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Foreword

The Government hereby presents its annual review of the main lines
of research policy, its strategy for the budget year and budget esti-
mates as they are reflected in the items for research in the 1991
budget, in addition to the status of its work and initiatives in
research and development for 1990-91.

I shall here only draw attention to the extremely important rein-
forcement of basic research that has been achieved with the enact-
ment of the Law on the Danish Fund for Basic Research. This enact-
ment has meant that, over and above the resources that come from
the budget, an additional annual sum of DKK 200 million will be
made available to Danish basic research.

Among other matters dealt with in the annexes is a review of de-
velopments in Danish R & D during the 1980s in comparison with
other countries. And we can fortunately note that the rise in our
research engagement throughout the 1980s is not inferior to that of
the other OECD countries.

We may likewise state that, against the background of the chapter
on global tendencies, we have succeeded in devoting our resources to
the areas in which development has been taking place.

The accounts that form the basis for these two annexes will be
published in the near future.

e

Minister for Education and Rescarch

BEATEL HAARDER
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The Danish engagement in research increased markedly between
1979 and 1989 for, comprising 0.96% of GDP in 1979, spending on
R & D in 1989 comprised 1.53% of GDP in 1989, or a sum of almost
DKK 12bn. While the period was thus characterized by a significant
increase in spending, the 1980s have also left a number of un-
resolved problems in Danish research policy.

In the 1990s, one of the major tasks of Danish research policy will
be to ensure a continued strengthening of Danish research without a
corresponding increase in spending from public funds. Quality and
productivity are to be supported, in part via the Danish Fund for
Basic Research, new guiding regulations and an increased engage-
ment in international cooperation in research.

It is the Government's understanding that despite the measures
that have been taken there is a further need for coordination, con-
centration and division of labour in the research system, which simi-
larly lacks transparency. The research institutions possess too little
power to govern themselves or to take risks, and confidence tends to
be lacking between the research system, on one side, and the
Government, parliament, public administration and the population
at large, on the other. This problematic confidence is linked not least
to the absence of »annual accounts« from the research system.

Any resolution of this problem must begin with the requirements
posed by the growing internationalization of research. The frame of
reference for any qualitative evaluation of research done must there-
fore be international, not national, and for this reason channelling a
part of the public funds must be made dependent on the high quality
of the results of research so financed.

The goal is to cause Danish research institutions to be of interest as
partners worthy of cooperation with the best institutions and other
similar bodies elsewhere in the world.
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The National Goals and Research

A modern society like that of Denmark with a technically advanced
production apparatus is highly dependent on the results of research
and technological development. Research is a part of the society's
material and immaterial foundations of growth.

If Danish production is to continue to be competitive, a rising level
of knowledge in both processes and products is required, and the ex-
istence of research competence is vital to this development.

A small country, Denmark lacks the resources needed to be active
in all areas of knowledge, which implies that much of the knowledge
and understanding that are preconditions for maintaining and ex-
tending the basis for Danish production - and thereby general living
conditions in Denmark - must be sought internationally. Our
research system must then be capable of keeping up with and draw-
ing on knowledge from abroad.

Communication between the public research system and the busi-
ness enterprise sector must be intensified. The tendency towards a
constantly more rapid application of research results in specific
production means that possibilities of development are lost if the
necessary knowledge is not rapidly and effectively passed on from
researcher to user. Moreover, it is the Government's view that
researchers and users of research should work effectively together.

In connection with efforts to improve the environment, research
should have an important function both in contributing to develop-
ing cleaner technologies, and to arriving at greater knowledge of the
connections between the political and economic decisions that must
be taken in a society, and their environmental consequences.

Research has significance for national identity and the ability to
enrich Danish culture by transposing influences from other cultures
and countries.

The Government wishes to cause Denmark to be a nation that,
despite its modest size, is regarded as the home of research of a high
international standard. As a goal for the 1990s, this may seem ambi-
tious, but, if vigorously pursued, it can be reached.
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The Government wishes:

to secure the nation’'s fund of knowledge by means of educa-
tion and research that creates the preconditions for a busi-
ness enterprise sector based on research and advanced tech-
nology;

to have a number of research institutions that are among the
foremost of their kind;

to strive to have only research institutions of international
quality; and

to ensure the supply of fully qualified researchers to both the
private and the public sectors.

Specialization and Concentration

Discussions about the concentration and specialization of Danish
research start from the premise of the need to create effective units
that can reflect the importance to national development of the
research in question, while doing work that can stand comparison on
the international level.

Specialization implies Priorities

In the 1990s, the new technologies (information technology, biotech-
nology and materials technology) are expected to be more-or-less
vital in most new products, processes and the like. From now on,
research will become increasingly multi-disciplinary.

Supposing economic conditions to remain unchanged, any speciali-
zation of Danish research implies that some areas must necessarily
receive less priority so that others may receive additional resources.

At present, there is a sensible balance between basic appropria-
tions and programme appropriations. The basic appropriations will
continue to form the most essential part of research funding.

All public research institutions are to have uniform conditions for
competition but it should be possible to reward those that do best
competitively. None is therefore to enjoy anything like a monopoly
in relation to the programme appropriations of a ministry and other
free sources of research funding. It is only through such precautions
that it is possible to create the sort of specialization that is based on
the quality of the research work done.
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Concentration as a Means

An increased concentration of the Danish research structure is not
an aim in itself but only one means among several with the aim of
contributing to the optimal utilization of the circumstances within
which the research system must function.

With a constantly improved infrastructure within a relatively
small geographical area such as Denmark, it becomes unnecessary to
maintain the overlapping of research that takes place at the many -
and much too small - uncompetitive Danish institutions.

The effects of competition are to permeate the whole system so
that the weakest suffer the consequences. Structural changes are not
to be brought about administratively but will emerge from the
strength of each institution and the interest its work arouses.

The best use can be made of the economic resources devoted to the
research system by creating benefits of scale.

This can come about either in the form of large, physically concen-
trated units or through close cooperation between smaller units,
centres without walls and networks under joint management.

It should be fruitful to allow the research institutions to analyse
their own situations in relation to the new demands that the 1990s
will bring. In many instances this will probably lead to the recogni-
tion that units are too small for the tasks they now face.

International research evaluation will also be used as a means of
assessing the quality of research institutes’ work.

