

Production automation technologies (work floor) e} © O o
Nanofabrication technologies

Microfabrication technologies o)

PLASTIC MOLDING TECHNOLOGY

Rheology o
Colloid chemistry (&)
Molecular physics

Co®

ENERGY TECHNOLOGY

Energy conversion to electricity [ ]
Energy conversion to heat

Energy saving technologies o [ ] @ o
Renewable energy technologies [}

OPTO- & MICROELECTRONICS

Microelelectronic components: general

Microelectronic components: sensors & actuators o O O © o O
Technologies for embedded software @] o
Microelectronic system development o
Mechatronics [ X ®
Measurement & process control o o [¢] [+] [e]

INFORMATION & COMMUNICATION TECHNOLOGY

Computer- and networksystems

Data and knowledge systems (CAD, comp. modelling & simulation) o @ c o @@
Software engineering [} o

Technologies for interactive and muitimedia applications o O
Algorithms and fundamental research o)

°@
co@
c o

o

X X X J
®

[ 4

CIVIL ENGINEERING TECHNOLOGY

Fluid mechanics & dynamics

Geotechnologies [ ] o
Technologies for improved buildings [ ]
Technologies for new types of infrastructure L ]
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The two criteria described above were used by the project team and by an external panel of
experts to produce a final list of strategic technologies. We first performed an analysis of
the technology fields in each technology cluster, and then performed an analysis over all
clusters. In the cluster analysis, we identified the relationships between the technology
clusters and the business segments. Figure 2.1 shows, for each of the nine clusters, which
business segments mentioned one or more of the technologies in a cluster as being impor-
tant. The width of a line shows how many technologies within a cluster were considered
important by a business segment (the thicker the line, the more technologies were
considered important).

Itis clear from Fig. 2.1 that there are very big differences among the importance of clusters
to business segments. Some clusters are important to many business segments. For
example, information and communication technologies are important to 16 business
segments. Technologies in this cluster are likely to be strong candidates for being strategic
to the country’s economy. On the other hand, some clusters are strongly connected to only
a few business segments. For example, plastic molding technologies are important only to
segments C (food and consumables) and G (chemicals and polymers), and civil engi-
neering technologies are important only to segments B (mineral exploration) and P
(building and construction). We might expect fewer technologies from these clusters to

appear on the list of strategic technologies.



Figure 2.1

Relationships between technology clusters and business segments

w A B w A g w A B
v [4 v [4 v 4
u D u D
T E T E
S F S F
R G R G
Q H Q H
P 1 P ]
(o] J+K o ]+K
Ny L N o L
w A B w A 8
A C v C
u D u D
T E T E
S F S F
R G R G
Q H Q H
P | P 1
o J+K [] 14K
N g L N L
w A g w A g
v [4 v C
u D u D
T E T E
H F s F
R G R G
Q H Q H
P 1 P 1
[ 1+K [¢] J+K
N g L N o L
PT Process technology Bio Biotechnology MT  Materials technology
DP Discrete production PMT Plastic molding technology EN Energy technology
O&M Opto- and microelectronics 1&C Information and communic. technology CE Civil engineering technology

Agriculture & fishing

Mineral exploration, proeduction & processing
Food & consumables

Textiles, clothing & leather

Timber, pulp & paper

Printing & publishing

Chemicals & polymers

Pharmaceuticals

Leisure & entertainment

Transportation services

information & telecom services, software
Financial services

Environmental services

Other services

Basic materials

Electrical & electronic components
Instruments & optics

Metal products & other manuf. products
Machinery & transport equipment
Utilities

Building & construction

Trade & retail

TAHATTMOoNED

ovozgrs -
=
s<c-Hw=

d4VAVYE ADP90TONHDIL

L

W
v

A¥YWIWNS JAILNDIXI ANV LI0OdId NIV



Yvavy ADOTONHDIL

l

v
D

AIYWWNS IAILNDIXT ONY 180438 NIVIN

Next, we identified the locations of each of the technologies within a cluster on a
two-dimensional graph, where the x axis was its economic value and the y axis was its
competitive advantage. The numbers shown on the x and y axes are important only in a
relative sense; i.e., to compare technologies. The graph was divided into four quadrants. If
a technology fell into the quadrant with high economic value and high competitive advan-
tage, it was considered to be a strong candidate to be chosen as a technology of strategic
importance for the Netherlands. Expert judgment (both internal and external) was then
used to create the final list. We used the quantitative analysis as one input into the process
of producing such a list — improving the basis for expert judgment (but not replacing such
judgment) by generating information and marshaling evidence bearing on the choices to
be made. Again, for a detailed description of the methodology and metrics used to quan-
tify economic value and competitive advantage, see [RAND Europe and Coopers &
Lybrand, 1998d].

Figure 2.2 through Figure 2.10 present the graphs for each of the nine technology clusters.
Our purpose in creating these graphs was to focus on the technology fields within a tech-
nology cluster. There are large variations in the relative importance of different clusters to
Dutch industry, which means that there are large differences in economic value and
competitive advantage. For presentation purposes (so the results for all technology fields
within a cluster would be clearly visible), we chose to make the size of the graph for each
cluster the same, which means that the scales are different in each of the figures. Figure 2.11
combines the information over all nine clusters in a single graph so as to facilitate

comparisons across clusters.



Figure 2.2
Rating technologies in the biotechnology cluster
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Rating technologies in the process technology cluster
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Figure 2.4

Rating technologies in the materials technology cluster
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Figure 2.5
Rating technologies in the discrete production cluster
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Figure 2.6
Rating technologies in the plastic molding cluster
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Figure 2.7
Rating technologies in the energy cluster
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Figure 2.8
Rating technologies in the opto- & microelectronics cluster
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Figure 2.9
Rating technologies in the information & communication technology cluster
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Figure 2.10
Rating technologies in the civil engineering technology cluster
2.5
Potential
@ Geotechnologies
2.0 L
Others
@  Fluid mechanics & dynamics
e 13 @® Technologies for improved buildings
s ° @® Technologies for new types of
z
< 0 infrastructure
o
<
5
- 0.5
e
w
a
=
S04
0 10 20 30 40 50

ECONOMIC VALUE

AVAVY ADOTONHDI3L

L

wu
Qo

AYYINWNS IAILNDIXI ANV L¥0d38 NIVIN



¥vavy ADOTONHDIIL

i

[-2)
o

ABYIWWNS JALLADIXT ANV LIO4IY NIV

Looking at the upper right quadrant of each of Figures 2.2-2.10 suggests eleven technolo-
gies that appear to be candidates for strategic technologies. But, there are reasons why some
of these might not be included, and reasons why others might be added. First, the scales on
the x and y axes of the various figures are different. As stated earlier, we did this in order to
facilitate the comparison of technology fields within a technology cluster. Comparing the
scales used in Fig. 2.9 with the scales used in Fig. 2.10 reveals that the economic value scale
for information and communication technologies (I&C) is 20 times the scale for civil engi-
neering (CE) technologies. Similarly, the competitive advantage scale for I&C is almost
8 times the scale for CE. Thus, there might be technologies within the I&C cluster that are
not in its upper right quadrant, but have higher values of economic value and competitive
advantage than does the CE technology that is in its upper right quadrant. And the tech-
nology that is in the upper right quadrant of the CE cluster might look less strategic when
the technologies in all clusters are compared with each other.

Because of this, we placed the results from all nine technology clusters on a single pair of
axes. The resulting graph is shown in Fig. 2.11. (In this figure, three of the technologies have
much larger values of economic value and competitive advantage than the other technolo-
gies; they are shown in a separate graph with different scales.) According to the figure, there
are twelve technology fields that can be considered strategic for the Netherlands because
they have both a large economic value and make large contributions to improving the com-
petitive advantage of Dutch industry. They are listed on the right hand side of the graph.

They are listed in no particular order and no ranking of the technologies is implied.



Figure 2.11

Rating technologies over all clusters
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We subjected the results of the analysis described above to extensive review, in order to
make sure that they were sensible, robust, and had external validity. Since the results are
influenced by the weights assigned to the technology fields and the measure of economic
value used, we performed a sensitivity analysis that found the results to be robust. (The
details are reported in [RAND Europe and Coopers & Lybrand, 1998d].) We also had the
list of strategic technologies examined by experts both inside the project and outside the
project, in order to confirm the results obtained from the quantitative methodology as well
as to provide an opportunity to identify additional strategic technologies based on other
considerations. Three technologies (identified by the letters A, B, and C in the list and on
the graph in Fig. 2.11) although not falling in the upper right hand quadrant, were added to
the list of strategic technologies by experts inside the project for reasons explained below.

Catalysis. A recent study in the United Kingdom and the United States showed that
catalysts contribute to approximately 25 percent of their GNP. The contribution of catalysts
to the Dutch economy is also significant. For many companies, catalysis makes the differ-
ence between being competitive and not being competitive. Also, catalysis is used widely in
several important Dutch industries (e.g., oil refinery, process industry, and food industry).

. Composites. The list of materials technology fields is large compared to the other tech-

nology clusters. As a result, the individual technology fields each have little weight and have
little chance of being identified as strategic. To compensate for this, we assessed the impor-
tance of each of the technology fields in the materials cluster and found that composite
technologies should be identified as strategic. Of all material technologies, composites
make the largest contribution to the Dutch GDP, exports, and employment.

Polymers. Bulk chemicals are very important to the Dutch economy. They have the high-
est share of exports of any Dutch business segment. Within bulk chemistry, polymers are
an important research area. Dutch firms like Akzo Nobel and DSM are world leaders in
polymers and intermediaries for polymers. The development of optical polymers will be of
decisive importance to information & communication technologies. Applications include
flat displays, local transfer of digital information, and films with controlled 3D light trans-
mission and reflection that would have very high information storage capacity.

A meeting was held with experts on the technological needs of business and industry in
order to get their feedback on the tentative list of strategic technologies. Appendix C
contains a list of the experts who attended the meeting. As a result of the meeting, the
names assigned to some of the technology fields were changed and some technology fields
were combined with others. The revised names are the ones that are shown in all of the
figures and tables above. The experts had differing views on the relative importance of
some of the technologies, but on the whole they agreed that the set of fifteen technologies
that we had identified as strategic was a valid set and that these technologies are of vital
importance to the Dutch economy.

This does not mean that the other technologies identified as important by the business
segments are not also of importance to the Dutch economy. There is no clear-cut dividing
line. The list of strategic technologies indicates those that are thought to have high

economic value and high competitive advantage for Dutch businesses. Technologies not on



this short-list may have high economic potential for particular companies and business
segments or be strategic for non-economic reasons.

The following fifteen technology fields (listed in alphabetical order) were passed on to the
Phase 2 tasks — comparing the knowledge supplies and demands related to these fifteen
fields:

Bioprocess technology.

Catalysis.

Data and knowledge systems (including CAD, computer modeling, and simulation).
Development and production of composites.
Development and production of polymers.
Energy saving technologies.

Gene technology.

Measurement & process control.

Mechatronics.

Microelectronic components: sensors & actuators.
Production automation technologies (workfloor).
Separation technologies.

Software engineering.

Surface treatments.

Technologies for interactive and multimedia applications.

A comparison with international lists of strategic
technologies

It is difficult to compare either the list of important technologies or the list of strategic
technologies to the list of international strategic technologies that resulted from Step 1 of
this project. This is because the international list defines technologies in many different
ways and at many levels of aggregation. For a detailed discussion of the international
technologies and how they are defined, see [RAND Europe and Coopers & Lybrand, Tech-
nology Radar: Global Views on Strategic Technologies, Delft, 1998¢].

