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EC Issues First Report on State of Science,
Technology in Europe

36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE

in English 29 Nov 88 p v-xxi

[Text]

Foreword

“After years of uncertainty and even hostility towards
new technology we are witnessing a change in public
attitudes in Europe today: the need for scientific progress
finds a greater acceptance again, and the success of
European science is contributing to a new self-confi-
dence. We no longer respond to the American and
Japanese challenge in a defensive way.

“This development was undoubtedly necessary because
of the fact that technology has become a decisive element
in world competitiveness. It is obvious that the scientific
and technological potential of an economy largely deter-
mines its capacity to shape its own destiny. Only by
developing this potential further can the European Com-
munity maintain its autonomy and an ability to succeed
by its own efforts.

“In spite of considerable successes, Europe still has a
significant gap to fill in a number of high technology
sectors. These are precisely the sectors which will deter-
mine our competitiveness in the decades to come: infor-
mation technology, bio-sciences, new materials.

“If Europe does not succeed in reducing its technological
dependence in these fields over the next few years, the
Community’s internal market will also remain fragmented.
A strong Technology Community is an indispensable ele-
ment in our strategy for 1992, particularly because of its
link with the liberalization of public procurement.

“This is where the present report should help to show the
way. First of all, it is intended as an assessment of
European science and technology to date. But it also
identifies our technological needs for the future, as well as
opening up a discussion on the best means of carrying
them out.

“There is no reason for the European Community to be
reticent either in terms of science and technology or in
any other field. There is nothing to fear in comparing our
merits with those of our partners and competitors in the
world market. The Community actually seems to be at a
political and economic stage which should allow it to
give technology the role which it ought to have today as
we approach the threshold of a new century.”

Karl-Heinz Nafjes, Vice-President of the Commission of
the European Communities

Highlights

1. This report is a first response to the request of the
European Parliament for regular reviews by the Com-
mission of the state of science and technology in Europe.

It draws on wide-ranging sources of information and
assessment, notably: the Parliament itself, the science
and technology administrations in the member states,
the committees specifically established to advise the
Commission on research requirements, the views of the
independent evaluation panels on Community pro-
grams, systematic monitoring of the scientific and tech-
nical press and scientific meetings, as well as ongoing
work in other international organizations.

The Commission intends to update the report during
1989. Thereafter it should be published at two-year
intervals.

2. The main aim of the report is to provide a factual basis
for further reflection, both inside and outside the Com-
munity institutions, on Europe’s needs in science and
technology and how best they can be satisfied. It does
not, however, attempt to identify at what level or in
which framework at national or at transnational level
action in specific fields could most beneficially be taken.

3. The tentative picture emerging from this first report
can be summarized as follows:

(i) A good deal has already been done to improve the
European situation by increased efforts in spending on
research and development and in improving industrial
performance through innovation. But the efforts are still
unbalanced and fragmented. Three Member States (Ger-
many, France and the United Kingdom) account for
three-quarters of total spending on R and D in the
Community; and regional variations are acute. Cooper-
ative transnational actions (Community programs,
EUREKA [European Research Coordination Agency],
COST [European Cooperation in Science and Technol-
ogy], ESA [European Space Agency], CERN [European
Center for Nuclear Research], etc) account for only a
small percentage of the total research effort:

(ii) European efforts are in case well below those of our
major competitors (the USA and Japan) who are both
spending more and also taking action to remedy their
own weaknesses. Europe’s position is also threatened by
the new efforts of emerging science and technology
powers (the NICs in particular);

(iii) Europe faces three main challenges:

» To increase its capacity to develop and pursue, where
necessary, its own technological and economic options;

« To strengthen its international competitiveness, espe-
cially in those fields which will take on increasing
importance in the future; )

» To meet the social need for improved quality of life.
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(iv) Europe has the resources to meet these challenges. It
is rich in scientific talent and organizational ability. And
in its present economic situation it can afford to invest
more in R&D. The question is how to get the best out of
these resources and in which areas to focus the effort.

(v) Getting the best out of European efforts entails
addressing a series of issues: ensuring that science and
technology are understood and accepted at all levels of
European society; overcoming imbalance and fragmen-
tation by better coordination and by ensuring an ade-
quate basis for technological progress in the less-favored
countries and regions; encouraging the spread of tech-
nology skills throughout society; attracting more private
sector finance and facilitating the diffusion of technology
throughout industry; encouraging the links between
industry and universities; as well as exploiting the scope
for international collaboration in those areas where there
are evident mutual benefits. .

(vi) As far as research areas are concerned, the report
highlights five areas of major relevance to the European
economy:

« Information technology and telecommunications—a
particular research effort is needed to improve the
situation of the European semiconductor industry.

« New materials and technologies for use in manufac-
turing industry—superconducting materials are par-
ticularly promising.

» Aeronautics, where Europe faces a particular compet-
itive challenge.

« Biology and biotechnology which offer the prospect of
major transformations in industry and agriculture as
well as in the medical field. Specific efforts, however,
are needed on basic plant biology, gene-mapping,
neurobiology and biotechnology applications.

o Energy, where Europe remains highly dependent on
outside sources of supply—fusion is important for the
longer-term and carefully targeted research on new
and renewables and energy saving technologies in the
shorter-term.

In terms of the quality of life there are major research
needs in the fields of environment, health research and
industrial, road and nuclear safety. In environment some
of the research requirements have a global dimension.
Europe has the capacity as well as the need to make a
major contribution to the study of Global Climate change.

Underpinning these efforts in specific fields Europe
must sustain and develop its capacity in basic research to
provide the seedcorn for new technological openings.

4. There follow summaries of each chapter to the report.

1. Science and Technology and Europe’s Economic and
Social Needs

5. Despite substantial progress in recent years, Europe
remains weak in a number of the science-based sectors

which are growing rapidly world-wide. This specific weak-
ness reflects a technological dependence in key areas. Elec-
tronic components is a particularly important case.

The more traditional sectors of manufacturing industry
continue to account for higher shares of GDP than in the
United States and Japan. Some of them have made real
progress in modernizing through the application of new
technologies. Textiles is one example. Others, such as the
paper and board processing industry, or parts of the
machine-tool industry have been less successful. Even
those that have radically improved their position
through automation and innovation (eg. automobiles)
face increasing competition. One successful company
strategy in a number of industries has been to seek the
capture of the top-end of the market through technology.

Major efforts continue to be needed to improve the
technological position of European industry and to seize
the opportunities offered by scientific and technological
advance. Progress towards completion of the Internal
Market will help to create the right framework condi-
tions. But it needs to be accompanied by specific efforts
in the RTD field.

6. Improvement in the quality of life—the environment,
health-safety—are also increasingly important concerns
throughout Europe. Developments in science and tech-
nology are opening up new opportunities for tackling
these problems in an effective and economic manner.

7. Europe needs a broadly-based scientific and technolog-
ical capability to respond to the twin needs of incrcased
competitiveness and a better quality of life. This means
being able to choose and to develop its own technological
options where this seems appropriate. A fundamental
research capability is particularly important. Fundamen-
tal research is increasingly recognized internationally as
the provider of new openings and ideas and a key factor
in conditioning the pattern of economic and social
development longer-term.

8. The acquisition and maintenance of such a broadly-
based scientific and technological capacity is, however,
increasingly expensive: science is developing at an accel-
erating pace with ever shorter periods of time over which
to depreciate investment in R&D. This underlines the
importance of the most cost-effective solutions to the
organization of R&D, avoiding fragmented efforts. It
also means that the broadest possible market is needed
for the commercialization of the products of research
and development.

I1. European Science and Technology in a Comparative
Perspective

9. European efforts have to be set against the changing
international environment. Our main competitors (the
United States and Japan) have been making their own
adjustments to changing needs while new players are
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becoming increasingly important or could be so over the
coming years (the NICs, the Soviet Union, China).

10. European spending on R&D is still well below that of
the United States in absolute terms and below the United
States and Japan as a share of GDP. U.S. spending in
volume is 1.75 times that of the Member States of the
European Community combined, and research intensity
(R&D spending as a proportion of GDP), is only 1.9
percent in the Community compared with 2.8 percent in
the United States and 2.6 percent in Japan. Germany alone
has a research intensity (2.8 percent) comparable to
Europe’s competitors. Even when defense spending is
excluded United States expenditure remains significantly
higher than the European average.

In both the United States and Japan business also invests
and carries out more of the R&D than in Europe.

Both the United States and Japan have larger numbers of
research scientists and engineers in their labor forces; the
growth 1n Japan has been striking.

The United States

11. The high level of defense R&D in the United States,
half of which is contracted out to industry, is a potent
factor in mobilizing resources. The precise level of
spin-off to the civil sector from military R&D in general
and from SDI in particular, is hard to assess. But there
have been undoubted major benefits in the fields of
materials, aircraft engineering, vehicle technology,
computer technology and systems engineering. The
shift during the 1980s of much military R&D towards
development work tailored to the needs of more funda-
mental and applied research has, however, raised some
concern in the United States about reduced industrial
impact.

12. This has coincided with worries about the competi-
tiveness of U.S. industry and U.S. technological depen-
dence, notably vis—vis Japan. The Reagan Administra-
tion has taken initiatives to encourage American
industry to cooperate in the face of this challenge and to
increase the transfer of knowledge from Federal pro-
grams to industry. These have been combined with a
more restrictive approach to the wider availability of the
results of research.

13. A third concern in the United States is the prospect
of a shortfall of perhaps 500,000 scientists and engineers
by 2010 because of demographic trends and the pattern
of university enrolment. One issue is the encouragement
of foreign students (especially those from the Pacific
Basin) to stay on in the United States after graduation.
At the post-doctoral level there are likely to be increased
pressures to “poach” skilled R&D personnel from
abroad, especially from Europe.

Japan

14. The importance of basic research continues to be
recognized in the United States: it is the only sector of
Federally-funded civil R&D to have increased in recent
years. In Japan, where economic success has been
founded essentially on the absorption and transforma-
tion of foreign technology, efforts are now under way to
build up a capacity in basic research, reflecting a percep-
tion that this will be essential in opening up new tech-
nological options for Japan in the longer-term and
enabling it to stay one step ahead. Already Japan has
strengths in, for example biotechnology, new materials
and neuro-computing.

This interest in basic research, and the need to respond
to concern about the closed nature of the Japanese
science and technology system, has led to new openings
in international collaboration, including the Human
Frontier Science Program.

Emerging Science and Technology Powers

15. The most dynamic NICs are planning a substantial
growth in R&D spending and strategies for the develop-
ment of large cadre of highly qualified personnel, as they
themselves face challenges from other industrializing
countries. Korea in particular is making efforts in this
direction. Other emerging sciences and technology pow-
ers include Taiwan, India, Brazil and Israel.

China is making particular efforts to improve its science
and technology capability and major research programs
have been launched.

Developments in the Soviet Union, which was the largest
scientific establishment in the world and significant
achievements in, for example, aspects of space technol-
ogy, mathematics and theoretical physics, will depend
heavily on the success of the policy of restructuring
(perestroika) and its impact on the deployment of scien-
tific resources to the civil economy.

II1. Mobilizing Europe’s Resources

R&D Spending (public and private)

16. Within Europe there are major national differences
in levels of investment in R&D; in the relative impor-
tance of the public and private sectors; and in the
distribution of resources among research sectors.

Three countries (Germany, UK and France) account
together for over three-quarters of total public and
private spending on R&D in the European Community.
Germany has by far the highest research intensity and
the highest number of researchers in its labor force.
Industry also plays a bigger role in both the financing
and execution of R&D in Germany than elsewhere. In
the less favored Member States the public sector is by far
the predominant source of R&D finance.
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17. Regional disparities are larger still. The gap in R&D
intensity is of the order of 12:1 between the Member
States themselves and much greater at a sub-national
level. This technology gap between the developed and
the less-favored regions is much wider than the eco-
nomic gap.

Government Policies and Public Funding

18. In the majority of Member States public R&D
budgets have grown during the 1980s, although there has
been some recent tailing off.

19. Defense R&D is particularly important in the United
Kingdom (around 50 percent of the total public finance)
and France (34 percent), and to a lesser extent Germany
(12.5 percent). Elsewhere the shares are much smaller
and in some cases negligible. The wide differences in
defense R&D make coordination of national policies on
dual-use technologies particularly difficult.

20. Some countries give particular emphasis to the
public funding of basic research Germany, France and
the Netherlands in particular). In others, public expen-
diture constraints, the rising cost of basic research,
increased emphasis on measurable cost-effectiveness
and urgent need to improve competitiveness have led to
a new emphasis on industrially-oriented research.

European Cooperation and Coordination

21. Transfrontier cooperation in Europe, involving
industry as well as universities, has increased signifi-
cantly in the past few years. The experience has been
overwhelmingly positive. The Community’s own cost-
sharing programs have been oversubscribed, reflecting a
widely felt need for collaboration, especially at a time
when pressures on national budgets have been growing.
The experience of EUREKA—213 announced projects
involving 800 organizations, two-thirds of them indus-
trial—is further evidence of this thirst for a transnational
approach.

22. The share of the total European research effort that is
handled through these cooperative ventures remains,
however, small. The total cost of projects supported
through the Community’s programs is equivalent to
about 4 percent of total estimated EC public and private
spending on civil research. Even taking into account the
other major European ventures—EUREKA, ESA,
CERN, EMBL, etc.—the vast bulk of research continues
to be financed and carried out at national level, a large
share of it through national budgets.

23. The need to identify precisely where excessive dupli-
cation and overlap occur among these national efforts is
pressing. Efforts are being made within CREST to
improve the information base and to ‘“confront”
national policies. In the light of further progress in this
forum, the Commission intends to focus particular

attention on duplication and overlap in its forthcoming
reports on the state of science and technology.

IV. Research Issues for the Future

24. The research needs of Europe reflect the three
challenges described in Chapter I:

« To improve international competitiveness, notably in
the context of the completion of the Internal Market;

+ To respond to the needs of society by improving the
quality of life;

o To increase the Community’s capacity to develop and
pursue, where appropriate, its own technological
options, drawing on the opportunities offered by a
solid fundamental research capability.

The following is not an exhaustive list. It concentrates on
areas where particular efforts are needed to complement
or to supplement ongoing or planned activities by indus-
try and by public bodies (national and transnational).

Improving Competitiveness

25. There are significant research needs in five areas:
information technology and telecommunications, indus-
trial materials and technologies, aerospace, biological
sciences and energy.

26. The European information technology industries are
in better shape than at the beginning of the 1980s. But
the negative balance of trade in IT products is large (13.4
billion US$ in 1986), reflecting dependence in the fields
of electronic components in particular.

Research is needed to give Europe the capacity to master
and develop the next generation of memory chips based
on circuity for feature series below 0.5 micron. A signif-
icant cross-border collaborative project (JESSI) is cur-
rently under discussion among European manufacturers.

Progress is also needed in software and advanced infor-
mation processing and in peripherals (flat panel displays
and optical storage technologies) where Europe’s posi-
tion is weak.

More basic research is required on questions such as the
security and reliability of computers, computer lan-
guages and machine-learning; as well as prenormative
work to prepare the integration of IT systems designed
for a wide range of services (intelligent banking and
financial services etc.).

27. In telecommunications Europe’s relatively favorable
position could be threatened by continuing weakness in
the electronic components sector, the spiralling costs of
R&D and new technological and market challenges (such
as the digitalization of networks, developments in broad-
band networks).
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Research is needed on a wide front, including better
network management systems; specific electronic and
opto-electronic components; new materials and software
tools.

28. A significant research effort will also be required in
the development, coordination and integration of tech-
nologies for the application of IT and telecommunica-
tions, including language technologies.

29. Manufacturing industry currently provides 30 per-
cent of Community GNP and employs 75 percent of the
industrial work force of some 41 million. A general need
is to ensure the diffusion and application of available
new technologies by this sector. In parallel a major
research effort continues to be necessary to open up new
technological possibilities for European industry and to
solve particularly pressing problems. Areas of particular
interest include:

« Techniques for quality control (which can cost up to
25 percent of company turnover);

 Techniques for shaping, joining and assembly;

« Surface treatment to prevent corrosion (which can
cost up to 4 percent of GNP);

o Powder technology, which is a particularly large and
high-value market;

« Other high-value materials, such as metal composites
(already being developed for ceramic-reinforced light
alloy pistons)

A concerted research effort on superconducting materi-
als is particularly necessary. Large financial resources are
being mobilized in the United States and Japan.

« Norms and standards. Prenormative work is needed
in a number of areas, including lasers.

30. In aeronautics the European industry has had major
successes, capturing (1980-1986) 23 percent of the civil
and 27 percent of the military world market. But sharply
increasing competition can be expected over the next
10-15 years, not only from the United States but also
from Japan and industrializing countries such as Korea
and Brazil. The United States remains in a particularly
favorable position because of the large home market and
the spin-off from military programs.

The future commercial success of the European aeronau-
tical industry will depend heavily on advanced technol-
ogy. In order to prepare for the 1990s and beyond
Europe the need is for broadly-based collaborative
efforts focussed on aerodynamics and flight mecha-
nisms, materials, acoustics, computation, airborne sys-
tems and equipment, propulsion integration and design
and manufacturing technologies.

31. The future market for biotechnology products is
difficult to quantify precisely; but worldwide the biolog-
ical sciences are recognized to offer the prospect of major
economic and social impacts (through environmentally

“clean” transformations of agricultural and industrial
productivity; progress in pharmaceutical, chemistry and
medical science; improved understanding of the brain,
with its implications for computer design as well as its
impact on psychology and psychiatry).

Four areas of research merit particular attention:

« basic plant biology. Without a better understanding of
key structures and functions within plants it will not
be possible to make significant advances in applica-
tion technology;

+ gene-mapping of complex organisms. For agriculture
and industry the detailed mapping of the genes of
important microbial plant and animal species is an
essential complement to the work on basic plant
biology. For medicine, a better understanding of the
human genome is as necessary to the continuing
process of medicine as knowledge of human anatomy
is to its present state. This is laborious and expensive
work. Major international efforts are underway.
Europe has experience on which to build;

 neurosciences, where efforts are already under way to
coordinate some national actions;

« industrial and agro-industrial applications. Particular
research efforts will be needed by the pharmaceutical
industry to maintain its good competitive position, in
the face of growing competition and the cost and
time-scale needed for the development of new prod-
ucts. Research is also needed on improved food
technologies and on nutrition itself.

32. The energy markets are currently slack, with plentiful
supplies on world markets. But Europe remains heavily
dependent on third countries for supplies, particularly of
oil, which is still the largest single element in the Com-
munity energy balance. There is a continuing need to
ensure adequately diversified energy supply and efficient
energy use and to reduce as far as possible the impact of
energy supply and use on the environment. Two lines of
research remain of particular importance:

« controlled nuclear fusion, which offers the prospect in
the next century of an environmentally acceptable,
practically inexhaustible, geographically independent
source of supply. Europe is already playing a leading
role;

« research on selective non-nuclear energy technologies
and technologies for improving energy use which
offer the best prospect of exploitation on a wide scale.

Improving the Quality of Life

33. Science and technology have fundamental roles to
play in devising rational and effective environmental
policies. Continuing research efforts in Europe are
needed under three interdependent headings:

« understanding the basic phenomena;
« detection and interpretation of environmental changes;
¢ prevention.
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A scientific approach to understanding the complex
interactions of the many complex sub-systems (the
stratosphere, the atmosphere, soil, land water, the sea)
would have been unthinkable a few decades ago. But
progress in basic mathematics, in analytical techniques
and technologies (including remote sensing from space),
together with the huge capacity to handle information
through advanced computing, now makes this possible.

Some of the problems are particular to Europe in a
regional sense and require European level efforts. Action
is under way both through the Community programs,
COST as well as EUREKA projects. Good coordination
among these projects is essential. The most complex
issue of global climate change and the “greenhouse
effect,” however, is an issue with truly global dimen-
sions. Europe has the capacity to make an important
contribution to the International Geosphere-Biosphere
Program (Global Change).

34. In the field of health, Europe is faced with sharply
rising health care costs (a world-wide phenomenon); a
“greying” of its population, with the consequent increase
in age-related diseases; and growing problems posed, in
particular, by AIDs and cancer.

European research in the medical field suffers from
particular fragmentation. This is an area where the value
of concerted action across national frontiers has already
been clearly demonstrated. The essential need is for
more of the same in tackling the problems described
above, as well as continuing research on medical tech-
nology.

35. In the field of industrial technologies and materials
increasing attention will have to be given to safety issues.
R&D has an important role to play in the development
of common safety standards in particular for new tech-
nologies such as lasers.

The potential contribution of R&D to long-term road-
safety through the development of the “intelligent” car
and the infrastructure to support it, is also considerable.
Cooperative efforts are already under way in Europe to
address these issues (the DRIVE [Dedicated Road Infra-
structure for Vehicle Safety in Europe] program in
Community, and PROMETHEUS [Program for a Euro-
pean Traffic with Highest Efficiency and Unprecedented
Safety] and other projects inside EUREKA). There is an
obvious need for good coordination among all these
projects to ensure optimal resource allocation.

36. Continuing attention will need to be paid also to
work on the safety of nuclear fission. In addition to
research on reactor safety, the safety of the fuel cycle,
radioactive waste management and storage, the safety of
dismantling nuclear plants at the end of their lives, a
particular effort will be required to increase public
confidence about radiation protection. This requires both

research work itself and efforts by the scientific commu-
nity to present the issues in a way which is accessible by
the general public.

37. Bioethics are attracting growing attention world-
wide. A particular effort is needed at Community level in
particular because of the importance for the Internal
Market of a harmonized regulatory environment. Ethi-
cal, societal and juridical considerations must accom-
pany science and precede technological development.

Fundamental Research—The Essential Underpinning

38. Fundamental research is continuing to open up
significant new opportunities through progress in math-
ematics, physics, chemistry and the earth sciences.

The theory of non-linear mathematics—pioneered in
Europe—has pervasive applications, opening up pros-
pects such as the all-optical computer, advanced model-
ling of climatic change or significant improvements in
the functioning of the internal combustion engine.

In physics there are strong points in the European
situation, but also some weaknesses: the efforts on laser
science and technology, for example, are not on a par
with those in the United States, despite some significant
multinational efforts.

Europe occupies a good position both in basic chemistry
and on the market for chemistry-based products. But
there is a problem in recruiting a sufficient number of
high quality students.

In earth sciences good European coordination is being
assured by the European Science Foundation. In ocean-
ography the United States is leading the field. Some
aspects, such as the study of the coastal zone, the
interface between the ocean and the atmosphere will be
pursued through the Community’s MAST program and
the EUREKA project EUROMAR.

Earth observation from space is of major potential
significance for the earth sciences.

39. Within Europe there are already several multina-
tional ventures for the common pursuit of Big Sciences
(CERN [European Center for Nuclear Research], ESO
[European Organization for Astronomical Research in
the Southern Hemisphere], ESA [European Space
Agency], EMBL [European Molecular Biology Labora-
tory], ESF [European Science Foundation}, etc.). There
is growing collaboration amongst them, which must
develop further. Increased collaboration with Commu-
nity programs is also desirable so as to maximize the
industrial and commercial spin-offs. Spaceresearch is
one area of particular importance.

40. There are also outstanding questions related to access
to advanced middle size research devices in Europe and
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the development of expensive scientific instrumentation.
Given the cost of sophisticated facilities it is not feasible to
imagine that they can be available in every European
country. Particular attention will be needed to provide a
framework for cooperation among national teams.

V. Key Issues for Science and Technology Policy in
Europe

41. Alongside the research needs themselves there are
some broader policy questions of particular importance:

(i) The imbalance of effort between fundamental and
applied research across Europe

One theme of this report is that a sound capacity in
fundamental research is essential to Europe in its pursuit
of technological and economic independence. This is an
area where public authorities have a particularly important
role. But in the funding and execution of basic research
industry too has evident self-interest. In the United States
much of this research is funded by industry.

(ii) The links between industry and the universities

These have been growing world-wide, with industry
driven increasingly to tap scientific knowledge and uni-
versities driven by financial constraints. The trend is a
desirable one, with two caveats: namely, that it should
not jeopardize the pursuit of fundamental research in
universities and that restrictions on the dissemination of
research results should be minimized.

(iii) Broadening and deepening the technology culture

The most successful economies in recent years have been
those that have sought actively to develop on a broad
base the human skills required both to research, to
develop, to apply and to use technology. Japan is the best
example. Europe as a whole is in a weaker position.
There is shortage firstly, of skilled manpower trained to
use the new technologies; while the output of research
scientists and engineers to develop and apply the tech-
nologies is insufficient in many countries. An added
difficulty is that the brightest and the best in Europe are
often attracted across the Atlantic. Particular attention
will be needed to ways of increasing the supply of skills
and to provide an environment in Europe that is attrac-
tive to highly qualified scientists. This means removing
the barriers to mobility of research workers between
European countries.

(iv) Public acceptability of science and technology

Public concern about new technologies is often based on
fear of the unknown. It is important both for democracy
and for the pursuit of scientific knowledge that popular
understanding of the issues should be improved. This will
help to ensure that informed choices are made and a sound
regulatory environment established. The information
effort in many European countries is still inadequate.

(v) Encouraging the private sector to invest more

Industrial investment in R&D is still too low in many
European countries. The venture capital markets are
insufficiently developed in many countries and they are
essentially national. Action is needed at national and at
transnational level to improve the access to finance for
innovation.

(vi) The Diffusion of Technology

As well as opening up new frontiers through research and
development, Europe needs to exploit more rapidly the
technologies that are already coming on the market or
are about to do so. Here Japan in particular has a
head-start. Some Member States (in particular Den-
mark) have made considerable efforts to promote a wide
diffusion of technology. Others less so. Community-level
action has a helpful role to play (notably the SPRINT
program). But more could be done to spread information
about available technologies and the results of research
and development.

(vii) Policy Coordination and (viii) Cohesion

Particular efforts are needed to improve the coordina-
tion of science and technology policies in Europe. At the
same time steps must be taken to improve the RTD
fabric in the less-favored regions so as to enable them to
achieve a level of excellence comparable to that of the
more developed. This cannot be done without the pro-
vision of infrastructure and trained personnel. Regional
and social policy instruments could be appropriately
used to this end.

(ix) Cooperation with Third Countries

Science and technology are increasingly international
commodities and further internationalization is inevita-
ble. The issue is how best to organize cooperation in such
a way that it can be a “positive-sum” game in which
everybody benefits. The approaches must depend on the
situation of individual countries or regions.

The European Community has a particular interest in
close science and technology links with other EFTA
[European Free Trade Association] countries where good
relations are already established through COSTS, bilat-
eral agreements as well as EUREKA.

There is scope for improved cooperation with the United
States. It would also be appropriate to take advantage
Japanese openings to examine the scope for mutually
beneficial cooperative ventures, especially those involv-
ing expensive, long lead-time research.

As far as developing countries are concerned Europe has
a role to play in tackling the specific problems of
medicine, agriculture, energy and the environment
which they face. The wider consequences for the LDCs
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of scientific advances in materials and biotechnology are
also of significance and will need consideration in
Europe as well as at an international level.

Further reflection is needed on the potential scope for
RTD cooperation with the Soviet Union and Eastern
Europe, given the new developments in relations across
the European continent; and also on the appropriate
form for scientific cooperation with the NICs.

(x) Avoiding technological protectionism

The longer-term benefits of RTD cooperation at an inter-
national level can only be fully realized if the transfer of
knowledge and technology is facilitated. But the “industri-
alization” of research and the growing importance of
science to trade flows has increased the pressure to restrict
flows of information in order to preserve competitive edge.
Policy developments in the United States in this respect
will need to be carefully monitored.

Main Report: Introduction

36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE

in English 29 Nov 88 pp 3-5

[Text]

The Background and Objectives

1. In its most recent report on the technological challenge
facing Europe', the European Parliament invited the
Commission to give an account of the European situa-
tion in the various fields of science and technology as a
basis for considering future policy requirements.

2. The importance attached by the Parliament to this
issue reflects a widespread recognition of the vital role
which science and technology must play in the future of
Europe’s economy and in the construction of a prosper-
ous and successful European Community. That recogni-
tion is enshrined in the Single European Act itself.