The international Implications of greater
Specialization and Concentration

Taking part in international research programmes requires increas-
ingly larger resources and a greater basis of knowledge. In contrast
to smaller institutions that have increasing difficulties in this respect,
larger institutions are much better placed to be internationally active
either in initiating a programme or working together with other, for-
eign institutions.

If Denmark is to secure an increasing share of international
research programme funds, in addition to creating larger, effective
units, a reasonable national market must be ensured for their
skills.
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This implies that national programmes must be so designed that
they in part are aimed at areas of large technological and economic
importance in Denmark, and in part complement what is being
done, for example in the EC research programmes.

Management and Competition

The Danish research institutions shall be offered help but only to
enable them to compete, not to avoid competition. Means of decisive
importance in this process are strengthened management and greater
budgetary responsibility in the individual institutions.

Reinforced Management and budgetary Responsibility

While basic appropriations for the institutions will continue to be
supplied by the relevant ministries, additional funding must be
sought on the 'free market' for national and international sources of
research funding. By responding to offers to submit tenders and by
actively marketing their skills, research institutions can win Danish
and international research assignments.

Aggregate budgets will thus come to depend on the ability to at-
tract external funding, which will make clear the relationship be-
tween scientific quality and budgetary income. A lack of ability to at-
tract such funding ought therefore to put the research management
on their guard.

Managerial responsibility in the research system shall be made
visible and shall be strengthened with the necessary powers to take
prompt action as soon as competitive abilities show signs of failing.
One of the duties of research management will be to formulate a
professional profile and a goal for their institutions.

Successful institutions will become attractive collaborators besides
attracting younger researchers whom they can afford to employ.

"The market principle’ in the Research System

During the 1990s, the increasing internationalization of the research
system will radically alter the conditions under which it works.
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Introducing market mechanisms will make new demands on the
institutions, and their ability to attract external funding will be a
mark of their competitive skills. Another mark will be their skills in
selling their results, and the market will thus contribute to enhanc-
ing the scientific quality of individual institutions.

The institutions will be moving into a more turbulent world, one in
which research status will ebb and flow more rapidly than it does
Now.

A dual-stringed System

The growth in programme appropriations that took place throughout
the 1980s did not inhibit the basic appropriations which, on the con-
trary, rose by about 40% in fixed prices in 1979-89. Programme ap-
propriations rose even more, and as mentioned above, there is no in-
tention to alter the balance between them.

Criticism from different sides has claimed that many resources are
devoted to formulating applications for funds for projects and the
like, but this is a natural consequence of the very considerable
resources that are devoted to research in the form of programme ap-
propriations.

Even so, the work of simplifying the system of financing research,
which has begun, must be reinforced. It is intended in future to allo-
cate the greater part of funds in the free string as framework ap-
propriations and to long-term projects, so that the institutions'
management and planning strategies can more easily take account of
the funds dispensed by the Research Councils and funds granted for
programmes of research.

Transparency in Research

It must be in the interest of all that transparency in research be-
comes greater, one means being a form of »public accounting« that
combines a presentation of the results of research work done and an -
account of how the resources have been used.
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More and better Researchers

A sufficient number of qualified researchers is regarded by the
Government as an essential competitive factor in raising the interna-
tional standing of Danish research to even greater heights.

The Government thus intends to reinforce post-graduate training
by means of cooperation on a broad scale between universities, other
public research institutions, the research units of the business enter-
prise sector and recognized research establishments abroad. Without
a programme of post-graduate training of an international standard,
it is impossible to produce research of international quality which
continues to furnish industry and the public sector with highly quali-
fied researchers.

The task of improving post-graduate training must be tackled by
all research institutions including government sector research insti-
tutions if the numbers and quality of trained researchers is to in-
crease.

Towards a National Model

Adapting Danish research to these new circumstances cannot be
done from one day to the next, but the work has started and it is im-
portant that it continues.

- We shall work towards fewer but more effective research
units that will possess a greater degree of independence.

- We shall ensure that research of an international standard is
the goal of each individual institution.

- We must introduce market-like conditions into the research
system, partly to make the best use of national economic
resources, partly to create more competitive institutions.

- We must enlarge the scope and raise the quality of post-
graduate research training.

- We must create transparency and confidence in the research
system, with the aim of winning understanding and accep-
tance of the roles and functions of the individual par-
ticipants.



Government
R & D Strategy 1991-94
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It is the aim of the Government that R & D funds should be utilized
to the greatest possible effect. Optimal use must be made of
resources invested by society in the research system to the benefit of
the way of life of the population and the development potential of
the business enterprise sector.

The instruments that will continue to be used in furthering this
process have been described in the chapter on the main lines of
research policy.

A continued rise in total R & D expenditure must take place in the
private sector if an effective contribution is to be made to promoting
production and employment in Denmark. For this reason the
Government's economic policy constantly aims at creating the best
possible climate for business, for example by reducing company tax-
ation from 50% to 38%.

From 1993 basic research will be subject to the same productivity
requirements as other state enterprise, that is 2.3% on wages and
2.0% on other expenditure. Up to now the figure for basic research
has only been 0.5%.

Table 1 contains a more detailed survey of the development in state
R & D appropriations for 1989-94. The table shows the distribution
of funds between general scientific development, post-graduate
research training, international R & D cooperation, communication
and selected R & D areas.

It should be noted that the distributive limits of division are not
quite clear: for instance general scientific development covers both
biotechnological and environmental research. Thus the figures under
the selected areas provide an approximate but not precise picture of
government R & D in the areas indicated.

The following section describes Government strategy in a number
of central R & D areas on the basis of table 1. It is emphasized that
despite a reduction in the size of the grants to the individual areas, in
a number of cases this is more an expression of the fact that special
programmes are expiring while new programmes have not yet been
adopted rather than that the area as such is being accorded a lower
priority. .