In brief, however, it can be reported that (with one exception, which is mentioned below)
the technologies identified as being important to Dutch businesses include representatives
from all of the technology clusters on the combined list of international strategic
technologies. Five technology fields were included in the international list but not on the
Dutch list of important technology fields: physical transport phenomena (within the
Process Technology cluster), nanofabrication technologies (within Discrete Production),
energy conversion to heat (within Energy), computer and network systems (within Infor-
mation & Communication Technology), and fluid mechanics & dynamics (within Civil
Engineering).

There are three technology fields considered important to Dutch business and industry that
do not appear as separate technologies on the international list. These are listed below,

together with an possible explanation for their nonappearance:
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Classical materials (wood, concrete, glass, leather): The international list looks further
into the future, so technology fields (such as this one) that are at the end of their life
cycle are not included.

Colloid chemistry and molecular physics: Because of its need to look toward its Phase 2
work, some of the Technology Radar technology fields are actually (scientific) (sub)dis-
ciplines. These do not fit the orientation of the international list toward application
areas.

Mechatronics: The business and industry orientation of some of the Technology Radar
technology fields resulted in some system-level technology fields. These technologies are
included in the international list as sub-systems/components at a lower level. (In the case
of mechatronics, they are included individually under sensors, actuators, and measure-

ment & process control.)

The one exception previously mentioned has to do with technology clusters. Because the
typology of technologies used in the Technology Radar project was designed to be easily
linked to the knowledge infrastructure (which was not true of the other national studies),
there is one technology cluster from the international list that does not appear in the Tech-
nology Radar clusters: Application-Oriented Technologies. The technologies in this cluster
are all directed toward specific application areas (e.g., transport, health care, the environ-
ment). These types of technologies were identified as being strategic in some of the
national studies. Although the clusters are slightly different, the underlying technologies
from the Application-Oriented Technologies cluster are scattered among the other tech-

nology clusters used in the Technology Radar project.



PHASE 2:
COMPARING KNOWLEDGE SUPPLIES
AND DEMANDS RELATED TO STRATEGIC

TECHNOLOGIES

An overview of the Phase 2 process

Even if a company has a clear idea of its technological needs, it is generally not easy to
translate these needs into viable, profitable, implemented solutions. Often there are gaps
between the demand for technology and the supply of that technology.

In Phase 2 we investigated the linkages between the technology demanders and suppliers,
using a framework based on the structure of ‘technology systems’ |Carlsson and
Stankiewicz, 1991]. They defined technology systems as ‘network(s) of agents interacting in
each specific technology area under a particular institutional infrastructure for the purpose
of generating, diffusing, and utilising technology’. In this phase, we investigated the
technology system associated with each of the strategic technologies identified in Phase 1.
For purposes of this study, we simplified their complex interacting set of networks and

agents for the technology system into the three sets depicted in Figure 3.1.

On the demand side are all of the business segments that have a need for a given technology,
and the individual companies within each business segment. We divided these companies

into two categories:

+  Technology developers. These are organizations (either whole companies or parts of
companies} that develop and/or produce technological products. Their profits, in large
part, depend on their bringing these products to market and competing successfully with
other technology developers.

+  Technology users. These are organizations (either whole companies or parts of compa-
nies) whose primary business is to deliver products or services that are not directly
related to the specific strategic technology under investigation. However, the success of

their business depends to some extent on the successful use of this technology.

On the supply side is the entire knowledge infrastructure. The knowledge infrastructure

includes:

+  Universitics and other institutions of higher education, which educate people through
courses and rescarch, produce knowledge by performing basic research, and stay current
with the status of knowledge production by keeping track of the Jatest scientific develop-
ments.

+  Research institutes (TNO, DLO, and the grote technologische instituten (GTI’s), which
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Figure 3.1

Relationships between technology suppliers and technology demanders

SUPPLY DEMAND

Higher education

Research institutes

Technology developers

Research from abroad

Private research Technology users

focus primarily on applied research. They act as bridges between the basic research being
done in the universities and the practical problems and technological needs of industry.
Their research is meant to be directly responsive to industry, and especially to the needs
and problems of SMEs.

Private research organizations in the Netherlands and all research going on abroad whose

results are accessible to Dutch demanders.

Our focus in this project was on the links between the demand side and the public
knowledge infrastructure in the Netherlands (higher education and research institutes).
Knowledge from these institutions finds its ways to companies through many channels. The
most common direct channels through which companies acquire their technological
knowledge are:

Contract research: Companies set up clearly defined projects, usually with university
faculties and research institutes like TNO.

Fund universities for research in a general area. The projects using this money often
involve many partners.

Fund a specific professor to hire Ph.D. students to do research in a given area.

Participate in steering groups that follow progress on university projects in a given area.
Learn about university research from students.

Hire Ph.D. students after they complete specific projects in a given area.

Hire MSc students as interns to give them practical training.

Recruit professors and researchers to work part of the time in a company (in this way the
university also learns from what is going on at the company).

Follow university activities by participating in seminars and networking organizations.



In Phase 2 of the project we investigated these and other linkages between the technology
demanders and suppliers. We compared the needs of the demanders with what was being
produced by the suppliers, in order to identify possible gaps and to raise questions for
further discussion.

Although the actors that we investigated are closely related to those identified in the
literature on technological innovation (e.g., [Dodgson and Bessant, 1996] and [OECD,
1997]), our focus is on the activities of these actors, while theirs is on the dynamics of the
process of innovation. Schaffers, et al. [1995] studied the activities of the suppliers only. By
comparing the activities on both the supply side and the demand side, we are able to
identify possible gaps or problems.

As in Phase 1, we used interviews to gather information about the suppliers and demanders
related to a given technological field. Our starting point for this phase was the list of fifteen
strategic technology fields produced in Phase 1. We developed separate interview protocols
for the supply side and for the demand side. The same protocol was used for every one of
the technology fields, to make sure that we would gather comparable information on each
technology field. We viewed each strategic technology as a separate case study. Each case
study included the following four steps:

Perform desk research to obtain a basic understanding of the field, identify the major
actors, determine the current status of research and development, and identify current
trends and international developments.

Select at least two major players on the demand side and two on the supply side to inter-
view.

Carry out the interviews. (The list of persons interviewed in each technology field is given
in Appendix B.)

Prepare a written profile of the technology. The set of technology profiles has been
published as a separate supporting volume [RAND Europe and Coopers & Lybrand, Tech-
nologieRadar: Technologie Profielen — profielen van 15 technologiegebieden, Delft, 1998b].

There are a total of 13 technology profiles presented in the previously cited volume. (As
explained below, the three technology fields mechatronics, sensors and actuators, and
process control were combined into a single case study.) Each identifies possible gaps or
problems related to the supply or demand activities related to that technology field and
raises questions or issues for further discussion.

Looking across all of the technology profiles, we found that each tells a different story. For
example, the Dutch organizations involved on both the supply and demand sides differ in
size and interact in different ways; the technologies differ in the rate at which they are
changing, as well as in the number and types of disciplines that are relevant; and there are
large differences in the roles played by organizations outside the Netherlands. Because of
these differences, broad generalizations across all technologies are not possible. In order to
illustrate the variety of issues we found, we provide an overview of the contents of the tech-
nology profiles by first presenting detailed summaries of three representative profiles
(mechatronics, bioprocess technology, and software engineering), and following these with

brief summaries of the remaining ten profiles.
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Even though the problems related to the supply and demand activities are specific to each
technology, we did observe some important issues regarding research and education that
are pertinent across all fields. These are summarized in the Executive Summary of this

report.

The case of mechatronics

Definition

Mechatronics as a term refers to systems including both mechanical and electronic
components and a certain way of thinking. This term has been used in Europe since the
middle of the 1980s, and originated in Japan [Centrum voor Mikroelektronica, 1992]. The
individual elements included in mechatronics have actually existed for awhile; the term
refers to new ways of combining them. As a result, mechatronics does not refer to a single
technology or discipline. According to Professor Heuvelman of the University of Twente
[Centrum voor Mikroelektronica, 1992], ‘Mechatronics is not a technical discipline but a
working-method, a system approach’ Dominating characteristics for performing research
and development in this field are integration, both of functions and physical systems, and
multidisciplinarity. Mechatronics R&D focuses on the optimization of an entire system; it
takes a systems approach in trying to understand the whole system instead of only one part.
The goals of mechatronics are to make flexible, cheaper, and higher quality, and better
performing systems.

There are several widely-accepted definitions for mechatronics. The following definition
from the Industrial Research and Development Advisory Committee (IRDAC) of the Euro-

pean Commission is still pertinent, even though it is more than ten years old:

‘Mechatronics is the synergistic combination of precision mechanical engineering, electronic
control, and systems thinking in the design of products and processes. It is an interdisciplinary
subject that both draws on the constituent disciplines and includes subjects not normally

associated with any one of those above’. [IRDAC, 1986]

Mechatronics includes sensors, actuators, and process control. Sensors are needed to get
information about the system. Control mechanisms use this information to incorporate
‘intelligence’ into mechatronic applications. The systems are controlled so that they work
in a desired way and are flexible. Actuators carry out the orders given by control mecha-
nisms and help the system to complete the required tasks. This framework for mecha-
tronics is presented in Fig. 3.2. All these fields interact with each other in a synergistic way
to create the main function of the system (functional integration of a mechatronic system)
[Buur, 1992]. A mechatronic application does not work if one of these fields is missing. One
of the interviewees stated that ‘as much as go per cent of mechatronics is measurement and
control’. It is for these reasons that the three technology fields (mechatronics, sensors and

actuators, and process control) were combined into a single technology profile.



Figure 3.2

A framework for mechatronics

MECHANICAL ENGINEERING CONTEXT
PROCESS CONTROL

onic control

Figure 3.3

Disciplines needed for mechatronics

MECHATRONICS

Software engineering
Sensors and actuators

Mechanical engi ing

Mechatronics design

Electronic engineering

Process control

Modelling & simulation

Applied physics

Materials

Applied chemistry

Control englineering

SOURCE: ADAPTED FROM A FIGURE APPEARING IN [MINISTRY OF ECONOMIC AFFAIRS, 1990]
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Mechatronics design obviously requires mechanical and electrical engineering skills. Some
other disciplines crucial for mechatronics are software engineering, materials engineering,
and applied mathematics. Fig. 3.3 presents an overview of the disciplines connected to
mechatronics. The driving force for mechatronic thinking is the integration of the
knowledge from different disciplines. For mechatronics development it is not sufficient for
people to contribute their own knowledge; they need to have some understanding of the

other disciplines as well.

Figure 3.4
The potential international market for mechatronic applications and products
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The international market for mechatronic applications and products is expected to more

than double over the next five years (see Fig. 3.4).

Overview of playing field

Demand side

The first phase of this study provided information on which Dutch business segments
attach importance to mechatronics, process control, and sensors and actuators. The matrix
presented in Fig. 3.5 shows which Dutch business segments have a strong need for tech-
nologies in these fields.

There are several large users of sensors, actuators and process control systems in the process
and electronics industry. Large companies such as Unilever, Shell, Akzo Nobel, Hoogovens,
ASML, Océ, and Philips are all major users of these technologies. The Dutch process indus-
try (primarily chemicals and polymers, food and consumables, and pharmaceuticals busi-
ness segments) are large users of process control and production automation systems
(these require extensive use of sensors and actuators). Although the mechatronic way of
thinking is used quite extensively by the larger companies in the above business segments,

it has penetrated the operations of smaller companies to a lesser extent.