3. During the past few years real progress has been made
in tackling the constraints on European success. Euro-
pean governments have launched, both inside and out-
side the framework of the Community, new initiatives to
foster transnational cooperation among researchers in
universities, industry and the public sector itself. At the
Community level there has been a new emphasis on
research and development oriented towards improving
industrial competitiveness (ESPRIT, BRITE in particu-
lar) as well as the quality of life. The current Framework
Program 1987-1991 provides for particular efforts in
these areas. Alongside the Community efforts, EUREKA
has provided further evidence of the interest in and
benefits from transnational cooperation in Europe.

4. Against that background the aims of this first prelim-
inary report are:

e« To draw up a balance-sheet of progress so far in
improving Europe’s position in science and technology;

e To consider the main research needs and opportunities
which require particular attention in the context of
reducing Europe’s technological dependence and
improving economic competitiveness and the quality
of life; )

» And to identify the main science policy issues facing
Europe over the coming years.

The report is not limited to a review of Community
activities in the fields concerned or to the planning
horizon of the current Framework Program (1987-1991);
nor does it make specific proposals for Community
action. The aim is rather to provide the factual basis on
which to consider what needs to be done in Europe,
without at this stage attempting to identify what should
be done at national, what is more appropriate for action
in a transnational framework or what specifically might
most effectively be done at Community level.

5. The report highlights the importance for the future of
adequate efforts in basic research alongside and in
support of the application of scientific knowledge and
technical know-how to the solution of the main eco-
nomic and societal questions facing Europe. It also
addresses questions upstream of research (education)
and downstream (innovation and technology transfer). It
pays particular attention to the opportunities and needs
arising from the completion of the Community’s Inter-
nal Market in 1992,

6. The Commission intends to update this first and
preliminary report during the course of 1989 in the light
of the reactions to it from the Parliament, from national
policy-makers and from the wider scientific, industrial
and educational community. Thereafter it will publish
similar factual analyses at two-yearly intervals.

The Structure
7. The report has five chapters:

Chapter I recalls briefly the central role played by science
and technology in economic and social development, and
some of the central issues affecting the links between basic
research, applied research, innovation and competitiveness.

Chapter II summarizes recent policies and developments
outside Europe, concentrating on the United States and
Japan, but also examining briefly the situation and
prospects in the Soviet Union as well as the emergence of
new science and technology powers.

Chapter III surveys actions taken, nationally and tran-
snationally, in Europe to mobilize its resources in the
field of research and technological development (RTD).
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Chapter IV considers the main requirements for research
to improve Europe’s competitive position, notably in the
context of the completion of the Internal Market; to
respond to the needs of society through improvements in
the quality of life; and to increase Europe’s capacity to
pursue its own scientific and technological options where
necessary, by reducing its dependence on others.

Chapter V outlines the main issues for science policy in
Europe during the coming years.

The Inputs

8. The analysis in the report reflects a multiplicity of
inputs. It draws heavily on the advice of the special
groups established to advise the Commission on R&D
trends, needs and priorities (CODEST [Committee for
European Development in Science and Technology],
CREST, IRDAC, and the Advisory Committees on the
coordination of individual research projects and
programs); the independent evaluation panels on Com-
munity programs; systematic monitoring of scientific
and technical literature and professional meetings; the
views of researchers and research users in industry and
universities, as well as consultants; science and technol-
ogy administrations in Member States; the advice of the
Commission departments concerned, both the “cus-
tomers” for the “producers” of research; as well as the
European Parliament itself. It also takes fully into
account the work in similar fields undertaken by other
international organizations, such as the OECD.

Except where otherwise stated, the figures given are
averages for the European Community. In some cases
data for Spain and Portugal are not yet available; while
data for Luxembourg are limited. There are often wide
variations around the average (see Chapter III).

Some gaps in data available from the Member States
have placed limitations on the depth of the analysis in
Chapter III of national trends. These limitations should
be remedied in future reports in the light of the ongoing
discussions and analysis of national policies within the
framework of CREST. As stated later, the Commission
intends to concentrate in more detail on trends and
policies in the Member States in future reports on
science and technology in Europe.

I. Science, Technology, and Europe’s Economic,
Social Needs

(i) Science, Technology, Economy
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 7-10

[Text]

Economic Trends

1.1. In its analysis? of the economic benefits of complet-
ing the Community’s internal market the European
Commission underlined the importance to economic
growth and competitiveness of economic sectors incor-
porating the results of advanced technologies, and drew
attention to the weakness of the Community’s perfor-
mance in these fields.

1.2. For these “high technology” sectors (electrical and
electronic goods; office and- data-processing mecha-
nisms; chemical and pharmaceutical goods) world
demand has been growing at around twice the rate of
that for manufactured products as a whole. Yet these
sectors account (1985) for only 22.4 percent of the
value-added of the whole of Community industry, as
against nearly 29 percent in the United States and more
than 28 percent in Japan. Moreover, the share has been
growing more slowly in the Community than in either of
its major competitors: between 1979 and 1985 it grew by
32 percent a year in the Community, compared with 3.7
percent in the United States and 17.1 percent in Japan.
The differences between Europe and Japan are particu-
larly striking in the case of electrical and electronic
goods, where Japanese domestic demand grew by nearly
21 percent, and European demand by 3.5 percent.

1.3 In terms of exports the Community has also been
losing ground in the case of electronics and electrical
equipment, in cars and other forms of transport, office
machinery, and information technology. The only high
growth sectors where the Community has maintained a
favorable position on export markets are chemicals and
pharmaceuticals. Japan in particular has continued to
push ahead in the export of high-technology products.
Between 1979 and 1985 Japan increased its world mar-
ket share by nearly 12 percent for electrical and elec-
tronic equipment, by over 9 percent for cars and by 5.5
percent in information technology and office
automation?,

1.4. At the same time the Community has been increas-
ing its dependence on imports of such products. Imports
from outside the Community have been growing more
quickly than intra-Community trade in office machinery
and information technology, electrical and electronic
equipment, machinery and transport equipment. Again,
only the chemical and pharmaceutical industries among
the high growth sectors perform well. This increase in
trade dependence reflects an underlying technological
dependence in certain sectors: in the case of information
technology, for example, European dependence on com-
ponents has been increasing despite the improvements in
the performance of the IT industry as a whole.
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Index 1980=100)

Processed foodstuffs
Imports

Exports

Intra-EC trade

Chemicals
Imports
Exports
Intra-EC trade

Plastics
Imports
Exports
Intra-EC trade

Leather
Imports
Exports
Intra-EC trade

Paper and board
Imports

Exports
Intra-EC trade

Textiles
Imports
Exports
Intra-EC trade

Footwear
Imports
Exports
Intra-EC trade

Glass, ceramics
Imports
Exports
Intra-EC trade

Machinery
Imports
Exports
Intra-EC trade

Transport equipment
Imports

Exports

Intra-EC trade

Table 1.2. Extra-EC Imports and Exports by Branch, Evolution Since 1980

1982

119
136
131

126
118
128

118
115
120

99
119
144

123
125
125

113
124
120

116
143
119

112
122
108

135
128
119

129
139
135

Audio/video/photo equipment

Imports
Exports
Intra-EC trade

141
139
124

Source: Eurostat (rounded figures).

10

1985

155
183
185

203
187
197

186
178
186

146
211
210

175
220
185

165
204
170

181
271
151

162
186
143

226
171
189

202
181
172

215
222
202

1987

127
159
209

185
160
206

184
157
219

150
216
234

180
216
234

165
186
201

173
216
2301

145
164
183

236
155
232

190
159
239

232
207
252

1987 value
(Billion ECUs)

12.9
13.2
223

19.7
32.0
44.9

83
14.1
29.6

25.8
19.3
35.9

2.8
3.6
5.6

2.3
6.5
9.3

60.5
85.8
91.1

19.5
43.8
64.9

18.2
14.6
16.7
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1.5 While in the high growth industries Europe continues
to be underrepresented, traditional manufacturing indus-
try remains significant. The Community accounts for
some 35 percent of the GDP of the EC-USA-Japan triad,
but in 1986 it produced 44 percent of the cars, 42 percent
of the steel and 40 percent of the textiles and clothing of
the three combined. A number of the traditional sectors
have improved their position during the past few years by
large-scale investment in new technologies and major
research efforts (Table 1.2.) Textiles and automobiles are
two examples. Others, such as the paper and board pro-
cessing industry or parts of the machine-tool industry,
have been less successful. Even those that have improved
their position through innovation and automation (espe-
cially automobiles where productivity has grown by over
30 percent 1980-87) face the prospect of increasing world
competition. One successful company strategy in some
industries has been to seek to capture more of the top-end
of the market through the application of new technologies
and their integration into the products.

1.6. Europe’s interest lies in both reducing its depen-
dence on the third countries in the high growth sectors
and harnessing the new technologies to improving the
competitiveness of its traditional industries.

The Characteristics of the Emerging Industries

1.7. The characteristics of the emerging industries and
their contribution to overall economic growth and devel-
opment have been the subject of considerable enquiry
during the past few years®. Recent trends in these sectors in
European Community are analyzed in detail in the forth-
coming “Panorama of EC Industry: 1989 which will
shortly be published by the Commission and to which
reference is made in more detail in Chapter IV below.

One fundamental characteristic of the emerging industries
is that they are heavily “science-based” or ‘“science-
related,” with their products embodying to a significant
degree the results of advanced research and development.
Secondly, they reflect the emergence of new “generic”
technologies with pervasive applications. Thirdly, they are
calling on the expertise of an increasing range of scientific
disciplines. Fourthly, some of the new fast growing sectors
demand a much closer and more interactive relationship
between fundamental research and commercial produc-
tion than has hitherto been the norm. Biotechnological
products and technologies have been described, for exam-
ple, as “growing directly out of the laboratories.” Fifthly,
however, the pace of economic growth is linked to the
diffusion, application and modification of new generic
technologies by smaller innovating firms, alongside the
major enterprises with their large R&D resources and the
contribution of universities and research institutes.

Technology and Economic Growth

1.8. The importance of technology and the underlying
scientific disciplines to growth, trade and welfare is
certain to grow rather than to diminish over the coming

years. The information technology revolution is far from
over, as applications of IT permeate industry, house-
holds, transport and communications. On one estimate’
the electronics industry, with an output value estimated
at US$ 485 billion in 1985 (or 4.7 percent of Free World
GNP) is likely to reach 8 percent by 2000; another
expects the share of telecommunications in developed
countries’ GNP to grow to 7-10 percent by the early
1990s (compared with 5 percent in the United States in
1985, and 3 percent in Japan and Europe)®. Biotechnol-
ogy is likely to impact on a large number of economic
sectors within the next decade and its influence could
spread rapidly thereafter, affecting the chemical and
pharmaceutical industries, agriculture and food and
energy. New materials could induce major savings in
resources and change the basis of comparative advantage
between traditional raw material producers and coun-
tries that depend on imports.

1.9. In this rapidly changing world economy, growth and
competitiveness will depend increasingly on successful
interaction and feedbacks between the progress of scien-
tific knowledge (“science push”), the identification of
market opportunities and needs (“market pull”), the
pervasive diffusion of knowledge of, access to and mod-
ification of available technologies as well as the opening
up of new technological frontiers.

1.10. The Commission’s analysis of the costs of non-
Europe shows that progress in removing market barriers
within Europe will of itself play an important role in
creating the conditions for the Community to improve its
competitive position. It will encourage some integration of
companies, laying the basis for pooling of R&D resources
to achieve the “critical mass” required to take major new
steps forward in generic technologies. It will also encour-
age more competition and the consequent encouragement
of innovation. But, the creation of the internal market in
alone will not solve the problems of competitiveness.
Progress in this direction must be accompanied and
encouraged by adequate public policies on R&D that take
account of the new realities (the ever-closer links between
science, technology and the market-place) and that create
the right framework conditions in which these links and
interactions can best be established.

(ii)Science, Technology and Consequences of
Growth, Change
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 10-13

{Text] 1.11. Improving Europe’s industrial competitive-
ness is not in any case the only issue to which science
policy can and should make a major contribution. The
pressures of technological change also have important
social consequences, in terms of the pattern of employ-
ment and the distribution of wealth and economic
opportunity across Europe, and consequent implications
for the economic and social cohesion of the European
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Community. They also raise issues of an environmental
and ethical nature, as well as new questions for interna-
tional relations. The challenge for science policy is to
help find solutions for the problems posed by scientific
and technical advances as well as to help seize the
opportunities which they offer.

1.12. The effect of the new technologies on employment
over the longer-term is not yet well understood. A
number of studies suggest that the net effect of informa-
tion technologies on employment will be relatively
small’. And advances in biotechnology and new materi-
als could increase, rather than reduce employment. But
it is obvious that there are major structural adjustments
within any economy and adverse effects for some regions
and industries. Moreover, Europe has been less success-
ful so far than the United States and Japan in translating
economic growth into the growth of employment oppor-
tunities. High unemployment may itself create resistance
to the diffusion of technologies that are labor-saving and,
in the absence of policies to mitigate the effects, encour-
age a Luddite approach to new technology.

1.13. Similarly, there is a risk that technology will be
seen as the cause and not the cure for environmental
problems unless public policies are focussed sharply on
encouraging the application of scientific knowledge and
technological resources to the solution of the problems of
atmospheric pollution, waste disposal and safety, and to
prevention of environmental damage.

1.14. Advances in medical and biological sciences offer
the prospects of major improvements in health and
agriculture over the coming years. but there are impor-
tant ethical issues posed by genetic engineering, and
some evidence of public concern about the effects of the
environment and the risks to health of certain experi-
ments in biotechnology. A considered approach to these
issues must be an integral part of European efforts to
ensure an adequate S&T base.

1.15. The external aspect is also of major importance.
The mastery of technology and the promotion of scien-
tific advance in Europe have consequences not only for
our competition with our major industrial trading part-
ners about also for the trade and development of the
developing countries. Biotechnology may offer us the
prospect of more efficient agriculture in the longer-term,
producing crops that correspond more precisely to mar-
ket requirements and reducing the risks of surpluses of
unwanted products. It should also help to transform
Third World agriculture and medicine. The advance of
new materials, on the other hand, is likely to have
consequences for those developing countries that are
exporters of traditional materials.

1.16. Through the Single European Act the Governments
of the Community’s Member States have expressed their
commitment to the protection of the environment and to
a more economically and socially cohesive Europe. They
have also underlined the importance of the external

12

aspects of Community policy in the field of R&D. The
final chapter of this report outlines how these commit-
ments can be reflected in and supported by science and
technology policy itself.

The Changing Scientific Environment

1.17. Science policy has also to take account of the other
factors, namely: the accelerating pace of scientific dis-
coveries; the increasing cost of research; in which the
traditional boundaries between sectors are breaking
down and more integrated systems are developing.

Chemistry provides a vivid example. There has been an
explosive growth in new compounds which are now
doubling in number every 6-7 years compared with every
40 years in the 1940s. At the same time chemists are now
using more and more sophisticated and costly instru-
ments and analytical aids (laser, spectroscopic instru-
ments, the electron microscope, synchrotron light, etc.)
and calling increasingly on the help of information
technology.

All this means that financial resources have to be depre-
ciated over a shorter space of time and directed at an
ever-growing number of problems. This has major impli-
cations for science policy both at national and at Euro-
pean level. It underlines the need for the most rational
use of resources (financial, human and physical) by the
avoidance of duplication and pooling, and it poses more
acute problems in the definition of research priorities for
public funding than in the past. It also highlights the
importance for industry of having a large enough market
in which to sell the products of research and thus to
achieve a rapid depreciation of expenditure.

Science and Technology are vital in improving Europe’s
competitive position in the context of the completion of
the Internal Market. They also have a major contribu-
tion to offer in meeting the societal needs of the Euro-
pean society for a cleaner and safer environment and
better health care.

The mastery of science and technology is essential to
reduce technological, and thus economic dependence
and to allow Europe to be able, where it wishes to do so,
to make its own technological choices.

The translation of these economic and social needs into
specific requirements for research is considered, sector
by sector, in Chapter IV.

But science and technology are increasingly expensive as
science develops at an accelerating pace. The costs of
research are placing an increasing strain on the financial
capacities of individual companies or Member States.
The resources devoted to science must be used to the
best effect. Further pooling of these resources may offer
major advantages.
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I1. European Science, Technology From
Comparative Perspective

Trends in Our Main Competitors
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 p 15

[Text] 2.1. The performance of Europe vis—vis its major
competitors can be measured in terms of resource inputs
(financial and human) to science and technology, quan-
tifiable scientific and technological outputs, and the
administrative and policy framework within which sci-
ence and technology develop. This chapter begins with a
short analysis of the trends in inputs (how much is spent
on R&D, by whom, what scientific personnel are avail-
able) and in proxy measures of output (patenting activ-
ity, technological trade balance, technological balance-
of-payments). The comparison is between Europe®, on
the one hand, and the United States and Japan, on the
other. The chapter then examines recent policy develop-
ments in the United States and Japan before concluding
with a short survey of trends in some emerging science
and technology powers.

2.2. The chapter draws heavily on available comparative
data drawn up by the OECD, on more detailed data for
Community Member States assembled by the Statistical
Office of the European Communities, and on a compar-
ative study of the Community, United States and Japan,
prepared for CREST in the context of discussions on the
coordination of national R&D policies in Europe®.

In commenting on policy developments the chapter
concentrates on recent trends. More details on the struc-
ture and organization of R&D in the United States and
Japan can be found in the annex.

(i) Comparative Trends in Science, Technology
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE in
English 29 Nov 88 pp 16-22

[Text]
The Level of Funding

2.3. Fully comparable data on total spending on R&D
exist only for 1985. These show that in absolute terms
total spending (civil and military) in the United States
was 1.75 times that of the European Community and 2.9
times that of Japan:

Table 2.1. Gross Domestic Expenditure on R&D Mio ECU Current (ppp)

EC(12)
1981 48,072*
1985 76,250**

*estimates for Belgium and Portugal. Excludes Luxembourg.

USA Japan
76,722 25,136
134,645 48,056

**estimates for Belgium, Spain and Portugal. Excludes Luxembourg.

Source: Commission service estimates and Table 2 of OECD “Main Science and Technology Indicators,” Paris 1988.

In terms of spending as a share of GDP the United States
is also in the leading position:

Table 2.2. Gross Domestic Expenditure on R&D as a

Percentage of GDP
EC(12) USA Japan
1985 1.9 2.8 2.6

Only one Community country (Germany) has an R&D
intensity'® (2.8 percent in 1987) that is comparable to
that of the United States or Japan.

The level elsewhere varies between 2.3 percent (UK and
France), 2.1 percent (Netherlands) down to 1 percent or
less for some smaller Community countries. The U.S.
figures are, however, bolstered by the high level of
spending on defense R&D. If defense expenditure is
excluded, the share of U.S. GDP devoted to R&D drops
to about 1.9 percent, that of the Community (where
military R&D accounts for some 25 percent of the total
government expenditure on R&D) falls to 1.4 percent,

while that of Japan (where military R&D expenditure is
prima facie negligible'') is almost unaffected.

2.4. In all three areas spending on R&D has grown signif-
jcantly throughout the 1980s, but the growth has been
more marked in the United States and Japan than the
Community. Between 1981 and 1985, R&D intensity rose
by an average annual rate of 1.8 percent in the Commu-
nity, by 2.6 percent in the United States and by 4.1 percent
in Japan. The Japanese figure is even more striking,
bearing in mind that the growth of United States spending
during that period and subsequently has been concentrated
on defense R&D. If defense expenditure is excluded,
Japanese growth in total R&D spending (public and pri-
vate) is estimated to have been more than twice that of the
United States and Europe (9 percent as against 4
percent)'2.

Expenditure and Execution: the Contribution of Public
and Private Sectors

2.5. In terms of the relative financial contributions of
public and private sectors to R&D, the Community lies
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between the United States (where the public sector share
is highest) and Japan. But in most Community countries
there is a significantly lower level of industrial involve-
ment in the execution of R&D programs than in either
the United States or Japan.

Around one-half of U.S. spending on R&D is financed
from public sources, and through the 1980s this govern-
ment spending has been growing steadily, driven by
sharp increases in military R&D; private sector spending
has been less buoyant. But more than 70 percent of R&D
has continued to be carried out by industry, given that a
large share of military R&D is subcontracted to the
private sector.

In Japan, on the other hand, industry both finances and
carries out the bulk of R&D. Less than 30 percent of
Japanese R&D is financed by the public sector, 70
percent being financed and executed by the private
sector, especially industry; and in the natural sciences
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the figures are even further weighted towards industry.
In the Community around 45 percent of spending is
financed from public sources. But only Germany and
Belgium have shares of R&D carried out by industry that
are on a par with Japan and the United States.

R&D Personnel

2.6. The trends in the overall levels of expenditure are
parallelled by those as regards R&D personnel. The
proportion of research scientists and engineers in the
labor force is significantly higher in the United States
and Japan than in European countries, even when allow-
ance is made for differences in data coverage. Moreover,
the proportion has been growing much more rapidly in
Japan. In absolute numbers the United States has a
much larger R&D workforce (825,000 in 1986) than
either the Community (an estimated 500,000) or Japan
(now up to 400,000). But the U.S. figure has been
relatively stagnant, while that of Japan has increased
steadily and sharply'3.

Table 2.3. Scientists and Engineers in R&D as a Proportion of the Total Labor Force 1965-86

USA Japan Germany France UK
Nos per 10,000 labor force

1965 64.7 24.6 22.7 21.0 19.6
1970 64.1 334 30.8 273 n.a.
1975 55.3 47.9 38.6 28.4 31.1
1980 60.0 53.6 n.a. 324 n.a.
1984 65.1 62.4 49.1 41.2 34.2
1985 67.4 63.2 n.a. n.a. 32.8
1986 69.0 n.a. n.a na n.a.

Source: National Science Foundation, International Science and Technology Update 1987

Figures include all scientists and engineers engaged in
R&D on a full-time basis except Japan, where data
include persons primarily employed in R&D, and UK
where data include only the government and industry
sectors.

The Output From R&D
a) Applied Research

2.7. Three measures can be used together to provide a
proxy for the “productivity” of applied R&D, namely:
patenting activity, and especially patenting in the United
States as the largest single world market; the technolog-
ical balance of payments (i.e. receipts and expenditures
related to patents, royalties and licenses); and the bal-
ance of trade in high-technology goods.

2.8. In terms of the total numbers of patent applications
and those granted domestically, Japan now ranks above
the United States and Europe. In terms of those regis-
tered with foreign patent offices it ranks third after the
United States and Germany, and the number of foreign

registered patents has been increasing steadily. In terms
of the granting of patents in the United States, the
Japanese share has doubled since the mid-1970s, and
Germany alone among the larger European countries has
maintained its position:

Table 2.4. U.S. Patents Granted to Inventors in Various
Countries, 1975 and 1985

1975 1985
Total 100.0 100.0
USA 64.9 53.8
Japan 8.8 18.6
Germany 8.4 9.6
France 33 33
UK 42 34
Other 10.4 11.2

Source: Derived from Appendix Table 6-11 of Science and
Engineering Indicators, 1987, National Science Board, Wash-
ington DC.

The growing importance of Japan is underlined, more-
over, by the number of citations of Japanese patentts
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registered in the United States, which provide an indication
of the quality of applied research output'®,

2.9. The picture emerging from analysis of technological
balance-of-payments data is less clear cut; but the trend
has been towards a reduction in the negative Japanese

balance. In 1985 Japanese sales of licenses, patents etc.
were equivalent to about four-fifths of her expenditure in
the field!, and more recent data suggest that the gap has
closed about to zero. The figures on trade in high-
technology goods, as indicated in the previous chapter,
underline this growing technological strength:

Table 2.5. Export/Import Ratios in Selected High-Technology Goods, 1981-1986

Japan USA
Office Mach. & Computers 2.75 3.23
Comm. Equip & Electronic Components 6.59 0.70
Scientific Instruments 6.59 0.97
Drugs 0.28 2.27
Electrical Transmission Equipment 4.32 23
Aircraft & Parts 0.08 3.76

1981 1986

FRG Fr UK Japan USA FRG Fr UK
093 0.73 0.68 6.63 1.11 092 07 0.79
1.13 1.14  0.96 8.95 0.61 1.14 122 0.82
142 076 101 6.75 0.61 149 0.78 0.88
1.77 1.99 2.6l 0.30 1.42 1.71 1.90 221
2.07 1.49 144 4.56 0.97 2.00 1.21 1.23
0.78 1.19  1.56 0.09 2.48 0.78 1.56 191

Source: OECD “Main Science and Technology Indicators 1981-87,” Paris 1988

In all sectors the Japanese ratio has been growing while
the U.S. trade position has been weakening.

(b) Basic Research

2.10. Proxies for the output of basic research include,
notably, Nobel Prizes (for natural sciences and econom-
ics) and numbers of publications of scientific papers.
Here Europe is in a much stronger position, and that of
Japan much weaker but already improving significantly.

Between 1946 and 1987 U.S. scientists won 196 Nobel
Prizes and European ones (EC-12 and EFTA) 105, while
Japan had 5.

Compared with aggregate expenditure on R&D the
shares of the United States and W. Europe in scientific
publications are somewhat larger, and that of Japan
somewhat lower. The difference is even more marked in
the share of total citations. But more significant is the
increasing share of Japan and the declining share of the
United States, while W. Europe’s share of papers and
citations has held relatively steady, with the decline of
the UK share being compensated by the growth of those
of France, Germany and other countries:

Table 2.6. Distribution of Published Scientific Work

1973 1982
Japan 7.1 10.1
USA 54.4 51.1
W.Europe 38.5 38.8
Total 100.0 100.0

Source: Patel and Pavitt, Research Policy No 16 (1987),
Table 18

W. Europe here comprises Belgium Denmark, France, Ger-
many, Finland, Italy, Netherlands, Sweden, Switzerland, UK.

(ii) Trends in United States
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 23-28

[Text] 2.11. In 1986, the U.S. balance-of-trade in high
technology goods became negative for the first time, rein-
forcing a growing concern about the ability of U.S. manu-
facturers to compete on world markets, the dependence of
the U.S. economy on overseas suppliers of key technologies
and, specifically, the increasingly dominant role played by
Japan. The apparent discrepancy between increasing expen-
diture of R&D and weaknesses in industrial performance
has prompted questioning inside and outside Congress
about the spin-off from defense expenditure, about the
organization of R&D spending, and has led to new R&D
policy initiatives both domestically and internationally.

The Federal Budget—Defense and Civil Expenditure

2.12. Between FY 1980 and FY 1988 federal spending
on R&D grew by an estimated 26 percent in constant
dollar terms'®, But defense R&D expenditure grew by 83
percent in real terms while civilian R&D expenditure fell
by 24 percent. As a result of these divergent budget
trends, in FY 1988 defense accounted for about 67
percent of the federal R&D effort, compared with 46
percent in FY 1980.

2.13. Equally striking is that the fastest growing element
of defense R&D has been development. Between 1980
and 1988 defense development doubled in real terms.
During the same period Department of Defense funding
of basic research spending actually fell in real terms'’.

2.14. For non-defense spending the picture is quite the
opposite. A striking feature of the pattern of recent
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Federal spending is that, while spending on civil research
has fallen overall, spending on basic research has actually
increased by some 40 percent, notably in the physical
sciences, mathematics and engineering;

Table 2.7. U.S. Defense and Non-Defense R&D
by Character pf Work

FY 1980 FY 1988 Percent Change
Actual Estimated Current Constant

(budget authority
in billions)

Defense R&D 15.0 40.3 169 83
Basic Research 0.6 0.9 64 11
Applied Research 1.9 2.6 38 -7
Development 12.5 36.7 197 99
Non Defense R&D  16.7 18.8 13 -24
Basic Research 42 8.6 107 40
Applied Research 5.0 6.5 29 -13
Development 1.5 3.7 -50 -66

Source: Table 3 of Research and Development FY 1989,
AAAS Report XIII, American Association for the Advance-
ment of Science, Washington DC 1988.

With the 1989 budget under pressure the Administration
continued to press for an increase in basic research of
$600 millions.

2.15. The breakdown of Federal spending by category is
given in Table 2.8. This demonstrates a flattening of expen-
diture in the energy field, rising expenditure on health
research and increasing expenditure on general science:

Table 2.8. U.S. Federal R&D Expenditure 1972-1988 by
Area—Constant 1982 dollars ,

FY 1972 FY 1986 FY 1988
Defense 222 33.1 340
Non-Defense 17.6 14.6 16.1
Space 6.0 2.0 2.0
Health 4.4 5.1 6.0
Energy 1.3 2.1 1.9
General Science 1.6 1.8 1.9
All Other 4.2 4.0 4.2
Total 39.8 47.7 50.1

Source: Table 1-4 of source to Table 2.7.