It is thus possible to continue or initiate programmes over and
above those contained in table 1 provided that the expenditure can
be met within the limits of the total Finance Act.
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Table 1. R&D appropriations 1989-94 ",

DKK million, 1991 level 1989 1990 1991 1992 1993 1994

General scientific development 2459.9 2721.8 2581.6 2588.5 2495.9 2447.9
of which:

Natural science 5343 5911 507.9 5121 480.3 470.3
Technical science 376.8 433.3 4420 454.0 436.4 4241
Medical science 511.0 4953 456.3 461.8 4428 429.6
Agricultural and veterinary science 151.8 169.3 169.7 171.3 156.1 153.7
Social science 2B0.6 335.7 357.9 361.9 353.8 349.7
Humanities 390.1 447.6 4355 431.4 416.5 409.8

R&D that cannot be distributed 2154 2497 2123 196.0 2100 210.7

Post-graduate research training  328.8 314.2 3154 3149 3131 3114

International research cooperation 240.4 270.7 2826 2986 3106 3149

Communication 566 . 47.8: 514 504 501 510
Selected areas:

Materials technology 1045 130.0 128.3 583 0.0 0.0
Food technology 728 1746 2631 2274 198.7 184.7
Biotechnology 1520 1568 1238 1096 956 828
Environment 2176 2178 1909 1B0.6 13589 1325
Energy 2232 2186 2275 2115 2105 1955
Health 1066 96,8 994 100.0 101.1 1023
Agriculture and fisheries 386.3 3736 371.3 3455 3858 3855
Industry and trade 5155 2458 180.0 170.0 170.0 170.0
Technological infrastructure

and initiative areas 136.0 1208 130.0 120.0 1120 1120
Other R&D appropriations 10818 7986 9746 7590 B851.1 7751
R&D budget

appropriations 1991 6081.9 5887.9 5919.9 5534.3 5430.4 5265.6
Index 1991 = 100 102.7 995 1000 934 917 89.0

) In Annex D, »R&D appropriations 1989-94«, the appropriations for 1989, 1990 and
1991 are divided into basic and programme appropriations.

Tables 2 and 3 describe the distribution of state research funds by
ministerial area in Danish crowns and index figures respectively.
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Table 2. Distribution of state research funds over the areas of ministerial
responsibility in DKK million.

Table 3. Distribution of state research funds over the areas of ministerial
responsibility, index figures.

The period has seen a reduction in state funds for R & D activities as
a result of rising productivity in the research system and the Govern-
ment's wish to strengthen R & D within the private sector.

The Government has appointed an Industry and Trade Develop-
ment Council, with reference to the Act on Industrial Promotion, in
order to promote private research and development and as part of its

= 1
efforts to create an innovative framework for the structural adjust- .

ment and technological development of the business sector. The

i i it ain
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Council is to advise the Government on matters of significance for
the international competitiveness of Danish trade and industry. The
Council is charged with paying special attention to promoting the de-
velopment and utilization of knowledge about technology, manage-
ment and the market and with promoting R & D in firms within the
private sector.

Having examined the existing schemes for industrial development,
the Council has concluded that on the whole the system is both well-
run and innovative. At its coming meetings the Council will discuss a
number of complex topics and will make proposals where it judges
that supplementary efforts are needed regarding the promotion of
R & D in the business sector, financing this activity and in general
the promotion of industrial growth and development.

In May 1991 on the initiative of the Government, which would like
to further support basic research in Denmark, an independent Fund
for Basic Research was set up with DKK 2bn in basic capital yielding
an annual sum of about DKK 200m for basic research purposes.

General Scientific Development

Activities in the category of general scientific development, primarily
basic research across the whole scholarly spectrum, are fundamental
to Danish research and to the possibility of supplying qualified
researchers to trade and industry.

General scientific development forms the basis of strategic
programme ventures mainly in the areas of technology and natural
science. Programme ventures in the social sciences and the humani-
ties are exclusively in the form of strategic grants to the relevant
Research Councils and can thereby be included in the category of
general scientific development.

By far the greatest number of these activities were carried out at
some of the government sector research institutions and at universi-
ties and institutions of higher education under the Ministry of Edu-
cation.

Between 1989 and 1994 the grants for general scientific develop-
ment will fall by 4.6% or DKK 112m. This is largely because of in-
creased demands for productivity and the expiry of the Ministry of
Education's researcher recruitment programme in 1993.
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Post-graduate Research Training

In its efforts to ensure that Danish research is increasingly competi-
tive internationally, the Government has decided to revitalize
recruitment by reforming the post-graduate research training
programme.

In the spring of 1991 the Ministry of Education circulated a
proposal for such a reform for comment by the universities and insti-
tutions of higher education, the Research Councils, the Educational
Councils, the government departments that do or commission a sig-
nificant volume of research, the labour market organizations and the
like.

A reform must first and foremost ensure that the quality of post-
graduate research training is improved i.a. by better organization of
Ph.D. programmes and making the research environments where
Ph.D. students are trained more international. The reform is also
aimed at increasing the production of researchers.

It is of decisive importance to the Government that the level of
grants to post-graduate research training remains stable.

International Research Cooperation

The steadily increasing efforts at international cooperation on
research reflects the high priority the Government has given this
area. Participating in international research cooperation is a vital pre-
condition for increasing the quality of national research. Internation-
al cooperation means that Danish researchers will have access to
knowledge they would otherwise not have had and that contracts
will be placed with Danish companies for developing equipment and
apparatus.

Between 1989 and 1994 R & D funds for this area will be raised by
31% or DKK 75m.

Most of this money will go to cover contributions to Danish partici-
pation in space research (ESA), nuclear research (CERN) and in the
EUREKA programmes.

The Government will work for an increase in the number of
programmes in these areas in the context of both the EC and the
Nordic Council of Ministers. There has been a significant increase in
the number of EC research programmes not least due to the efforts
of Denmark.
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National endeavours to increase the benefit of taking part in these
programmes will continue via the initiating programmes, 'Start’,
aimed at government sector research institutions and 'Feasibility
Study' aimed at small and medium size enterprises.

Communication

The major part of funds granted for this purpose are for preserving
and passing on knowledge about Danish cultural heritage. This
broadly based scholarly activity is primarily carried out at museums,
research libraries and archives.

It is the opinion of the Government that it is important that
research be done on questions pertaining to our linguistic and cultur-
al identity and its background with a view to strengthening national
consciousness in the European context we are becoming part of.

In addition the Government attaches importance to libraries, ar-
chives and museums retaining their position as key elements in the
infrastructure of research not least at a time when higher priority is
to be given to research as a whole. In this connection it is vital to
stress the necessity of safeguarding for instance library service to
areas of research that are upgraded.

Materials Technology

In 1988 the Government initiated the 5 year Materials Technology

Development Programme (1988-1992) which will cost a total of DKK

495m. The programme is aimed at promoting the utilization by Dan-

ish industry of the most recent R & D in the area. The following

main activities are covered by the programme:

~ carrying out use-oriented basic research and technological research
at an international level with a view to future industrial exploita-
tion of the results of this research;

- the technological development of some existing materials/pro-
cesses and their application;

- transfer of technology and communication of knowledge to broad
categories of Danish companies: this would include demonstration
activities.
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The programme is also aimed at creating a foundation for both
renewing the content and increasing the quality of university degree
courses and vocational training.