SOURCE: MICROMACHINE DEVICES, 1997



Figure 3.5
Dutch business segments for which

mechatronics is considered important

Mineral exploration, production & processing

”
4
el
Y
f=4
Q
- o
@ E
= o
- W
Ll
" K] " 4 &
u @ c
L o3 a £ o
2 2 2 2 =
— Q i wi
E = ] a 3 = 2
2 5 £ = = = v
c = E] 3 [ 4
o © o iy @ ol —_
(") - N il vl E ©
— % bl e
2 = 3 E E o &
'8 * a © @ o
=) ] E_E ) - ] <@
[ [aad [l o - o i
Mechatronics [
Measurement & process control [} ° [ ] [ ]
Microelectronic components: sensors & actuators [ ] L] L J [ ] L]

Most of the technology needs of these technology users are met by foreign suppliers. There
are few product developers of these technologies in the Netherlands. Most of the sensors
and actuators needed by industry are either developed in-house, or are supplied by foreign
companies. The companies that do produce sensors, actuators, and mechatronic systems
(e.g., HYMEC, Mierij Meteo, and Bronkhorst High Tech) are small and have little R&D
capability.

In the field of process control, there are several large foreign technology developers (Fluor
Daniels and Perkins Elmer) with large offices located in the Netherlands. These companies
are able to meet the needs of the large Dutch companies that are users of process control
systems. There are a few smaller Dutch companies (Tebodin and COMPEX) that are also
quite active in the field of process control.

As for mechatronic systems development, the larger companies are making large
investments in this field to gain technological advantages that can give them competitive
advantages. Most of the research in this area is done within the R&D units of the large
companies. In fact, most of the technological breakthroughs in mechatronic systems
development have come from research done within the companies (for example, the

development of the CD player by Philips).

Supply side

All universities in the Netherlands, but especially the three technical universities (TU Delft,
Twente University, and TU Eindhoven), have activities related to the field of mechatronics,
sensors and actuators, and process control. The Netherlands is the leading country in the
world in developing microsensors. It has two strong research institutes — DIMES (TU Delft)
and MESA (University of Twente) — that are strongly linked to their home universities.

Figure 3.6 presents an overall view of the university research activities in this area.

tnstruments & optics

Machinery & transport equipment

Utilities
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Figure 3.6

The supply side of mechatronics
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Relationship between supply and demand

Most of the knowledge transfer between industry and public research institutions takes
place via informal connections between university professors and the staff of R&D units
within firms. For example, various units within Philips that are responsible for the
development of knowledge about mechatronics system design have very strong links with
several of the research groups engaged in research on mechatronics at the University of
Twente.

One of the problems that arises from the lack of a formal channel for this transfer of
knowledge is that universitics tend to focus on the knowledge needs of the larger compa-
nies. Large companies (like Philips, ASML, and Akzo Nobel) are able to influence the
research agendas of universities by providing funding for research. Most small companies
lack the resources to be able to do this.

In addition to receiving the results of funded research directly, private industry obtains
knowledge from the universities via more indirect channels. These include funding Ph.D.
students, serving on the dissertation committees of students, providing students with
opportunities for on-the-job training, hiring professors to work part-time, participating in
seminars, and participating in networking organizations (e.g., Platform Sensortechnologie,

Mechatronics Platform).



Unfortunately, small- and medium-size companies (SMEs) are at a disadvantage when it
comes to using these channels to acquire knowledge from universities to meet their needs.
It is difficult for these companies to invest in basic research projects at universities, offer

positions to students for on-the-job training, or hire professors.

Trends

Companies have active R&D in this area and most technological breakthroughs are
expected to come from private research.

large companies are downsizing their fundamental research activities and are expecting
more from university research. They do not expect universities to perform applied
research or develop ready products, but they expect the universities to maintain high
levels of basic research with a mind-set toward applications.

Currently, the focus is on the integration of sensors, actuators, and controllers into single
systems. The fewer connections a system has, the fewer potential places for errors. As one
interviewee expressed it: “The main technological bottleneck is that the parts of the
system (sensors, control devices, and actuators) are not working together nor coming
from the same supplier. Most of our time is wasted in making connections and in

calibrating the system’.

Issues

The Netherlands has most of the ingredients needed to become a leading country in the

world in mechatronics:

1. Very high quality research units that produce people with knowledge of sensors,
actuators, mechatronics, control, microelectronics, information technologics.

2. Important businesses that need these technologies (e.g., food and chemicals).

The lack of technology developers in the Netherlands is an obstacle to a success story in
this field. The research results from the Netherlands are utilized by technology developers
abroad (e.g., in Switzerland), and educated people in this field move away. (‘In the last
few years, all of my new Ph.D.s have left the Netherlands’)

Mechatronics is an interdisciplinary field. There is no lack of knowledge but there is lack
of knowledge management. In general, industry finds the educational level of university
graduates to be high and agrees that it is important for graduates to have a good basic
knowledge of a relevant discipline. However, the companies need people who have skills
to work in multidisciplinary settings and are able to integrate knowledge. “We need
multidisciplinary teams, not multidisciplinary education’ Our interviewees stressed that
part of the education of students in this field should give them a feeling of practical
project work in companies. This is sometimes missing.

Industry is not satisfied with the support provided by the public knowledge infrastruc-
ture for new product development, even though they acknowledge it is not the task of
universities to perform applied research. (One interviewee estimated that university
projects cover about 5 per cent of the work needed to develop a market-ready product.)
Thus, if product development is to take place in the Netherlands, companies will have to

invest in it. However, SMEs find it difficult to get financing for new product develop-

YVYQVY ADO0TONHDOIL

1

~
W

AYYWWAS IAILNDIXI ANY LYO0d3¥ NIVW



YJVAVvY ADOTONHIIL

1

~
E-}

AYVIWINAS 3AIENDIXT ONV tI043¥ NIVIN

ment. An additional problem for SMEs that are engaged in new product development is
that the Dutch home market for their products is small. If these companies are going to
be successful, they have to address an international market from the very beginning. This
requires more resources than are generally available to SMEs.

Short product life cycles require that research for new product development be
completed very rapidly. University research generally takes longer to accomplish. As a
result, industry finds it hard to rely on any help from the universities. From the perspec-
tive of the universities, however, a project with a short life cycle is not a very interesting
research project. As one interviewee said, ‘if something is ready quickly, or information is

easily available, then the topic is not interesting enough to do high quality research’.

The case of bioprocess technology

Definition

Biotechnology is the application of scientific and engineering principles to the processing
of materials by biological agents (micro-organisms, cell cultures, and parts of cells or
organisms). The essence of biotechnology is that it facilitates conversions with the help of
micro-organisms and cells that are difficult or impossible to make using conventional
chemical technologies. An important distinction can be made between classical and
modern biotechnology. Classical biotechnology makes use of biological conversion
processes by micro-organisms that occur in nature. Modern biotechnology is based on the
use of recombinant DNA techniques that make it possible to modify the genetic material
of an organism or transfer genetic material from one organism into another (genetic
engineering). In a modern biotechnological production process the use of genetic
engineering is closely interwoven with steps from a classical production process. However,
some distinction can be made between upstream and downstream applications. In
bioprocess technology, recombinant techniques are used upstream to modify characteris-
tics (behavior) of host organisms to solve downstream problems. This section focuses on
the technologies that are being used in the downstream part of a biotechnological produc-
tion process. Figure 3.7 is a schematic drawing showing (generically) the flow of such a
process.

Biotechnology is based on an ever-increasing understanding of the mechanisms that occur
in living organisms. Molecular biology is the underlying knowledge base. Medical and
chemical disciplines are core competencies within biotechnology. Biotechnology is also
closely related to other technological fields, such as catalysis and process technology. Figure
3.8 gives an impression of the diversity of disciplines that contribute to this field.
Biotechnology is used in many application areas. In agriculture, genetic engineering
enables much faster and more efficient cross-breeding between both homogenous and
heterogeneous species. In the food industry, biotechnology has traditionally played an
important role (e.g., in fermentation processes). Enzymes are used in the textile
(detergents), paper (bleaching), food industry, and fine chemicals (biocatalysts). In the
pharmaceutical industry, modern biotechnology is used in the production of almost all

drugs (e.g., vaccines and hormones). Monoclonal antibodies are used in a number of



Figure 3.7

Generic flow of biotechnological process
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diagnostic tests (e.g., for pregnancy). Biotechnology has also made inroads into environ-
mental services, where it is used primarily for water purification and waste fermentation
{e.g., microbial cleaning of wastes, biofilters).

Bioprocess technology is the expertise that facilitates the industrial application of biotech-
nology. The use of living organisms and aquatic environments is an inherent part of
biotechnology. This results in a number of specific problems. These include the relative
sensitivity of the processes (organisms are vulnerable to high temperatures, high pressures,
high acidity levels, etc.) and the difficulty in isolating desired end products from the
biomass. Bioprocess technology has been developed to deal with these and other problems

related to the use of living organisms. The most important unit operation within
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Figure 3.8

Disciplines needed for biotechnology
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bioprocess technology is fermentation. This step includes scaling up laboratory biological
processes to commercial sizes and volumes, bioreactor design, modeling of bioprocesses,
and optimization of production. In the following process step, the biomass is separated
from the fermentation slurry using techniques such as filtration and centrifugation. Some
products, such as enzymes, are then concentrated (e.g., by ultra-centrifugation) or chemi-
cally (or enzymatically) converted into other products. The final process step is the

formulation of end products — shaping the product so that it is ready for industrial use.

Figure 3.9

Dutch business segments for which bioprocess technology is considered important

Food & Chemicals & Pharmaceuticals Environmental
consumables polymers services

Bioprocess technology [ ° [ ] [ ]

GEBASEERD OP TNO, 1995



Overview of playing field

Demand side

The first phase of this study provided information on which Dutch business segments find
bioprocess technologies important. The matrix presented in Fig. 3.9 shows which Dutch
business segments have a strong need for bioprocess technologies.

The Netherlands has a strong position in bioprocess technology. It has leading technology
developers (Gist-brocades and Unilever), big users in two important segments (agro-food
and fine chemicals), and a good international position in an emerging segment in which
bioprocess technology is widely used (environmental services).

Dutch firms that use bioprocess technologies can be divided into four categories:

Firms that have a strong tradition of classical fermentation processes (e.g., cheese and
beer producers). The leading firm in this category is Gist-brocades. Other important
firms in this category can be found in the food & consumables business segment (e.g.,
Unilever, Campina Melkunie, Coberco, Nutricia, Nestlé).

Firms that are specialized in fine chemicals. Included in this category are firms that
produce pharmaceutical bulk products (e.g., DSM-Andeno, Gist-brocades, Akzo Nobel)
and food additives (e.g., DSM-Nutrasweet and Unilever).

Pharmaceutical firms (e.g., Organon, Solvay Duphar, Intervet) and some specialized
biotechnology firms (e.g., Pharming).

Firms that use enzymes and micro-organisms for environmental applications (e.g.,

Paques).