The Spin-Off From Military R&D

2.16. It is difficult to analyze with precision the indus-
trial spin-off from military R&D. There have undoubt-
edly been important spin-offs in the fields of materials,
aircraft engineering, vehicle technology, computer tech-
nology and systems engineering from defense expendi-
ture in general and from SDI in particular. Moreover,
the fact that 45 percent of the work funded by the
Federal budget for R&D has continued to be carried out
by industry has meant close industrial involvement in
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Federal research efforts and the continuing availability
of ready markets for the products of industrial R&D. But
the more defense research has been tailored to the needs
of specific military defense requirements in terms of
weapons systems, communications equipment and so
on, the more doubts have been expressed inside the
United States about the broader industrial benefits. The
Administration has responded with a number of mea-
sures to increase the potential benefits to industry and
competitiveness from federally-funded research, indus-
try military R&D. These include notably, the Federal
Technology Transfer Act of 1986 and the “Competi-
tiveness Initiative” of 27 January 1987, which provide a
new framework for encouraging cooperation among Fed-
eral laboratories and between them and universities and
industry.

The European situation with respect to spin-off and
dual-use technologies is considered separately in Chap-
ter I11.

Industrial R&D

2.17. Table 2.9. gives an estimate of the breakdown of
industrial R&D spending by area. Computers are the
largest single area, followed closely by the automotive
industry, then pharmaceuticals, chemicals and aero-
space.

Table 2.9. Industry Spending for R&D by Business Week
Groupings, 1986 (in millions)

Industry 1986 % Change
from 1985
Aerospace $3,583.9 21
Appliances 128.2 13
Automotive
—cars, trucks 7,401.7 15
—parts, equipment 341.0 12
Building Materials 223.0 8
Chemicals 3,662.2 6
Conglomerates 1,354.2 12
Containers 19.4 3
Drugs 4,721.0 17
Electrical 1,864.0 16
Electronics 2,586.3 5
Food and Beverage 610.7 12
Fuel 1,958.4 -11
Information Processing
—computers 7,856.5 16
—office equipment 249.2 1
—peripherals 1,615.2 9
—software, services 468.0 17
Instruments: measuring devices, 1,092.5 2
controls
Leisure Time Industries 1,467.4 10
Machinery
—farm construction 681.7 -7
-—machine tools, industrial and mining 487.2 10
Metals and Mining 203.9 15
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Table 2.9. Industry Spending for R&D by Business Week
Groupings, 1986 (in millions)

Industry 1986 % Change
from 1985
Miscellaneous Manufacturing 1,692.7 11
Oil Service and Supply 699.5 -4
Paper 349.4 1
Personal and Home Care Products 749.3 17
Semiconductors 1,309.6 10
Steel 113.0 -11
Telecommunications 2,762.0 1
Textiles, Apparels 68.0 -8
Tire, Rubber 549.8 6
Tobacco 22.5 4

Total $50,936.4 10
Source: Based on “R&D Scoreboard, 1986 (BUSINESS
WEEK, 22 June 1987).

Note: Based on SEC data for companies reporting 1986 sales
of $35 million or more, and R&D expenses amounting to at
least $1.0 million or 1.0 percent of sales.

Promoting Industrial Cooperation

2.18. The Administration has also taken new steps to
encourage inter-firm cooperation. The first efforts in this
direction were taken under the Carter Administration
through a limited relaxation of anti-trust regulations.
Then in 1984 the National Cooperative Research Act
legalized the creation of cooperative associations for the
purpose of precompetitive research. As a result a number
of industrial R&D consortia have been established to
pool resources in order to lay the foundations for regain-
ing U.S. competitiveness. Those most hotly-debated is
SEMATECH, a Texas-based consortium in the micro-
electronics field which is receiving Federal budget sup-
port (Department of Defense) in an effort to improve
semi-conductor manufacturing technology, and to recap-
ture part of the market lost in Japan.

2.19. The framework for greater efforts in R&D by
industry also includes the long-standing Small Business
Innovation Research Program which is intended to
encourage R&D in small high-technology business and
to increase their involvement in federal R&D programs.
Under the Small Business Development Act of 1982 all
federal agencies with an extra-mural R&D budget in
excess of $100 million are required to assign up to 1.25
percent of their budget to this goal. In 1987 the total
amount of research by the companies aided under this
scheme is estimated at $2 billion.

2.20. It is too early to judge the success of the various
initiatives to promote cooperation within the United
States. One of the results of the philosophy underlying the
Competitiveness Initiative, which is the subject of major
controversy, seems likely to be reduced scientific openness
as a result of such measures as the granting of exclusive
licenses by Federal laboratories to contracting companies,

and more selective admittance by third country partici-
pants, reflecting concern about the potentially negative
effects of “leakage” as a result of the openness of the U.S.
research community and society more generally.

International Cooperation in R&D

2.21. Such concern also has also led to a new approach to
international collaboration in science and technology. The
growing costs of R&D and the severe budgetary pressures
within the United States have militated in favor of inter-
national collaboration, opening up the prospect of foreign
participation in “mega-projects” such as the superconduct-
ing supercollider, some elements in space research, an
international approach to the sequencing of the human
genome and so on. But concern about “leakage” has also
led to an emphasis in the U.S. approach to international
cooperation on the principle of “symmetrical access” to
programs, facilities, results and, ultimately, markets, as
well as on the need for stronger measures to protect
intellectual property rights. This new emphasis is reflected
in the recent agreement on cooperation in R&D between
the United States and Japan.

The Prospect of Growing Skill Shortages

2.22. A further concern in the United States is about the
longer-term “output” of scientists and engineers. As noted
earlier, there has been no growth in the share of R&D
personnel in the labor force for a number of years. This
seems likely to continue. With a decreasing number of
college-age students in the United States and a declining
percentage of high school graduates choosing to study
science and engineering one estimate'® suggests a shortfall
of more than 500,000 scientists and engineers by 2010.
Meeting this potential shortfall is seen to require action to
encourage more women and minorities to train in science
and engineering, on the one hand; and further encourage-
ment of foreign students to study and to stay in the United
States'®, on the other. At the post-doctoral level, moreover,
there will be increasing pressures to “poach” skilled R&D
personnel from abroad.

(iii) Developments in Japan
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 29-31

[Text]

The Organization of Resources

2.23. In the space of 30 years (1955-1985) the Japanese
share in the total R&D expenditure of the six largest
industrial countries rose from an estimated 1 percent to
16 percent, placing it second only to the United States®;
and the number of researchers has become the second
largest in the free world. As noted earlier, the bulk of this
effort has been in the civil R&D field, although Japanese
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methods of calculating military R&D expenditure may
underestimate the military effort relative to that of
European countries. Certainly the Japanese have spent
far from negligible amounts on R&D oriented towards
naval and airforce purposes.

2.24. The private sector has accounted for by far the
largest share of the increase in expenditure, notably in
the field of natural sciences. Thus in 1986 the public
sector accounted for only 17.6 percent of total R&D
spending on natural sciences and for about 25 percent of
the R&D personnel. The private sector, correspondingly,
provided 82.4 percent of the funding and three-quarters
of the staff, with industry accounting for close to 90
percent of the private sector effort®'.

2.25. This private sector effort has taken place, however,
within the framework of a tradition of long-term and
“consensus” planning and linkages between industry,
Government Ministries and agencies, notably MITI
[Ministry of International Trade and Industry], which
has played a crucial role in coordinating actions between
industry, universities and other government agencies
and in helping to define long-term technology priorities.
Strategies covering 10-20 year periods are common both
in industry and government, and Japanese companies
and government agencies have developed a complex
network of “outlooks” on developments in RD. Industry
has also benefitted from a range of measures to encour-
age the allocation of resources to R&D (tax incentives,
subsidies and conditional loans) and from concerted
efforts to ensure the dissemination of R&D results (each
of the main Japanese Ministries responsible for research
appropriations—MONBUSHO, the Ministry of Educa-
tion, the SCIENCE AND TECHNOLOGY AGENCY
and MITI itself—has an agency of its own concerned
with dissemination and application of R&D results).

Applied Versus Basic Research

2.26. Historically, the bulk of the Japanese R&D effort has
been concentrated on applied research and, even more, on
development, supporting an industrial policy based on the
absorption and transformation of foreign technology.
From the middle of the 1960s particular efforts were made
(notably through the Large-Scale Project Program) to bring
together researchers from private industry and those in
universities to give Japan a leading edge in applied tech-
nologies that were seen as of strategic importance (notably
information technology). To a certain extent, as will be
argued below, this emphasis has not changed. But technol-
ogy adoption is still the main objective of Japanese Science
and technology policy. Still today expenditure on applied
research and development dwarfs that on basic research.
According to the 1987 Survey of Science and Technology
Research in Japan?? 62.3 percent of total R&D spending in
1986 was oriented towards development work, 24.4 per-
cent to applied research and institutions account for the
major share of this basic research and industry for the bulk
of the development work. But the importance of industrial
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basic research has been growing: in 1986 commercial
organizations funded one-third of total basic research
expenditure in the natural sciences. Much of this is appli-
cation oriented.

Table 2.10. Breakdown of Research Expenditure in the
Natural Sciences by Sector & Type FY 1986 (percent)

Total Basic Applied Develop-
Research Research ment
Total 100 13.3 24.4 62.3
Commercial Institutes 100 6.1 21.6 72.3
National Research 100 13.8 27.4 58.8
Institutions
Academic Institutions 100 54.2 37.4 8.4

Source: as footnote 22

These figures probably understate the trends. There is
much more qualitative evidence of a new preoccupation
in industry and government with Japan’s basic research
capacity as a key factor conditioning economic and
social progress in the longer-term.

2.27. This preoccupation has been outlined most vividly in
the 1987 and 1988 White Papers on Science and Technol-
ogy from the Japanese Science and Technology Adminis-
tration. These reports demonstrate the progress already
made by Japan in establishing its scientific credentials
through the contribution of Japanese scientists to major
scientific journals, but underline also the weakness of basic
research relative to industrial technology. These shortcom-
ings derive in part from the limited experience of funda-
mental research on the part of most university-trained
engineers and scientists since the brightest are often
snapped up by industrg' before completing research
degrees. The 1988 paper®* argues explicitly that Japanese
research on basic science and technology, though some of
it is of high quality, is insufficient compared with research
on application and development. This, it is argued, reflects
in part a low level of funding by public authorities. It draws
attention also to the less than satisfactory level of research-
ers with masters or doctoral degrees; the fact that there are
fewer science graduates than engineers; and there is a lack
of large-scale research facilities and data-bases.

International Cooperation

2.28. A growing recognition of the importance for the
longer-term of more fundamental research, of the
increasing interactions between basic research, technol-
ogy development and industrial competitiveness, and of
the current Japanese shortcomings in this area have led
to a new emphasis on international cooperation.

Measures have been taken to facilitate the participation
of foreign research workers in Japanese programs. The
launching of The Human Frontier Science Program,
which is intended to be a new international framework
for increased cooperation on basic research in the field of
biological sciences, is part of the same drive to help
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remedy perceived shortcomings in scientific capacity
and at the same time to respond to criticisms of the
closed nature of the Japanese scientific and technological
system. One important issue for the future will be to
ensure that the cooperation that ensues provides benefits
to all the parties concerned.

(iv)Changing International Environment
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 32-35

[Text] 2.29. Apart from the changing preoccupations of
Europe’s two main competitors (industrial competitive-
ness in the United States, basic research in Japan), other
factors could also impact significantly on the interna-
tional environment in which European science and tech-
nology develop in the longer-term. Particularly impor-
tant will be the future direction of the Soviet economy,
on the one hand, and the longer-term results of science
and technology polices in the newly-industrializing
countries (NICs) and China on the other.

2.30. In the Soviet Union today military R&D absorbs a
dominant share of scientific talent and budgetary
resources. At the same time science management has
been plagued by the familiar bureaucratic ills associated
with the centralized command system of organization.
President Gorbachev’s efforts to reform and modernize
the Soviet economy, if successful, will inevitably mean
some reallocation of scientific resources to civil uses. As
a consequence, over time the USSR could become an
increasingly important force in terms of science and
technology. The USSR has a solid tradition of theoretical
mathematics; work is already under way on the Fifth
Generation Computer; the Soviets already have consid-
erable expertise in areas such as space, advanced mate-
rials and molecular biology. They have already by far the
largest number in the world of scientists and engineers
engaged in R&D as a proportion of their labor force—on
some estimates 65 percent more than in the United
States. Economic and administrative reforms are likely
to increase the effectiveness with which these human and
financial resources are deployed.

2.31. During recent years, European industry has been
confronted with increased competitive pressure from the
newly industrializing countries in Asia and Latin Amer-
ica. This competition concerns traditional industries
(textiles, steel, shipbuilding, automotive industries) as
well as high tech sectors (consumer electronics, IT and
microelectronics, space and aeronautics). This challenge
will become even more serious as the more established
NICs have to face new competition from other industri-
alizing countries (e.g. Thailand, Indonesia, Malaysia,
Philippines) with labor cost advantages on the one hand,
and offensive technology development strategies in the
industrialized countries on the other hand.

Therefore the most dynamic NICs are now planning a
substantial growth in R&D spending and a strategy for

the development of highly qualified personnel who will
be very much on a par, scientifically, with their counter-
parts in the United States but at the same time much
cheaper (because salaries will be lower).

2.32. This is particularly clear in the case of the Republic
of Korea. Up to now Korea’s competitive advantage in,
notably, the electronics industry has been established on
the basis of the successful import and adaption of
existing technologies, combined with cheap labor. Its
indigenous scientific and research capacity, on the other
hand, is limited. But efforts are now under way to
improve the available indigenous resources, notably
through an expansion of graduate school education in
the scientific fields, joint efforts among existing R&D
institutes, universities and industry in relation to selec-
tive large-scale R&D projects and some attempts to lay
the foundations for a basic research capacity. Public
R&D spending is expected to grow from 2 percent of
GNP to more than 3 percent by 1991; and the number of
researchers will grow from 13/14 per 10,000 of the labor
force in 1987 to a planned 30 in 2000. This reflects a
growing perception that as technology becomes more
sophisticated an increasing scientific and technical
capacity is required to master, exploit and adapt it.
Growing wage costs and currency appreciation have also
played a role in underlining the need for improved
indigenous scientific capacity.

2.33. Other industrializing countries in Asia and Latin
America too have clearly recognized the importance for
the longer-term of a solid indigenous scientific base and
research capacity. Since 1984, a strong industrial restruc-
turing effort has been undertaken in Taiwan, aiming at
giving priority to high tech sectors, notably telecommu-
nications, integrated IT systems and biotechnology.
With a US$ 633 million civil R&D budget in 1986, and
more than 1 percent of GNP allocated to R&D, Taiwan
is close to Korean standards, including a high proportion
(14 per 10,000) of researchers in its population.

With the help of the World Bank, Brazil launched its
ambitious Program for Support in the Development of
Science and Technology (PADCT) in 1982 which was
further extended in 1986. R&D funds, which reach
nearly 1 percent of the GNP, are supporting projects in
areas vital to economic development: biotechnology,
chemistry and chemical engineering and geosciences.

With 0.6 percent of GNP devoted to R&D and a
considerable scientific and technological potential, India
is emerging as a nuclear energy, space and informatics
international actor.

Other developing countries which have clearly recog-
nized the importance for the longer-term of a solid
indigenous scientific base and research capacity include
Israel, Hongkong, Singapore, and Argentina.
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2.34. In China the improvement of scientific and tech-
nological capacity is seen as fundamental to the achieve-
ment of ambitious longer-term goals of economic growth
and development. Major research programs have been
launched, aimed at catching up in the mastery of tech-
nology in seven main fields—biotechnology, aerospace,
information technology, lasers, robotics, energy and
advanced materials. Other programs are aimed at
increasing the technological inputs to the export indus-
tries and the level of scientific and technical education
more generally. Already China is attempting to enter the
international satellite launching market.

2.35. The longer-term consequences of these trends for the
advance of scientific knowledge and for the pattern of
world economic growth and trade are clearly impossible to
predict. But the increasing importance attached to science
and technology in all these countries and the potential for
the emergence of significant new science and technology
powers are factors which European countries cannot
ignore in their own approach to science and technology
policies at a national, European and international level.

Europe as a whole is spending less on R&D than its
major competitors; and European industry much less.
Moreover, the share of research scientists and engineers
in the labor force is significantly higher in the United
States and Japan.

Despite its own problems of industrial competitiveness the
United States continues to benefit from major advantages
in the field of R&D (market size, levels of military R&D
expenditure) and renewed efforts are being made to max-
imize the industrial spin-off from Federally-funded pro-
grams (including, notably, military R&D) as well as to
improve interfirm cooperation. There is also an increasing
trend towards tighter restrictions on the flow of scientific
and technical knowledge out of the United States.

Japan for its part is now extending its expertise into the
field of basic research to complement its strong position
in applied research and technological development. This
reflects not only a wish for greater integration into the
international scientific community, but also the recogni-
tion that a capacity in basic research will be essential in
order to influence the direction of technological devel-
opment in the future.

Other industrializing countries are also beginning to
develop an indigenous S/T capacity. Europe faces major
challenges from this changing international environment.

I11. Mobilizing Europe’s Resources

(i) At National Level
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 37-46

[Text] 3.1. A growing recognition of the challenges facing
Europe has already led to some considerable rethinking

of national science and technology policies during the
1980s. This has been characterized by redefinitions of
public sector expenditure priorities, both as between
RTD and other public policies and within RTD budgets
themselves; a more important industrial orientation in
most countries; a new focus on measures to improve
cooperation between industry and universities; a con-
cern about the pattern of higher education and training
at one end and about the pace of innovation at the other;
and the search for better value for money through
improvement in the mechanisms for evaluating choices
between funding priorities and the success of programs.
This process of reevaluation is still going on: in the
United Kingdom a major review of science policy has
been under way; in Italy and Spain there have been
important reorganizations of the administrative appara-
tus for dealing with science policy; Germany has wit-
nessed recent changes in the pattern of Federal spending
with a greater priority now to be given to space research.

The Resources Applied to R&D

3.2. The picture varies considerably among Community
Member States in the share of national resources
devoted to R&D; in the relative importance of the public
and private sectors; and in the sectors to which resources
are applied.

3.3. In terms of the R&D effort the total volume of
spending is dominated by three countries: Germany, the
United Kingdom and France which together account for
over three-quarters of total public and private spending on
research and development in the European Community.
Indeed it is characteristic of U.S. and Japanese observers
to compare the performance of their own countries with
these three countries, and especially with Germany which
accounts for around 30 percent of the total.

3.4. All three countries, together with the Netherlands,
have higher than Community average shares of GDP
allocated to R&D. Once again the German position
stands out from the others, with some 2.8 percent (1987).
Both France and Germany have been most successful in
increasing total expenditure, with increases in the R&D
intensity of their economies of 18 percent and 26 percent
respectively between 1975 and 1985.

3.5. At the other end of the spectrum lie Spain, Portugal
and Greece, with shares of R&D in GDP of respectively
0.7 percent, 0.4 percent and 0.35 percent. In all of these
countries public policy has emphasized the need for
increasing expenditure, but this appears so far to have
achieved significant results only in Spain, where even in
the mid-1980s the intensity of the R&D efforts was
below 0.5 percent.

3.6. The remaining Community countries lie between
these two extremes. Here Italy’s performance is the most
striking, with rapid growth in resources devoted to R&D
throughout the 1980s. In real terms total (public and
private) expenditure on R&D grew by well over 10
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percent per year, pushing up the share of R&D in GNP
to around 1.5 percent in 1986. There is a policy objective
to double this figure by the early 1990s.

Table 3.1. The Intensity of R&D Spending by
Member States: R&D as a Percentage of GDP
(1987 or Nearest Year)

1981 1987
Germany 2.45 2.8
France 2.0 2.35
UK 24 2.3*
Netherlands 20 2.3
Belgium n.a. 1.5*%
Denmark 1.1 1.3*
Italy 1.00 1.5+
Ireland 0.7 0.8
Spain 0.4 0.7
Portugal 0.35 0.4**
Greece 0.2 0.35+

Source: OECD and national data. Figures for Luxembourg
not available.

* 1985

** 1985

+ 1986

3.7. The significant differences among Member States are
also evident in terms of numbers of research personnel.
Table 3.2. shows that Germany and France together
account for well over half of the entire Community R&D
personnel, with Germany alone providing some 35 per-
cent.

Table 3.2. R&D Personnel
(19

85)
Nos. Percent of Nos.
(1000) Community per 1000
total employed
(EUR=100) (1983)

Germany 398.0 35.0 4.8
France 270.0 240 39
UK 174.0* 15.0 —
Italy 118.0 10.5 2.7
Netherlands 61.5 5.5 3.7
Spain 32.0 3.0 1.0
Belgium 32.0%* 3.0 2.6
Denmark 20.0 2.0 2.7
Portugal 9.0%** 1.0 0.7
Greece 6.0%* 0.5 0.6
Ireland 6.0*** 0.5 2.8(1984)
Source: OECD and national data.
* 1986
** 1983
0k 1084

3.8. In terms of the relative importance of the public and
private sectors as sources of funding for R&D and as
“performers,” the position also varies considerably. In
all Community countries the public sector remains a
crucially important source of funds. In only Germany
and Belgium is public spending on R&D less than
business expenditure. The increase in German expendi-
ture on R&D, moreover, has been due more to growing
business expenditure than to public expenditure, and the
private sector has accounted as a result for a growing
share of the total R&D funding. In Germany too a larger
share of publicly-funded research than in other Commu-
nity Member States is carried out by the private sector.
In Italy and France, on the other hand, the improvement
in R&D intensity has been the result, principally, of
increased government expenditure.
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Table 3.3. Financing and Execution of R&D in the Community, 1985

Financing Shares in %

Business Public Sector

Belgium (66)* (34)*
Denmark 49 46
Germany 61 38
Greece 26 74
Spain 49* 50*
France 41 53
Ireland 45 47
Italy 45 52
Netherlands

50 45 . 55
Portugal n.a. 62
UK 46 43

Execution Shares in %

Business Public Sector Other (Univers. etc.)
(69)* —(31)*—
55 21 24
72 12 16
n.a. n.a. n.a.
(40)“: —(60)**——
59 25 16
51 —49—
57 —43—
19 26
n.a. n.a. n.a.
63 20 17

Source: OECD and National data—Figures for Luxembourg not available.

* 1983
** Estimates for 1987

3.9. Table 3.4. illustrates in summary from the differ-
ences between Member States in their levels of R&D
intensity (both total and industry-intensity) and also in
levels of employment in “technology-based” industries.
The outstanding position of Germany contrasts with that
of the less-developed members of the Community:

Table 3.4. Indicators of RTD—EC(12)=100

A B C D
R&D  Business “High Tech” Composite
Intensity R&D  Employment Index
(total)  Intensity
Germany 134 138 118.5 131
France 113 111 95 108
UK 120 83 103 106
Netherlands 107 102 95 103
Belgium 72 72 90 76
Denmark 60 80 70 68
Italy 59 46 80 61
Ireland 41 49 82 53
Spain 23 7.5 n.a. 18
Portugal 18 17 n.a. n.a.
Greece 11 5 n.a. n.a.

Source: Derived from STRIDE report, National Board for
Science and Technology, Dublin, November 1987

R&D Intensity = Total expenditure on R&D/GDP.

Business R&D Intensity = Business expenditure on
R&D/Gross Value-Added.

High-Tech employment = employment in chemicals, man-
made fibers, office machinery and data-process machinery,
processing of rubber and plastics, nuclear fuels—aggregated
and expressed as a ratio to total employment in all industries.
The composite index at D is a weighted average of A, B
and C.

Data are for 1983 and 1984, except for Portugal (1982).

Regional Differences in RTD Capacity

3.10. Such differences in R&D resources and their use
are even more striking if measured at the regional level.

In 1987 the European Commission invited a group of
external experts to analyze the situation at regional level.
Their extensive report?* highlighted regional disparities in
R&D spending and in technology levels that are much
greater even than those in terms of GDP per capita. Even
as between the Member States themselves (Table 3.4.)
there is a difference of 12:1 in the levels of R&D intensity
and of 28:1 in the intensity of business investment in
R&D. At the sub-national level the disparities are much
greater. In terms of the intensity of business expenditure
on R&D, for example Oberbayern enjoys a score three
times the Community average, while in a number of
regions in Italy, Spain, Greece and Portugal both business
expenditure on R&D and expenditure by the higher edu-
cation sector are negligible. The consequences for desirable
policy approaches are discussed in Chapter V.

It should be added, that the link between R&D intensity
and rates of economic growth is not a simple one, as the
case of Denmark illustrates. Denmark has a lower than
average level of R&D intensity. But Danish policy
(cf.5.20 below) has concentrated much effort on the
diffusion and adoption of technologies, with R&D
resources directed to are as in which Danish industry is
strong. Denmark offers an interesting model of “small
country” or regional strategy.

Trends in R&D Policies and Public Funding

3.11 In the majority of Community Member States there
has been a real growth during the 1980’s in the govern-
ment appropriations for R&D. This has been most
striking in the case of some of the less developed coun-
tries (notably Greece and Spain) and in France, Italy and
Denmark, each of which has increased R&D resources
faster than GDP (table 3.5.). Many of these countries
have increased public expenditure on R&D more quickly
than public expenditure overall.

Overall expenditure in the UK, on the other hand, has
held broadly stable in real terms for much of the 1980s,
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with some redeployment of defense R&D expenditures to
the civil sector. In Germany, as noted earlier, government

Table 3.5. General Characteristics of Budget Appropriations for RD in 1986

Belgium
Denmark
6.8
Germany
Greece
Spain
France
Ireland
Italy

Netherlands

Portugal

United Kingdom

EUR 12

European Communities

Government R&D
appropriations

in 1986 at
current values

and exchange rates

8.0

(million ECU)
total civil
653 642
509 507
19.4
10049 8832
99 97
802 764
10273 6935
116 116
4409 4033
1705 1658
92 92
6787 3329
35492 27003
661 661

(1) Comparison of provisional budgets
Source: Government Financing of Research and Development in Community Countries, Statistical Office of the European Com-

munities OS/12/87

Government R&D
appropriations at

1980 prices and exchange
rates—Annual average

1.3

19.5
0.6
4.8
6.4
33
42
1.5
1.8

0.0
2.2

rate of change

(percent)

total
81-86 86-87(1) 81-86 86-87(1)

-1.6

1.01.4
20
12.2
21.3
-3.0
1.6
8.1
1.7
35.0
-0.4
0.6

1.1

1.36

-0.1
5.4
6.4
5.1
4.2
7.0
1.8

0.5
27

3.12. As far as the distribution of public funds among
different categories of expenditure is concerned there are
again wide differences (Table 3.6.).

civil

-1.2

1.55
1.9

127

17.3
-1.3
1.6
8.8
1.5
35.0
-33
03

Contribution

of Member States government
to the EUR 12

total (percent)

81

24

0.49

30.3
0.3

27.9
0.3
8.3
5.2

224
100.0

86

2.6

0.63

28.1
0.3

appropriations have grown only modestly compared with
private sector financing.