The programme includes establishing 5 centres, 9 framework
programmes and single projects with the cooperation of departments
at the universities and institutions of higher education, the govern-
ment sector research institutions, the technological service institutes
and development-oriented industrial enterprises. The expiry of the
programme in 1992 explains the decrease in the size of the grants for
materials technology.

Food Technology

To strengthen the position of the Danish food industry on the inter-
national market, the Government has set aside DKK 525m for a
research and development programme that runs from 1990 to 1994.

Primarily aimed at companies in the food industry and at R & D
environments at universities and other centres of expertise, the
programme concentrates on three main areas:

- increased R & D cooperation between the private and public sec-
tors via cooperating on projects;

- building up a couple of large, public Danish centres for research and
development where the emphasis is placed on quality, international
competitiveness and participation in international cooperation;

- increasing the senior research staff at the institutes of higher edu-
cation as well as boosting post-graduate research training including
the Industrial Research Education Programme.

Furthermore research will continue into the storage, processing and

other industrial exploitation of fish products.

In all DKK 874m has been set aside as programme and basic funds

for food technology for 1990-94.

Biotechnology

Efforts to boost both basic research and strategic research in biology
and biotechnology will continue.

Biotechnology is one of the most internationally oriented areas of
Danish industry where R & D is on an international level and way
above the average for Danish industry as such. This together with
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the strong national tradition in basic research in biology and the in-
creasing application of biotechnology in many sectors places Den-
mark in a favourable position.

For this reason, from 1991 to 1995 the Government will devote
over DKK 450m to a special biotechnological research programme
that will seek to make full use of the dynamism and initiative charac-
teristic of the area.

Environment

The environment is the area where the greatest number of Govern-
ment ministries are involved in R & D. The decrease in budget ap-
propriations for the period 1992 to 1993 is due to the expiry of
research programmes that have been carried out in connection with
the Action Plan for the Aquatic Environment.

Because of the great number of Government ministries involved,
the scope of environmental research is very broad. It includes
research on the working environment, water and marine environ-
ment, pesticides and the environment, nutrients and the cycle of or-
ganic substances.

The Government is designing a development programme for en-
vironmental technology, the aim of which is to promote the possibili-
ty for Danish industry to exploit its industrial potential, as well as to
promote the development of cleaner technology, recycling technolo-
gies and other environmental technologies.

The Government has requested the Danish Council for Research
Policy to appoint a coordination committee to organize the planning
of a coordinated, strategic programme of environmental research be-
tween 1992 and 1996. The programme will aim at creating the
framework for concentrated research activity that will improve the
basis of knowledge for the social and political decision-making
process.

Finally it should be mentioned that at its 39th session the Nordic
Council of Ministers adopted a proposal for a Nordic environmental
research programme for 1993 to 1997. The programme is to cover
three themes: research on climatic change; environmental research
cooperation on the Baltic; instruments of control and environmental
economy. The Nordic Council of Ministers has decided to grant DKK
25m annually to the programme from 1993 to 1997.
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Energy

The main purpose of R & D funds in the energy area is to ensure that
the technological basis of Denmark’'s energy policy is safeguarded;
this includes making sure that the technical bases are available for
promoting energy production with a low environmental impact, for
the recovery and utilization of domestic resources of energy and for
the development of new energy technologies.

The development in the figures in the energy area in table 1 is
based on the present Government programme and reflects the gener-
al requirements as to productivity. If the CO, tax is imposed the
given figures for the energy area may be corrected.

Health

The Government's preventive programme has a very high priority in
health research; this includes monitoring the general level of health
and carrying out research on the health service, disease prevention
and the treatment of widespread diseases. The establishment of a
research centre for environmental medicine is another initiative that
honours the intentions in the preventive programme.

The Government will upgrade long-term epidemiological research
thereby supporting behavioural and motivation research in the
health sector and will also take the initiative to investigating stagnat-
ing mean life expectancy in Denmark.

Agriculture and Fisheries

The Government intends to concentrate R & D in the agricultural
sector by amalgamating the Danish Institute of Forest Technology
and the Danish Government Forest Experiment Station. Furthermore
the Royal Veterinary and Agricultural University and the research
and experimentation units under the Ministry of Agriculture are at
present working on a general cooperation agreement.

There will be an international evaluation of Danish agricultural
research in 1991 and 1992. .

In the area of fisheries work will continue in two areas: further
strengthening basic R & D, and experimental fishery.
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Trade and Industry and
the Technological Infrastructure

The drop in appropriations to these areas is a direct result of the
Government's wish to provide a new foundation of capital for the
business enterprise sector by reducing company tax. This should
make it possible for Danish companies themselves to initiate R & D
independently and without state funding.

The present decline in the level of budget appropriations for indus-
trial promotion initiatives should be seen in the context of the
Government's ongoing efforts to create a favourable economic cli-
mate for the R & D activities of trade and industry in Denmark.
These efforts include low business taxes, a low level of inflation and
a stable framework for industrial economy. The decline should also
be regarded as an integrated part of Government policy for a general
reduction of state subsidies to the business sector in the EC; this poli-
cy includes promoting equal competition. The position of the Danish
Government is that state subsidy to this sector should be reduced
and that it should also be temporary and degressive. The purposes
for which state subsidy is available must be made very clear: first
and foremost for promoting development in the less prosperous
regions, for research and development and for developing small and
medium size enterprises.

The Government finds that in the period just before the Single
Market becomes a reality, many benefits are accruing to trade and
industry in Denmark partly due to increased growth in Europe and
by participation in European R & D. The Government finds that
these initiatives conducted under the auspices of the EC are of great
value as they promote the development of trade and industry on a
common European basis.

However, there will still be a need for public efforts in order to
promote R & D in the business sector. These efforts will have to be
aimed at establishing good, stable, general conditions and concen-
trating on developing the areas of business and resources that can
lead to industrial growth. A good business climate that stimulates in-
creased growth in the business enterprise sector in Denmark can
only be created through a goal-oriented and long-term process. The
objective is to make it attractive for both Danish and foreign firms to
operate in Denmark which means that implementing R & D activi-
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ties, and exploiting the results, must lead to growth in the Danish
economy.