Figure 3.10 shows the estimated share of turnover for firms in cach of these four categories

that is due to biotechnology. Bioprocess technology represents at least half of each of these

shares.
Figure 3.10
Estimated share of turnover related to biotechnology for four categories of firms
(percentages)
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SOURCE: DEGENAARS & JANSZEN, 1996
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Table 3.1
Schools participating in ABON

BSDL (Biotechnological Sciences Delft-Leiden)

GBB (Groningen Biomolecular Sciences and Biotechnology Institute)
VLAG (Food, Food technology, Agrobiotechnology and Health)

BCA (Biological Center Amsterdam)

EPS (Experimentat Plant Sciences)

Supply side

Research on bioprocess technology takes place in universities, in research institutes, and (as
mentioned above) in private firms. A focus of biotechnological research within Dutch
universities is ABON, the association of biotechnology graduate schools. ABON has links
with NIABA, the association of Dutch biotechnology firms. The five schools that parti-
cipate in ABON are shown in Table 3.1.

There is no special research institute for biotechnology in the Netherlands. An important
part of the biotechnology research will be conducted by the Leading Technological Insti-
tute for Food (LTI-Food). Participants in this institute are presented in Table 3.2.

Table 3.2
Participants in LTI-Food

PARTICIPANT CATEGORY OF ORGANIZATION

Gist-brocades Industry
Unilever Industry
NZO (consortium of dairy companies) Industry
AVEBE Industry
Cebeco Handelsraad Industry
Cosun Industry
ATO-DLO Research institute
TNO-Food Research institute
NIZO Research institute

Agriculture University Wageningen University



Relationship between supply and demand

The Dutch group of biotechnological experts can be characterized as a closely-knit
community. There are extensive formal and informal networks both within and between
the public and private sector. The influence of private firms within public research has been
relatively high. ABON and NIABA for instance have set a joint research agenda that is of
direct relevance to Dutch firms involved in bioprocess technology. However, continuation
of the program is still insecure. Recently, the ICES project MIBITON, which has strong
links with ABON, has secured the position of the biotechnology sector. Surprisingly, there
are few links between ABON and LTI-Food.

Trends

There is an overall tendency to shorten the product life cycles of products. Suppliers of
chemical intermediates are ‘constantly pressured to reduce lead times. At the same time,
the entire process of developing and producing chemicals is becoming more and more
complex due to boundary conditions involved (cleaner, safer, and more sustainable).

In fine chemicals, there is increasing integration of chemistry and biochemistry in
production processes. By making use of bioprocess technology, the industry is trying to
reduce the number of process steps.

In fine chemicals, much attention is being paid to the regeneration and reuse of enzymes,
co-factors, and by-products. Recovery rates are often of decisive importance to the

economic viability of a bioproduction process.

Issues

Since most bioprocesses are firm specific, most of the research on bioprocesses is done
in-house. However, some basic research is still needed, and too little is being done in
public research. Bioprocess technology (downstream processing) is given relatively little
attention by public research. Most public research is being devoted to gene technology
(upstream).

There is a lack of vertical integration. A cultural gap seems to exist between scientists
{biologists) and technologists (process engineers).

There are few developers of separation technologies in the Netherlands, and there is little
research on practical applications. However, separation technologies (e.g. to separate
products from aquatic environments) are of strategic importance to the bioprocess
industry. In particular, there is a need to make better use of techniques that were
previously used only in the chemical industry.

The Dutch chemical industry is dominated by bulk chemicals; fine chemicals are usually
treated as a separate realm. This might retard the further spread of bioprocess
technology, because the potential of the technology with regard to fine chemicals can
only be fully realized when it is integrated into the technology base of firms that have a
broader scope than fine chemicals alone.

The driving force behind developments in bioprocess technology is the ever-increasing
demand for quality and safety in industry (particularly in the food industry, where

hygiene is of critical importance).
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Figure 3.11

The case of software engineering

Definition
Software engineering covers the trajectory from the specification of a computer program to
its final use. It includes those techniques and technologies that focus on the design and
construction of software and its management and maintenance. Special software, such as

compilers and developing tools, is also included.

Overview of playing field
The following research fields are important for technology development within the field of

software engineering:

1. Software architecture — the breakdown of an information system into components and the
way in which these components cooperate to realize the functions of the system.

2. Specification methods — these methods aim to retrieve the precise requirements of an
information system and to translate them into exact statements as guidelines for the further
development of a system.

3. Construction methods — these methods are very important for the mechanization of the
software development process. The goal is to be able to develop software faster and make it
more flexible. Component-based technology plays an essential role.

4. Testing methods, which are important for effective and efficient testing of a software system
composed of software components from different suppliers.

5. Interoperability, which deals with the integration and linking of different information

systems and the redesign of legacy systems using state-of-the-art software technology.

Demand side

Software engineering is an important contributor to the development of any information
system. This means that it is significant for many segments of Dutch business and indus-
try. The matrix presented in Fig. 3.11 shows which Dutch business segments have a strong

need for software engineering.

Dutch business segments for which software engineering is considered important

Software
engineering

Food & Printing & Metal products  Machinery & Trade & retail Information Financial Other
consumables publishing & other manuf.  transport & telecom services services
products equipment services,

software
[ ] ® [ ] ® L ] [ ] L[] [ ]



Software engineering helps to develop information systems quickly. It can also make infor-
mation systems flexible. This is important because it enables organizational changes in a
company to be adapted quickly. The development of technology for software engineering

is particularly of great importance to:

a. Developers of information systems (e.g., Cap Gemini, Getronics, Origin, Baan) and large
users of information technology (IT) in the field of financial services (e.g., ABN AMRO,
ING, Rabobank) and retail (e.g., Ahold).

b. Users of IT systems, for whom the systems can provide them with a competitive advantage.

Supply side

Fig. 3.12 shows the major actors on the supply side of software engineering. In this
technology field, there is relatively little basic research and development being carried
out. In the private sector, most of the research is focused on the short term (product
development and innovation). Private research is mainly performed at the large software
houses that implement software systems and make single-client software. There are also
some major telecommunication firms (e.g., Alcatel, KPN, and Lucent Technologies) that
invest in software engineering, especially software related to networks.

In the public sector, most of the Dutch universities are engaged in some way in research on
software engineering. Research is fragmented across many research groups. There are four
important graduate schools in the field of software engineering: the Institute for Software
Science and Algorithms (IPA), the Graduate School for Telematics and Informatics (OT1),
the School for Information and Knowledge Systems (SIKS), and the Graduate School for
Logic (OzsL). In addition, there are three research institutes at which software engineering
is carried out. They are the Software Engineering Research Centre (SERC), the Center for
Mathematics and Informatics (CW1), and the Leading Technical Institute for Telematics
(LTI-Telematics).

Relationship between supply and demand
Formal interaction between private firms and public institutions has been given shape by
SERC and LTI-Telematics. SERC was originally founded by Dutch industry to translate
university research into business needs. LTI-Telematics is partly sponsored by private firms
(including IBM, Lucent Technologies, ING, Rabobank and KPN), which also participate in

its research.

Trends

Figure 3.13 highlights the most significant trends related to software engineering.

+ There is a demand for reducing the time for development of software systems. There is
pressure to reduce what once took nine months to nine weeks, or even to nine days.

+  Within software engineering, there is an important trend towards modular, component-
based software, which enables the construction of fast and flexible information systems,
and away from the classical, artisan approach. These types of systems are vital in order to

be able to respond quickly to dynamic organizational changes within an organization.
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Figure 3.12

Software engineering technology suppliers
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Furthermore, software toolkits and systems can be segmented into separate components
that describe parts of an organization, but they can also provide the information supply
and applications throughout an organization. The software components, therefore,
should be easy to integrate with other components. Another advantage of the modular,
component-based approach is that the components can be developed separately and
assembled later in a so-called ‘software factory’. This provides flexibility and speed in the
development process (and requires less human resources). The technology required to
build software in components is still being developed.

+ In order to be able to develop flexible software applications rapidly, there is a need to
reduce the amount of maintenance required to increase the reliability. There is also a

need for appropriate testing methods.



Figure 3.13

Trends related to software engineering
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Issues

Although there is a large industrial interest in the further development of IT systems and
software engineering, Dutch software companies perform relatively little medium- and
long-term R&D. There are a number of reasons for this. The industry is now focused
mainly on euro conversion applications and solving the millennium problem. There is
also a lack of venture capitalists with a thorough knowledge of software technology and
the software industry. Furthermore the software sector is still relatively immature and a
large part of the work is still carried out in a traditional way. Moreover, the Dutch soft-
ware companies focus largely on the national market. With the development of a tech-
nological edge, the software industry could direct itself to consolidate its current strong
national position.

Higher education research is fragmented across numerous research groups. The research
fields seem to overlap. The research groups are mostly associated with a faculty or insti-
tute of mathematics or physics. The research is mainly theoretical, but its quality is good.
Due to the fragmentation, it is not clear for outsiders what kind of research is being
performed where. Since the research groups are small, they lack critical mass.

Within software engineering there is an especially large (cultural) gap between the
universities and industry. Therefore, there is limited interaction between the research
institutes and industry. If software companies are in need of R&D, they usually perform it
themselves. Software companies find the R&D at research institutes too theoretical. They
see universities mainly as a source of graduates.

There is a dramatic shortage of graduates from computer science and engineering
programs (both from HBO and universities). Interviewees expressed concern that there is
a large gap between the demand for graduates and the supply of graduates, and that this
gap is continuing to widen. It seems that Dutch students do not find the prospect of an

IT career attractive.
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The case of catalysis

Characteristics

Definition. Catalysis is the collection of techniques that make use of the physical
phenomenon that the speed of a chemical reaction between two compounds can be signifi-
cantly accelerated by the presence of a third compound (the catalytic agent). Catalysts are
essential for the industrial production of most chemical products (including plastics and

fibers) and the processing of crude oil.

Demand side. The presence of relatively large chemical and oil refining industries in the
Netherlands has led to an interest in the catalytic processes that are used extensively in
various branches of these industries. Shell Chemicals, Akzo Nobel, and Engelhard de Meern
are the main producers of catalysts. They supply users in the process and oil refining indus-
tries worldwide. This large industrial interest in catalysis is acknowledged and supported

by the Dutch knowledge infrastructure.

Supply side. The large industrial research centers within Shell, DSM, Akzo Nobel, and
Unilever have an outstanding international reputation in the field of catalysis. The Dutch
Institute for Catalysis Research is a joint effort of seven Dutch universities to coordinate,
intensify, and focus their research efforts in this field. Over the past fifteen years, other
initiatives have led to many one-on-one relationships between companies and knowledge
suppliers and to a number of close-knit networks involving demanders and suppliers. Their
focus is not only on catalysis but also on technologies that contribute to the field of catalysis

(e.g. reactor science, materials technology, chemistry, and molecular biology).

Trends

Interest in catalysis has grown within the knowledge infrastructure over the past years. This
interest is clearly visible in the research and education program. The following three major
trends can be recognized in this technology field.

The molecularization of chemistry is providing insights into the mechanisms through
which catalysts operate and into the structure of the transformation of molecules. This is
resulting in the development of improved catalysts and new catalysis processes. Stereo-
specific catalysts and bio-catalysis are promising application areas for the fine chemical and
pharmaceutical industries.

The demand for catalysts is growing, boosted by the goal of industries to make more
efficient use of raw material and energy and to decrease their by-products and negative
environmental impacts.

The research of large multinationals is becoming more application oriented. It is turning

more and more toward public research organizations for its fundamental research.

Issues

Since 1990, the industry’s need for research and graduates has grown tremendously and
public rescarch and universities find great difficulties in satisfying this increased need. The

intensified role of public research and universities is undermined by a decreasing number



of students and AIO’s. For some research groups (public and private), the number of
qualified researchers is about to drop below the critical mass needed to make quality
research possible.