Ratio of Ratio of
government
R&D R&D
appropriations appropriations
to total to gross
budget domestic product
(percent) (percent)
81 86 81 86

131 1.33 0.63  0.57

4.06 4.20 L15 1.10
0.51 0.67 0.16 025

1.61 028 0.34
5.62 6.34 1.31 1.44
0.74 0.80 039 044
1.60 1.60 0.65 0.85
234 240 0.93 0.96

1.4 0.32
3.18 3.04 1.31 1.24
3.33 3.1 1.02 1.04
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Table 3.6. Breakdown of Provisional R&D Budgets by Objectives in 1986 and 1987 (percent). Source: Government
Financing of Research and Development in Community Countries, Statistical Office of the European Communities

0S/12/87.
EC/CE EUR 12 DL DK DE GR
NABS Objectives 1986 1987 1986 1987 1986 1987 1986 1987 1986 1987 1986 1987
1. Exploration and exploitation of the earth 06 07 16 18 25 31 13 15 21 19 55 7.1
2. Infrastructure and general land-use planning 08 06 22 22 06 07 24 23 19 19 04 0.3
3. Control of environmental pollution 58 53 16 17 24 22 15 13 33 33 34 2.1
4. Protection and improvement of human health 4.1 28 35 36 21 3.0 33 48 30 32 93 7.4
S. Production, distribution and rational 56.8 51.6 87 1.1 101 95 6.7 44 105 87 26 3.6
utilization of energy
6. Agricultural productivity and technology 19 15 36 36 72 176 70 85 20 20 249 26.0
7. Industrial productivity and technology 267 332 128 13.7 162 12.8 20.6 16.2 14.3 153 8.7 11.2
8. Social structures and relationships 08 1.1 22 21 07 05 43 36 23 23 6473
9. Exploration and exploitation of space 1.1 15 46 54 73 98 31 26 45 49 0.6 0.4
10. Research financed from general 22.1 23.0 228 223 295 321 31.8 31.5 26.9253
university funds
11. Non-oriented research 1.4 1.8 11.3 107 205 23.6 19.7 223 11.8 123 6.1 6.7
12. Other research 08 1.1 63 3.8 0.1 01 22 0.2

Total Financing of Civil R&D

13. Defense - -
Total financing

Even between the three largest spenders (Germany, France
and the UK) there are major divergences as a consequence
in the first place of defense expenditure, which accounts
for 51 percent of total expenditure in the UK, for 34
percent in France and for 12.5 percent in Germany.

In the civil sector, the most important categories of expen-
diture are, generally research financed from general uni-
versity funds and non-oriented research. The Netherlands
and Belgium concentrate much of their R&D support in
the universities, and Germany and Denmark also give
above-average shares of total public funding for research to
higher educational institutions. In the United Kingdom,
on the other hand, the percentage of funds going to the
universities for research purposes is well below average
and that to finance non-oriented research significantly
below and declining; while in France the picture is mixed,
with university-funding below average but support for
non-oriented research high.

Outside these categories Germany and the Netherlands
spend higher-than-average shares of public funds on
environmental research; Italy has focussed in the past a
particular resource effort on energy (notably nuclear
energy) research; Greece, Denmark, Ireland and Portu-
gal on R&D to improve agricultural productivity. But
generally the most important growth sector during the
1980s has been R&D on industrial technologies, where
there have been major investments by Germany, France,
Italy, Spain, Ireland and Denmark in particular.

3.13 This latter feature of R&D budgets is associated with
the greater general industrial orientation in public R&D
policy than hitherto. This has been characterized by:

100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

100.0 100.0 75.1 76.1 98.5 98.9 99.5 99.6 87.6 87.5 97.1 97.7

249 239 15 1.1 05 04 124 125 29 23

100.0

¢ Measures to encourage higher levels of spending on
research and development by industry itself. Practically
all Member States now provide some form of tax relief
for industry on R&D investment. Many offer, in addi-
tion, financial incentives in the form of grants or loans.
As noted above, the Netherlands and Germany, in
particular, have witnessed a steady and significant
growth in industrial R&D spending;

« The targeting of financial support on specific “high”
technologies with major industrial applications.
Information technology has been the focus of partic-
ular attention in most countries (early examples of
national policy initiatives in the 1980s included the
Plan d’Action de Filire Electronique in France, the
Information Stimulation Plan in the Netherlands, the
Alvey Program in the UK. These are now being
phased out, to a large extent superseded by transna-
tional actions (see 3.49 below);

e Measures to promote better technology transfer—the
dissemination of research findings to industry. Gen-
erally this has been concentrated on the results of
civilian research efforts. But in the UK earlier this
year a scheme was launched (the Civilian Industrial
Access Scheme) to increase the spin-off to industry
from defense R&D by encouraging industry to make
greater use of the technical expertise and facilities of
defense research establishments;

¢ A new emphasis on cooperation between government

research bodies, higher education institutions and
industry. In the United Kingdom, for example the
LINK initiative was launched in December 1986 to
encourage collaborative programs between the three
parties in pre-competitive but industrially-relevant
research.

3.14. A sharper focus on industry-oriented R&D has
meant also a greater emphasis in public support on more
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ES ' FR IR

1987 1986 1987
5.3 7.7 1.5 1.4 0.7 0.6 1.1
34 0.2 3.2 3.2 3.9 4.2 0.9
0.4 2.0 0.5 0.4 0.8 1.0 1.0
4.0 8.6 3.8 36 4.9 3.9 44
12.3 31 7.1 6.7 1.2 11 17.4

4.9 6.7 3.6 3.6 273 24.2 3.7
17.1 215 12.1 10.6 26.1 27.2 19.1
0.9 0.9 2.9 2.7 8.0 10.0 1.1
4.8 8.8 5.8 5.9 1.1 23 6.9
18.1 19.8 11.8 12.0 239 23.0 28.6
20.6 8.5 15.1 14.7 22 2.4 7.0

2.2 34 1.2 1.0 0.2
94.2 91.1 69.0 65.9 100.0 100.0 91.6
5.8 8.9 31.0 34.1 - - 8.4
1000 100.0 100.0 100.0 1000 1000  100.0

“down-stream” R&D, with more immediate commercial
application. The picture varies a good deal across the
Member States, but in many the balance between support
for basic research and applied research has shifted in
favor of the latter. Public expenditure constraints, the
rising cost of much basic research, and increasing
empbhasis of measurable cost-effectiveness have all con-
tributed to this trend in a process that has been dubbed
“the shift from science to technology policy?*.” In some
countries (France, Germany, Netherlands), non-oriented
research continues to be given a high level of priority,
alongside support for pre-competitive industry-oriented
R&D. In the United Kingdom, on the other hand, the public
funding of basic research has been downgraded relative to
the financing of pre-competitive applied R&D, this reflect-
ing a particular UK concern about the perceived difficulty
of translating British intervention into innovation.

Duplication and Overlap

3.15. Outlines of the situation in each of the Member
States are given in the short synopses that follow reflect
the ongoing work within CREST to compare national
policies and identify potential areas for cooperation.
This process, which is discussed further below under
Policy Coordination, is not yet complete. It is already
clear, however, that there are areas where duplication of
effort and overlap do exist. One aim of subsequent
reports on the state of science and technology will be to
highlight these areas.

Dual Use Technologies

3.16. One difficult question in this context is the differ-
ence among Member States in the organization of R&D

NL PO UK

1986 1987 1986 1987

1987 1986
i.4 0.6 0.6 10.2 9.0 1.7 1.7
0.8 4.2 4.6 8.9 10.5 1.4 1.6
0.9 3.0 3.1 3.0 3.4 0.7 1.5
4.5 2.2 2.5 0.2 0.2 3.7 33

11.1 4.6 4.0 5.0 4.7 4.6 3.6

35 4.4 43 14.4 14.2 4.6 43
19.1 14.8 17.6 1.3 6.2 6.7 9.9
1.2 3.5 24 0.2 1.3 1.3 1.2
9.3 29 2.8 1.8 2.6
319 43.1 40.7 35.5 30.5 14.9 15.3
6.6 9.8 10.3 1.8 0.5 6.8 33

1.9 4.3 44 13.5 19.5 0.3 0.3

92.2 97.4 97.2 100.0  100.0 48.4 48.8
7.8 2.6 2.8 - - 51.6 51.2
1000 100.0 1000 100.0 1000 1000  100.0

on so-called “dual-use” technologies. The common fea-
tures in the technological requirements of the defense
and civil sectors affect several key areas: sensor and
signal/image processing, complex system design and
information processing, man-machine interfaces, vehicle
technology, advanced design and manufacturing tech-
nology, electronics/ microelectronics/ optoelectronics/
bioelectronics, communications, advanced materials,
medical technology, electrical and mechanical engineer-
ing, and energy conversion.

The development of these dual-use technologies is
funded in Europe through defense and/or civil R&D
programs, depending on the country and the degree of
resources devoted to military R&D.

The need to improve coherence between civil and defense
programs, where they overlap, in order to optimize the use
of resources (manpower and financial) has been recognized
at national level (cf. 3.13 above) and mechanisms are
implemented in the principal countries to avoid unneces-
sary duplication and promote technology transfer from
civil to defense and vice versa. These efforts to promote
the optimal use of resources at national level are reason-
ably successful in some areas but more remains to be done
in other areas where duplications or barriers to technology
transfer remain significant.

3.17. However, the most significant duplication arises not
in national programs but between European countries. To
the extent that civil applications are taking the lead in
driving the development of several dual-use technologies,
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civil programs to promote European technological cooper-
ation, in particular Community programs and EUREKA
contribute to a more efficient use of resources. (see below)
Their impact is, however, inevitably limited given their
size and scope.

In those technological fields which are more driven by
defense applications, much remains to be done to estab-
lish effective cooperation between countries.

Another trend which is important in discussing and
harmonization of defense and civil research efforts to
establish a broad competitive technology base is the
escalation of the cost of developing and producing mil-
itary equipment. This has led defense departments in
Europe to reduce their support for some dual-use tech-
nologies and to concentrate their resources on military-
specific developments (a trend observed in the United
States—cf. Chapter II).

While this trend reduces the risk of duplications between
civil and defense programs, it also implies that an
additional effort by industry or through civil programs is
needed to maintain a broad competitive technology base
in Europe.

Belgium

Gross Domestic Product (GDP): 104.5 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 1,542.6
Mio ECU (est.) (1985)

GERD/GDP: 1.48 percent (est.) (1985)

National Budget: 49,112 Mio ECU (1986)

R&D Budget: 652.6 Mio ECU (1986)

R&D Budget/National Budget: 1.33 percent (1986)
Number of Researchers per 1000 Labor Force: N.A.
Percentage of GERD Financed by Industry: N.A.

Defense R&D as a percent of Total Government Appro-
priations: 0.2 percent

Responsible Ministry for S&T: Deputy Prime Minister,
Responsible for the Budget and the Science Policy.

Structure of S&T Policy: The coordination of the whole
structure is the responsibility of the Science Policy Office
(“Services de Programmation de la Politique Scienti-
fique”’) belonging to the Prime Minister’s Services. How-
ever, a significant portion of the “Science policy budget”
is the direct responsibility of the different ministries.

National Priorities:

1. More concentration of funds on selected research

topics:

— informatics (Artificial intelligence, software and
microelectronics);

— biotechnology and biosciences;

— aerospace;

— new materials;

— telecommunications;

— oceanography.

2. Increased support for fundamental research and more
cooperation between university and industry;

3. More incentives to industry in order to increase its
share (already one of the highest in Europe: about 62
percent in 1985) in the overall funding of R&D.

4. Maximum encouragement of participation in Com-
munity and international programs.

Trends: The responsible government officials state that
the ratio GERD/GDP should rise from about 1.5 percent
to the same level as Netherlands (about 2.3 percent) but
after a budget increase in 1985 the overall funding shows
only marginal increases.

Comments: The new federal structures of the Belgian
State, may lead to a different share of the coordination of
research among linguistic communities, regions and
national authorities. However, at international level the
national authority should be totally responsible for coor-
dination.

Denmark

Gross Domestic Product (GDP): 76.4 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 959.3
Mio ECU (1985)

GERD/GNP: 1.26 percent (1985)

National Budget: 32,738 Mio ECU (1986)

R&D Budget: 508.7 Mio ECU (1986)

R&D Budget/National Budget: 1.55 percent (1986)

Percentage of GERD Financed by Industry: 48.9 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 0.4 percent (1987)

Number of Researchers per 1000 Labor Force: 3.1
(1985)

Responsible Ministry for S&T: The Ministry of Educa-
tion and Research and the Ministry of Industry.
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Structure of S&T Policy: Each ministry has responsibil-
ity for supporting research related to its function. The
government’s internal coordination of S&T policy is
guided by its National Research Committee under the
chairmanship of the Ministry of Education and Research
and by its Industrial Policy Committee chaired by the
Ministry of Industry. Both ministries have advisory
councils (the council for Research Policy and Planning
and the Council of Technology). The largest shares of the
national R&D are funded by the Ministry of Education
and Research (more than 50 percent), the Ministry of
Industry (about 25 percent).

National Priorities: S&T is a top priority policy area in
the mid-1980’s in Denmark. Three topics have been
declared:

— Information Technology;

— Material Research;

— Basic Biotechnical R&D.

Most Danish companies are small/medium-size enter-
prises (SME) and special government effort is necessary
to aid the dissemination of information on new technol-
ogy and its adoption.

Trends: Denmark ranks amongst the EC Member States
which spend between 1 percent and 2 percent of the
GDP for R&D. Since 1980 an increase of about 8
percent per year has been registered. The government’s
plans provide for a GERD of about 2.3 percent of GDP
for the year 2000.

Comments: Danish research and technology rely on wide
international cooperation. About 5 percent of the
national R&D resources are attributed to participation
in international cooperation, including the EC R&D
programs. Participation in Nordic research cooperation
is of importance to Denmark.

Federal Republic of Germany

Gross Domestic Product (GDP): 826.4 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditures for R&D (GERD):
22,009.4 Mio ECU (1985)

GERD/GDP: 2.66 percent (1985)

National Budget: 238,935 Mio Ecu (1986)

R&D Budget: 10,049 Mio Ecu (1986)

R&D Budget/National Budget: 4.20 percent (1986)

Percentage of GERD Financed by Industry: 60.9 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 12.4 percent (1986)

Number of Researchers per 1000 Labor Force: 4.8
(1983)

Responsible Ministry for S&T: The Federal and the
Laender Governments attach importance to the freedom
of research and the principles of “subsidiary funding.”
The Laender have mainly the responsibility for R&D in
the universities (about 13 percent of 1987 total R&D);
the Federal Government is responsible for non-univer-
sity R&D (about 24 percent of 1987 total). The funding
of the supporting bodies (DFG [German Research Asso-
ciation], MPG [Max Planck Society], FhG [Fraunhofer
Society]) and the national research centers is shared
between the Federal and the Laender Governments. The
Government believes that in a free-market economy the
primary responsibility for R&D is that of industry (61
percent of the 1987 total R&D). Further strengthening of
performance and private initiative will be assisted by tax
incentives which will be provided within the 1990 tax
reform.

National Priorities:

— Increased promotion of basic research, strengthening
of research with long term prospects and expansion
of preventive research (ecology, health, climate);

— Promotion of industrial research in the area of mar-
ket oriented technologies;

— Improvement of the basic conditions for innovation
in SMEs.

More specifically: the completion of the Airbus family;
information technology; materials research; biotechnol-
ogy; selected physical technologies (laser, thin-film);
regenerative energy technologies.

Trends: National R&D expenditure increased between
1973 and 1987 from 2.1 percent to 2.7 percent of GDP.
The business sector’s contribution to global R&D expen-
diture increased from 56 percent in 1981 to 62 percent in
1987 and is far the highest among the EC Member States.

Comments: International cooperation has a high priority
in the S&T policy of the FR Germany. About 8.2 percent

of the Federal Government R&D expenditure was com-
mitted to international organizations in 1987.

Greece

Gross Domestic Product (GDP): 42.8 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 148.9
Mio Ecu (1985)

GERD/GDP: 0.35 percent (1985)

National Budget: 14,763 Mio Ecu (1986)

R&D Budget: 99.5 Mio ECU (1986)

RD Budget/National Budget: 0.67 percent (1986)
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Percentage of GERD Financed by Industry: 26.3 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 2.3 percent (1987)

Number of Researchers per 1000 Labor Force: 0.8
(1983)

Responsible Ministry for S&T: General Secretariat of
Research and Technology, an autonomous body within
the Ministry of Industry, Energy and Technology.

Structure of S&T Policy: Each ministry is responsible for
its own research. The Ministry of Industry, Energy and
Technology finances 43 percent of the total R&D Public
Expenditure and, the Ministry of Education 29.2 per-
cent. The GSRT coordinates the R&D efforts between
the various ministries, Research Institutes, sectoral com-
panies, universities and international organizations.

National Priorities:

— improvement of the role of the country in the inter-
national division of labor;

— establishment of institutional infrastructure for sci-
entific and technological development;

— production of scientific and technological results of
quality;

— exploitation of research results and assimilation of
technology transfer;

— activation of applied and technological research for
assimilation of imported technology;

— making public opinion more aware of importance of
research for economic and social development.

In the new 1988-1992 National Plan, high priority is
given to social and human sciences, information tech-
nology, biotechnology, and development of industrial
research.

Trends: GERD as a percentage of GDP has increased
steadily from 0.21 in 1981 to 0.35 in 1985. The aim is to
reach 0.65 in 1992,

Comments: Greek participation in the EEC programs
has increased substantially over the last years.

Spain

Gross Domestic Product (GDP): 216.2 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 1,144.4
Mio ECU (1985)

GERD/GDP: 0.53 percent (1985)
National Budget: 49.848 Mio Ecu (1986)
R&D Budget: 801.7 ;Mio Ecu (1986)

R&D Budget/National Budget: 1.46 percent (1986)

Percentage of GERD Financed by Industry: 49.1 percent
(1983)

Defense R&D as a Percent of Total Government Appro-
priations: 5.8 percent (1987)

Number of Researchers per 1000 Labor Force: 1.0
(1983)

Responsible Ministry for S&T: The Interministerial
Committee for Science and Technology composed of
representatives from 9 ministries involved in research, is
the official organism for the planning, coordination and
follow up of national S&T policy.

Structure of S&T Policy: The National Plan defines the
framework for the S&T activities of the nine ministries
involved in research, whose work is coordinated by the
interministerial committee. The Spanish Autonomies
are quite independent in deciding and implementing
their own S&T policy. Efforts have been made to coor-
dinate those efforts at national level.

National Priorities: Priority sectors are:

— Information and production technologies.

— National resources and agro-industrial technology.
— Quality of life.

The priorities set by the national plan are, among others,

the following:

— improvement of knowledge and progress in innova-
tion and technological development;

— conservation, upgrading and optimal exploitation of
natural resources;

— development and strengthening of the competitive
capacity of industry, trade, agriculture and fisheries;

— strengthening of national defense;

— adaptation of Spanish society to the changes brought
about by scientific development and the new objec-
tives;

— improvement in quality of education;

— encouragement of creativity, the development and
dissemination of culture in all forms;

— improvement of health, social security and the qual-
ity of life.

Trends: In Spain GERD as a percentage of GDP has
increased from 0.4 in 1981 to 0.53 in 1985. The Spanish
Government is determined to increase even further the
national R&D efforts to levels comparable with the other
advanced European countries.

Comments: In 1987, GERD is estimated to be 0.75
percent of GDP.
France

Gross Domestic Product (GDP): 674.8 Billion ECU (at
current prices and exchange rates) (1985)
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Gross Domestic Expenditure for R&D (GERD):
15,587.4 Mio ECU (1985)

GERD/GDP: 2.31 percent (1985)

National Budget: 162,565 Mio ECU (1986)

R&D Budget: 10,273.1 Mio ECU (1986)

R&D Budget/National Budget: 6.34 percent (1986)

Percentage of GERD Financed by Industry: 41.4 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 31.0 percent (1986)

Number of Researchers per 1000 Labor Force: 4.1
(1984)

Responsible Ministry for S&T: Under the new Govern-
ment, there is a Ministry of Research and Technology
(Ministre dlgu) who is responsible for S&T policy in
France. Space policy is under the Ministry of Post,
Telecommunications and Space.

Structure of S&T Policy: In parallel or in cooperation with
the Ministry of Research and Technology, other ministe-
rial departments have also an important role in directing
scientific and technical activities: the Ministry of National
Education, of Industry, of Defense, of Economy and of
PTT. Despite some considerable efforts to regionalize
research, the French S&T system is centralized.

National Priorities: The first priority is the further
promotion and development of industrial research. Pri-
ority will also be given to the employment of young
researchers in order to solve the problem in the age
structure of the French scientific body, and to training
through research. The priorities in fields of research are:

- Technological Development Programs: nuclear
energy, space, acronautics, telecommunications, elec-
tronuclear equipments.

— National Programs: Biotechnology, food industry,
medical research, human and social sciences, produc-
tion technology, electronics, natural resources, new
materials, new chemistry, research for development,
research on general planning of land-use and transport.

Trends: During recent years, there has been an increase
in R&D financing as percentage of GDP from 2.01
percent in 1981 to 2.31 percent in 1985. Research has
been designated as a national priority for France.

Comments: In order to encourage the private enterprises
to start their own research, the government has given
several incentives (direct and indirect aids) for the
creation of research infrastructure within enterprises and
hiring of researchers by industry.

Ireland

Gross Domestic Product (GDP): 24.1 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 192.4
Mio ECU (1985)

GERD/GDP: 0.80 percent (1985)

National Budget: 14,411 Mio Ecu (1986)

R&D Budget: 115.7 Mio ECU (1986)

R&D Budget/National Budget: 0.80 percent (1986)

Percentage of GERD Financed by Industry: 45.4 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 0.0 percent (1986)

Number of Researchers per 1000 Labor Force: 2.8
(1984)

Responsible Ministry for S&T: Ministry for Science and
Technology operating within Department of Industry
and Commerce.

Structure of S&T Policy: In 1987 Irish S&T was consid-
erably reorganized. Minister of State for Science and
Technology was appointed and a general program of
rationalization of S&T agencies undertaken. NBST
[National Board for Science and Technology] and IIRS
[Institute for Industrial Research and Standards] were
merged to form EOLAS.

National Priorities: Strategic Research Program empha-
sizes application—oriented research and has identified
Biotechnology, Engineering, Advanced Materials and
Information Technology as priorities.

Policy aims to concentrate national S&T effort on indig-
enous firms. The South East Region—one of weaker
R&D regions—has been declared a pilot region for S&T
related economic development.

Trends: S&T has had small budget increase in 1987
despite widespread cuts in most other spending depart-
ments. Government expenditure on S&T increased in
real times by 1.4 percent per annum average from
1981-1987. All Irish S&T expenditure is civilian R&D.

S&T expenditure has declined in Agriculture and Energy
and increased in S&T for Manufacturing Sector.

Comments: Major S&T interests are strengthening indig-
enous industry S&T participation and S/T infrastructure
with the help of EC structural instruments.
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Italy

Gross Domestic Product (GDP): 473.0 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 6,307.3
Mio Ecu (1985)

GERD/GDP: 1.33 percent (1985)

National Budget: 275,537 Mio ECU (1986)

R&D Budget: 4,408.5 Mil ECU (1986)

R&D Budget/National Budget: 1.60 percent (1986)

Percentage of GERD Financed by Industry: 41.0 percent
(1986)

Defense R&D as a Percent of Total Government Appro-
priations: 8.5 percent

Number of Researchers per 1000 Labor Force: 2.7
(1986)

Responsible Ministry for S&T: Ministry for S&T
Research

Structure of S&T Policy: The Ministry for S&T Research
will become “Ministry for the University and S&T
Research,” responsible for all Government funded
research.

National Priorities:

1) Increase in overall funding of Government and pri-
vate enterprises since 1980.

2) Emphasis and increased funds for research on new
technologies such as:

— biotechnologies and fine chemicals;
— information technologies;

— new materials;

~— nuclear fusion;

— telecommunications;

— optics and lasers;

— advanced transport;

— satellites and space crafts;

— biomedical instruments

3) Decrease in funds for nuclear R&D for the production
of electricity.

Trends:

— The new Ministry for University and S&T Research
should lead to streamlining the whole Government
R&D structure and simplify the administration of
Government research establishments.

— Incentives (mainly fiscal) for private funded R&D.

— The ration GERD/GDP was 0.74 percent in 1980; by
1987 it was about 1.40 percent.

— Increased European and international cooperation.

Comments: Italian authorities wish to bring the ratio of
GERD/GDP to same level of Italy’s largest European
partners (France and UK) in 4 or 5 years.

Luxembourg

Gross Domestic Product (GNP): 4.7 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): N.A.
GERD/GDP: N.A.

National Budget: 2,005 Mio ECU (1987)

R&D Budget: N.A.

R&D Budget/National Budget: N.A.

Percentage of GERD Financed by Industry: N.A.

Defense R&D as a Percent of Total Government Appro-
priations: N.A.

Number of Researchers per 1000 Labor Force: N.A.

Responsible Ministry for S&T: Ministry for National
Education and Youth.

Structure of S&T Policy: Interministerial Committee for
Coordination of Research and Technological Develop-
ment.

National Priorities:

— Setting up Government structures and public
research centers to carry out R&D activities with
Government funds.

— Transfer of results of research, gathered in public
research establishments, to industrial innovation.

Trends: A new law (March 1987) will initiate the estab-
lishment of a certain number (up to 6 or 7) of Public
Research Centers; two centers are already operational in
1988.

Comments: Luxembourg does not collect at present data
on R&D expenditure but will do so probably in 1989.
R&D activities have been carried out until recently
exclusively in private industrial concerns, this should
change with the establishment of the government-funded
public research centers mentioned above.

Portugal

Gross Domestic Product (GDP): 27.3 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 111.7
Mio ECU (1985)
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GERD/GDP: 0.41 percent (1985)

National Budget: 8,801 Mio ECU (1986)

R&D Budget: 91.5 Mio ECU (1986)

R&D Budget/National Budget: 1.04 percent (1986)

Percentage of GERD Financed by Industry: 30.8 percent
(1984)

Defense R&D as a Percent of total Government Appro-
priations: N.A.

Number of Researchers per 1000 Labor Force: 0.8
(1984)

Responsible Ministry for S&T: Ministry for Planning
and Territorial Administration. JNICT is the major
planning, policy and overall coordination body with
responsibility for preparation of R&D Budget.

Structure of S&T Policy: Since 1986 and the establish-
ment of the Superior Council for Science and Technol-
ogy there has been major changes and much new invest-
ment in S&T.

National Priorities: Priorities of the Government pro-
gram (April 1987) for R&D are applied research related
to users, strengthening basic research in universities,
promoting mobility in science, and developing joint
mobilization programs between research and industry,
as well as strengthening public sector S&T infrastructural
capability. Major Sectoral Research Action programs are
biotechnology, robotics/microelectronics, material sci-
ences and, marine sciences.

Trends: R&D Expenditure in 1986/87 doubled 1985°s
allocation with plans to steadily increase it to reach 1
percent of GDP by 1990. JNICT’s budget has been
increased three fold. Less than 1 percent of firms per-
form R&D. R&D expenditure by firms in 1987 repre-
sented 1.5 percent of national R&D expenditure. Private
Non Profit Institutions accounted for 8.4 percent of
R&D expenditure.

Comments: Low level of International R&D Participa-
tion but set to increase steadily with EEC membership
and priority given by Government. A major priority is to
strengthen S&T infrastructure as well as education and
learning of S/I researchers.

The Netherlands

Gross Domestic Product (GDP): 165.3 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD): 3,492.6
Mio Ecu (1985)

GERD/GDP: 2.11 percent in 1985 (2.40 percent esti-
mate for 1988)

National Budget: 70,599 Mio ECU (1986)
R&D Budget: 1,704.9 Mio ECU (1986)
R&D Budget/National Budget: 2.40 percent (1986)

Percentage of GERD Financed by Industry: 50.2 percent
(1985)

Defense R&D as a Percent of Total Government Appro-
priations: 2.6 percent (1988)

Number of Researchers/per 1000 Labor Force: 3.7
(1983)

Responsible Ministry for S&T: The Ministry of Educa-
tion and Science and the Ministry for Economic Affairs.

Structure of S&T Policy: Decisionmaking is based on a
broadly structured network of advisory bodies. S&T
Policy is prepared by the Council for Science and Tech-
nology Policy (RWT), chaired by the prime minister
within which the minister of education and science acts
as coordinating minister for science policy and the
minister of economic affairs as coordinating minister for
technology. The policy is market-oriented, aiming to
improve competitive strength of the Dutch industry via
the broadening of the technology base of the industry,
improving the quality, the use, and the diffusion of
technology.

National Priorities: The dissemination of knowledge via
innovation centers and major incentive schemes:

— The innovation Stimulation Scheme (INSIIR) pro-
vides grants for R&D labor costs whether in-house or
contracted R&D.

— The Technological Development Credit Scheme
(TDC) offers support for R&D on new products.
Processes, and services on condition that they are
technologically new and risky.

— the SME Business Research Program (OMK) stimu-
lates SMEs to carry out advanced R&D projects.