By appointing the Industry and Trade Development Council, the
Government laid the ground for a cohesive and coordinated survey
of development and competition in the business enterprise sector, in-
cluding conditions for promoting R & D in the private sector. There
are a number of conditions that influence the incentive of the busi-
ness sector to conduct R & D: the technological infrastructure;
promoting knowledge about technology, management and the mar-
ket; promoting the adjustment to new conditions for competition
such as consideration for the environment; promoting appropriate
development in the areas of the infrastructure, education and train-
ing and the capital market and in the general conditions for the busi-
ness sector as a whole, for instance taxation.

The Industry and Trade Development Council has not yet complet-
ed its deliberations regarding proposals for future areas where ef-
forts could be made to further promote industry. However, a number
of areas where some efforts have been made, also in the area of
R & D, have already been identified: productivity development, im-
proving and extending education and training as well as in-service
training, a number of connected areas of industry and resources
such as food technology, environmental technology, transport and
logistical areas such as the maritime sector, the medicine/health area
and the area of house building. The special potentials present in the
Danish service sector should be pointed out as should the special
problems caused by the structure of Danish industry: the many
small and medium size enterprises and the problems having to do
with financing and R & D encountered by the new innovative com-
panies and initiators.

Coordinated political efforts to promote conditions for competition
and development in the business enterprise sector should be made in
those areas that show a potential for creating growth and develop-
ment. It i therefore an important task for R & D policy to coordinate
measures with the areas identified by business policy as being areas
of growth and development. The purpose is to ensure that cohesive
and coordinated efforts can be made to promote growth and develop-
ment, efforts that are broadly market and internationally based.
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The following is an account of major R & D activities adopted or
completed in the period from 1990 to 1991.

Concentration and Priorities

Concentration in Areas under the Ministry of Education

It has been decided to amalgamate several university departments in
connection with the implementation of a free faculty experiment in
the natural sciences at the University of Aarhus which will leave it
with six departments. It has also been decided to reduce the number
of departments at the Royal Danish School of Educational Studies
from 15 to 7.

The Dental College in Copenhagen is to concentrate the present 13
departments into two large departments when the College is integrated
into the Faculty of Medicine at the University of Copenhagen.

Concentration and Boosting of the Technological Service Network

under the Ministry of Industry

The Ministry of Industry has continued to concentrate and boost the
technological service network. The goal is to gather the various ac-
tivities into about ten large institutions with sufficient resources and
professional competence to be able to offer efficient support to de-
velopment efforts in the business enterprise sector. It is expected

that structural adjustments will largely have been completed in the
course of 1991.

The Ministry of Agriculture: Research in the Areas of Dairies and Building

The Ministry of Agriculture closed the Government Dairy Research
Institute on 1 July 1990 as part of the Government's plan for cutting
down on bureaucracy. While a great deal of research in this area will
now be the responsibility of the business sector, more basic dairy
research will be continued in a newly established institute of dairy
research at the Royal Veterinary and Agricultural University.

In 1991 research into agricultural buildings has also been concen-
trated as the agricultural section of the Danish Building Research In-
stitute (Ministry of Housing) has been transferred to the National In-
stitute of Agricultural Engineering.
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The Ministry of Fisheries: Research reorganized and concentrated

Some of the institutions formerly under the Ministry of Fisheries
have now been integrated into the new, large institution under the
Danish Academy of Technical Sciences, DIFTA (the Danish Institute
of Fisheries, Technology and Aquaculture). The position of the Divi-
sion of Freshwater Ecology in Silkeborg was boosted when it
achieved the status of an independent government sector research
institution. The appointment of the Advisory Research Committee of
the Ministry of Fisheries and the external professional groups ap-
pointed for each institute serve to strengthen consultancy and con-
trol which are coordinated in the new research secretariat of the
Ministry.

Amalgamations in the Area of the Ministry of the Environment

The Wildlife Ecology Station has been put under the National En-
vironmental Research Institute as the Division of Flora and Fauna
Ecology:.

From January 1, 1991, the Danish Geological Survey has a new
structure leading to greater inter-disciplinary problem solving, in-
creased internationalization and increased efficiency. The future bas-
ic structure will consist of 7 research units and three research and
service units.

The Ministry of Labour: Coordination and Priorities

On February 1, 1991, it was decided to establish the Advisory

Research Committee of the Ministry of Labour. The objectives of the

committee are

- to ensure a comprehensive view and coordination of labour-market
research and its border areas both nationally and internationally

- to improve the quality of the research initiated by the Ministry of
Labour

- to promote the degree of application of scientific evaluations of
trends on the labour market, and

- to improve the interaction between researchers and the central ad-
ministration.
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The Danish National Laboratory at Rise

In 1990 the organizational structure of the Danish National Laborato-
ry at Rise, a part of the Ministry of Energy, was re-organized and
concentrated. This has meant that the structure of Rise, which was
essentially a structure into divisions organized according to the basic
categories of natural and technical science, has progressed to a struc-
ture adapted to the technological perspectives of research done at
Rise. As a result of this R & D has been concentrated on strategic
areas within energy, environment and materials research.

The Danish Centre for Atmospheric Research (DCAR)

The Danish Centre of Atmospheric Research was set up in the spring
of 1990 in the wake of the international evaluation of environmental
research in Denmark that took place in 1988. DCAR is a centre con-
sisting of six groups of researchers from the universities, the govern-
ment sector research institutions and private firms. Each of the six
groups does research in its own field and taken as a whole, this
research can chart the environmental impact of pollution. The
primary objective of the Centre is to coordinate research in the area
and then to formulate a large-scale research programme for atmos-
pheric research making it different from other centres which are
often created as part of a research programme. In January 1991 the
Centre entered into an agreement on cooperation with the environ-
mental institute at the Joint Research Centre, Commission of the EC,
that opens the possibility for DCAR and the EC environmental insti-
tute to exchange ideas, staff and equipment.

The Centre for Advanced Technology (CAT)

The Centre for Advanced Technology is a fund set up by Rise Nation-
al Laboratory, the National Environmental Research Institute and
Roskilde University. The Centre is a research park established with a
view to putting both large and small enterprises in direct contact
with research results thus facilitating savings in product develop-
ment and ensuring the enterprises a place in the front line of techno-
logical development. Companies can rent a place at the centre with
an R & D group. Being attached to the centre means easy access to
knowledge and advanced facilities for experimentation and construc-
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tion (with students, researchers, experimental equipment, research
libraries and other research facilities).