To a large extent, industrial interest in university research correlates with the level of
governmental co-financing. This co-financing (‘tweede en derde geldstroom’) tends to vary over
the years, thus preventing university research from giving long-term commitments to industry.
Public and private research is rather risk-avoiding and explanatory. Fundamental

exploratory research is required in new fields such as bio-catalysis.

The case of separation technologies

Characteristics

Definition. Separation technology comprises those technologies that aim to separate the
products of chemical reactions into single components. The techniques used originate
from a variety of different principles, including distillation, filtration, centrifugation,

dehydration, extraction, absorption, crystallization, and the exchange of ions.

Demand side. Separation technology is used in three main industry sectors: process
industry, waste processing, and machine building. The process industry, specifically the
food and chemical industry and the oil refineries, represent a major part of all Dutch

industry. Separation technology plays an important part in their processes.

Supply side. The suppliers in the waste treatment market are mainly from outside the
Netherlands, except for Stork. They supply to businesses in the emerging waste treatment
field as well as in the more established process industry. Most Dutch machine manu-

facturers (about ten in number) are too small to become full system suppliers.

Trends

1.

The little public research on separation technologies that is being done at the moment, is
carried out at a number of universities and at TNO. There are important industrial inter-
ests, and the investment costs are high.

The products of the process industry have to match increasingly higher purity require-
ments, resulting in increasing demands for improved performance of the separation equip-
ment.

There is increasing pressure to reduce industrial emissions that are harmful to the
environment. In the short term, the government will focus on the separation and
neutralization of organic volatile substances. Improved separation technologies are tools
for reducing these emissions.

New techniques such as membrane technology and crystallization seem suitable for scaling
up to industrial applications.

Separation equipment suppliers are developing from jobbers to suppliers of complete,
full-range systems. They are doing this by specializing and by building up specific knowl-

edge regarding their clients’ processes.
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Issues

1.

The process industry has not been stimulating the knowledge build-up of Dutch machine
manufacturers for waste treatment products. Instead, the Dutch process industry
maintains close relationships with foreign institutes and manufacturers. For example,
German, Danish, and Swiss equipment manufacturers have an established position in
making machines for the Dutch waste treatment market.

There is little cooperation between the knowledge demanders and the knowledge suppliers
in this field.

Within public research, there is not enough specialization. Only the University of Twente

has developed specialized knowledge in the design and use of membranes.

The case of gene technology

Characteristics

Definition. Gene technology refers to a number of recombinant DNA techniques that
enable the transfer of genetic material from one organism into another. Since this genetic
material (DNA) determines a certain function (production of a certain protein), charac-
teristics from the original organism can be directly transferred to the target organism.
Gene technology includes the following techniques, which are applied more or less
consecutively in the overall genetic engineering process:

Gene mapping & sequencing — mapping of the relative positions of genes on the chromo-
somes and determining the sequence of single (pairs of) bases within these genes.
Combinatorial chemistry & high throughput screening - screening of leads for new drugs
with the help of genetically engineered proteins (targets).

Vector implantation techniques — the actual transfer of genetic material between (micro-)-
organisms, usually based on one of the three transferring processes that occur in nature
(conjugation, transduction, or transformation).

Protein engineering — altering the spatial structure of a protein, which largely determines
the characteristics of that protein (e.g. improving the stability of industrial enzymes).
Metabolic pathway engineering ~ changing the metabolic pathways of organisms by
means of genetic engineering to stimulate the production of useful secondary metabolites

(e.g., production of human proteins by genetically altered crops).

Demand side. Gene technology is important to all business segments that make use of
living organisms. Companies within these business segments can be grouped into four
application areas:

Agriculture (e.g., Van der Have).

Food industry (e.g., Unilever, Nutricia, Nestlé, Coberco, Campina-Melkunie).

Bioprocess industry (e.g., Gist-brocades).

Fine chemicals/pharmaceutical industry, including specialized biotechnology companies
(e.g., DSM, Akzo Nobel, Organon, Solvay Duphar, Intervet, Centocor, MOGEN,
Pharming).



Supply side. All of the companies mentioned above carry out their own research on gene
technology. Most of the research is being done by the pharmaceutical companies. They
contract much of their research out to foreign companies (mainly in the U.S.). Much
specialized research in the Netherlands is being done by a number of dedicated biotech-
nology firms that cooperate closely with other technology developers. Most universities in
the Netherlands have activities in the field of gene technology, whether located in biology
or medical departments. There are a number of onderzoekscholen that can be clustered
around 3 themes: general biotechnology (e.g., BCA), drugs (e.g., LACDR and GUIDE), and
biomedical research (e.g., ALIFI). Central research institutions are LTI-Food and the New

Drug Research foundation. There are few links between LT1-Food and the onderzoek-

scholen.

Trends

1. Research on gene technology is dominated by the U.S., mainly because of the large
number of medical applications that are being developed there. Most of the fundamental

research on human genomes (gene mapping and sequencing) is being done in the U.S.

2. Technology development and technology needs show significant differences across the
main application areas:

« Agriculture: The Dutch agriculture segment traditionally has a strong position in
classical breeding of plants and animals. This position is being eroded by the wide-
spread use of gene technology, which results in increasingly rapid, more selective
ennobling processes, where crossing different species is possible.

*  Food industry: Gene technology enables radical improvement of classical fermentation
processes. For the increasingly important market of ‘functional food’, gene technology
research is becoming strategically important.

* Bioprocess industry and fine chemicals: Gene technology is being used to improve
industrial fermentation processes and to develop and produce enzymes. The produc-
tion of pharmaceutical products in bulk by means of genetically modified crops is a
potential threat to the Dutch fine chemicals industry, which traditionally has a strong
position in the microbial production (Gist-brocades) and enzymatic production
(DSM, Akzo Nobel) of such products. For the further improvement of biocatalysts,
the dominant application of modern biotechnology in fine chemicals, protein engi-
neering, and nanotechnology are important research areas.

*  Pharmaceutical industry: Modern biotechnology is embedded in the research and
development programs of the industry to such an extent that most new products now
involve its application. For example, the results of the Human Genome Project are of
crucial importance for the screening of new targets for drug discovery.

3. Dutch pharmaceutical companies contract out an important part of their R&D to Ameri-

can research institutes or companies. However, a relatively large amount of fundamental
research into medical applications of gene technology (e.g. gene therapy) is also being done
in the Dutch knowledge infrastructure (especially in academic hospitals). Dutch pharma-
ceutical companies work closely together with universities and specialized biotechnology

companies.

4. European companies such as Novo Nordisk, Gist-brocades and Solvay traditionally
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dominated the (industrial) enzymes market. Recently the American company Genencore
took away activities from both Gist-brocades and Solvay. Most research on advanced
enzyme technology is also conducted in the U.S., especially by small, specialized biotech-

nology companies.

. In the fields of plant biology, cell biology, and microbiology, the Netherlands have a very

good international record. However, big chemical companies such as Monsanto and
Ciba-Geigy have taken the lead in the development of genetically modified crops.

With regard to rescarch on lactic acids (which are of strategic importance to the applica-
tion of gene technology to dairy products), the Netherlands is still a world leader. Research
on applications of modern biotechnology to food is concentrated in LTI-Food.

Another important nexus for research on gene technology is New Drugs Design foun-
dation. In general, there is good linkage between supply of and demand for knowledge on
gene technology in the Netherlands. More bottlenecks occur in the commercial exploi-

tation of knowledge than in the generation of knowledge.

Issues

1.

For the agro-food cluster, low consumer acceptance is still the most important bottleneck
for the application of gene technology. However, there are big differences among consumer
groups. The introduction of genetically engineered functional foods could be an important
first step toward more widespread acceptance of genetically engineered food.

Dutch universities and research institutes generate little revenue from patents and licenses,
despite their strong research position. Under the present legal structure, it is difficult for
Dutch scientists to pursue both academic goals (publications) and commercial goals
(patents) at the same time. Furthermore, the legal infrastructure on patents is not very well
developed in the Netherlands (e.g. there are no private patent lawyers). The dominance of
the U.S. within genome projects could lead to their monopolization of patents related to
genetic material, which would threaten applied research in other countries.

A general problem for small high-tech companies in the Netherlands is the small home
market and the lack of venture capital. In general, potential investors are risk-averse and
have little knowledge of technology. Specialized biotechnology companies that operate
within the agriculture sector are at an additional disadvantage because of the lack of
dedicated customers in this area.

Researchers at universities have little commercial knowledge and marketing skills. As a

consequence, market opportunities are overlooked or business risks are overestimated.

The case of polymers

Characteristics

Definition. The polymer technology field includes several technologies that are concerned
with the production chain of polymers — the polymerization from monomers to polymers,
and the processing and usage of polymers in (semi)finished products. Polymers are valued
for their mechanical, functional, and aesthetic properties as well as for their unique

processibility.



Demand side. The demanders of polymer technology can be placed into three categories:

. The polymer-producing industry — large multinationals of chemical industry (e.g. Shell,

DSM, Dow Benelux, GE Plastics).
The polymer-processing industry — small and medium-sized enterprises that process
granulates into semi-finished and finished products.

The users of plastic (semi)finished products — enterprises from various business sectors.

The main application areas are:

Consumer products (e.g. household, clothing).
Professional industrial use (e.g. packaging materials).
Semi-finished products (e.g. computer industry).

Plates for the traffic and transport industry (aerospace industry).

Supply side. Research on polymer technologies is concentrated within the large polymer-
producing firms. Research in the public knowledge infrastructure is much more limited.
The most important rescarch institutes are the Dutch Polymer Institute (LTI-Polymers),
TNO Industry, and the onderzoekscholen PTN (Polymeer Technologie Nederland) and KOP
(Katalytische Olefine Polymerisatie).

Trends

1.

In the global and highly competitive polymer industry, the time-to-market for new
products is crucial. Industry strives for a produce-to-order service. To deliver this service
in a cost-effective and rapid way, industry acknowledges the nced for in-depth knowledge
of the relationships and correlations among the various functionalities of the polymers, the
architecture of the molecules, and the production processes.

Both applied and fundamental research are becoming more and more customer-oriented.
Applied research serves the short-term research needs of customers and production. The
long-term needs of customers and production mainly drives the portfolio of fundamental
research. The interrelated portfolio for applied and fundamental research together with
knowledge management are expected to create the necessary knowledge base for a
competitive polymer industry.

The founding of PTN several years ago was a first attempt to focus public research on poly-
mers. Until then, R&D was scattered over three universities (TU Delft, TU Eindhoven, and
TU Groningen) and TNO Industry. The amount of public R&D is still limited compared to
private R&D, and is small compared to the economic importance of the polymer industry.
The recent establishment of LTI-Polymers is an important step towards a better balance

and coordination between public and private R&D.

Issues

1.

A competitive position of the Dutch polymer industry might be secured through fun-
damental research on relationships between molecule structures and the functions of
polymers. The alteration of molecule structures can improve the processability and
performance of polymers and could lead to new applications. Well-structured development

and management of this knowledge could lead to shorter times-to-market.
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2. Improved processability of polymers will stimulate the usage of polymers by SMEs, since it
will make them easier to use.

3. Public research lags behind in the promising area of metallocenic catalysis. This process is
receiving a great deal of attention in national private and international public research.
Using metallocenic catalysis, the final properties of polymers can be manipulated during
the production process, resulting in much purer polymers. These polymers find a much
broader use and can replace blends, which are more harmful to the environment.

4. PTN and LTI-Polymers will lead to better coordination between public and private
research, but may not generate sufficient growth of public research.