The Innovation-Oriented Programs (IOPs) include
among others: Biotechnology, Membrane Technology,
Technical Ceramics, and IC Technology.

Trends: National R&D expenditure increased between
1980 and 1988 from 2.03 percent to 2.40 percent of
GDP. The business sector increased its contribution to
global R&D expenditure from 50.2 percent in 1985 to
55.3 percent in 1988.

Comments: The “Internationalization of Education and
Research” is a major issue in the Dutch S&T policy.
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United Kingdom

Gross Domestic Product (GDP): 595.0 Billion ECU (at
current prices and exchange rates) (1985)

Gross Domestic Expenditure for R&D (GERD):
13,837.6 Mio ECU (1985)

GERD/GDP: 2.33 percent (1985)

National Budget: 223,312 Mio ECU

R&D Budget: 6,786.8 Mio ECU (1986)

R&D Budget/National Budget: 3.04 percent (1986)

Percentage of GERD Financed by Industry: 46.1 percent
(1985)

Defense R&D as a percentage of Total Government
Appropriations: 50.9 percent (1987)

Number of Researchers per 1000 Labor Force: N.A.

Responsible Ministry for S&T: Cabinet Office has over-
all responsibility reporting to prime minister but minis-
terial departments have responsibility for own R&D.

Structure of S&T Policy: S&T structure has been
strengthened into central structure under prime minis-
ter, with the Advisory Council on Science and Technol-
ogy (ACOST) as expanded advisory body. The S&T
Assessments office assists departments, research coun-
cils and university in R&D expenditure proposals.

National Priorities: Three main priorities have to be

considered at the national level:

1. maintain and enhance quality in S&T;

2. increase social and economic return from S&T;

3. improve management, ensure greater concentration
and selectivity of S&T activities.

As regards sectoral research, action programs are devel-
oped by individual ministries.

Government is conducting “searching review” of R&D
priorities across Government with emphasis on contri-
bution of Government funded R&D to efficiency, com-
petitiveness and innovative capacity.

Criteria revised in 1987 for distribution of Science

Budget.

1. Internal Funds—Timeliness and Pervasiveness.

2. External—Exploitability. Applicability and Signifi-
cance for Education.

3. Financial—Benefits and Costs/Affordability.

Trends: Overall level funding for 1987-89 committed
with cuts in defense research and small increases for
Research Council and University Grants Committee.

UK Government is determined to secure greater Indus-
try funding of R&D, and also to ensure that industry
takes more responsibility for R&D. Emphasis has shifted
from project support to collaborative research.

Comments: Main concern is to ensure value for money
in all research and development, international as well as
national, to which UK Government contributes.

(ii) European Cooperation
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 47-51

[Text]} 3.18. Examples of collaborative research ventures
in Europe can be traced back over many years. CERN
(the European Organization for Nuclear Research) was
established in 1953; ESRO (the European Space
Research Organization) and ELDO (the European
Launcher Development Organization), which were later
merged to the European Space Agency (ESA) were set up
in 1962, the same year as the signature of the Anglo-
French Concorde project; 1970 saw the establishment of
Airbus Industrie.

3.19. At the level of the European Community the first
collaboration in coal and steel research began in 1955,
this to be followed by cooperation on nuclear research
under the Euratom Treaty in 1958. In the aftermath of
the doubling of oil and energy prices in 1973/74 the
Community’s research efforts were extended in 1974
into the on-nuclear energy fields, the environment and
raw materials. In 1971 the first cooperation within the
COST framework was begun, involving the Community
and other European countries; COST remains an impor-
tant framework for cooperation on specific projects.

3.20. But the 1980s have witnessed a qualitative and
quantitative development in Community activity, char-
acterized by the introduction of more industry-oriented
“second-generation” R&D programs, medium-term
resource planning for Community research, and Com-
munity level actions both upstream of research (in the
field of education and training) and downstream support
for innovation.

Underpinning this cooperation now is the political com-
mitment of the Community, enshrined in the Single
European Act:

— to strengthen the scientific and technological basis of
European industry and to encourage it to become
competitive at the international level;

— to encourage and support cooperative efforts
between industry and research centers and universi-
ties;

— and to adopt a Framework Program as a medium-
term planning tool.
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By laying down the objectives, priorities and expected
financial requirements for the Community’s activities in
the fields of RTD and breaking it into lines of action, the
Framework Program forms a guide for specific program
decisions. Another of its aims is to familiarize scientific
institutions and companies with the research opportuni-
ties offered by the Community in the medium term.

3.21 The main elements in the program for 1987-1991
are given in the following table, which illustrates the
emphasis given to information technologies, telecommu-
nications, the modernization of Community industry,
biotechnology, marine Science and Technology, along-
side the long-standing collaboration in nuclear fusion
and fission and the environment.

3.22. The largest single program is now ESPRIT, which
was launched in 1984 with the aims of providing the
European information technology industry over the sub-
sequent 10 years with the basic technologies required to
meet the competition of the information technology, and
contributing to the development of internationally
accepted standards. For its first 5 years the ESPRIT
program has a total budget of 1500 MECU, half of it
funded by the Community, and half by the research
partners themselves. In its second phase ESPRIT has a
budget of 3.200 MECU, again shared equally between
the Community and the research partners. The first
phase of the program concentrated on pre-competitive
research in micro-electronics, information processing
systems, and application technologies such as computer
aided manufacturing systems. The new phase includes,
alongside the application-orientation, some emphasis on
more basic research targeted on issues such as artificial
intelligence.

3.23. The second largest group of industry-oriented
activities aims at the modernization of European indus-
try through the use of advanced technology and the
development of new materials. Here the BRITE program
is the largest single element. BRITE was launched in
1985 as a 4-year program funded jointly by the Commu-
nity (185 MECU) and research partners in universities
or industry. Building on its experience with the BRITE
program and the related EURAM [European Research
on Advanced Materials] program on advanced materials
(under which together some 300 projects are being
financed) the Commission has recently submitted pro-
posals for a new combined program for 1989-92, which
is designed to attract SMEs in particular and which, it is
estimated, could generate projects costing 1.000 million
ECU. Most of the Community funding of 440 MECU
will be on applied research, but up to 7 percent of the
budget will be made available for more fundamental
work in areas where industrial progress is hindered by
weakness in basic sciences.

3.24. A third element in the Framework Program which
has a specifically applied industrial orientation is RACE
which is designed to ensure that the different telecom-
munication systems and services now being developed in

Europe remain consistent. The specific aim of the RACE
program is to enable the Community to move towards
integrated broadband communications based on inte-
grated digital networks in a system able to handle a wide
range of new and conventional telecommunication ser-
vices from telephones to videophones, cable TV, data
transmission and contribution to the Community’s
development strategy for the telecommunications sector
as a whole, which will be of great importance of the
functioning of the internal market.

Table 3.7. Framework Program Of Community Activities
in the Field of Research and Technological
Development-—1987-91 (Breakdown of the amount
deemed necessary between the various activities

envisaged)

Million ECU
1. Quality of life 375
1.1. Health : 80
1.2. Radiation protection 34
1.3. Environment 261
2. Towards a large market and an informa- 2,275
tion and communications
2.1. Information technologies 1,600
2.2. Telecommunications 550
2.3. New services of common interest 125
(including transport)
3. Modernization of industrial sectors 845
3.1. Science and technology for manufac- 400
turing industry
3.2. Science and technology of advanced 220
materials
3.3. Raw materials and recycling 45
3.4. Technical standards, measurement 180
methods and reference materials
4. Exploitation and optimum use of biologi- 280
cal resources
4.1. Biotechnology 120
4.2. Agro-industrial technologies 105
4.3. Competitiveness of agriculture and 55
management of agricultural resources
S. Energy 1,173
5.1. Fission: nuclear safety 440
5.2. Controlled thermonuclear fusion 611
5.3. Non-nuclear energies and rational use 122
of energy
6. Science and technology for development 80 80
7. Exploitation of the sea bed and use of 80
marine resources
7.1. Marine science and technology 50
7.2. Fisheries 30
8. Improvement of European S/T Coopera- 288
tion



JPRS-EST-89-008
3 April 1989

Table 3.7. Framework Program Of Community Activities
in the Field of Research and Technological
Development—1987-91 (Breakdown of the amount
deemed necessary between the various activities

envisaged)

Million ECU
8.1, Stimulation, enhancement and use of 180
human resources
8.2. Use of major installations 30
8.3. Forecasting an assessment and other 23
back-up measures (including statistics)
8.4. Dissemination and utilization of S/T 55
research results
Total 5,396

3.25. Other sectors too now have a significant applica-
tions-oriented component. The Community’s biotech-
nology program (BAP—Biotechnology Action Program),
notably covers a number of research fields relevant to the
needs of industry and agriculture and is complemented
by a program of projects specifically for the application
of biotechnology to agro-industry.

3.26. Alongside the part-funding of contract research in
these and other areas of the Framework Program and the
work of the Community’s own Joint Research Center
(which is itself now to have a more industry-oriented
vocation) the Community is:

* promoting cooperation and exchanges of research sci-
entists among the Member States through the SCI-
ENCE program (formerly called the STIMULATIO
program);

* encouraging student mobility and cooperation
between higher education institutes in Europe through
its ERASMUS program,;

« promoting strong and long-lasting partnerships
between enterprises and universities in training, nota-
bly in respect of high technology (COMETT [Com-
munity in Education and Training for Technology]);

« promoting the effective dissemination of the results
from its research activities and contributing to their
application through the VALUE program,;

+ working towards the lowering of languages barriers to
the circulation of information through the EURO-
TRA program;

e encouraging innovation through the SPRINT [Strate-
gic Programme for the Transnational Promotion of
Innovation and Technology Transfer] program which
aims to create more favorable conditions for innova-
tion and technology transfer in general, as well as
other sectoral programs such as STAR [Space Tech-
nology and Advanced Research] (telecommunica-
tions) and VALOREN (energy technologies) which
are specifically oriented towards the needs of the
less-developed regions of Europe;

e promoting the application of new information and
communication technologies in order to develop the
information services market, through the IMPACT

program and through sectoral programs (AIM [Auto-
mated Information Management], DRIVE, DELTA
[Distributed Electronic Test and Analysis]).

3.27. The experience of the Framework Program activi-
ties both under the current program and under the first
program (1984-87) has been overwhelmingly positive,
demonstrating a real thirst for cross-border cooperation.
The enthusiasm generated by the Community programs
in the industrial and higher educational worlds is indis-
putable. The ESPRIT [European Strategic Programs for
Research and Development in Information Technology]
and BRITE [Basic Research in Industrial Technologies
for Europe] programs, in particular, have been massively
oversubscribed, with the Commission and its Advisory
Committees having to turn down for support a large
number of potentially good projects. The same is true of
programs such as ERASMUS, which has been oversub-
scribed by a factor of at least three and COMETT (which
in 1987 received applications for 120 MECU compared
with available finance of 16 MECU). The clear evidence
is that the provision of a framework encouraging coop-
eration and collaboration in Europe in the scientific and
technological fields responds to a widely-felt need, par-
ticularly at a time when pressures on national funding
have been growing.

3.28. The experience of the EUREKA initiative also
confirms the growing interest in European collaboration
as a means of improving Europe’s technological base and
making the most of the opportunities offered by the
Internal Market.

3.29. Since EUREKA was launched in 1985, 213 coop-
erative cross-border projects have been announced in the
fields of information technology, robotics, biotechnol-
ogy, communications equipment and other high technol-
ogy fields. These include, most notably, the High Defi-
nition Television Project, a major set of projects in the
area of flexible automated assembly (FAMOS [Fleet
Application of Meteorological Observations from Satel-
lites]), as well as projects in the transport and environ-
mental research field. The total EUREKA project port-
folio has currently an estimated value of some 3.8 billion
ECU, which is equivalent to around 1 billion ECU per
year (about half the level expected to be generated by the
Community programs); and already some 800 organiza-
tions—two-thirds of them industrial—are involved.
While some of these collaborative industrial projects,
which are intended to be more ‘“downstream” than
Community projects, might well have gone ahead even
in the absence of the EUREKA framework itself, the
number of projects coming forward confirms the grow-
ing industrial and university interest in collaboration
and cooperation. In the case of EUREKA, cooperation
has the added dimension of facilitating cooperation
between companies and institutes in Community Mem-
ber States, on the one hand, and those in the EFTA
countries in particular, on the other—around half the
EUREKA projects involve participants from each
grouping?®,




JPRS-EST-89-008
3 April 1989

3.30 EUREKA is an important complement to the
Community’s own activities in support of the objective
of improving the mastery of new technologies. The
Commission plays a full role inside EUREKA on behalf
of the Community in an effort to maximize the synergy
between the two groups of research activity. It has
recently outlined ways in which cooperation between the
Community and EUREKA can be reinforced without
prejudicing the operation of the Community’s own R&D
programs themselves?’.

(iii) Policy Coordination
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[Text] 3.31. The Community programs (currently about
1.000 million ECU a year) are small compared with the
R&D budgets of Member States (over 35.000 MECU in
1986); and the total cost of projects supported through
the programs is only equivalent to about 4 percent of
total estimated public and private spending on civil
research (about 50 billion ECU per year). Even if all the
other European collaborative actions are taken into
account—EUREKA, COST, ESA, CERN, EMBL
etc.—the bulk of research continues to be financed and
carried out at national level, a large share of it through the
national budgets discussed earlier. Given the pressures
on resources and the risks of fragmentation and dupli-
cation of effort it has been recognized by European
governments that better coordination of national poli-
cies is now required. That recognition is reflected in
Article 130H of the Single European Act which promises
better coordination.

3.32. There are a number of factors which have con-
strained coordination to date. These include: the different
R&D capacities among Member States; the different bal-
ance between civil and military R&D; different patterns of
involvement by the public and private sectors; different
traditions in higher education; different sectoral priorities
reflecting in part specific economic and social concerns
(eg. energy in Italy, the environment in Germany).

Broad policy coordination is at present limited to the
exchange of better mutual information about programs
and policies under way and exchanges of views among
scientific advisors and experts in the Advisory Committees
of Community programs; while specific coordination
efforts are reflected in the concerted actions in the fields of
medical research and the environment and, together with
other European countries, within the framework.

3.33. The pressures of the Internal Market will militate in
favor of further policy coordination among Community
Member States through the need to develop common
standards, the opening up of public procurement, the
requirements of competition policy. The framework for
intergovernmental cooperation provided by EUREKA will
also push in the same direction: intergovernmental coor-
dinating committees already exist for some of the larger

projects and aim to provide a framework for dealing with
the problems of concerted government actions which will
be a necessary corollary to research cooperation. But the
degree of coordination is likely to remain patchy unless the
commitment reflected in Article 130H of the Single Euro-
pean Act is vigorously pursued.

The Commission attaches particular importance to the
ongoing work within CREST designed to facilitate an
in-depth exchange of information on national policies and
thus to help identify duplications and overlaps. As noted
earlier, it intends to focus particular attention on this
question in forthcoming reports on the state of science and
technology in Europe.

A great deal has already been done, both at a national and
a transnational level, to tackle Europe’s problems. The
success of the Community’s RTD programs, the rapid
development of EUREKA, other bilateral and multilateral
ventures inside Europe, have demonstrated that there is a
thirst for cooperation across national frontiers and that it
can be mounted successfully, despite the barriers of cul-
tural and linguistic differences.

But policy coordination among the Member States of the
Community is still weak and particular efforts are needed
to reduce the potential for duplication and overlap in
national efforts. Dual-use technologies pose particular
problems in this respect.

IV. Research Issues for Future

Challenges Facing Community
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
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[Text] 4.0. Three main challenges face the Community:

» toimprove its international competitiveness, notably in
the context of the completion of the Internal Market;

« to respond to the needs of society by improving the
quality of life; and

e to increase its capacity to pursue its own scientific
and technological options where necessary, by reduc-
ing its dependence on others.

These three goals are interlinked. By improving compet-
itiveness the Community will create the wealth which
makes it easier to tackle issues of social concern. Tech-
nological independence, on the other hand, is linked to
longer-term competitiveness, with fundamental research
offering opportunities to increase the scope for deter-
mining, rather than simply responding to economic
change in an international context.

4.2. The organization of this chapter reflects these three
concerns by dealing, firstly, with the research require-
ments to improve competitiveness; secondly, with the
areas where research has a particularly important contri-
bution to make in meeting Europe’s social needs; and
thirdly, with the scientific and technological base of
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fundamental research, which provides the essential
underpinning and the seedcorn for the longer-term.

There are, inevitably, overlaps between and among these
categories. The most obvious is in the case of the
biological sciences which will make significant economic
and social contributions (through their impact on indus-
try and agriculture, on the one hand, and in the fields of
health and environment, on the other), and where
progress on specific questions of fundamental research is
essential if major break-throughs are to be achieved. The
categories chosen, however, reflect the areas where the
most significant contributions can be expected form
individual areas of research.

4.3. Under each heading the chapter considers the market
situation, the research needs and action underway in
Europe (in industry, at Member State level and, where
appropriate, within the framework of the European Com-
munity). The industrial and services markets are analyzed
separately in depth in the “Panorama of EC Industry”
which is shortly to be published by the commission.

4.4. This is a first analysis of the main research needs,
which the Commission intends to refine during the coming
months. But it already reflects a wealth of inputs and
advice from inside and outside the Community institu-
tions; the main contributions have already been indicated
in the Introduction to the report. It was not possible in
such a short report to be exhaustive. The report concen-
trates on the areas where the needs are most clear.

1. Improving Competitiveness
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[Text] 4.5. There is a broad consensus internationally on
the areas of technology which are expected to be impor-
tant for industry and the services over the period to the
end of the century.

4.6. As underlined in Chapter I, the new groups of
technologies are not independent of each other. Lasers,
for example, which are developed from opto-electronics,
are used for cutting and milling metals and plastics,
composites and ceramics. On the other hand silicon and,
for the future, superconductors are materials on which
improvement in electronic components depend, while

superconductors may modify significantly the way
energy is transported and stored. Some of interrelation-
ships are identified by the concentric circles in Table 4.2.

Table 4.1. Emerging Technologies

Japan USA EC
Electronics Electronics Information
Technology
Software Automation New Materials
Engineering
New Materials  Computing Biotechnology
Biotechnology Advanced Materials Energy

Medical Technology
Thin Layer Technology

Biomaterials

Sources:

—The Status of Emerging Technologies: an Economic/Techn-
ological Assessment to the year 2000. U.S. Department of
Commerce, June 1987

- —Trends and Themes in Industrial Technologies, MITI,

1988—Panorama of EC Industry 1989 (forthcoming publi-
cation by the EC Commission)

Specific research needs in Europe can, however, be
identified in five fields:

1. Information Technology and Telecommunications,
where Europe has made substantial progress, but
where rapid developments are occurring world-wide;

2. Industrial Materials Technologies, which are vital to
the success of manufacturing industry;

3. Aeronautics, where Europe faces a particularly
important competitive challenge;

4. Biological sciences, which are the focus of attention
world-wide and which offer the prospect of radical
improvements in agricultural and industrial produc-
tion and major commercial opportunities, in addition
to their impact on medicine and the environment;

5. Energy, where adequate and secure supply at reason-
able cost and in a environmentally acceptable form is
an essential prerequisite to the functioning of the
European economy.
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New materials:

High-tesperatures superconductive
tariply
Non-linear optical slectronic materials

extended environmental-durability

lndvmud cosposite materials with

l’ln alleys, metal cheaical compsunds

Technologiss related to both naw
saterials and electronics:

Software/Systematization:

Technelogy related te beth new
materials and bie-technology:

Technology to control precise arranget
mant of atoms and molecules

Optical reaction process technology narve system

Structuring of data precessing
mechanism in the autenomic

Biomimetic materials

Biomechanical masterials

Bio-precess separation and

Extrema environment simulation
hpology

ment technology

Seftware coordinatien develop-

puriFication technology

Human technology

Electronics:

Siotechnology:

Superconductive devices

Quantum functional devices

Power electronics devices

Technology related te beth
electrenics and bio-technslegy:

Creation of highly efficient
enzyme and biomaterials

Animal and plant cell engineering

New genetic engineering

New optical Function devices tec

rrn"in handling (arrangement)
nology

Advanced applicatien technology

Membrane utilization technelogy

far organiss reaction systems

Develepment of an analysis and
assessment systen for biotechnolegy

Table 4.2. Emerging Technologies With Wide Penetration Effect.
Source: Japanese White Paper on S&T. 1988. MITI.

Information Technology, Telecommunications
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[Text]

The Market Situation

4.7. Furope’s weaknesses in this area, especially in the
information technology industry, attracted great concern at
the beginning of the 1980s. The European industry was
characterized by a flagging IT market, low market shares,
low R&D and low Capital Investments. Moreover, the
balance of trade in IT products was negative, amounting to
a deficit of 10.6 billion U.S. dollars in 1984.

Concerted action was taken from 1984 onwards by the
Furopean companies to rectify the position. These
actions encouraged a new dynamism in the European
industry and helped mobilize human, financial and
technological resources which were supported by collab-
orative programs such as ESPRIT. The fruits of these
combined efforts are just starting to appear:

— In a world-wide market growing at more than 15
percent yearly, the six main European companies
have been growing at 25 percent p.a.

— In the European market, the largest European com-
panies have significantly increased their market
share, bringing it close to 50 percent from 33 percent
in 1983.

—In software and services market, the European com-
panies are holding a favorable position, taking advantage
of the strong growth of the market demand.

—European IT companies are now investing in R&D a
proportion of their sales that is very close to that of U.S.
companies. Nevertheless the needs for R&D in the IT
field are accelerating.

4.8. Although the European Information Processing
industry seems on the way to overcome some of its
traditional weaknesses, major problems still remain.
These include:

— The penetration of European Information Systems
companies on overseas markets is still minimal (15 to
25 percent of sales).
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— The balance of trade in IT products has not
improved. On the contrary in 1986 the trade deficit
increased to 13.4 billion U.S. dollars.

— The Electronic Components industry has not pro-
gressed in Europe at the same rate, making the Infor-
mation Systems industry and other user industries

even more dependent on foreign suppliers of critical
and strategic components (Table 4.3.).

— The situation is similarly critical in certain types of
computer peripherals. These represent an ever-in-
creasing share of the value of Information Systems.

— A major weakness in Europe is the lack of trained
personnel.

Table 4.3. Electronic Components—Main Trends—1980-1987 (Million ECU; EUR-12)

1980
Apparent Consumption 6,083
Net Export Earnings +1,246
Total Production 7,329

Source: Panorama of EC Industry 1989

1985 1986 1987
13,125 13,117 n.a.

+104 +498 n.a.
13,229 13,615 14,060

Note: By comparison, the U.S. has a components market worth more than 29 billion ECU in 1986, and Japan 23 billion.

4.9. The relative success in some areas of European IT
serves to highlight the remaining problems. Continued
action is also required to consolidate the newly acquired
competitive positions. This means:

— ensuring the economic climate and boundary condi-
tions which allow full exploitation of the potential
demand;

— strengthening European technological capabilities in
key areas.

4.10. In the telecommunications sector the relatively
favorable situation of Europe, in industrial, technologi-
cal and commercial terms could be threatened by:

— the continuing weaknesses in the field of electronic
components;

— new technological and market challenges (digitaliza-
tion of networks, ISDN and broadband networks);

— the spiralling costs of R&D in telecommunications;

— the effects of rapid changes in the regulatory environ-
ment world-wide.

Substantial efforts are therefore needed to secure and to
reinforce the present position of European industry and
telecommunications operators.

Research Needs: Information Technology

4.11. Further advances in the field of electronic compo-
nents will lead, for example, to an increase of the
capacity of memory chips beyond the present state of the
art (1 Mbit). Progress towards the objective of 64 Mbit
chips make it necessary to design circuitry for feature
sizes below the level of 0.5 micron. This requires highly
sophisticated design and production techniques. The
new technological approach, combined with the cur-
rently stronger industrial and technological position of

the European semiconductor companies, should provide
opportunities for Europe to come back into the race. A
significant cross-border collaborative effort in Europe is
proposed under the Joint European Submicron Silicon
project (JESSI), which aims to develop the design and
manufacturing techniques needed for Europe to change
its competitive position vis—vis the United States and
Japan. This project will need appropriate support from
companies and public authorities.

4.12. At the same time progress needs to be made in
software and advanced information processing, given the
growing demand for increased capabilities for comput-
ing, for knowledge—(rather than data-) processing, and
for enhanced user friendliness.

Key issues in this context are: operating systems; man-
agement systems for data base; parallel architectures
which can provide powerful computing capabilities
(Europe has very good capabilities in this field); RISC
architectures, especially for microprocessors.

The traditionally good technical position of Europe in
the software area is being reinforced by the advances
made through some major cooperative projects devel-
oped in ESPRIT. Further efforts are nevertheless
required if Europe wants to stay in the race: The United
States and Japan (especially through ambitious long term
projects such as TRON, SIGMA, 5th Generation...) are
making major efforts in this field.

4.13. Peripherals will become increasingly important
with the development towards integrated systems.
Research work on flat panel displays and optical storage
technologies is progressing fast; but Europe’s situation is
rather weak and requires early attention.

4.14. At the same time as this applied research effort,
however, the fast-developing IT industry is demonstrat-
ing a need for more fundamental research in computer
services (to solve problems of reliability, safety and
security); in programming languages appropriate to the
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expanding hardware facilities; in machine-learning; in
areas such as the design of autonomous mobile robots,
cognitive engineering, and specifically the analysis and
better design of human-computer-work interactions.

4.15. Finally, there are major needs in the field of
prenormative research, because of the increasing impor-
tance of standards (and of their early definition of
standards) in the context of evolution towards the inte-
gration of complex systems designed for a wide range of
new applications (intelligent banking and financial ser-
vices; advanced robotics; multimedia systems; bioinfor-
matics; intelligent car and transportation systems; home
automation...).

Research Needs: Telecommunications Technologies

4.16 The key issues in telecommunications are essen-
tially related to the establishment of broadband net-
works, equipment and services, which are expected to
happen from the mid-1990s onwards (the present nar-
row-band ISDN network, which will use technologies
already available, requires basically standardization
work).

Most technological developments are therefore gener-
ated by demand pull, linked to each major component of
the broadband communication system:

a) broadband infrastructures will carry information flows
1000 times more important than today.

This will require enhanced systems of network manage-
ment using the resources of advanced information pro-
cessing and of data base management systems. The
United States are presently ahead in these areas.

b) broadband equipment will develop according to three
technological stages allowing each time considerable
gains of speed, of volume transmitted and received and
of cost effectiveness. These three stages will use:

— VLSI electronic components for switching; coding-
/decoding; network management.

The design and use of these components require
strong advances to be made in the field of software.
Here Europe is still behind the United State and
Japan;

— optoelectronic components which will allow better
and quicker interfaces with fibreoptics transmission;

— optical communication (operational after 2000)
which implies: new materials for components; new
component manufacturing technologies; new soft-
ware tools in order to control and manage consider-
able flows of information transmitted at very high
speed (coherent multichannel techniques allowing
multiplexing of optical channels on one fibre by
frequency allocation).

c) broadband services
Their implementation requires substantial activity in:

— service engineering techniques, (covering issues of
standardization, software, expert systems, data
libraries, image processing), in order to establish
operational services able to combine data, images
and voice through merging of data processing and
telecommunications. The 3 main regions of the world
seem to be at the same stages in this field;

— appropriate exploitation of technologies through
increased activity test beds, language customization
of hardware and software, permanent feedback with
the users of new services, in order to provide
advanced/intelligent terminals for specialized busi-
ness use and for domestic use (by combination of
PCs, TVs, hifi...).

Research Needs: Application Technologies

4.17. The convergence and maturing of information
technologies, telecommunications and audio-visual ser-
vices has created conditions favorable to the intensive
exploitation of the basic technologies, adapting them to
the specific needs and constraints of different categories
of users (the business world, public administration,
social services, individuals) in order to meet social and
economic needs.

4.18. The fields of potential application are very numer-
ous: health, transport, agriculture, public administra-
tion, education and training. And the spread of technol-
ogies to be used and integrated in this respect is broad:
personal computers, optical discs, microprocessor cards,
new medical and educational imaging techniques, com-
puter languages close to ordinary human language,
expert systems, mobile telephones, integrated digital
services, broad band networks, high definition televi-
sion, direct satellite transmission, etc....