High Priority Research Areas

Biotechnology

DKK 456m has been earmarked for biotechnological research in the
period 1991 to 1995. The programme will take its point of departure
in and further develop the experiences and recommendations in the
midway evaluation of the 1987-90 biotechnology programme.

The programme appropriations will be gradually cut down during
the period as the research is expected to increasingly become an-
chored in the participating institutions. Annual appropriations will
fall from DEKK 114m in 1991 to DKK 68m in 1995.

The programme will be administered by the Natural Science
Research Council, the Health Science Research Council, the Agricul-
tural and Veterinary Research Council and the Council for Technical
Research. Following a process of advertisements and applications
received, the Councils have decided to establish 11 centres and 2
minor framework programmes. In 1991 the appropriations for a
centre is between DKK 6.8m and DKK 13.7m, and DKK 1.7m for a
framework programme.

Expenses for completing Ph.D studies started under the previous
programme, but which really belong outside of the new centres from
the point of view of content, will be met from programme funds.

At the start of the programme the Research Councils laid down
guidelines for evaluating the programme in the final phase. There
are, moreover, specific requirements as to the dissemination func-
tion of the centres to ensure that the research benefits the business
enterprise sector and society in general.

The principle of multi-annual block grants has been carried over
from the previous programme where joint financial control in each
centre has resulted in efficient utilization of resources.

Environmental Research

A coordinated, strategic environmental research programme for
1992-96 is at present being planned. Although strategic, which me-
ans use-oriented, the programme will be based on the criteria and



34

methods of basic research. The objective is for the results and com-
petence achieved to be utilized when strategies are selected, when
the effects of politically selected control instruments are being evalu-
ated and in any subsequent development of commercial methods
and products in the business enterprise sector.

The programme will be coordinated by virtue of the fact that its
main elements are to intensify cross-ministerial coordination of en-
vironmental research. Coordination with other national research
programmes is a criterion when selecting areas of research and the
programme will also be clearly related to international programmes
of research.

Priorities are made in the programme by choosing a limited num-
ber of areas where efforts are to be made thus concentrating
research resources on a couple of selected areas where Danish
research is of particular strategic importance or is especially compe-
tent. Areas where Denmark is distinguished as having international-
ly strong research environments are chosen.

A significant proportion of the activities of the programme is to be
carried out in the form of coordinated actions including centres, net-
works and framework appropriations. The following possible sub-
areas have been proposed:

- atmosphere and climate

- society and culture

- groundwater - a resource

- coastal regions, watercourses and lakes and the inland Danish
waterways - resource and recipient

- the surface of the earth/ the upper soil strata - resource and
recipient

- the effect of environmental impact on ecosystems, in particular the
effects of environmentally hostile substances

- human sub-programme.

The Ministry of Health has drawn up a long-term research
programme for environmental medicine and has established a

so-called centre without walls for research in environmental medi-
cine,
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Arctic Research and Climate Research

In order to maintain and strengthen the position of Denmark in the 4
year European Science Foundation Greenland Icecore Project
(GRIP), and in polar and climate research in general, in 1991 the
Ministry of Education and Research has set aside an extra appropria-
tion of DKK 10m over a 5 year period (1991-95).

The funds are to be used for two purposes: building a cold store for
the icecore bored out of the ice cap in Greenland and for developing
research activities in connection with the GRIP icecore. Storing the
icecore on Danish territory will give Denmark certain advantages in
connection with the scientific analyses.

Food Technology

In 1990 an R & D programme was initiated in the area of food tech-
nology with the aim of consolidating and boosting the position of the
Danish food industry on the international market.

There is a total of DKK 525m in programme funds available for the
period 1991 to 1994; DKK 200m of this sum comes from the Ministry
of Industry, at least DKK 175m from the Ministry of Agriculture and
DEKK 150m from the Ministry of Education and Research. As of 1
January 1991, three centres were established using the funds from
the Ministry of Education and Research: two centres for food
research, one each at the Royal Veterinary and Agricultural Universi-
ty and the Technical University of Denmark, and one centre for lac-
tic bacteria at the Technical University of Denmark. One framework
programme was also set up for market-controlled process and
product innovation at the Technical University of Denmark. Cooper-
ation projects carried out by binding cooperation on selected, large
R & D assignments are a cornerstone in the part of the programme
financed by the Ministries of Industry and Agriculture. The par-
ticipants may be business enterprises, technological service institu-
tions as well as researchers and research institutions in the public
sector. The enterprises that take part are normally expected to meet
approximately 50% of the costs.
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The Centre for Micro-electronics

In 1990 a new centre for micro-electronic research was established
at the Technical University of Denmark. At the head of the centre is
a board of nine, from among whom the Minister for Education and
Research appoints a Chairman. The Minister also appoints four of
the board members on the basis of recommendations from the Coun-
cil of Technology, the Danish Academy of Technical Sciences (ATV),
the Danish Council for Technical Research and the Association of
Electronics Manufacturers. The other four members come from the
Technical University of Denmark.

It is the task of the centre to contribute to a sorely needed intensifi-
cation of R & D in the area of micro-electronics in Denmark in close
cooperation with Danish enterprises which have long-term R & D in-
terests in the area.

The Informatics and Information Technology Programme

PIFT, a programme for informatics and information technology, has
been set up with the objective of carrying out strategic research with
a view to strengthening Danish research environments and promot-
ing cooperation about the information technology of the future be-
tween these environments and the business enterprise sector. DKK
180m has been earmarked for 1991 to 1994: the funds come from the
Research Councils for Natural Science, Agriculture and Veterinary
Science and Technical Science which coordinate their use and
cooperate on activities in order to ensure that they achieve sufficient
dimensions and are inter-disciplinary in nature.

After a pre-qualification round, final applications have been invit-
ed for approximately 15 large research projects; each project will
receive between DKK 2m and DKK 5m in 1991 and this sum will in-
crease in the following years.

Completed Programmes
Completion of the NPO Research Programme

On May 31, 1985 the Danish Parliament adopted the »Resolution to
reduce pollution caused by nutrient salts and organic substances«.
On the same occasion it was decided to initiate a research

programme the results of which would be used as tools in future de-
cisions in this area.
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The Parliament appropriated DKK 50m for this purpose and
resolved that the research programme should run for five years from
1986 to 1990. The National Agency of Environmental Protection was
charged with supervising the programme which was called the NPo
(Nitrogen, Phosphorus, Organic substances) programme.