5. The research activities of TNO are satisfying only a small portion of the knowledge needs
of SMEs (the majority of companies in the polymer processing industry). The involvement
of TNO in PTN and LTI-Polymers could help TNO to redirect their research towards the
needs of SMEs.

6. The ongoing development of polymer blends, being developed primarily for their good
mechanical properties, conflicts with the social call for products that are less harmful to the

environment and that are reusable.

The case of composites

Characteristics
Definition. Composites are materials (matrix materials) that are reinforced by another
material (fiber 98%, carbon and aramid 2%) in order to improve the mechanical proper-
ties of the matrix materials. The most common mass production technologies are those
that were originally developed for fiber-reinforced polyester resins. Injection molding of
composites is an upcoming promising technology for mass production. For low production

volumes, composites are still being processed by hand.

Demand side. Important markets that push the development of composites are in the
aerospace industry (wing parts, body parts, shields) and the car industry (body parts, break
parts). Large users of composites are the electric and electronics industry (wiring devices,
boards) and the consumer products industry (handles, buttons, tableware, outdoor equip-
ment). Upcoming users of composites are the machine manufacturing industry (machine

parts) and the civil engineering industry (suspensions, construction parts).

Supply side. The research capacity on composites is concentrated within the suppliers of
raw materials, such as Akzo Nobel, DSM, GE Plastics, PPG, and Shell. Dutch companies
have a strong position in the combination of resins and fibers. Research is also being done
by processing companies that supply components to the aerospace industry (e.g., Fokker
Special Products) and the car industry (e.g., Polynorm Plastics), by large users (e.g.,
Philips, Wavin, Epicon), and by start-up companies that are spin-offs from either TU Delft
(e.g., Brinkman & Van Maurik) or Fokker (e.g., ADSE). In general, the focus of research is

more on developing materials than on processing and applying materials.



Trends

1.

Pressure for energy-efficient improvements in transport equipment (cars, trucks, trains,
airplanes) will be an important force for the development of new materials, new applica-
tions, and new mass production processes.

Composites are increasingly being used for parts that are subject to dynamic load condi-
tions {machines and transport equipment). The behavior of a composite under dynamic
load conditions is strongly related to the density, orientation, and spread of the particles in
the matrix. Pilot projects are being launched to trace these relationships through trial and
error.

The presence of private research on resins (matrix materials) and fibers in the Netherlands
is large and rather unique. In the public knowledge infrastructure, several groups are per-
forming research on composites — the technical universities of Delft and Eindhoven, TNO-
Industry, NLR, ECN, and KEMA. The Centre for Lightweight Constructions of TU Delft is
the largest of the group. It developed two fiber-metal laminates (ARALL and GLARE) that
have attracted international attention. Production and processing for medium volumes (up

t0 1,000,000 pieces) has remained underdeveloped.

Issues

1.

The market for composite products is growing, but new enterprises are not emerging, due
in large part to an absence of risk capital.

The R&D on composites is still focused on resins and fibers, leaving product-oriented
development behind. Research targeted at technology development for medium volume
production could stimulate the use of composites and fill the present gap between small
volume (hand) production and mass production.

There is poor interaction between the suppliers of knowledge and the demanders of knowl-
edge in this technology field. There are no bridging organizations or applied research
programs aimed at the composites technology field. Consequently, a gap exists between the

development of knowledge (theory) and the needs of users (practice).

The case of surface treatments

Characteristics

Definition. Surface treatments improve the performance of materials referred to as
substrates (usually steel, aluminum, or plastic). This improved performance can come from
better protection of the substrate, embellishment of the substrate, or some other improved
property. Surface treatments can be divided into three categories according to the process used:
Processes that change the surface structure (mechanical and thermal hardening).
Processes that apply alloys (electrochemical and thermochemical).

Processes that apply (upper) layers (painting, coating, galvanizing, thermal metal sheeting,
thermal spraying, chemical vapor deposition (CVD), physical vapor deposition (PVD)).

Another classification is based on the thickness of the layer. Thin film layers are typically
less than 1 micrometer; thick film layers are typically more than 10 micrometer. Most of the
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techniques mentioned above can be used for both ranges. Painting and coating apply only
to thick film applications; CVD and PVD apply only to thin film applications.

Surface treatments for some products are a regular part of the production process. Surface
treatments have a wide range of applications over many business segments. These include:
Traffic and transport — high performance engines, catalysts for exhaust systems, fuel cells,
the protection of car bodies.

Medical technology — biocompatibility, coatings for teeth, coatings for medicines (con-
trollable permeability of pill coatings).

Building — controllable reflection of glass windows (active windows).

Energy — high performance gas turbines.

Electronics — printed circuit boards, LCDs, storage devices (optic, magnetic).

Surface treatments make it possible to add functional characteristics on top of or inside a
surface. These characteristics are so essential that some application areas have developed
their own specific surface treatment technology. For instance, a specific surface treatment
technology has been developed for electronics (e.g., for chips, rheostats, capacitors, sensors
and actuators) and for communication technology (e.g., for displays, opto-electronic
components, and glass fibers). Other application areas are énergy (solar cells, solar
collectors) and data & information storage (magnetic sound recording tapes, video tapes,

and magneto-optical memories).

Demand side. Surface treatment technology is being used by small Dutch suppliers to
supply big users (such as Océ and Nedcar). Philips has a wide interest in surface treatments.
Other companies have more specific needs:

Paints and paintworks (Akzo Coatings, Sigma Coatings, and DSM Resins).

Galvanizing (Stork Screens).

Metal and aluminium coil coatings (Euromax and Hunter).

Wearproof tools and gas turbine components (Hauzer, Staps, Elbar).

Metal coatings on plastics (Vacumetal).

Thermal spraying (Interturbine, TSE, Hydrauline).

Thermochemical processes (DAF).

Machines for the electronic industry (ASML, Tempress).

Supply side. Research capacity on surface treatments in the private sector in the Nether-
lands is rather limited and concentrated in some big users (such as Akzo Coatings, Philips,
and Hoogovens). For thin film techniques (such as CVD and PVD), Philips is the most
important technology developer. Research in the public knowledge infrastructure is
compartmentalized and focused on CVD and PVD techniques for applying magnetic,

optical, and micromechanical layers.

Trends

. Normally, the treatment of surfaces takes place at the end of the production process (post

finishing). This means that material is either unprotected or protected and cleaned

(preserved) during the production and assembly process. A durable pre-production surface



treatment and finishing of the final product (pre-finishing) would reduce the number of
preservation measures needed and would speed up the production process. The processing
of pre-finished materials requires a different way of handling, bending, cutting, and
punching materials.

Lightweight materials such as plastic and aluminium are increasingly being used to obtain
weight reduction in transport vehicles. Whereas steel pre-finishing techniques are being
developed nowadays, little attention is being directed to the pre-finishing of polymers and
aluminium. This lack of attention might slow down the introduction of lightweight
construction materials in traffic and transport equipment, which would slow down the
development of energy efficient vehicles.

Many surface treatments leave a residue of chemicals that are harmful to the environment.

Closed loop surface treatments reduce the environmental impact of these residues.

Issues

1.

There is no central research institute which, as a main objective, develops and disseminates
knowledge concerning surface treatments. As a result, there is little synergy between the
public knowledge infrastructure and private enterprises. The establishment of LTI-Metals
and LTI-Polymers are major steps forward. When it comes to surface treatments, coordi-
nation and knowledge exchange between these two institutes is required.
Application-oriented public research on surface treatments is limited. The research on
surface treatments performed at the LTI’s has a more fundamental aim and is focusing on
new techniques like CVD and PVD. The research at the LTT’s should lead to new insights
and to a basis for new surface treatments that are more environmentally friendly and
suitable for pre-finishing. However, the wide application of these new techniques in indus-
try will come only in the distant future.

Public research does not support the enhancement of surface treatment techniques widely
used in industry today (e.g. painting, lacquering, and electroplating). The development of
these techniques by industry is scattered, slow, and not coordinated, creating a gap between

the present and future in surface technologies as a whole.

The case of production automation technologies

Characteristics

Definition. Production automation comprises technologies that enhance or replace
human labor in production activities. We exclude rigid automation and focus on flexible
automation. Within flexible automation we consider only the application of information
technology to the production of discrete products (the manufacturing industry) and
supporting processes, since these functions apply to a large portion of Dutch industry.

Initially, automation was applied to individual tasks and functions in production (single
systems). Efforts are now being made to integrate systems on higher levels. The focus of the
latest efforts is on internal business improvements. Some recent production automation
concepts are FPA (Flexible Production Automation), FFC (Flexible Fabrication Cells), CIM
(Computer Integrated Manufacturing), and MAP (Manufacturing Automation Protocol).
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The realization of these concepts has not been feasible for many companies, so these
technologies have not proven very successful.

Still, portions of production systems have been automated in many companies. In the
design of products, Computer Aided Design {(CAD) systems are used, often in combination
with extensions such as Computer Aided Engineering (CAE) and Computer Aided Manu-
facturing (CAM). Work planning is enhanced with computer aided production planning
(CAPP) and CAM systems. Materials requirement planning (MRP), data communication
systems (DNC), process control systems (SCADA), and systems for tracking and tracing are
used to enhance the production process. Financial-administrative processes are supported
by accounting toolkits. Communication within and between companies is supported by
Electronic Data Interchange (EDI) and Product Data Interchange (PDI) systems. The
management of physical distribution is enhanced by tracking and tracing systems and by
communication systems. Emerging standards are PDM (Product Data Management), STEP
(Standard Exchange of Product Data), and ERP (Enterprise Resource Planning).

Demand side. Leading users of production automation technology are DAF Trucks, Ned-
car, Stork, and Philips. However, compared with countries such as Germany, there are few
big demanders in the Netherlands. Most technology developers are small companies that
supply production automation technology to users. They are co-developers/co-makers
(e.g., apparatus suppliers to the chemical industry that closely cooperate with foreign STEP
and PDM developers) or jobbers.

Supply side. Production automation tools are primarily being developed by some of the
larger information system developers, such as Baan, and software houses that implement
applications and develop single-client software (such as CMG, Origin, Datasciences and
Cap Gemini). Baan Software is a world leader in developing ERP-software. There are also
many, often small, production automation specialists that develop single-client applica-
tions. In general, much of the private R&D on production automation technology is being
done by the machine industry. But there are few big Dutch companies in this industry.
There is little research being carried out in relation to PDM and STEP and little feature-
based modeling is being developed.

Public research is limited, and is mainly being performed at universities (especially
TU Eindhoven, TU Delft, and the University of Twente). TNO Industry performs applied
research within the field of production automation. Except for a few research groups,

public research is not focused on any of the current concepts (such as STEP).

Trends

1.

New efforts to integrate automated systems have emerged and can be subdivided into three
groups:

Central control of the production process — redesigning business processes enables the
integration of IT systems (for example ERP-software) to support the management of
production and other processes (logistic, financial, and administrative).

Interchange of data between business processes — concepts such as PDM, STEP, and feature-
based design use product data as a starting point for the interchange of data between



business processes (internal and external). The core of PDM and STEP lies in generating,
storing, and processing product data in such a way that the data can be re-used for other
purposes in other parts of the business or in other parts of the production chain. Feature-
based design automates the design process by using design components that represent
specific product characteristics or available manufacturing processes. Feature-based design
enables rapid and clear communication between marketing/sales, design/engineering, and
production, thus speeding up the design process.

Tracking and tracing — managing and controlling logistical processes and decentralizing
business processes is facilitated, both in-house and off-site through tracking and tracing
systems.