The problem is to combine and integrate as far as
possible the broad range of technologies already avail-
able or under development; and to optimize their overall
performance in technological, economic and social
terms, while avoiding the risks caused by the present
proliferation of independent systems which are con-
ceived from particular, and often exclusively national
perspectives. Avoidance of such risks requires coopera-
tive and concerted actions at a European level among all
the actors concerned.

4.19. In Europe there is a particular need to make use of
the opportunities offered by information technology to
facilitate the flow of information across linguistic bound-
aries. This is particularly important to the Community’s
service and distribution industries, which currently rep-
resent 59 percent of GDP and 60 percent of employment
in Europe. It will be of increasing relevance in the
context of the completion of the Internal Market. The
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current EUROTRA program at Community level, which
began in 1982, has already produced a sound basis for
the creation of a European language industry. But new
efforts are needed to:

(a) encourage industrial participation in the develop-
ment work and knowledge transfer between univer-
sities and industry;

(b) exploit the results of research on artificial intelli-
gence, voice and pattern recognition and expert
systems developed under programs such as ESPRIT.
The transformation of ongoing pre-competitive
research into industrial applications will lead to
increased outlets and demand for normally “mono-
lingual” natural language processing technology such
as text processors, hyphenation, grammar and spell-
ing checkers, optical readers and the like, thus pro-
viding further impetus for the growth of the infor-
mation technology industry.

European Action in IT and Telecommunications

4.20. Assuring the necessary and most effective efforts on
R&D in these fields will require further encouragement
and coordination at European level. Action is a already
under way in some areas. The second phase of ESPRIT is
now in operation. And in the field of sub-micron technol-
ogy, as noted above, discussions are in progress between
European manufacturers to establish an appropriate
framework for research (the JESSI project); the Commu-
nity will have a role to play as catalyst.

With Eureka, information technology projects represent
a major share of the project portfolio. It will be impor-
tant to capitalize on the successful experience of Euro-
pean collaboration in the information technology field
and to ensure the best possible coordination between
projects and programs.

4.21. As far as more basic research on IT is concerned,
Europe is in a different position from its competitors. In
the United States and particularly Japan, such research
is largely the preserve of industry; while in Europe
industry has been more short- or medium-term oriented.
This is an area where action at a European level can be of
immense value in encouraging the necessary work to be
carried out in a cooperative framework and in helping to
commit industrial finance to the projects.

Industrial Materials, Technologies
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[Text]

The Market Situation

4.22. Industrial technologies support the design, engi-
neering, manufacture and operation of products and

processes. They are inseparable from the materials which
must be developed, processed and finished to meet the
designer’s intentions.

4.23. The primary customer for industrial technologies
and materials is manufacturing industry, which cur-
rently provides about 30 percent of GNP in the Euro-
pean Community, and 75 percent of the industrial work
force of some 41 million people. The Community bal-
ance of external trade in manufactured goods—+15
percent in 1987—is positive.

Table 4.4. EC Trade Balance in Manufactured Goods

(billion ECUs)

Imports Exports Balance
1981 (EC 10) 171 236 +65
1987 (EC 12) 252 289 +37

Source: EUROSTAT

Moreover, some of the traditional sectors of manufac-
turing have invested heavily in new technology in the
past few years: the textile industry is the most telling
example, with great confidence in the industry that the
move towards computer-integrated manufacturing is
likely to reinforce its position on world markets (the EC
accounts for 55 percent of world production). Despite
the improving position in many areas, however, Western
Europe suffers form structural weaknesses, namely an
inadequate capacity to respond to growing demand in
some of the more developed markets—particularly those
where the economies of scale are largest, such as trans-
port equipment, machinery, instrument manufacturing,
paper and printing.

4.24. Successful manufacturers are seeking increasingly
to capture the top end of the market by new and
improved products, usually with a higher technology
content in the product itself or in its means of manufac-
ture. The potential for increased productivity and flexi-
bility is particularly great in the “mature” industries
(such as textiles, clothing, motor vehicles and food as
well as textiles). Improving the situation depends heavily
on the further diffusion and application of available
technologies by these industries. It also depends, how-
ever, on advances in the technologies themselves and in
exploiting the possibilities that they offer. Progress in
R&D is therefore fundamental to long-term success.
Here Europe is hampered by the low level of industrial
R&D compared with that of the United States and Japan
(a point underlined in Chapter II and III).

Research Needs

4.25. Particular areas that require renewed research
efforts are:

» The development of technologies to improve product
and process quality and reliability. Ensuring quality
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and reliability can typically cost 5-25 percent of

~ company turnover, and for one Member State has
been estimated to cost the equivalent of 10 percent of
GNP. Significant improvements are possible through
successful R&D on optical engineering, sensors,
power control engineering and through the use of
modelling in areas such as the filling of complex
injection molds, particle formation in atomizers,
positioning of sensors for monitoring, or the design of
composite materials;

« Techniques for shaping, joining and assembly, and for
surface treatment. The prevention of corrosion,
which is estimated to cost 4 percent of GNP in
industrialized countries, makes progress in surface
treatment potentially of real economic significance;

o Catalysts and membranes. Progress in the under-
standing of catalysis could lead, in particular, to
cleaner production through higher specificity; while
the world market for membranes (currently estimated
at 400 MECU/year) is likely to grow significantly as
new applications are identified.

e Powder technology. This is a large and high-value
market (about 2 billion ECU/year in the United
States, half as big in Europe and Japan). While steel,
semi-finished powder and metallurgical components
can be valued at between 20-50 ECU/kilo, ceramic
powder parts can cost 2.000 ECU/kilo. International
competition is particularly strong, driven in part by
the requirements and spin-offs, such as vacuum tech-
nology, from the space programs;

o Other high-value materials, such as metal matrix
composites (already being developed for ceramic-
reinforced light alloy pistons) and anisotropic mate-
rials using various strengthening techniques such as
particles or fibre reinforcement;

o Superconducting materials.

In information and communication technology the fur-
ther development of superconducting materials could
lead to qualitative breakthroughs (by minimizing heat-
ing), as well as progress in technologies based on magne-
tism (e.g. fast switching devices, nuclear magnetic reso-
nance for medical diagnosis, controlled nuclear fusion).
And if economic devices carrying high current densities
could be built, long distance electricity distribution net-
works and magnetic superfast trains would acquire a
more practical dimension.

Some very fundamental aspects of superconductivity,
however, are not yet understood and the prospects for
development of high current density devices are still
uncertain. In Japan around one-third of the research
effort is devoted to work on these issues.

In Europe, where some of the seminal discoveries were
first made, reactions to the explosion of interest in the
field was rapid (the EC Commission convened the first
group of interested experts in June 1987). But in terms of
resources made available the European response was
much weaker than in the United States and Japan.
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In order to match the financial, technological and human
resources made available by competitors, systematic
joint European action is needed.

4.26. In addition to research on technologies and mate-
rials themselves there is a growing need, in the context of
the 1992 market, to ensure that there is an adequate
research base for the development of common norms
and standards in the field of industrial technologies and
materials, including notably in respect of lasers, mem-
branes, new materials in general, fracture mechanics,
construction materials and production technologies.
This is in addition to the preparatory work on IT and
telecommunications standards referred to earlier.

European Action

4.27. It is important that industry itself should be
encouraged to invest more in the RD that is required in
the areas outlined above. National authorities clearly
have an important role to play in providing the right
framework conditions. Community cost-sharing pro-
grams are also of significance. The very high rate of
subscription to the Community programs (on the aver-
age there are 5 times more good proposals than can be
funded under the present conditions) indicates that
European industrialists increasingly recognize the need
for R&D and are ready to participate and contribute
with company funds to at least half the cost of Commu-
nity-managed pre-competitive R&D on industrial tech-
nologies and materials. A new program of Community
support for industrial technologies and materials has
recently been proposed to the Council, which aims to
provide a European dimension and to act as a catalyst to
the research discussed above. As noted above, a specific
effort within Europe is needed on superconducting mate-
rials.

4.28. Providing and stimulating financial commitment by
industry is not, however, of itself sufficient to maximize
the benefits of R&D. Two other things are also required,
which would benefit from a European dimension:

» Action needs to be taken to improve the availability
of skilled research managers in industry. It could be
useful to examine further what action the field of
training might be appropriate at a European level,
whether inside or outside the Community framework;

e Top management of industry as well as research
managers, must be more directly involved in R&D
projects, which ought to be closely integrated in
corporate strategies. The independent panel which
recently evaluated the BRITE program has made such
a recommendation in respect of projects financed
under the Community’s own programs. The positive
results of such involvement have already been wit-
nessed in the case of the ESPRIT program and in the
preparation of the Commission’s proposal in the

_aeronautics field.
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SCENARIO OF FUTURE EUROPEAN AIRCRAFT
RESEARCH & TECHNOLOGY NEEDS

AIRCRAFT CATEGORY
BREAKDOWN IN YEAR
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2010
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: 100% —
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988 * ASSUME 50 % OF SST. 25% OF HST
(Source : EUROMART Study)
Table 4.5.
Aeronautics requires a long-term strategic approach, while their
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[Text]

The Market Situation

4.29. During the period 1980-86 the European aeronau-
tics industry captured 23 percent of the civil and 27
percent of the military world market. The world market
is expected to expand substantially up to the end of the
century and increasing competition to capture it must be
expected, not only from the United States but also from
Japan and industrializing countries such as Korea and
Brazil. The United States industry remains in a particu-
larly favorable position, however, because it enjoys a
large home market and it benefits from the spin-off from
military R&D programs.

The Challenge for Research

4.30. The aeronautical industry depends heavily on
advanced technology to ensure competitiveness, incor-
porating progress in aeronautics, the design of complex
structure and advanced materials, electronics, etc. as
well as the design and implementation of new manufac-
turing methods. The development of these technologies

application necessitates a broad industrial base.

European Action

4.31. If Europe is to be able to meet the challenge in an
increasingly competitive environment a broadly-based
transnational collaborative effort in R&D is now
required (Table 4.5.). The Commission has recently
proposed a pilot program at European level. This would
provide a firm foundation for cooperation between the
European aeronautical industries, and between them,
universities, national research centers and SMEs. It
would also enable specific urgent research projects to be
tackled right away. The main technology areas identified
for pilot phase are: aerodynamics and flight mechanics,
materials, acoustics, computation, airborne systems and
equipment, propulsion integration and design and man-
ufacturing technologies (Table 4.5.). Special attention
will be paid to safety and environmental aspects, as well
as common norms and standards.

Life Sciences, Technologies
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 66-71

[Text] 4.32. Developments in the life-sciences open up
possibilities that straddle the concerns of economic
success and social need; ranging from improvements in
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agricultural and industrial productivity that are environ-
mentally “clean’”; to progress in pharmaceuticals, chem-
istry and medical science; to improved understanding of
the brain, with implications not just for medical science
but for the design of computers; to new knowledge about
the mechanism of evolution itself. Their major economic
contribution could be to shorten production processes
and increase efficiency in the pharmaceuticals industry;
to speed up the development of new strains of plants (it
took 50 years from 1930-1980 to increase the yield of
corn by 70 percent through a long process of genetic
selection; the same improvement could now be obtained
in a few years or less); and to develop and produce
products in new ways (computers built with biological
components may be able to deliver vastly higher perfor-
mances than current technology allows).

For convenience, the issues for research discussed below
are treated predominantly in the context of Europe’s
economic needs, with medical research along dealt with
separately in the context of the needs of European
society. But it should be remembered for example, that
genome analysis, which is discussed below, will be of
major significance in the context of medical diagnosis
and therapy as well as in bio-industries and agriculture;
while certain aspects of medical research (medical
instrumentation) are of relevance in the context of
competitiveness and technological independence.

The Market Prospects

4.33. In both the United States and Japan biology and its
applications have been identified as fields of major
potential significance to industry over the period to the
end of the century; and there is a widespread expectation
of a rapid growth world-wide of application technologies
(cf Chapter I), although determination of future market
size and timing is particularly difficult. A cooperative
analysis of 11 market forecasts to 2000 undertaken in
1984 showed a range of between 9 billion dollars for the
least optimistic and over 100 billion dollars for the most
optimistic?®. The uncertainties have not changed in the
meantime, although there is a broad consensus that
pharmaceuticals, agriculture and food-processing offer
the greatest market opportunities. One reason for the
difficulty is the pervasive nature of the potential appli-
cation of biological research; another is the speed of
change in this field, which has been made possible by the
development of instrumentation based on advanced
physics, chemistry, informatics and mathematics.

Research Needs

4.34. Europe has pioneered many of the most important
developments in the life sciences, from the discovery of
the “double helix” to monoclonal antibodies and recep-
tor-targeted pharmacology; from biological application
of physical spectroscopy to the crystallographic study of
the three dimensional structure of nucleic acids and
proteins including, quite recently, those associated with

membranes; from the regulation of gene expression to
genome structure and predictive medicine.

In spite of its many achievements, however, Europe is
inferior to American in breadth and depth of coverage
and in the capacity to expand rapidly in new fields and to
exploit the results in industry.

'4.35. In several areas of biology, Europeans have found

it useful to complement existing collaboration with the
rest of the world (and especially with the United States)
by improved collaboration among themselves. The Euro-
pean Molecular Biology Organization and the European
Molecular Biology Laboratory, as well as the Basel
Institute of Immunology are particularly significant
examples.

4.36. Taking into account the ongoing and planned
activities of these organizations and suggestions made by
the authorities of some Member States and by university
and industry researchers, 4 areas of research merit par-
ticular attention in Europe:

 basic plant biology;

e the molecular investigation of the genomes of com-
plex organisms;

« neuroscience, and;

e biotechnology based agro-industrial research and
technology development

Basic Plant Biology

4.37. The new tools associated with progress in modern
genetics and biotechnology now make possible a diver-
sity of potential applications for the improvement of
crop sciences, for environmentally safe land use and
disease control methods. But it has become apparent
world-wide that the bottleneck to progress lies less in the
absence of adequate application technologies, and more
in large gaps in our basic understanding of key structures
and functions within plants. European biotechnology has
now reached a stage where the ability to manipulate
plant genes, largely established by pioneering laborato-
ries in several Member States, has outstripped the
knowledge of many underlying biological functions and
metabolic properties.

4.38. In order to make significant advances in biotech-
nology, it is therefore essential to go back to the investi-
gation of plant physiology, using all the new tools devel-
oped for molecular investigation. If major efforts are
made, it may be possible within 5-10 years to identify,
for example, the “quality” molecules of many plant-
s—those associated with innocuity, flavor, nutritional
value, and texture. If they can be identified, their syn-
thesis controlled, the “Quality” molecules would make a
real difference to agricultural production, providing the
basis for a better balance between high quality and low
quality crops. At the same time it will be easier to
establish a better balance between “bio-natural” and
chemical practices in agriculture, enabling increased
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production to be based on biological supply of chemical
fertilizers and pesticides. Finally, better understanding
of basic biology would enable closer monitoring of the
interactions of crop plants with other species, which
would permit better ecological monitoring of land use.

This work is of particular importance in a global context.
In order to feed a world population, which could be as
high as 10.000 million in 50-60 years time, without at the
same time increasing the greenhouse effect, new meth-
ods of food production will be needed. Efforts must be
stepped up now to provide a solution to the problems
that will face Europe and the rest of the world in the
longer-term future.

4.39. A major effort in this field would be at the
crossroads between molecular biology, physiology and
genetics. Such a multidisciplinary approach requires
elaborate integration of work programs which could be
achieved at the desired level of excellence only through
coordinated transnational action.

Genome Analysis

4.40. Each of the 10 trillion cells in the human body
contains about 100,000 individual genes. The sum total
of these genes corresponds to what is known as the
human genome. Knowledge of the human genome is as
necessary to the continuing process of medicine as
knowledge of human anatomy has been for the present
state of medicine. The major diseases which affect
human beings all have genetic components; and many
diseases result directly from one or more defective genes.
Understanding the entire genome sequence would allow
a more rapid identification of these disorders and an
accurate detection of hereditary predispositions. In the
field of agriculture and industry the molecular investiga-
tion of important microbial plant and animal species is
an essential complement to the work needed on basic
plant biology discussed above.

4.41. The necessary research work is complex. It consists
of several phases, involving respectively the detailed and
physical mapping of genomes, the development of auto-
mated techniques for large-scale cloning and sequencing,
and finally, the sequencing itself.

4.42. The importance of this field has been recognized
outside the Community. In Japan a major effort is being
made on the automation of mapping and sequencing
techniques; while the United States is setting aside $3.5bn
for work on the human genome during the next 10 years.

4.43. Europe has many of the skills and resources to
make a major contribution to the international efforts on
complex genome analysis. Already some actions are
under way at a national level (France, UK, Germany,
Italy). However, even the largest European country can-
not work on its own in this costly endeavor. The Com-
munity as such already has experience in the field of
genome analysis (the Community BAP program has

involved some 24 laboratories in the sequencing of the
yeast chromosome). Other discrete steps have been taken
using existing programs or new proposals under the
Framework Program, to organize transnational research
on small-scale sequencing projects; and new efforts will
be made under the Predictive Medicine initiative. Given
the cost and complexity of genome analysis, further work
in Europe requires transnational effort.

Neurosciences

4.44. The past few decades have seen an explosion in
knowledge of the nervous system. In the past many
disciplines such as medical science, physics, chemistry,
and molecular biology studies the nervous system in
isolation from each other. But neuroscience today is an
alliance of disciplines applied to this most complex
branch of the life sciences.

4.45. Even with the considerable amount of information
already accumulated on what the brain is made of, what it
looks like and how its elements behave, the really big
questions about, for example, how man remembers, feels
and carries out voluntary movements, remain unanswered

4.46. The applications of knowledge in this field go
beyond pharmacology, psychology, psychiatry and med-
icine. The neurosciences are increasingly interesting also
in terms of information theory and technology. The
brain has capacities for information storage and process-
ing, including plasticity, adaptivity, learning and cre-
ative association which cannot be matched by the best
computers available at present. Mathematicians, physi-
cists and biologists hope to build computer models that
go much further than today in mimicking some of the
skills of real brains.

4.47. To that end, and to ensure a timely and original
first European contribution to this rapidly developing
field, the Commission launched the BRAIN initiative on
adaptive intelligence and neuro computing.

This latter initiative needs to be followed by other action
at a European level to pool resources and complemen-
tary skills.

Industrial and Agro-Industrial Applications

4.48. The European pharmaceutical industry has
enjoyed rapid growth in the 1980s, with production
almost doubling between 1980 and 1987 and imports
low. But it now faces a number of problems. These
include the high cost (around 100 million ECU) of
developing and bringing to the market a new product or
chemical entity (NCE); the short period of exclusiveness
granted under existing patent protection legislation (it
takes usually over 10 years from the time of patent
application until a marketing authorization is obtained);
and increasing competition from the U.S. and Japanese
industries. European research is still highly effective but
the results achieved in Japan in particular (19 NCEs out




JPRS-EST-89-008
3 April 1989

of 56 introduced in 1987) demonstrate that a redoubling
of effort is required and more investment is essential.

4.49. There is also a need for further efforts in the
agro-industrial field, where the Commission has already
made proposals for action at Community level.

The funds estimated necessary for the program proposed
on agro-industrial research (ECLAIR) are limited (80
MECU for 5 years). They allow a reasonable start,
but—if successful—they are likely to need expansion in
the coming years to meet the expected needs. Industry
has suggested, moreover, that the currently proposed
program on improved food technology (FLAIR—25
MECU over 5 years) should be complemented by an
action at European level to stimulate research on nutri-
tion. A new look at nutrition is desirable given the
importance of the nutritional aspects of health and the
possibilities offered by new technologies for food pro-
duction. This “new nutrition” is being pursued in the
United States and Japan in particular. In Europe the
implications for transfrontier trade in food products, for
the CAP [Common Agricultural Policy], and the need for
common standards would need to be considered.

Energy
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
inEnglish 29 Nov 88 pp 71-76

[Text]
The Market Requirements

4.50. An adequate supply of energy at reasonable cost in
the right place at the right time is fundamental to the
proper functioning of industry, commerce and transport
and to the satisfaction of human needs for heating,
cooking and travel. Technologies that supply energy, as
well as those that ensure its most efficient use are truly
“enabling” technologies, without which our economies
and societies would rapidly break down.

4.51. The future energy needs of the European Commu-
nity up to the end of the century and alternative ways to
satisfy them have been extensively analyzed by the
services of the Commission with the help of national
experts and the modelling tools developed under the
Community’s non-nuclear energy R&D program. The
range of scenarios they present are a good starting point
to identify research needs.

The range of figures reflects uncertainties about future
economic growth, the future price of oil, emission con-
trols, the size of nuclear power programs in individual
Member States and progress in development and use of
new and renewable energies.

All the scenarios point to a growing demand for electric-
ity, which could rise to as much as 20 percent of the
energy used by the final consumer in 2000, compared

Table 4.6. Scenarios for Community Energy Needs

in 2000 a.d.
Mtoe EUR-10
2000a.d. 1985
1036-1218 942
Solid Fuels 229-309 218
il 430-539 413
Gas 196-256 182
Nuclear 150-235 116
Hydro, Geothermal, Solar, etc. 21-22 12
Source: , CEC 1986

with around 15 percent today. Beyond 2000 too the demand
for electricity is expected to grow more quickly than other
fuels.

4.52. The broad conclusions from this analysis—sup-
ported national studies and those of major energy com-
panies, and reflected in the Community’s agreed energy
objectives to 1995—are in favor of diversification of
European supply and increased efficiency of energy use as
a means to ensure energy and economic security.

The close relationship between energy production and
use and the environment add a further and compelling
argument in favor of diversification. In order to mini-
mize the negative environmental effects of each energy
source it is important to have access to several solutions.

Research Needs

4.53. Many of the technologies are available now; some
will only be available in the longer-term as a result of
major research efforts. Those efforts, which in some
cases will not bear fruits for 10-20 years or even longer,
must not be weakened or abandoned simply because the
price of oil in the short-term has dropped to less than
half its value in the early 1980s.

In the past few years there has been some reduction in of
expenditure on energy as a whole inside and outside
Europe. This applies particularly to research on new and
renewable energies and on fast breeder reactors as well as
fossil-fuel based technologies. Expenditure on nuclear
fission research continues to be the largest element in
public expenditure on R&D as a whole (Table 4.7.).

Table 4.7 (con’t}—Comparison Bétween Public R&DD
Expenditures in 1987 ($ 1987) (% of the total)

EC Japan US Comm R&D Comm

R&DD
(incl. JRC)
% % % % %
Energy 9 4 80 33 8
Hydrocarbons 3 5 25 1.4 7
Coal 9 1t 105 23 12
Nuclear Fission 39 44 330 7.8 20
Renewable Energies 9 5 10 9.7 11
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Table 4.7.
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Table 4.7 (con’t)—Comparison Between Public R&DD
Expenditures in 1987 ($ 1987) (% of the total)

EC Japan US Comm R&D Comm

R&DD
(incl. JRC)
% % % % %
Advances Nuclear 21 28 18.0 73.0 41
+ Fusion
Others 10 3 210 2.5 1
Total 100 100 100 100 100

4.54. The reduction in support for energy R&D reflects
progress accomplished since major programs were
launched in the aftermath of the 1973-74 “oil crisis™;
problems encountered in bringing some projects to suc-
cessful technological or commercial development; and
shifts of priority in publicly-financed research away from
energy and towards information and industrial technol-
ogies. There remain areas where a significant level of
effort needs to be maintained because of their longer-
term potential for providing environmentally benign and

s wew > 30 % - % 10 to 30 % - * < 10 %.

independent sources of energy supply and use in Europe.
This is particularly the case of controlled nuclear fusion
and for carefully targeted actions in the field of non-
nuclear energies. As far as nuclear fission energy is
concerned the main needs lie more in the field of public
acceptability rather than in production technology itself.
The issue of acceptability and safety is discussed sepa-
rately in part 2 of this chapter.

Controlled Nuclear Fusion

4.55. Nuclear fusion should provide ultimately an envi-
ronmentally acceptable, practically inexhaustible, geo-
graphically independent source of energy. The economic
aspects are impossible to define precisely at the present
stage, but will need to be periodically monitored as the
fusion and long-term energy scenarios become better
known. The environmental aspects will also deserve
continuous study as fusion programs approach the tech-
nological stage.

4.56. Fusion research is already a major European col-
laborative venture under Community auspices. This
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long-term project, embracing all the work carried out in
the Member States, is designed to lead in due course to
the joint construction of prototype reactors with a view
to their industrial production and marketing. Two third
countries (Sweden and Switzerland) have joined the
program. A multi-annual program for the period
(1.1.1988-31.1.1992) has recently been approved. A new
Program Decision should be taken in January 1991,
which will need to be prepared by in depth analysis not
only of the outlook for fusion itself, but of the role it
could play in the energy and environmental scenarios for
the next century, both within the EC and world-wide. In
particular, the global climate change study (discussed
later) should indicate the acceptable limits to fossil fuel
combustion. Analysis will also be needed of the pros-
pects for nuclear fission waste disposal. Both results will
help to define the long-term role to be played by fusion.

4.57. Scientific wisdom, technological skill and manage-
rial efficiency have made of the EC fusion program a
recognized success. Scientific and technical achieve-
ments place Europe in the forefront of world-wide mag-
netic fusion research:

— JET, the flagship of the Community fusion program,
is the world’s largest experiment, which has made a
large step towards the demonstration of the scientific
feasibility of fusion;

— the European medium-size devices in operation con-
tribute also to the progress of fusion, and the con-
struction and commissioning of new devices are
proceeding according to schedule;

— European industry is building all these devices and
has already been entrusted with some long-term
advanced development.

This leading position of the Community fusion program
makes Europe an appealing partner for international col-
laboration both in bilateral frameworks (Canada, Japan,
USA) and within multinational organizations (OECD,
TAEA). In particular, under IAEA auspices, an agreement
on participation by EURATOM—together with the
United States, the USSR and Japan—in the conceptual
design activities for an International Thermonuclear
Experimental Reactor (ITER) has recently been signed.

4.58. The EC decision to concentrate on magnetic rather
than inertial confinement has so far proved judicious: on
a world-wide basis, the inertial approach should, how-
ever, not be neglected (Table 4.8.). Two-thirds of efforts,
in the United States for example, are devoted to mag-
netic confinement and one-third to inertial confinement
(which has a direct connection with military technology).

Suggestions to develop the inertial confinement approach,
either by lasers or by heavy particles, have been made in
Italy. Development of this approach would be at least as
expensive as the present magnetic confinement program.

Table 4.8. (con’t) Various Approaches to Controlled
Fusion Research

Approach Configuration Line
Magnetic Toroidal Tokamak
Confinement

Alternative Lines:
i) Stellarator
ii) Reversed Field Pinch

iii) Others
Open Mirror
Others
Inertial Lasers
Confinement
Light Ion Beams
Heavy Ion Beams
Other Muon-catalyzed fusion and fusion with

exotic fuels, are sometimes also considered
as a remote possibility.

Approaches

o At present, the Community funding for fusion R&D
amounts to about 200 MioECU per year, corresponding
to an overall yearly expenditure of about 450 MioECU.
An increase of the order of 100 MioECU/year will be
necessary during the detailed design of the Next Step
(1992-1994). A further increase will be required during
the construction phase; its amounts will depend upon
the frame in which the construction will take place.

« Europe is concentrating on magnetic fusion (only 2
percent expenditure devoted to inertial fusion, because
of military implications), and within that approach: 80
percent expenditure are devoted to tokamaks and 20
percent to alternative lines (no research on open config-
urations).

o For comparison: the U.S. fusion program follows both
the magnetic confinement approach (two thirds of
expenditure) and the inertial confinement approach (one
third). Within the magnetic approach, open configura-
tions have recently been abandoned (a large mirror
device has been moth-balled) and U.S. magnetic research
is—like in Europe—putting emphasis on tokamaks.

Non-Nuclear Energies and Energy-Saving Technologies

4.59. Progress on non-nuclear energies has significantly
evolved since research activities throughout the Com-
munity were stepped up from the early 1970s. The three
successive Community programs on energy R&D,
together with the Community’s demonstration pro-
grams, have made an important contribution to this
development in Europe and throughout the world.