Proposals for projects having been invited, a list of priorities was
drawn up on the basis of a comprehensive evaluation of the aims of
the programme. 60 projects within the areas of soil-air, ground
water, water courses, lakes and marine areas were selected. Empha-
sis has been laid on inter-disciplinary activity and cooperation and
on achieving the greatest degree of cooperation with on-going research.
50% of the funds went to university departments, 35% to government
sector research institutions under the Ministries of Agriculture and
the Environment while the rest was granted to the Danish Academy
of Technical Sciences and other private research institutions. In all
more than 100 researchers and 26 institutions have been involved.

It is estimated that c. 20% of the funds have been spent on basic
research and c. 10% on the management of projects and dissemina-
tion of their results by the National Agency of Environmental Protec-
tion by issuing reports and holding meetings and the like. Partial sup-
port has been granted to 6 Ph.D. programmes.

At the beginning of 1991 the National Agency of Environmental Pro-
tection issued both a Danish/English language report and 56 project
reports about the NPo research programme. At the same time the results
and the model tools developed have formed an important technical
basis for the Agency's report on the plan for the aguatic environ-
ment, »Environmental impacts of nutrient emissions in Denmarke.

The results were evaluated on the national level at a consensus
conference in January 1991 on nitrogen, phosphorus and organic
substances in the land and aquatic environment. In addition an inter-
national NPo conference was held in May 1991 where the results
were presented to international researchers.

Parts of the NPo research programme were included in the Europe-
an environmental research programme in 1988. The results of the
programme concerning nitrogen leaching in arable soil and root zone
modelling have attracted European attention and the Commission of
the EC have asked for a presentation of these models with a view to
further developing them under the auspices of the EC.
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Completion of the Research for Technological Development Programme

"The Research for Technological Development Programme' was in-
itiated in 1985 as a 5 year programme with a total budget of DKK
293m divided over 7 sub-programmes of varying dimensions. The
programme had three objectives: to produce new knowledge to illus-
trate long-term technological potentials in the business enterprise
sector; to introduce new knowledge from other countries; and finally
to train researchers with a view to employment in the private sector.

After some initial problems - not least with the first selection of
projects - the programme entered a systematically controlled course
where during the second and third years, the Research Councils
largely decided the programmes that were to be carried out together
with their economic framework.

In spite of there being no general shortage of jobs for researchers
in this area, many researchers have been trained through these
projects. It is estimated that over 100, or more than half of these
researchers, have completed a Ph.D.

Another important element in the programme was disseminating
the research results which mostly took place in the form of direct
cooperation between the enterprises and the institutions via the
projects which received support. However, there is no cooperation of
any kind reported on almost a quarter of the projects.

In 1986 and again in 1989 Research for Technological Development
seminars were held where on both occasions over 100 selected
projects were presented to the circle of users and other interested
parties.

At the turn of the year 1987/88 a database was set up where all the
projects which enjoy support are registered so as to give the central
information about the course of the project including a short presen-
tation of its content, its progress and the results achieved. The data-
base can be searched in via terminals.

The third objective of the programme was to accumulate
knowledge of international developments in the area in question.
The Research Councils have promoted this objective i.a. by provid-
ing extremely favourable conditions for inviting guest researchers
and by providing support for study trips and attendance at congress-

es abroad. The programme has functioned extremely well on this
point.
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The authorities responsible for the projects are of the opinion that
the programme has had an innovative effect which has improved
their chances of, for instance, taking part in the new, special research
programmes (biotechnology, materials technology, food technology
and informatics). Through the programme the users have i.a. been
introduced to knowledge about developments abroad, knowledge
that could be of importance in the long term.

Finally the Research for Technological Development Programme,
the first large-scale programme under the auspices of the Research
Councils, has provided them with valuable experience of coopera-
tion across the boundaries of the Councils and support for large,
long-term research activities.

Completion of the Research Programme in Biotechnology, 1987-1990

In 1987 the biotechnological research programme was started up as a
4 year programme with a total budget of DKK 475m of which DKK
385m was set aside for biotechnological research centres, DKK 20m
for technology evaluation and information and DKK 70m for educa-
tion and training and recruitment of researchers.

The aim of the programme was to »strengthen basic biotechnological
research« while simultaneously »ensuring more applied research in
areas of social importance«. Significant emphasis was also laid on edu-
cation and training, recruitment and training of researchers in this area.

14 research centres of quite different sizes were set up under the
programme following two rounds of applications. Most of these
centres have had programmes running for three years while some
have had 2 years and 4 months in which to work.

In the autumn of 1989 there was a midway evaluation of the
programme, one of the most important conclusions of which was
that the centre structure has indeed provided the flexibility and in-
stitutional cooperation that was one of the main objectives of the
programme.

The Ph.D. programme included extending courses in biotechnolo-
gy and increasing the numbers of graduates by awarding completion
scholarships. At the biotechnological research centres about 340
researchers completed a Ph.D.; of these about 170 were paid from
programme funds. Some of the programmes experienced recruit-
ment problems.
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Disseminating research results was an important part of the
programme. To this end, each year the centres held public informa-
tion meetings aimed at industry in particular. In addition the
research programme has been presented in a general information
folder and at two exhibitions in connection with the 5th European
Congress on Biotechnology.

In 1988 the biotechnology projects were included as a sub-base in
DANDOK, the Danish research database, and in BIOREP, the EC's
experimental database; there is open access for on-line searching to
both of these. The database was last updated in 1990.

The accumulation of international knowledge was promoted by
providing particularly good conditions for inviting guest researchers
and by supporting study trips and participation in congresses.

In general the management of the centres and those responsible
for the projects are of the opinion that the programme has improved
and extended inter-disciplinary cooperation and in the long term
strengthened Danish biotechnological research. Danish industry has
also stated that the centres have become important collaborators.

Stimulation of R & D for the Benefit
of the Business Enterprise Sector

Act on the Promotion of Business Enterprise

In June 1990 the Danish Parliament adopted a law to promote busi-
ness enterprise: the Act came into force on January 1, 1991. In con-
nection with this, the Industry and Trade Development Council was
set up. It consists of 19 members representing commercial, local,
regional, technological, financial and social expertise.