Pressure on production costs and time-to-market increases the pressure on efficiency. The
concepts mentioned above can reduce the time-to-market dramatically. However, since the
level and type of automation varies among companies and business segments, it is difficult

to make the needs of industry uniform or explicit.

Issues

1.

In the Netherlands, little technology development is carried out on the latest concepts in
production automation. The efforts regarding technology development within the field of
ERP are considerable, due mainly to the presence of Baan. Within other areas, such as STEP,
PDM, and feature-based design, the R&D efforts do not correspond with their importance.
This seems to be caused by the lack of long-term strategies within industry and the inherent
difficulties in expressing the technology developments that are needed.

Many companies have a conventional attitude, which is not focused on innovation. The
focus of companies is on the short term. A future vision regarding production automation
is lacking.

Due to the diversity and various levels of production automation in the industry, little
private research and development is transferable from company to company.

Students at universities and in higher education are trained to fill positions within specific
business processes and not to act and think across business processes. However, thinking
across processes is required for the development of feature-based design, STEP, MRP, etc.
Students also lack practical business process training when they enter the labor market.
Since enterprises are focusing less and less on the longer term, the role of public research

is becoming increasingly important. However, little public research is being carried out.

The case of energy saving technologies

Characteristics

Definition. In general, all technologies have some effects on energy consumption. In this
project we focused on those energy-saving technologies that specifically relate to a certain
function or task and reduce energy consumption.

The areas that show the most important developments in energy saving technologies are:
Redesign of processes — to reduce the energy consumption.

Catalysis — to develop alternatives for energy-consuming chemical processes.
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Process integration — for re-use of residual heat.

Process control and sensors — for energy-efficient control of processes.

Separation processes — to develop alternatives for thermal separation processes.
Biotechnological processes — to develop alternatives for energy-consuming chemical
processes.

Materials technology — to improve the efficiency of thermodynamic processes.
Dematerialization — to reduce the amount of waste of products and processes (indirectly

reducing the need for energy).

Demand side. Energy-saving technologies are typically aimed at applications. Energy
saving technologies are especially needed in industry where:

Heat can be recovered.

Spaces are heated.

Pumps, fans, and compressors are driven by electric engines.

Evaporation and drying processes are used.

The high energy-consuming industry sectors are the dairy, paper and carton, chemical, iron

and steel industries.

Supply side. The research aimed at energy saving technologies is very fragmented and

tends to be highly industry sector-specific and application-specific.

Trends

1.

The following represent some of the trends that can be seen in the various business sectors:
Some sectors (the dairy and process industry in particular) incorporate the development
of energy-saving technologies in the design and engineering of their processes in close
cooperation with public research groups. Fundamental research is carried out by univer-
sities. The technical universities contribute some applied research.

Some sectors, in particular parts of the chemical, paper, and carton industry, do not do
in-house development. They buy or license their processes and systems. R&D is mainly
carried out outside the Netherlands, and sometimes on the European level (e.g. in the paper
industry).

Some sectors (the iron and steel industry in particular) have most of the R&D in house or
incorporated in large cross-country initiatives.

Technologies that cut across several business segments are developed in university research,
TNO MEP, and companies that develop products in this field (Bronswerk, Alfa Lavel). The
research is scattered and related to specific applications.

For the high energy-consuming industries, cost saving is the main motive for investing in
energy-saving technologies. They regard cnergy-saving as strategically important and a
core technology for their processes. Recent studies show that reductions in energy use can
be reached of several dozen percent.

The low energy-consuming industries do not have a well-defined demand for energy-

saving technologies. Their core technologies do not include energy-saving technologies.



Issues

1.

The ambitious goals for energy saving by the policymakers are not always acknowledged by
industry. However, R&D for energy-saving technologies already is important and will
become increasingly important as industry tries to focus on core technologies. The fact that
low energy-consuming industries do not regard energy-saving technologies as core
technologies emphasizes the importance of strong public research.

The energy-saving goals of the government cannot be achicved by autonomous energy
saving alone. Substantial public and private R&D is required.

Besides the extensive R&D of the high energy-consuming multinationals, our brief field
rescarch has not revealed other substantial R&D efforts. Many companies that are investing
little in energy-saving technologies are likely to be confronted with a large knowledge gap
and large investments as soon as government regulations are implemented.

The focus of industry on core technologies (lean-companies) increases the pressures for
innovation and product/application development on the technology developers. The
number of technology developers in the Netherlands is very small compared to

surrounding countries.

The case of data and knowledge systems

Characteristics

Definition. Data and Knowledge Systems (DKS) can be defined as the field of information
technologies that makes knowledge explicit and exploits it. In other words, DKS are the
information technologies that support knowledge management. With these technologies,
organizational aspects play a leading role: ‘How can an organization and its software system
be established in order to gather knowledge and to use knowledge gained effectively and
efficiently?’

Important data and knowledge systems are:

Database systems — for the structured storage of electronic data.

Data warehousing systems — to link/interconnect all kinds of databases.

Datamining systems — to support the search for all sorts of correlated data.

Information retrieval — methods and techniques that support users in accessing digital
information.

Workflow and groupware systems — to capture and provide access to the information
within an organization (the distribution and access control of digital files).
Tele-applications — to enable decentralized working and commercial activities (the large-
scale use of tele-applications in the near future for purposes such as electronic commerce
will play a key role in the economic success of many enterprises).

Reasoning systems — artificial intelligence and decision systems that support individuals
in their decisionmaking processes.

Natural language processing systems — systems that enable the automated recognition

and translation of speech.
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Demand side. Renowned companies that invest heavily in knowledge management
include Océ, Siemens, Unilever, IBM, and Hewlett Packard. However, knowledge manage-

ment is not a major activity for most Dutch companies.

Supply side. American companies, such as IBM, Microsoft, and Oracle invest a great deal
in systems for knowledge management. Many new companies are being established as new
technologies emerge. In the private sector, the organizations that carry out or contract out
for research in this field are large companies (including ABN AMRO, KPN, Unilever, and
Shell), and a number of SMEs. Young and promising Dutch technology developers include
Syllogic, Data Distilleries, and Document Access. Public research is mainly undertaken at
CWI (Centrum voor Wiskunde en Informatica), LTI-Telematics, and universities. Besides
two graduate schools, there are many (small) research groups at the universities that focus
on specific areas within the DKS field (e.g., UvA, which focuses on artificial intelligence,

and KUB, which focuses on natural language processing).

Trends

1.

The growing amount of digital information within and across organizations emphasizes
the need for its structured storage and retrieval and for the management of work related to
the information. Information intensive companies include banks, insurance companies,
travel agencies, employment agencies, publishers, and large manufacturers.

Knowledge management sometimes leads business developments and sometimes passively
follows them. It is often connected with changes in industry sectors that are made in order
to obtain more cost effective levels of service, shorter lead times, or higher reliability. Some-
times knowledge management leads to a restructuring of the primary process.

At the moment there is a trend toward improving the IT tools that are currently available
but not yet suitable for large-scale use. These trends differ for each type of DKS system. The
major trends for some of these systems are:

Database systems — improving user-friendliness and accessibility especially for multi-
media databases and object based systems.

Datamining and data warehousing systems — improving user-friendliness and expanding
the functionality of datamining and data warehousing.

Tele-applications — improving the development tools of tele-applications in terms of cost
and speed.

Natural language processing systems — improving principles and the conversion of these

principles into useful software tools.

Issues

1.

This technology field is relatively young compared to other fields. The technology already
available provides many opportunities for emerging companies. The R&D performed by
large companies is aimed at improving performance and user-friendliness and discovering
new applications. In the United States, hundreds of companies are being established every
year. The Netherlands (like most West European countries) is falling behind in this respect.

There is an enormous lack of computer engineers.



Figure 3.14

The value chain for interactive and multimedia technologies

Content > Delivery === Service . =——==F Delivery =3
producers system providers system
providers providers

Content
providers

2. The direct value of public sector research for industry is small and its interaction with
industry is too limited.
University research lacks focus and coordination.

4. There is a lack of venture capitalists who have an understanding of the technology and the
playing field. This restricts the emergence of new technology-based companies.

The case of technologies for interactive and multimedia
applications

Characteristics
Definition. Multimedia systems are software technologies that enable digitalization, and
the integrated management and use of sound, text, graphics, and images (video and digital
photo). Most multimedia systems are interactive, in the sense that the user can (partly)

steer/influence the way the information is presented.

Demand side. The demands for multimedia products can be described by referring to a
value chain, each of whose links has its own need for a combination of software and
hardware. The chain, which is shown in Fig. 3.14, includes the following demanders of
interactive and multimedia technologies:

+  Content providers — publishers (such as Reed Elsevier and Wolters Kluwers), producers of
television programs, and producers of video games, which need off-line and on-line
computer platforms, storage media, and compression software.

*  Delivery systems providers — on-line telecommunication companies (such as Alcatel,
Ericsson, and KPN) and off-line companies selling their products through CD-ROMs and
diskettes, which need bandwidth (including mobile systems) and compression and
transmission techniques.

»  Service providers — developers and broadcasting companies, which need software for
processing and manipulation of data, especially as applied to creative design (e.g., user
interfaces and speech technology).
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Multimedia has a wide range of applications and is often mentioned as a key technology
for clectronic commerce. Important business areas that are demanders of multimedia
technologies, are:

Office applications — for communication in the form of multimedia documents, multi-
media e-mail, conferencing, workflow systems and teleworking.

Non-profit services — for cducation (e.g., telelearning), health care (e.g., on-line con-
sulting and back office information) and art and culture (e.g., on-line art collections).
Profit services — for publishing (clectronic publishing), travel agencies, banks (tele-
banking), retailers (teleshopping), auctions, and employment agencies (improved and new
services).

Entertainment — for ‘edutainment’ products off line (using CD-ROM or CD-i) and on-line

(Internet, interactive TV, video-on-demand).

Supply side. Most of the rescarch being done in the Netherlands on multimedia and inter-
active systems is applied research being done by private companies. Research on delivery
systems (telecommunication systems) is mainly done by large network operators and
developers (e.g., KPN Rescarch, Ericsson, Lucent Technologies). A great deal of research is
being conducted at Philips, much of which is aimed at new multimedia platforms (Digital
Video Broadcasting) and systems for end users. Various software companies are develop-
ing tailor-made applications. Origin, for example, has set up its own multimedia lab and
CMG has a scparate multimedia group. Furthermore, there are some rather small but
rapidly growing Dutch companies specializing in multimedia products, such as Lost Boys,
AND, and BIT.

As for public research, beginning in 1998 LTT-"Telematics will be involved in research within
the field of multimedia. CWI (Centrum voor Wiskunde en Informatica) and TNQO Multi-
media and Telecommunications also conduct research on multimedia technologies. The
latter organization is a virtual division of TNO, joining the expertise of scientists from
various TNO divisions. Higher education institutes have recently started courses involving
multimedia. TU Eindhoven’s Center for Research on User-System Interaction (IPO), which
focuses on perception and interaction, and the Hogeschool voor de Kunsten in Utrecht,

which focuses on creative aspects, are of particular note.

Trends

1.

The penetration of multimedia technologies differs greatly by business sector. The business
services sector has been slow to adopt these technologics because their use requires
organizational changes. Within the publishing sector, their introduction has made more
progress (still not large), with CD-ROMS reaching market in increasing volumes. However,
as there is no profit guaranteed, many publishers still regard the multimedia business as
risky.