The present state of research can be considered under
four main headings:

(i) Renewables

Solar power plants using photovoltaic cells have good
long-term prospects provided the costs for the cells and the




JPRS-EST-89-008
3 April 1989

48

Table 4.8. European Fusion Program Strategy
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THE THREE ABOVE-MENTIONED STEPS TOWARDS FUSION REACTORS (DEMONSTRATION OF SCIENTIFIC,
TECHNOLOGICAL AND ECONOMIC FEASIBILITIES) ARE INTERDEPENDENT AND OVERLAP EACH OTHER.

AT THE TIME OF THE NEXT PROGRAMME REVISION (1-1-1991), THE PHYSICS AND TECHNOLOGY DATA
BASE WILL PROBABLY BE SUFFICIENT TO ALLOW TO DECIDE ON THE STARTING DATE OF THE DETAILED

DESIGN OF THE NExT STEP,

associated array structures can be reduced to about 1
ECU/Watt. Another important area is the development
of passive solar technology to reduce conventional
energy requirements for heating and cooling in build-
ings.

Wind energy research aimed essentially at cost reduc-
tions and reliability of larger wind generators. Long-term
contributions of up to 10 percent of total electricity
demand in some regions are conceivable.

Biomass research aimed also at reducing overall costs of
collection and conversion of biomass through pyrolysis,
gasification and liquefaction.

Geothermal R&D focussed on “Hot dry rock” technol-
ogy development could provide heat and power almost
anywhere in Europe where the geological conditions are
favorable once economic feasibility is achieved.

(ii) Rational energy use

Development work is concentrating on heat pumps,
advanced batteries and fuel cells. Heat pumps have the

potential to reduce energy use in domestic and industrial
heating by 30-50 percent. Advanced solid batteries are
being developed for electrical vehicles. Fuel cells are
being given particular attention in the field of energy
production and storage.

Energy savings research in industry is focusing on com-
ponent development and unit operations. In combustion
research for stationary applications and in transport the
main interest lies in the twin concerns of energy saving
and pollution abatement.

(iii) Fossil fuels

One important field is the use and conversion of solid
fuels, i.e. coal, peat, lignite, including the possible reduc-
tion of environmental pollution involved in the coal
conversion processes. Research on liquefaction, com-
bined cycle electricity generation with fluidized beds and
coal gasification is being carried out in some of the
Member States and at Community level. The use of
coal/liquid mixtures is also being researched.

The bulk of hydrocarbons research is being carried out
by the oil and gas companies themselves. At Community
level the focus of activity is to increase the economic
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exploitable reserves accessible to the European oil indus-
try. Drilling techniques are progressing as far as speed
and reliability are concerned, especially in the deep and
off shore drilling sectors. The same holds for production
techniques including assisted recovety.

(iv) Energy modelling

A fourth important research area embraces the analytical
tools essential to understanding energy systems and their
interface with the economy and the environment. This is
an area where the value of coordinated activities among
different research institutes and universities in a Com-
munity framework has already proved its worth (cf.
Energy 2000 study cited earlier).

Future Options

4.60. Some of the technology options which were pur-
sued in the aftermath of the first “oil crisis” have now
come to an end from the point of view of research,
because they have reached their goals and led to practical
exploitation (one example is passive solar water heating
which is now relatively widely developed in Europe,
notably in Southern Europe).

Others have come to an end either because of specific
technological problems encountered or because, for eco-
nomic reasons, they do not offer the prospect of broad
application. One example of the former is solar tower
power stations.

On the other hand, new perspectives have emerged in the
light of the trends described earlier. These are summa-
rized in Table 4.9. The new targets are reflected at
Community level in the Commission’s recent proposal
(the JOULE program).

Table 4.9. Priorities for Non-Nuclear Energy R&D
Rational Energy Use (RuE):

« Energy savings in buildings (energy management and
control, heat pumps, solar energy applications);

« Combustion technology (computer simulation of
combustion, experimental verification with advanced
non-intrusive diagnostics);

» Industrial processes (heat recovery including develop-
ment of heat exchangers and heat pumps, unit oper-
ations, energy and process system models);

o Fuel cells (solide oxide, molten carbonate) high Tc
superconductors, energy storage.

Renewables:

o Wind energy (large-scale installations, wind measure-
ments and modelling);

« Photovoltaic solar energy (crystalline and amorphous
silicon technology);

« Hydraulic energy (small hydro, study of potential of
tidal and wave energy);

o Biomass (production and storage of energy crops,
biological and thermal conversion, pilot projects);

» Geothermal energy (hot dry rocks, brine handling and
corrosion and scaling of resources, study of deep

geology)

Energy Derived From Fossil Sources:

+ Oil exploration and recovery techniques;

« Conversion of gas into liquid fuels;

« Combined cycle electricity generation with fluidized
beds and coal gasification;

e New solid fuel burners;

» Magneto-hydrodynamics

Modelling Energy and Environment:

+ Energy resources, energy supply and demand systems;

¢ Energy/environment interactions;

« Assessing impact of the Single European market on
energy/economy.

2. Improving Quality of Life for Europe’s Citizens
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE

in English 29 Nov 88 p 77

[Text] 4.61. European science and technology have a
major contribution to make in three main areas:

e in producing a better environment;
¢ in improving health; and
« in enhancing safety.

In addition there are important social responsibilities
which must be addressed in the field of bioethics, which
are considered separately below.

Environment
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 77-80

[Text] 4.62. There is increasing public awareness about
the threat to the environment. Political leaders have
responded to such concern and have proposed specific
national, regional and international actions. The rele-
vance of the European dimension has been formally
recognized by the Single European Act, which identifies
the protection and the improvement of the environment
as a main objective of Community action.

4.63. Environmental problems are complex, in continu-
ous evolution and incompletely known. Research pro-
vides therefore a vital basis on which policy responses
can be evolved.

Though many problems are common to industrialized
countries, and others are “global” in the literal sense of
the word (namely they concern the whole globe and
require world-wide collaboration), many problems are of
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a regional nature. Moreover, the European Community
has regulatory responsibilities which must rest on sound
scientific knowledge and reliable technical know-how.
Joint research at Community level is therefore needed to
provide this knowledge and know-how efficiently and
economically (through complementarity and task shar-
ing), and also to provide it in a form acceptable to all
concerned.

Research Needs

4.64. The research problems to which need or would
greatly benefit from research at a transnational level in

Europe are summarized in Table 4.10. They form three
interdependent sets:

» Understanding the basic phenomena;Detection and
interpretation of environmental changes;
¢ Prevention.

'Il;able 4.10. Key Research Issues in the Environmental
jeld

A. Understanding the Basic Phenomena

« mechanisms of climate;

« atmospheric (troposphere and stratosphere) chemis-
try (“ozone hole™);

« physiology or organisms under environmental stress
(pollutants, drought, etc);

« functioning, stability and vulnerability of ecosystems,
including stress ecology, natural population dynamics;

o metabolism and effects of xenobiotic substances in
man, animals and plants;

« interactions between atmosphere, soil and water bod-
ies;

+ chemistry and biology of soil under the influence of
pollution and other stresses (eg..agricultural practice),
vulnerability to erosion;

 basic mechanisms of seismic and volcanic events;

« study of the effects of pollutants on materials;

« research into the prevention of accidents from haz-
ardous industrial activities.

B. Detection and Interpretation of Environmental
Changes

o improvement of methods for the analysis of the
components of environmental matrices;

« earth observation by remote sensing techniques;

« elaboration of methods for storage and treatment of
data on the environment, also in support of modelling;

« collection, compilation and assessment of data on
environmental quality;

o description and evaluation of damage symptoms on
organisms;

« epidemiological studies in human populations
exposed to environmental pollution;

« recording of indicators for climatic changes.

C. Prevention of Environmental Damages

+ development of sound technologies for pollution
abatement and waste recycling and disposal;

« development of alternative, less polluting technolo-
gies and products (“clean technologies™);

« methods for the ecologically sound management of
ecosystems and renewable resources;

« rehabilitation of disturbed or degraded ecosystems;

+ development of safer technologies (chemical plants);

« investigation of the possibilities to predict, and to
mitigate the consequences of, disasters of man-made
and natural origin;

« design of methods and materials for the protection
and restoration of the cultural heritage.

Understanding the Basic Phenomena

4.65. Since the environment results from the complex
interaction of many complex sub-systems, these must
each be analyzed (the stratosphere, the atmosphere, soil,
inland water, the sea), and their mutual interaction
studied by a systems approach (large ecosystems, climate
in its regional as well as global aspects). In addition
further efforts are needed to understand the environ-
ment within buildings, an area on which the Communi-
ty’s JRC is carrying out pioneering work.

A scientific approach to a system of this complexity would
have been unthinkable a few decades ago. However,
progress in basic mathematics, analytical techniques
(including remote sensing from space), together with the
huge capacity to store and analyze information by
advanced computing now make this approach possible.

Detection and Interpretation of Environmental Changes

4.66. A second set concerns the continuous detection
and interpretation of environmental changes and the
assessment of their consequences on human, animal and
vegetable life as well as on geological resources and the
sea. This is needed to provide public assurance that
undesirable trends will be detected and also to provide
data for the analysis outlined in 4.65. above.

Environmental epidemiology is included in this activity.
The advantages of a European dimension in terms of
statistical significance are obvious. Environmental toxi-
cology and the development of suitable systems to iden-
tify and measure noxious agents is also important.

Prevention

4.67. The third set concerns prevention, including the
development of clean technologies, the abatement of
existing noxae and the elimination of toxic wastes.
Research on the safety of industrial practice and com-
patibility of agricultural practice with the environment
also belongs to this group. Since these activities are
continuously evolving, so must the research itself. Stud-
ies on the prevention and mitigation of man-made and
natural hazards also be long under this heading.
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Global Climate Change

4.68. The greatest source of concern and the most
difficult to analyze is the so-called “greenhouse-effect.”

Continued burning of coal and oil since the beginning of
the industrial era has resulted in increasing quantities of
carbon dioxide being added to the natural composition
of the planet’s atmosphere. Although the oceans act as a
large sink through complex phenomena involving phy-
toplankton photosynthesis, large quantities of carbon
dioxide remain in the atmosphere, which is now
enriched in this gas by 15-20 percent with respect to
preindustrial values. Natural recycling of CO, by green
terrestrial plants is also seriously impaired by deforesta-
tion.

Carbon dioxide is not transparent to the infrared light
radiated back by the earth’s surface as a result of
incoming solar radiation, which means that heat is
trapped in the lower layers of the atmosphere. The planet
is thus being heated in a similar way to that of a
greenhouse.

Scientific consensus is that such heating will produce an
increase in the global mean surface temperature of 1.5 to
4.5 degrees C over the next 50 years. The atmospheric
accumulation of other greenhouse gases, such as meth-
ane, nitrous oxide and the chlorofluorocarbons also
plays a role.

The climate change resulting from such heating would
have serious consequences for agriculture, and a signifi-
cant rise in the level of the seas is expected from the
thermal expansion of the oceans alone, apart from the
melting of the ice caps.

4.69. The issue has global dimensions and is made
enormously complex by the uncertainties still affecting
the measurement of global heating, the regional and
seasonal features of the anticipated climatic changes
(precipitation patterns, frequency of droughts and other
extreme events, etc.), and the uncertainties about future
energy patterns. It involves an assessment of the rates of
carbon dioxide production, of the role of the oceans and
biosphere as sinks and sources, of the rate of deforesta-
tion, the possible shifts of bioclimatic zones, the model-
ling of all the interactive components of the climate
systems (atmosphere, oceans, cryosphere, biosphere),
and an appreciation of the consequences of energy policy
options.

4.70. Intensified research is needed to reduce as much as
possible, and as soon as possible, the remaining uncer-
tainties, especially as regards the timing, the magnitude
and the regional distribution of climate change; the
impacts which the change would have mainly on agricul-
ture and water resources, on the sea level and its conse-
quences for the coasts and coastal-based economic activ-
ities, on socio-economic structures in general; and on

environmentally benign energy options capable of lead-
ing to reduced carbon dioxide emissions. At the same
time research is needed to ensure preparedness in respect
of changes which cannot be prevented in time, so at least
alleviate their consequences.

4.71. Such research requires European and world-wide
cooperation, not only because of the multi-disciplinary
character of the issue, but also in view of the need for a
coordinated approach to choices that might have to be
made on future energy, agriculture and industry policies
and on measures able to counteract or alleviate the
affects of the climate change.

European Action

4.72. At a European level the Community will need to
mobilize various modes of action to satisfy research
needs for the understanding, monitoring, protection and
improvement of the environment, starting from its own
“in house” research carried out in the JRC (a guarantee
of independent high level S/T know-how for the whole
Community), to a shared-cost action and international
collaboration.

In the latter context a major contribution at the Com-
munity level to the implementation of the International
Geosphere-Biosphere  Program  (Global Change)
deserves careful attention.

At the same time an adequate liaison needs to be assured
with other transnational environmental R&D actions in
Europe, and notably within EUREKA and with the
space agencies (in particular with ESA) to ensure a
proper balance between the space instruments them-
selves and the requirements of the scientific community
(see also point 4.106. on Earth sciences).

Health Research
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 80-82

[Text]
Research Needs

4.73. Three main issues in the field of health provide the
starting point for consideration of research require-
ments:

(i) the rising cost of health care and delivery systems.
Health costs in the community amount to more than 200
billion ECU per year, the equivalent of about 8 percent
of GNP. They are rising both because of the increasing
sophistication of medical equipment and opportunities
for treatment, and because of the growing incidence of
certain diseases. This is related in part to:

(ii) the “greying” of Europe’s population. Europe faces
the prospect of an ageing population over the period to
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the end of the century as a result of lower reproduction
rates in the 1970s and 1980s, on the one hand, and
higher life-expectancy, on the other. This will mean a
quantitative increase over coming years in age-typical
illnesses, with consequences for the demand on medical
services;

(iii) the need for major progress in the fight against
diseases such as cancer and AIDS, as well as those related
to the environment and life-style.

4.74. Public health research in the Community, which is
about half that of the United States, amounts to less than
2 percent of total health costs. If properly aimed, it can
make a major contribution to meeting all three of the
needs described above. Research on prevention, care-
delivery systems and organization is essential to ensure
the best value for money in health delivery (i); while the
need for targeting research efforts on the specific prob-
lems posed under (ii) and (iii) is widely recognized.

European Action

4.75. Research is proceeding on all these fronts in the
Member States, but often in a fragmented manner. Most
national research programs in the field of medicine and
health consist of a large number of relatively small
projects carried out by scattered and relatively small
research teams often working independently at universi-
ties, hospitals etc. This is an area where the value of
more coordinated action across national frontiers has
already been recognized and concerted action within the
Community framework has proved its worth. The prin-
cipal characteristic of this concerted action is that Mem-
ber States themselves select the projects for coordination
at Community level and execute the work themselves;
while the Commission coordinates the national research
contributions.

4.76. The future action lines in health research recom-
mended by the Advisory Committee for the Communi-
ty’s Health Research Program are summarized in Table
4.11. It will be seen that they correspond very clearly to
the needs described earlier.

Table 4.11. Future Action-Lines Planned in Health
Research

CANCER:

—Cancer research training scheme
—Clinical treatment research
—Epidemiological research

—Early detection and diagnosis
—Drug development

—Experimental (fundamental) research

AIDS:

—Disease control and prevention
—Viro-immunological research
—Clinical research

AGE-RELATED HEALTH PROBLEMS:

—Reproduction
—Ageing and diseases
—Disabilities

ENVIRONMENT AND LIFE-STYLE RELATED
HEALTH PROBLEMS

—Breakdown in human adaptation
—Nutrition

—Consumption of illicit drugs
—Infections

MEDICAL TECHNOLOGY DEVELOPMENT:

—Diagnostic methods and monitoring
—Treatment and rehabilitation
—Technical and clinical evaluation

HEALTH SERVICES RESEARCH:

—Research on prevention

—Research on care delivery systems
—Research on health care organization
—Health technology assessment

They also include one important aspect of R&D on
health research—the development of medical technolo-
gy—which has an economic as well as social dimension.

Safety
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 82-84

[Text] 4.77. The safety of the environment in the home,
at work and in travel is a fundamental social need, linked
also to the control of costs in health. The contribution of
R&D to safety is pervasive—from the use of new mate-
rials to the development of robotics, from the improve-
ment in vehicle and aircraft technology to the develop-
ment of monitoring and sensing techniques to identify
potential dangers in the environment and in machinery
and equipment long before they occur.

Industrial and Road Safety

4.78. In the field of industrial technologies and materials
increasing attention will have to be given to the safety
aspects of design of consumer goods and also to the
safety of the working environment itself, as foreshad-
owed in the Single European Act itself. An important
issue, where R&D has a role to play, is the development
of common safety standards in respect of the new
technologies themselves. Lasers for industrial use are a
significant example.

4.79. The potential contribution of R&D to road safety
in the longer-term is particularly great, and major efforts
are being undertaken in Europe to develop both the
“intelligent car” and the road infrastructure that it will
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require. This is an area where collaborative transnational
efforts are important both because of the scale of the
research requirements and the need for a harmonized
approach. The Community itself has launched a signifi-
cant program (DRIVE—Dedicated Road Infrastructure
for Vehicle Safety in Europe) which is designed to help
coordinate efforts on the infrastructure; while within
EUREKA the PROMETHEUS project and other related
transport R&D projects are focussed on the in-car
research requirements. Coordination of effort is a major
preoccupation.

Nuclear Fission Safety

4.80. A third area where continuing safety research is of
the utmost importance is nuclear fission. The depen-
dence on nuclear power for energy supplies varies signif-
icantly as between Member States. But as the Chernobyl
accident demonstrated forcefully, the safety of nuclear
power is a matter that concerns each and every Member
State.

4.81. The United States used to be in the forefront of
research but the Americans have now reduced their
efforts. Japan is continuing to make a significant effort.
The results of Soviet work in the field are not fully
available, although some opening has occurred after
Chernobyl. Europe has moved into the forefront, with
some countries playing a leading role (France, Germany,
and the United Kingdom).

4.82. In the field of radiation protection (where Commu-
nity research programs have either directly supported or
coordinated 80 percent of the effort inside the Commu-
nity) continuing research is needed on:

— Human exposure to radiation and radioactivity
(measurement and interpretation of radiation dose;
transfer and behavior of radio nuclides in the envi-
ronment, making full use of the information coming
from Chernobyl).

— Effects of the human body of exposure to radiation;
assessment, prevention and treatment

— Management of risk of exposure to radiation.

4.83. A major information effort is also required. In the
aftermath of Chernobyl, political and social consider-
ations overrode scientific and technological arguments
about radiation levels and their effects. Scientists and
technologists are partly responsible for this. Before the
event they underestimated the importance of systematic
information and education of the public; while after the
event they confused the public by non-homogeneous
technical jargon and disagreements about details. This
has had negative consequences in some countries on
public confidence in the nuclear community. This con-
fidence can and must be restored by greater openness
and willingness to communicate, not only in terms

understood by fellow scientists, but also in terms acces-
sible to a much wider public progress. Particular efforts
must be made in this direction over the coming months
and years.

4.84. Continuing research work is also needed on reactor
safety (notably the phenomenology of low probability
severe accidents; mitigation of the consequences of
severe accidents; structural behavior of reactor compo-
nents; fuel behavior; improved passive safety mecha-
nisms); the safety of the fuel cycle; radioactive waste
management and storage; decontamination and disman-
tling techniques for nuclear plants; and control of fissile
materials.

Bioethics
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 p 84

[Text] 4.85. The progress in biology described earlier is
so rapid and the resulting applications so pervasive and
substantial that the utmost attention must be given to
their impact on individuals and society. Ever since
biotechnology began to open up major new possibilities,
notably in the field of genetic engineering, biologists
themselves have been conscious of this need. More than
a decade ago they proposed and implemented a morato-
rium on genetic engineering research until the conditions
for safety were identified. Since then, public opinion as
well as public authorities has become progressively
aware of the problem and bio-ethics has become a
subject of constant attention and action, not only at the
national but also at the international level (for example
the yearly Bioethics Conferences of the Summit of indus-
trialized countries). In Europe itself, the Council of
Europe has created a standing committee for bioethics.

4.86. The Community’s obligations in the field of health
and safety, as well as the need (for competition reasons)
to avoid the emergence of widely divergent legislation in
the Member States on biotechnological applications and
products are compelling reasons for a Community
approach to this issue. Such an approach would contrib-
ute to public confidence in science in the Community,
without which the European Technology Community
cannot be soundly built.

In the first half of 1988 the German Presidency of the EC
Council, in complete agreement with the EC Commis-
sion, called for the pursuit of bioethics at Community
level. Some progress has been made. The momentum
should be maintained and increased. It is essential that
ethical, societal and juridical considerations accompany
science and precede technological developments.
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3. Fundamental Research— Essential
Underpinning
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 84-90

[Text] 4.87. A solid capacity in fundamental research,
both free and targeted, provides the essential underpin-
ning to the research in specific fields described above. As
the provider of new ideas and knowledge it offers oppor-
tunities for quantitative change and new openings of
both economic and social significance, widening and
deepening the scope of technology options, It is therefore
of vital importance to Europe’s quest for independence
and autonomy.

4.88. In the United States, while Federal support for
non-military applied research and development has
decreased, that for fundamental research has increased
over the last 5 years (cf. chapter 2). Japan is now fully
aware of the need to strengthen its basic research at
home, and in an international framework has, for exam-
ple, launched the Human Frontier Science Program for
joint development of fundamental research in neuro-
and cell biology by the Industrialized Summit Countries.
In the United States scientific research proceeds on a
very broad front, and gives opportunity to *“free,” indi-
vidual choices, whereas in Japan targeted basic research
prevails. The implications of this new international
emphasis on basic research are discussed further in
Chapter 5.1. below.

4.89. European excellence in fundamental research is
demonstrated by the attribution of Nobel Prizes and by
the other indicators of performance discussed in Chapter
1. However, most European researchers would think
that the United States occupies the first place in their
own field?®, During the last decade, industry and univer-
sities have become increasingly aware of each other. The
questions posed by the further evolution of this trend in
Europe are also discussed in Chapter 5.

The Organization of Basic Research

4.90. One permanent problem for basic research policy is
the distribution of resources between a small number of
large and expensive projects (so-called “Big Sciences”)
and more diffuse and less expensive activities of small
groups and individuals.

The question has been partially solved in Western
Europe by several multinational ventures for the com-
mon pursuit of Big Sciences (eg. CERN for high energy
physics, ESO for astronomy, ESA for space, EMBL for
biology, ILL for neutron sources, ESS for synchrotron
radiation®). Moreover, some very large national facili-
ties, such as the German center in Hamburg are open to
bilateral collaboration. These activities have been suc-
cessful and there is growing collaboration among them,
which is a welcome trend. In the future, international

collaboration in Big Sciences may have to extend world-
wide. Controlled nuclear fusion is a case in point as
discussed earlier.

Simultaneously, several networking initiatives have been
taken so as to assure the benefits of complementarity and
task sharing among individual scientists and small
groups. The European Science Foundation (ESF), the
European Molecular Biology Organization (EMBO) and
the European Community’s Stimulation Program (now
called the SCIENCE Program), together with the Com-
munity’s sectoral R&D programs, play important roles
in this context.

There remains, however, the question of access to
advanced middle-size research devices and the develop-
ment of expensive scientific instrumentation. Given the
cost and sophistication of many of the facilities in
question it is not feasible to imagine that they could all
be available in every European country, let alone very
major laboratory. Particular efforts are therefore needed
to provide a framework for cooperation among national
teams and to reduce the risk of fragmented research
efforts. In 1989, in recognition of this problem, the
Community will initiate a pilot program to support
mutual access to large national installations. Suggestions
have also been made within CREST to launch a feasibil-
ity study on joint European Development of scientific
instrumentation.

Developments in Specific Scientific Disciplines

4.91. Within the broad area of fundamental research,
some developments in mathematics, physics, chemistry
and the earth sciences should be highlighted. Fundamen-
tal biology, together with basic biotechnology and its
applications was dealt with earlier in Section 1.

Mathematics

4.92. In modern mathematics, the theory of non-linear
phenomena and related geometrical ideas deserve atten-
tion because they are revolutionizing the theory and
applications of dynamic systems, with far-reaching
implications for physics, chemistry, biology, meteorol-
ogy, ecology, technology and, probably, sociology and
the science of economics. Most real world problems are
complex and non-linear; therefore they fall outside the
scope of traditional closed-form analysis. The subtle and
versatile techniques of dynamic systems theory now
make it possible to model and to explore the evolution
over time of both natural and man-made systems.

4.93. The combination of theoretical advance and sig-
nificant computing power now makes it possible to
distinguish those systems which evolve towards a stable
solution; those that evolve to a situation of stable oscil-
lation; those that reach alternative final states depending
on small differences in the initial conditions; and those
that develop into a state of steady but perpetual chaos.
The search of an underlying order in the ensemble of all
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chaotic trajectories in a chaotic system remains a major
challenge to modern mathematics.

4.94. Specific examples of the impact which the theory of
nonlinear, complex phenomena has on other branches of
science and technology include the development of the
first optical version of a transistor, and demonstration of
the feasibility of an all-optical computer; advanced mod-
elling of climatic change (of relevance to the Global
Change initiative discussed earlier); improvements in
the functioning of the internal combustion engine.

4.95. The theory of non-linear phenomena was pio-
neered in Europe. And Europe continues to play a
significant role. Research projects in fields such as those
mentioned in 4.94, above are amongst those accepted,
after stiff competition, under the EC Stimulation pro-
gram, reflecting the continuing interest of European
researchers in pushing out the frontiers.

Physics

4.96. In addition to encouraging further collaboration
among existing multinational ventures in high energy
physics etc., greater attention needs to be given to the
exploitation of technology spin-offs. This must be done
without side-tracking the main projects. The scope for
closer links with EC technological research programs and
to the industrial firms participating in them could be
usefully explored.

4.97. As far as fundamental physics are concerned,
particular attention needs to be given to the study of
condensed matter, because of both its implications for
materials technology and its need for large and medium
scale investigation facilities (such as synchrotron radia-
tion and neutron sources, high power lasers, irradiation
devices). The United States and Japan are well provided
with such devices. In Europe, however, they are often
unique and, (as suggested above), could be open to
increased transnational use.

A suggestion along these lines was made in 1985 by the
UK Sciences and Engineering Research Council and
could be pursued through the EC program of Access to
Large Installations.

4.98. Among the scientific developments of particular
interest in terms of the expected technological impact, is
high temperature superconductivity (the ability of electri-
cal currents to flow without resistance), which was dis-
cussed in Section 1 above in the context of industrial
materials.

4.99. Other areas of the physics of matter should also be
mentioned, because of their electromagnetic, optical or
mechanical properties, such as “low-dimensional” (i.e.
very thin) materials, artificially structured materials,
material obtained and performing under extreme condi-
tions, liquid crystals, quasi crystals. Progress on these
subjects has a high priority in the United States.

4.100: Developments in optics and lasers are also inter-
esting: in advanced optics, Western Europe is in a good
position and has pioneered some recent developments
(for instance, the Joint European Optical Bistability
Project with the EC Stimulation Program).

In lasers, however, in spite of some important national
and multinational developments inside BRITE and
EUREKA, European efforts are not on a par with those
in the United States, where there has been a significant
spin-off from military R&D, and notably SDI. The need
for strengthened joint European action in this field
merits careful consideration.

Chemistry

4.101. Chemistry is also developing rapidly, “pushed”
by progress in computing, mathematics and physics
instrumentation and “pulled’ by biology and by a perva-
sive market demand.

Here as in other technological areas, quality is becoming
more important than quantity. From the scientific stand-
point, computer modelling and prediction as well as
progress in analytical tools*! are changing the way in
which chemicals are isolated, identified, designed by
computer and synthesized. Progress in the theory of
chemical reaction is leading to a whole spectrum of new
catalysts (synthetic enzymes, catalytic surfaces, cluster
catalysis, homogeneous catalysis) and photochemically
primed events. At the same time a number of techniques,
including “intelligent” selection membranes are improv-
ing separation and purification.

4.102. Europe occupies a very good position both on the
market for chemistry-based products (see Chapter I) and
in basic science. There are, however, some problems of
public acceptance because of the issue of toxic waste.
Possibly related to the latter, there is also some difficuity
in recruiting a sufficient number of high quality students
(cf. Chapter 93).

Earth Sciences

4.103. The importance of progress in the earth sciences
for the prediction of natural phenomena with major
economic and social impacts (eg. earthquakes), as well as
for the rational exploitation of land resources goes with-
out saying.

4.104. The oil companies, in particular, are themselves
engaged in significant basic and applied research. Deep
drilling has been pioneered by the Soviet Union; and
there are major efforts in the United States. Good
European coordination is assured by the European Sci-
ence Foundation (cf. the Geotraverse Project supported
by the EC). At a national level, the German government
recently decided to initiate a very ambitious program to
drill a very deep (10 km) hole through the crust of the
earth. This is important because other deep drills
(notably those carried out in the Soviet Union) have
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suggested that conventional methods in exploration of
the earth crust may be affected by artifacts.

4.105. Oceanography, as part of the earth sciences, is
being actively pursued throughout the world. The
United States is leading the field, with a high level of
participation of Japan and some European countries.
Some aspects such as the study of the coastal zone, the
interface between the ocean and the atmosphere (impor-
tant for understanding global climate change) will be
pursued by the Community’s MAST Program and the
complementary EUREKA project EUROMAR.

4.106. Earth observation from space constitute in the next
decade a new and unique source of data essential for
progress in earth sciences. Earth observation satellites
generate information which, by virtue of its synoptic,
uniform and repetitive nature, can help to contribute to
more efficient management of the Earth’s resources, better
monitoring of the environment and global climate change,
as well as accident management (oil spills, forest fires,
etc.). This is discussed further in annex 11, which deals
more generally with the opportunities offered by space
techniques. Close cooperation with space agencies, and in
particular with ESA, will be necessary to ensure a proper
balance between space missions and the requirements of
the scientific community as well as coherent European
participation in international programs. Furthermore, the
use of space data will be conditional on the timely devel-
opment of data interpretation methods and techniques,
which will require enhanced cooperation and support at
European level.

The role of the Community in Fundamental Research

4.107. The need for fundamental research in Europe is met
partly by national actions; partly by the specific transna-
tional agencies established in specific fields; and partly by
actions at Community level (the SCIENCE and large
Installations programs; the more fundamental parts of
specific and more targeted programs; and the ERASMUS
and COMETT programs, which help to prepare the future
development of science and its transfer to industry). The
Community programs bring to national actions the added
value of complementary competencies and a wider cultural
space, without seeking to substitute for work undertaken
by other agencies. Particular efforts need to be made,
however, to ensure the best possible coordination with the
work of other agencies so as to avoid any risk of duplica-
tion and to ensure the greatest possible degree of industrial
spin-off from the programs of others.

V. Key Issues for Science, Technology Policy in
Europe

Overview
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 p 91

[Text] S.1. Alongside the analysis of future research
needs (Chapter IV) there are also a number of other

important issues for public policy on science and tech-
nology which will need to be addressed as Europe moves
further along the road in the creation of a Technological
Community.

The Commission considers 10 broad issues to be of
particular importance. These relate to the balance and
organization of research itself at national and at Euro-
pean level; education, training and information through-
out Europe; the role of industry and the private sector;
policy coordination and cohesion within Europe, and
cooperation with third countries.

Balance, Organization of Research
36980123 Brussels FIRST REPORT ON THE STATE
OF SCIENCE AND TECHNOLOGY IN EUROPE
in English 29 Nov 88 pp 91-94

[Text]
(i) The Balance Between Basic and Applied Research

5.2. As discussed in Chapter III, the pressures for
improvements in the industrial fabric, combined with
public expenditure constraints, have led to a shift of
public resources in some countries towards the support
of applied industry-oriented R&D with a potentially
short pay-back period and a corresponding reduction in
support for more fundamental research.

5.3. Such a readjustment was inevitable given the per-
ceived inability of Europe to translate basic invention
into commercial success. But there is a risk that the
pendulum will swing too far in this new direction just at
a time when our competitors are placing themselves a
greater emphasis on basic research as the provider of
new knowledge and longer-term technological and com-
mercial opportunities. It was noted earlier that the one
area in which Federal spending on civil R&D has
increased under the present U.S. Administration is that
of basic research. Japan too is now making vigorous
efforts to develop its own capacity. in basic research,
recognizing that technological development is dependent
on and increasingly interdependent with mastery of
fundamental research. OECD Science and Technology
Ministers meeting in Paris in October 1987, moreover,
agreed that one of the key tasks of governments in
science policy was to “provide the science base necessary
for economic growth and for social and cultural devel-
opment, and especially to support basic research” (Com-
mission emphasis)>?.

5.4. This is a matter for all European governments to
reflect upon. In many areas basic research is very expen-
sive. This is obvious for fields like high energy physics or
oceanography or space. But many smaller-scale basic
research investigations now also require high-cost
sophisticated equipment. Costly basic research cries out
for a joint coordinated approach whether through the
sharing of expensive facilities or the formulation of
coordination work programs. Resource-pooling is
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already happening to some extent in Europe, notably
through CERN, EMBL, ESO, the basic research program
of ESA and ESF?3. The SCIENCE program of the Com-
munity is also helping to demonstrate the usefulness of
joint approaches to speculative basic research. And in
ESPRIT II and under the new BRITE-EURAM program
currently before the Council provision has been made for
joint projects on more targeted basic research topics than
hitherto.

5.5. The Commission believes that this trend should be
reinforced during the coming years. It considers basic
research to be an essential aspect of Community efforts,
underpinning research aimed at improving competitive-
ness and research on societal problems facing Europe.
Basic research supports industrial development longer-
term alongside—but distinct from—shorter-term prod-
uct development. Basic research also performs the vital
function of “training” researchers in the paradigms,
methods and norms of research. To neglect this human
capital would seriously compromise Europe’s long-term
prospect. As suggested in Chapter IV, biology is one field
where new fundamental research efforts are now needed
to lay the foundations for more applied research later,
notably in the fields of health and agriculture.

Private industry should also be encouraged to invest more
in basic research for the longer-term. Historically, impor-
tant advances in fundamental research have been made by
scientists working within private sector companies (one
example is the work on beta-blockers which recently led to
the award of a Nobel Prize to Sir James Black).

(ii) The Links Between Industry and the Universities

5.6. The Japanese technological success is partly attribut-
able to close relationships between universities, industry
and government, including the establishment of a series of
specifically cooperative ventures involving firms, univer-
sities and MITI laboratories®. In the United States indus-
try-university cooperation dates back over many years, but
in the 1980s it has witnessed a qualitatively new develop-
ment in thé form of major multimillion dollar contracts
between companies and universities enabling companies
to be the first to have access to the work carried out on
campus in a broad scientific domain and for a period of
years®, In Europe the traditions of industry-university
links vary considerably but the general trend has been
towards a reinforcement, with industry driven increasingly
by the need to tap scientific knowledge and universities by
financial constraints. One associated phenomenon has
been the growth of “science parks” on both sides of the
Atlantic (eg. Durham in the United States, Cambridge in
the UK). Community cost-sharing programs such as
ESPRIT and BRITE have aimed to encourage the links by
deliberately providing a framework in which industry
research workers and those in universities can team up in
specific R&D projects. ,

5.7. The trend towards close industry-university links in
Europe should be further encouraged. It is one more

potential means of maximizing the use of scarce R&D
resources. But there are two caveats. The first is linked to
the balance between basic and applied research (point (i)
above). There is a risk that increasing university depen-
dence on industry may encourage more and more uni-
versity resources to be devoted to short-term problem-
solving to the neglect of longer-term and more
fundamental research. Secondly, there is a risk that
exclusive relationships between companies and univer-
sities or university departments may lead to restrictions
on the availability of research results. This is already an
important issue in the United States, and it is likely to
grow in importance in Europe. Already the OECD, in a
recent report has expressed concern about the implica-
tions for the longer-term3é,

The Commission has shown the way to avoid the risks in
Community programs through the nature of the contrac-
tual arrangements made with participants, which pro-
vide a basis for both assuring the dissemination of
research results to interested parties while safeguarding
the interests of the specific research groups involved. But
this is an issue which will need to be considered further
in all research funding programs of a national as well as
a transnational nature.

5.8. Two other more specific developments at a Euro-
pean level also deserve attention in the context of links
between universities and industry. The first is the cre-
ation by a number of multinational companies of a
European Institute of Technology aimed specifically at
creating links between industrial R&D efforts and pre-
competitive university research. The second is the grow-
ing industrial interest in participation in the multidisci-
plinary collaborative research associations in Europe
known as European Laboratories without Walls
(ELWWs). This latter issue is currently under discussion
by the Community’s Management and Coordination
Advisory Committee on Biotechnology and by the
Industrial Research and Development Advisory Com-
mittee (IRDAC).

Basic research must be given adequate support and atten-
tion, if solid foundations for the future are to be con-
structed.

Industry-university links should be further encouraged,
but attention must be paid to the consequences for the
nature of university research work and the availability of
research results.

Education, Information
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(iii) Broadening and Deepening the Technology Culture

5.9. The conduct and management of research and the
application of the technologies that result from it all
depend on the skills of individuals. The most successful
societies in the post-war period have been those that
have sought actively to develop those skills, to create a
general climate of technology literacy and to encourage
the emergence of large numbers of highly trained scien-
tists and engineers. In the future these skills will be ever
more in demand.

5.10. Japan has witnessed the most significant growth in
general technical literacy and in the numbers of research
scientists and engineers. In the United States the numbers
are high but stagnant, and increasingly worries are
expressed about the future availability of the manpower
needed to carry through the new technological revolution.
In Europe the traditions of some countries are stronger
(Chapter II) than others. But there are widespread mis-
matches between the output of traditional education and
the demand for skilled manpower. There are particular
shortages of highly qualified scientific personnel in the
smaller and less developed countries of the Community
(see (viii) below). But even in some of the larger countries
the shortages of science-based skills are already a source of
some concern and there are new worries about a *“brain-
drain” as U.S. universities and companies seek to entice
the brightest and the best to meet their own future needs
for highly qualified scientists and engineers. The U.S.
drive will not be directed only at Europe: a key issue in the
United States now is whether and how to encourage the
large number of Asian students at U.S. universities to stay
on in the United States. But Europe will continue to be a
major potential source of supply of highly trained research
scientists to the United States.

5.11. The question of science education, training and skiil
acquisition is one principally for national governments.
Industry also has an important role to play and many
industries have already increased their own training efforts
as a partial solution. But the value of complementary
action at Community level has already been demonstrated
by the success of the COMETT and ERASMUS programs.
Alongside, the Community must now move forward in
improving the attractions of the wider European frame-
work to the most able national research workers by more
rapid progress in creating a genuine Researchers’ Europe.
As the scope of research needs widens and deepens it is less
and less possible for individual countries, however large,
to offer centers of excellence in every field. It becomes in
consequence increasingly important for researchers to be
able to take advantage of the possibilities offered by the
whole European Community. At present the mobility of
researchers is hampered not only by language problems,
but also by practical problems such as different social
security systems, pension arrangement and so on. Progress
in this area will be greatly facilitated by the removal of
barriers to the free movement of labor within the Commu-
nity in the framework of progress towards the Communi-
ty’s Internal Market.

(iv) The Public Acceptability of Science and Technology

5.12. A related issue is that of public acceptability of
science and technology. Public concern has two facets.
On the one hand, people worry about the dangers and
risks associated with new technology, and particularly
the possibility of involuntary accidents (a repeat of the
Chernobyl accident, the escape of dangerous biological
cultures, the possibility of major chemical spillages etc.).
On the other, there is ethical concern about the possibil-
ities offered by scientific developments, for example in
the field of genetic engineering, which may be voluntar-
ily exploited. '

5.13. Concern about new scientific developments is
often based on fears of the unknown. This is particularly
true at present in the case of biotechnology. Public
opinion surveys in the United States and in some Euro-
pean countries have revealed considerable confusion
about its benefits and risks. They have also demon-
strated that the degree of acceptability of new technolo-
gies such as biotechnology depends heavily on the level
of general education and on the depths of understanding
of the issues surrounding a particular scientific develop-
ment or technology®”.

It is important for the proper functioning of our democ-
racies and for the advance of European society that
popular understanding of the issues should be improved.
Only in that way will sensible choices be made; a sound
regulatory environment established to minimize the
risks; and an informed basis created for examination of
the ethical issues. The role which information can play in
this respect is visibly illustrated in the case of the
Netherlands where tough regulations on safety matters
combined with a high quality, extensive and systematic
provision of public information in schools and through
the mass media has helped to reduce concern about
recombinant DNA techniques.

5.14. The Commission has a role to play on behalf of the
whole Community in improving public understanding
about these important issues by help in the design and
development of consistent and objective information
material. The prospect of a large expansion of satellite
broadcasting could offer new opportunities for Commu-
nity-backed programs on science and technology issues.

More attention must be paid in Europe to the development
of human resources, both to pursue scientific knowledge
and to apply its results. A particular effort must be made
to provide an attractive environment inside Europe for
research workers in which the brightest and the best have
easy access to the centers of excellence which are avail-
able in different countries.

At the same time a particular effort must be directed to
improve public understanding of science and technology
issues.
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g&‘%ncouraging the Private Sector To Invest More in

5.15. A major challenge for Europe is to increase the
share of its economic resources that are devoted to
investment in R&D, which for the bulk of European
nations is well below that of the United States and Japan
(Chapters II and IIT). Much of the efforts must be made
by industry itself, which has been the leading source of
the growth of funds in non-military R&D expenditure in
the United States and Japan. It is in industry’s own
interests to invest more in R&D as the source of longer-
term improvements in competitiveness and profitability.
But the growth in industry-funding of R&D is not
profitability. But the growth in industry-funding of R&D
is not uniform across Europe. Industry-funding of R&D
must be focussed not only “downstream” on projects of
short-term commercial benefit. Japanese and U.S. indus-
try is spending more and more money on targeted basic
research to create the conditions for longer-term
advance. European industry must do the same.

5.16. Factors of importance in encouraging investment
in R&D and innovation include the general economic
climate, tax regimes, and (for innovative investments)
the existence of developed venture capital markets (the
latter being of particular importance to nascent or small
companies). In Europe overall rates of industrial invest-
ment vary widely; each country has its own system of tax
or other incentives to support industrial R&D; while
venture capital markets (which are developed in the
United Kingdom, and to a lesser extent in the Nether-
lands and Belgium) are essentially national markets.

5.17. The Community’s R&D programs on industrial
technologies (ESPRIT, BRITE in particular) have
already played a role in helping to commit industry-
funding of R&D through cost-sharing mechanisms. A
number of initiatives at European level have also been
taken to encourage investment by small and medium-
size enterprises. The European Venture Capital Associa-
tion (ECVA) was created in 1983 with the support of the
Commission. In collaboration with ECVA the Venture
Consort project aimed at promoting transnational
financing of innovation in SME’s was launched in 1985.
The Commission has also recently approved the launch-
ing of an initiative for financial support for the estab-
lishment of “seed capital” funds and for a European
network of such funds.

The barriers to transnational industrial and technologi-
cal cooperation have already been analyzed separately in
a separate communication by the Commission, which
contains an action plan3%,

The Commission is also exploring with the financial
community whether it would be appropriate to establish
one or several investment companies specialized in this
kind of project. It is also exploring with the insurance
companies the most appropriate way to insure the risks
involved and thus to remove one of the main obstacles to
invest in innovative projects. These two initiatives
(Eurotech Capital and Innovation Insurance Facility*®)
aim to ensure the industrial and commercial application
of the results of European R&D programs.

In addition, the European Investment Bank has made
available loan finance to SMEs, with priority for inno-
vative investment, using its own resources and those of
the New Community Instrument (NCI). Between 1985
and 1987 its loans for investment in high technology
amounted to 1,094 million ECU. The proposed NCI V
includes investments in high technology as one of the
two priorities areas. '

The Commission is also working towards improvements
in the flow of information between potential financiers
and the promoters of projects who are seeking external
finance, by establishing a project data-base.

5.18. Alongside action to improve the flow of private
funds to industry the Commission has operated compe-
tition policy in such a way as to balance the need to
increase the overall level of investment in industry in
R&D against that of avoiding distortions to competition.
A specific framework has been established for the han-
dling of joint agreements between enterprises in R&D
and for state aid regimes for R&D projects. As the
Community moves further towards the completion of
the Internal Market, with a consequent increase in
competition, on the one hand, and concentration, on the
other, the application of competition policy to R&D and
particularly to transfrontier R&D arrangements will
become an increasingly important issue.

(vi) The Diffusion of Technology

5.19. R&D itself lies at the center of a complex feedback
process involving education (upstream) and innovation
and diffusion or technology transfer (downstream). As
well as investing more in R&D, industry also has to
know and understand the new technologies coming on
the market and to invest directly in them. An expert
group of the OECD has recently noted that “the eco-
nomic advantages of new technologies derive from their
diffusion rather than from their refinement.... New tech-
nology in itself has hardly any economic advantages as
long as it is not effectively used and widely applied....”*°.
The sluggish growth in European demand for electronic
goods (chapter 1.2) is one important example of the slow
rate of adoption of new technologies. It should also be
said that the benefits of research to develop those tech-
nologies are also enhanced the more widely they are
disseminated, even though this may not always be in the
immediate commercial interest of an industrial firm or
research consortium.
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5.20. Technology transfer is another area where the
Japan is in a stronger position than Europe. In some
European countries (notably Denmark) major efforts
have been made in recent years to encourage the spread
of new technologies within industry and commerce
through information campaigns and specific financial
support systems for the private sector. But the degree of
attention varies. Moreover,the public policy efforts are
based essentially on the spread of technologies within
national borders.

Effective dissemination of the results from the Communi-
ty’s own research activities contributes to the goal of
improving information. This is the purpose of the VALUE
program. But the impact of measures in this field is
directly related to the volume of Community research
activities. This is why complementary actions such as
those carried out under the SPRINT program to create
more favorable conditions for innovation and technology
transfer will need to be reinforced in the future. Outside
experts have recently underlined the importance of a
vigorous effort in this direction and called for a strength-
ening of the SPRINT activities*', and a new and larger
program has now been proposed by the Commission.

The importance of stimulating demand for new technol-
ogies cannot be overstressed. A key issue is the availabil-
ity of information about particular technologies and
their expected returns. Organized “watch” programs
have proved to be very; efficient in Japan. Consideration
needs to be given in Europe to how to improve this
information and to stimulate the consumer (of capital or
consumer goods) to think about how new technologies
could help satisfy his needs.

The role of Member Governments and the Community
in standardization and normalization of technologies is
also important in the context of shaping the market for
adoption of technologies.

Industry must be encouraged to invest more in R&D, and
top management should be more closely involved than is
often the case.

A major effort is needed throughout industry and the
services to improve awareness and information about new
technologies so that the fruits of R&D can be widely and
quickly spread.

Policy Coordination, Cohesion Within Europe
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(vii) Increasing Coordination Among National Policies

5.21. Chapter III underlined the importance of increased
coordination of national policies as a means of saving

money overall, increasing the returns to R&D invest-
ment, encouraging the broadest use in the Community of
“best practice” in research management, and ultimately
leading to greater complementarity in national pro-
grams. This is why Article 130H of the Single European
Act expresses a political commitment on the part of the
Community’s Member States, in liaison with the Com-
mission, to coordinate among themselves their policies
and programs at national level.

5.22. The first step in better coordination must be to
ignore mutual information and understanding about
national policies. Such information about what others
are doing will in itself contribute to future decisions on
national programs or policies. The second is to identify
fruitful areas for more specific cooperation. These can be
of a bilateral or multilateral nature. Some may be appro-
priate to Community-wide coordination. There are
numerous formulas possible for developing cooperative
activities (such as specific as bilateral or multilateral
agreements, joint agreements on national participation
in major projects such as CERN, EMBO, or supplemen-
tary programs in a strictly Community framework as
provide for under Article 130L of the Single European
Act). At Community level the formula of “concerted
action” at, which has proved highly successful in the
fields of health and environment and which requires a
minimal amount of Community public funding, should
be more widely used.

(viii) Improving the Cohesion of the Community

5.23. The technology gap between the less-favored
regions (LFRs) and the more economically advanced
areas of the Community is greater even than the eco-
nomic gap (Chapter III). In most LFRs there is a lack of
physical infrastructure for research and development;
there is a chronic shortage of skilled scientific personnel;
companies are less oriented towards innovation.
Improving the RTD base is essential to ensure adequate
growth and development in the LFRs.

5.24. The better coordination of national research activ-
ities will certainly have some spin-offs in regional terms.
And the Community’s value program will ensure the
spread of research results throughout all the regions of
the Community, helping to reinforce the knowledge base
in the LFRs. Moreover, the Community’s own research
programs have already promoted relations between
researchers in LFRs and their colleagues elsewhere,
encouraging the “trickling down” of best practice and
experience. But substantial improvements in regional
competitiveness cannot be tackled primarily through
Community research programs themselves. The main
principle applying to the choice of research projects for
Community support is that of excellence in scientific
terms, and the evaluation of projects and programs is
based on purely scientific criteria. Excellence is a goal
which is appropriate for all regions to strive towards. But
scientific excellence will not be achieved everywhere
without major improvement in the RTD fabric.
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5.25. To achieve these improvements mechanisms other
than research programs themselves must be used. At a
Community level new opportunities are offered by the
reform of the Community’s three structural funds, whose
budget will be doubled by 1993. Actions needs to be
focussed on infrastructure; stimulating innovative activ-
ities in industry; helping companies and institutes to
prepare for participation in Community programs; and
technical assistance and evaluation. The Commission is
already contemplating one specific action known as
STRIDE*2. This is not a research program aimed at
specific research goals. Nor is it a blueprint for RTD
development prepared centrally. In keeping with the
philosophy applying to the structural funds it is a frame-
work for the development of initiatives to improve the
RTD base in LFRs in partnership with the regions
themselves. Other actions through the other structural
funds may be considered.

5.26. It would be illusory to believe that the problem of
the technology gap within the Community can be rapidly
and easily bridged. Infrastructural development; train-
ing; the creation of and innovative capacity, all take
time. But action through regional and social policy
instruments will help to shorten the time-scales
involved.

Better coordination of national policies would help to save
money and improve the efficiency of resource use through-
out the Community.

At the same time a particular effort is required to improve
the RTD fabric in the less-favored regions of the Commu-
nity. Research programs in themselves cannot provide a
complete answer. A major action using regional and social
policy instruments is needed.

External Aspects
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(ix) Encouraging Cooperation in RTD With Third
Countries

5.27. Science and technology are increasingly interna-
tional commodities. At the level of the firm there has
been a rapid growth in recent years of cooperative
ventures in R&D, often of a transnational nature.
Among universities and between them and industry,
relations of a transnational nature are already common.
There is a growing international market in research
scientists. And national policy-makers have recognized
the value of access to the scientific and technological
resources of third countries as a means of providing the
new knowledge and expertise needed to sustain growth
and development in their own countries. In the case of

Europe there are particularly intensive scientific
exchanges and significant industrial R&D cooperation
with the United States.

5.28. By committing the Community to develop RTD
cooperation with third countries and international orga-
nizations, Article 130G of the Single European Act
recognizes the importance for Europe’s own long-term
future of properly coordinated action in this field. The
recent recommendations** of the OECD Council also
urge Member States in their own mutual interests to
promote scientific and technological exchanges. The
further internationalization of RTD is therefore inevita-
ble. The issue is how best to organize international
cooperation in such a way that it can be a “positive-sum”
game in which all the participants have something to
gain.

5.29. For the European Community cooperative activi-
ties must be focussed principally on three groups of
countries, to whom different considerations apply,
namely: other countries within Western Europe, and
notably our EFTA partners, the other industrialized
countries outside Europe, and the developing countries.
Outside these three groups separate reflections are now
needed on the basis for cooperation with the Soviet
Union and Eastern Europe in the light of the new
relationships now developing across the European con-
tinent; as well as on policies of RTD cooperation with
the NICs that take into account, on a case-by-case basis,
the position and prospects for individual countries.

5.30. As far as the EFTA countries are concerned,
cooperation has been running since the establishment of
COST in 1971. COST remains an important framework
for cooperation on specific projects * la carte” with other
European countries. The Luxembourg agreement of
1984 between the Community, the Member States and
the EFTA countries to create a European Economic
Space has led to an intensification of relations in the
scientific field. Special bilateral cooperation agreements
have now been concluded between the Community and
5 of the EFTA countries. The sixth (with Iceland) has
recently been submitted to the Council for approval.
These agreements provide for various forms of access to
Community programs. Alongside the Community
framework EUREKA provides a useful basis for cooper-
ation between companies and institutes from the EFTA
countries (and Turkey) and those from the Community
Member States themselves.

5.31. Cooperation within a strictly Community frame-
work with industrialized countries outside Europe is less
well-developed. At a commercial level, as noted above, a
dense network of linkages in R&D between companies
has been established across the Atlantic. Moreover, the
tradition of transatlantic migration of European scien-
tists goes back a long way. But these developments have
occurred in the absence of a formal general framework
for cooperation with the United States. It might now be
appropriate to explore the scope for such a general
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framework, given the wealth of U.S. resources and
experience in the scientific domain and the opportuni-
ties and issues raised by the recent developments in the
United States described in Chapter II. It would also be
timely to take advantage of the new moves by Japan
towards the international science and technology com-
munity in order to examine seriously the scope for
mutually beneficial cooperative ventures which are
unlikely to exacerbate commercial strains.

5.32. For the developing countries the situation is differ-
ent again. Their problems are, in some respects, akin to
those of the less-favored regions of Europe, but their
shortages of RTD infrastructure and skilled scientists
and skilled manpower are more severe. These limitations
in terms of indigenous resources put a powerful brake on
economic and social development. In addition many of
them face specific problems in the fields of agriculture,
medicine and health, and the environment which require
a particular research effort.

Europe has considerable experience and expertise in
these research fields, partly as a consequence of colonial
experience. But the expertise is often fragmented among
different national institutes. Efforts are needed to coor-
dinate national actions.

Some of the necessary coordination is already underway
at Community level. Since 1983 the Community has
been running with the LDCs a program of R&D directed
as the problems of tropical medicine and agriculture
(“Science and Technology for Development™). Sepa-
rately, since 1984 it has developed a flexible program of
scientific cooperation in Latin America, Asia and Med-
iterranean countries aimed at the integration of research
workers in these countries into the international scien-
tific community, the improvement of indigenous
research capacities, and, latterly, exploring the scope for
technology transfer.

These programs are an important contribution to the
Community’s wider development policy objectives, and
in the years to come RTD must play an increasingly
important role in this context. Given the growing con-
cern about environmental issues in the developing coun-
tries (soil erosion, industrial pollutants etc.) and the need
to optimize the development and exploitation of the
natural resource base and new and renewable energies,
there is a growing need for a particular new and coordi-
nated research effort in these fields. At the same time the
wider consequences for the developing countries of sci-
entific advances in, for example, materials and biotech-
nology will need to be considered further.

(x) Avoiding Technological Protectionism

5.33. The longer-term benefits of RTD cooperation at an
international level can only be fully achieved if the
transfer to knowledge and technology is facilitated rather
than constrained. Historically the scientific world has
been an open world in which results of research are

widely published and discussed and taken up and elab-
orated by others. But the “industrialization” of research
and the growing importance of science to trade flows has
increased the pressure to restrict the flow of information
in order to preserve competitive edge.

5.34. This is a major issue for international cooperation,
notably in the Community’s relations with other indus-
trialized countries, which has been addressed recently by
the OECD in its Council Recommendation of April
198844, The Commission believes that Europe and the
world economy as a whole would be the loser from a
more protectionist scientific and technological world.
LDCs would be even bigger losers. The Community
should therefore work towards ensuring the diffusion of
research results and away from policies that restrict the
flow of information. The necessary corollary is that
progress should be made in ensuring adequate regimes
for the protection of intellectual and industrial property.
The Commissions therefore vigorously endorses the
OECD Council Recommendation on the need to work
towards this end.

Science and technology are international commodities,
and international cooperation must be a fundamental
element in European RTD policies. The Community must
further cement its relations with the EFTA countries;
explore new modes of cooperation with the other indus-
trial countries, notably the United States and Japan; and
build on its successful cooperation with LDCs.

One important issue affecting relations with third coun-
tries is the question of technological protectionism and
potential restrictions on the flow of knowledge. The
Community should work towards ensuring the diffusion of
research results by third countries and away from policies
to restraint the flow of information.
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