Like television and radio in the past, multimedia technologies are likely to have such a
strong social impact that their design and usc cannot concentrate only on the technologies
themselves. Psychological and cognitive aspects will play an important role in their adop-

tion and use.



Issues

I.

Multimedia technologies are essential to the emerging field of electronic commerce.
Multimedia activities are increasing around the world. The importance of multimedia is
enormous. In the Netherlands, Philips sces multimedia as a part of its core business.

Up until now, the introduction of multimedia technologies has been limited to specific
narrow applications. The large-scale use of multimedia in companies and businesses will
require more than just software. It will require new organizational principles, a change in
working ethics, and a change in the laws on the digital reproduction and use of informa-
tion (patents, licenses). All these changes are in progress right now. Until these (inter-
related) changes are completed, the expected explosive growth in this technology field will
not take place.

Multimedia technologies are being introduced rather slowly into Dutch companies. Dutch
industry does not make the most of the available opportunities, although this seems to be
changing. Companics appear to have insufficient knowledge and experience when dealing
with multimedia technologies. The process of developing applications requires stream-
lining.

Many of the companies that are developing multimedia applications can neither recruit
enough researchers and/or developers nor obtain enough risk capital to finance projects.
In the Netherlands, public research and education in the field of technologies for inter-
active and multimedia applications is relatively limited and fragmented.

Research that is performed at the public research institutes and universities is mainly
theoretical and not oriented to applications.

Most of the research in the field of multimedia is taking place outside the Netherlands.
Renowned public research centers are primarily located in the United States (such as MIT’s
Multimedia Lab), but there are many elsewhere in Europe (especially in the United King-
dom and in Germany). Foreign companies that play a leading role in interactive and
multimedia applications include Silicon Graphics, Microsoft, and Apple.

Education is a major potential user of interactive and multimedia systems. In the Nether-
lands, however, use of such systems in educational programs is limited. There is a lack of
hardware, and teachers have little experience with and knowledge of the use of interactive
and multimedia systems. Furthermore, there is little in the way of Dutch language teaching

materials, which is especially problematic for the lower grades (basisonderwijs).
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In conclusion, the Technology Radar study set out to:

Identify technology fields that are likely to be of strategic importance to Dutch business
and industry within the next ten years.
Investigate whether sufficient knowledge buildup is taking place in the fields of strategic

importance.

Through a process that used quantitative measures, qualitative measures, and expert
judgment (of project team members and external experts), we identified the following
15 technology fields that, notwithstanding the importance of other technologies for specific

business segments, are certainly key to the success of the Dutch economy as a whole:

Bioprocess technology.

Catalysis.

Data and knowledge systems (including CAD, computer modeling, and simulation).
Development and production of composites.
Development and production of polymers.
Energy saving technologies.

Gene technology.

Measurement & process control.

Mechatronics.

Microelectronic components: sensors & actuators.
Production automation technologies (workfloor).
Separation technologies.

Software engineering.

Surface treatments.

Technologies for interactive and multimedia applications.

In the course of our research, complemented by extensive interviews with representatives
from business and the research community, issues and insights were identified regarding
possible gaps or problems related to the adequacy of the supply of knowledge about these
technologies to meet the demands of industry. Specific issues and insights pertaining to
each of the 15 technology fields are documented in separate technology profiles (see [RAND
Europe and Coopers & Lybrand, 1998b]). We also identified issues and insights related to
the areas of industry research and development, university research, and university
education across all 15 technology fields, which appear in the Executive Summary to this
report.

The intent of the information collected and the observations made based on this infor-
mation is to enlighten the ongoing discussion between business and the public research
community about how to achieve an appropriate level of technology buildup in the
Netherlands.
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APPENDIX A

Persons interviewed in Phase 1, by business segment

Agriculture and fishing Prof. ].G.A.}. Hautvast Agriculture University, Wageningen

Prof. dr. ir. L. Speelman Agriculture University, Wageningen

Mineral exploration, production, Dhr. K. de Groot Shell/Research & Technology Center
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and processing

Food and consumables

Dr. |. Nieuwenhuis
Dr. S.M.A. Lecchini
Ir. J.C.T. van der Wielen

Dr. A.H. Eenink

LTI-Food
Quest International
Nutricia

Nutricia

Textiles, clothing, and leather

A. Luiken, M.Sc.

TNO (Textile Research)

Timber, pulp, and paper Dhr. |. Bos Parenco
Printing and publishing Dhr. E.H. van der Eist VNU
Chemicals and polymers Ir. ). Zuidam DSM

Prof. dr. ir. J.G.H. Joosten DbSM

Dr. E. Molenaar Akzo Nobel

Ir. K. de Groot Shell (SIEP)

Pharmaceuticals

Dr. S.M.A. Lecchini
Dr. K. Wiedhaup
Drs. H. van den Berg

Dr. |.W.F. van Ingen

Quest International
Qrganon
QOrganon

Solvay Duphar BV

Basic materials

Dr. R. Boom

tr. D. Hamels

Dr. W. van Loo

Hoogovens R&D
Hoogovens R&D

ENCI

Electrical and electronic
components

Dr. T.].B. Swanenburg

Philips Multimedia Research




Persons interviewed in Phase 1, by business segment (continued)

Instruments and optics

Dhr. Vercoulen

Drs. ).C. Groeneveld

Océ van der Grinten

Het instrument

Metal products and other
manufactured products

Dhr. Vercoulen
Dhr. F. Pool

Dhr. R.]. van Donselaar

Océ van der Grinten
Philips CFT

Philips Semiconductors

Machinery and transport
equipment

Dhr. Th. Maas

Ir. W.H.M. van der Heuvel

Dhr. C.C. van Helsdingen

Stork
DAF Trucks

Frog Navigation Systems

Utilities Dr. G. van der Lee SEP
Building and construction Prof. ir. |. Stuip CUR

Ir. H.]. Vermeulen CUR

Ir. J.C. Huis in "t Veld DHV
Trade and retail Dhr. J.C. van Kleij Albert Heijn

Leisure and entertainment

Dhr. A.N.T. Tekstra

Nedertands Omroepproduktie Bedrijf

Transportation services

Dhr. B. Braekling

Dhr. H.A. van Gorp

TNT Express Worldwide

Nedlloyd

Information, software, and
telecom services

Dr. A. Labrujere

KPN Research

Financial services

Dhr. G.C. van der Stelt

Nederlandse Crediet Maatschappij

Environmental services

Ir. J.C. Huis in "t Veld

DHV
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APPENDIX B

Persons interviewed in Phase 2, by strategic technology

Separation technologies

Prof. dr. ir. W.P.M. van Swaaij
Dr. N. Wagstaff

Dr. V. Cauwenberg

University of Twente
Shell Research

DSM

Catalysis

Dr. ir. |.M. Oelderik
Dr. I.LE. Maxwell
Dr. D. Liebman
Dr.ir. ].G.H. Joosten

Ir. ). Zuidam

Programmacie IOP Katalyse
Shell Research

Dow Chemical Benelux
DSM Corporate Research

bsSM

Gene technology

Prof. dr. R. Schilperoort
Prof. dr. G. Venema

Prof. dr. G.T. Robillard

Dr. ir. R. van der Meer
Drs. J.F. Zijlstra

Drs. M.W.A. de Jonge

Leiden University
Groningen University

Groningen Biomolecular

Sciences{Groningen University

NIABA
Zestec

MCA Development

Polymers

Prof. dr. P.j. Lemstra

TU Eindhoven

Bioprocess technology

Prof. dr. G. van Dedem
Prof. dr. ir. |.A. Duine

Ir. |.A. Roels

Dr.ir. R. van der Meer

Dr. ]. Nieuwenhuis

Diosynth/TU Delft
TU Delft
Gist-brocades
NIABA

LTI-Food

Surface treatments

Prof. dr. H. de Wit

Ir. T. van Mechelen

Ir. |.H. van der Veen
Dhr. J.B.G.M. Kitselaar
ir. C.J.T.M. Willems

Drs. P.C. Keijzer

Hoogovens/TU Delft
Senter

VOM

FME-CWM
FME-CWM

Sigma Coatings



Persons interviewed in Phase 2, by strategic technology (continued)

Surface treatments
(continued)

Dr. F. van der Weij

Dr. T.E.G. Daenen

Philips PMF

Philips PMF

Composites

Dr.ir. }.C.M. de Bruijn
Drs. C. Peterson

Drs. K.A.]. Wielenga

Ir. P. Louwaard

Prof. ir. L.B. Vogelesang

Dhr. H.G. Hilders

Polynorm Plastics
Azdel

KWM Management
Tech. Cent. Ypenburg
TU Delft

Adprotech

Technologies for production
automation

Prof. dr. ir. H.].]. Kals
Dhr. P. jansz

Dhr. C.H.T. Smulders
Prof. dr. ing. C. Wortman
Dr. . Nieuwenhuis

Dhr. M. McGillivray

University of Twente
Siemens Nederland
Siemens Nederland
Baan/TU Eindhoven
LTI-Food

Senter

Ing. F.P.O. Klok ITC (Industriee! Technologie
Centrum)
Ir. R.J.M. Noordoven ITC
Energy saving technologies Dhr. F. Nielen Novem

Dr. T.].B. Swanenburg

Dr. K. Blok

Philips Research

Utrecht University

Mechatronics, process control,
and sensors & actuators

Prof. dr. ir. S. Middelhoek

Dr. K. Hjelt

Dhr. Th. van de Akker

Prof. dr. ir. |. van Amerongen
Prof. dr. ir. G.W.K. van Dedem
Ir. W. Jouwsma

Dr. R.P. Slegtenhorst

Ir. G. Brevord

DIMES, TU Delft

DIMES, TU Delft

ASM Lithography

DiISC, University of Twente
Akzo Nobel

Bronkhorst High-Tech
Delft Sensor Systems

Fluor Daniel
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Persons interviewed in Phase 2, by strategic technology (continued)

Mechatronics, process control, Drs. ].C. Groeneveld Het Instrument
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and sensors & actuators
{continued)

Dr. Van Rijswijk
Dhr. F. Visschers
Dhr. Schutterop

Dr. G.F.A. van de Walle

Hoogovens R&D
HYMEC
Mierij Meteo

Philips Research

Data and knowledge systems

Dr. S. Brinkkemper
Dr. P. Adriaans
Dr. G. van OQortmerssen

Dr. R. Bakker

Baan
Syllogic
cwili

TRC/LTI-Telematics

Software engineering

Ir. P. van Galen
Prof. dr. D. Rijsenbrij
Drs. T.P. Robinson

Ing. G. Florijn

FENIT
Cap GeminifVrije Univ.
Exact Software

SERC/Utrecht University

Interactive and multimedia

applications

Dr. A. Labrujere
Prof. A. Stienstra
Dhr. A. Kyrkos
Dhr. L.J. Zonneveld
Drs. B. Zeijilmans
Ir. P. Spohr

Ir. H. Kruijen

KPN Research
Philips

AND

AND

Lost boys

TNO Multimedia

TNO Multimedia




APPENDIX C oy

Panel of experts (6 November 1997)

Prof. ir. D.C. Boshuisen TNO Industry

Dhr. C.C. van Helsdingen Frog Navigation Systems
Dhr. A.B. van der Hulst BSO/Origen

Prof. dr. ir. J.G.H. Joosten DSM

Dr. ]. Nieuwenhuis LTI-Food

Dhr. A.D. Penrose Philips

Prof. dr. ir. W.P.M. van Swaaij University of Twente
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