The main task of the Council is to advise the Government on mat-
ters of essential importance to production and for the development
of business in general. It is the intention that the Council should play
a central role in coordinating initiatives aimed at the business enter-
prise sector.
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Projects on Industrial Cooperation

In order to encourage Danish companies to cooperate on commercial
research and development, the Ministry of Industry has set up a
scheme whereby binding and long-term R & D cooperation between
at least two private companies can be partially financed. Centres of
expertise can also participate either as partners or as sub-contractors.
Projects thus initiated will very often be the first phase in a multi-
phase cooperation project with a duration of 3 to 5 years. Research
and service institutions' participation in international projects on be-
half of private companies and in particular participation in EC and
EUREKA projects can also be partially financed. DKK 180m is the
budget appropriation in 1991 for these purposes.

Making better use of Advanced Equipment

At the end of 1990 the Ministry of Industry set a new initiative in
motion with the aim of improving the competitiveness of business
enterprises by ensuring that the resources already present in indus-
try are better exploited. In the initiative the focus is on the advanced
equipment already at the disposal of the enterprises because, despite
considerable investments in new production equipment in recent
years, significant growth in the results achieved has not ensued.

The initiative is mainly aimed at measuring productivity, projects
in progress in the enterprises, and the dissemination of information
and knowledge. From a framework budget of DKK 50m, grants will
be given for the initiative in the period 1990 to 1992.

New raw Materials Strategy in Greenland

As part of a new strategy in the area of raw materials, the Ministry of
Energy has taken a number of initiatives to attract the international
oil and mining industry to invest in investigating and exploiting raw
materials in Greenland. This includes boosting applied geological
research in Greenland conducted by GGU, the Geological Survey of
Greenland as well as improving and extending GGU's communica-
tion both of data relevant to raw materials and of its research results
to industry with the aid of modern technology.
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Tax Exemptions for foreign Researchers

with special Research Assignments in Denmark

The Government will investigate the possibility of granting tax ex-
emptions to foreign experts including researchers in order to make it
easier to attract key figures from abroad to Denmark.

Tax Exemptions for Companies participating
in international Research Cooperation

In its Bill on the alteration of Tax Assessment (Research and De-
velopment), the Government has put forward a proposal to enable
business enterprises to deduct 125% of the expenses they incur
when participating in a number of international research
programmes. The deduction is to encourage Danish firms to partici-
pate in EUREKA's research projects, in programmes under the Nor-
dic Industrial Fund, in EC programmes in accordance with the
framework programme for the Community's activities in the field of
research and technological development, and in the EC's THERMIE
programme. In other words the firms that participate receive an
award of a kind for taking part in joint Nordic and joint European
research projects. The Ministry of Industry has estimated that the
annual cost to Danish firms for participating in the projects covered
by the Bill will be approximately DKK 300m in the period 1991 to
1993. Total annual extra deductions are thus expected to be approxi-
mately DKK 75m and the loss of tax yield approximately DKK 30m.

Internationalization

START

As part of the Government's endeavours to increase Danish partici-
pation in and benefit from international research cooperation, the
Ministry of Education and Research has initiated a START
programme which is aimed at public research institutions, not least
universities and institutions of higher learning. The programme is in-
tended to contribute to increasing the number of research projects
involving cooperation with leading international partners.
Programme funds are granted in connection with the participation
of Danish research environments in formulating and planning inter-
national research projects with Danish participation. The programme
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will run until the end of 1992 and the support granted will be in the
order of DKK 50,000 to 200,000 per activity. A total of DKK 8m has
been set aside for the programme which will be administered by the
Research Councils.

EC

In continuation of the adoption of the third framework programme
for research and technological development in the EC for 1990 to
1994, the EC Commission has proposed 15 special programmes that
put the framework programme into practice.

The special programmes include research in the six priority areas
of the framework programme: information and communication tech-
nology, industrial and materials technology, environment, life
science and biotechnology, energy and human resources.

In addition to this a proposal has been put forward for central ac-
tion for communicating and utilizing experiences and results from
the special programmes for which 1% of approximately DKK 46bn,
the total budget of the framework programme, has been earmarked.

Denmark has made an active contribution to the negotiations
about the new special programmes thanks in part to the effectively
coordinated national structure with contributions from hearings,
reference groups, committee members and the like. This has meant
that such elements as basic research, training researchers and quali-
ty have been granted a special position in these programmes. In addi-
tion Danish influence has made itself felt in specific areas of
research such as in the programmes on bio-medicine and health, in-
dustrial and materials technology (including the working environ-
ment) , and the programmes on telematics systems within long dis-
tance teaching, medicine, transport and electronic language process-
ing.

For a number of years now, Denmark has been receiving approxi-
mately 3.5% of the EC's research funds, a percentage that fell in
1989 as the most important funds offered that year were in areas
where Denmark as yet has no particular expertise. Provisional
figures for 1990 suggest a significant increase in relation to 1989.

However, the most important benefits that accrue from research
cooperation within the EC come from goal-oriented, cross-border
cooperation and the mutual exchange of knowledge derived from
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this cooperation where Danish companies and institutions partici-
pate.

The relationship between the R & D programmes of the EC and
Denmark is stated in Annex C. If the programme funds and the basic
funds are examined together, it will be seen that Danish and Europe-
an programmes have to a certain extent been synchronized. This
does not mean that the EC programmes are being copied on the na-
tional level but rather that the necessary basis of dimensions and
quality has been built up in order for Danish research environments
to be competitive participants in the EC's programmes.

As part of the Single Market Initiative of the Ministry of Industry,
funds have been set aside for promoting the participation of Danish
companies and technological service institutions in the EC's
programmes for research and technological development (the
Research for Technological Development Programme). Grants are
given for carrying out feasibility studies where the companies can
identify possible projects and cooperation partners within the terms
of the framework programme. The programme runs from 1989 to
1991 and DKK 12m has been set aside for feasibility studies.

Coordinating European Research Initiatives

On the initiative of the Italian and the Danish Ministers for
Research, in 1990 Ministers for Research from the EC member states
informally discussed the possible coordination of European research
activities within, for instance, the EC, EUREKA, ESA, ESO, CERN
and EMBL.

The general objective of a European strategy in this area is better
utilization of resources, both national and international, in the fields
of science and technology. Not least in the light of developments in
Central and Eastern Europe, this would in the first instance be on the
European level, but later on the global level.

EUREKA

The Ministry of Industry contributes to strengthening Danish partici-
pation in international programmes of research and technological de-
velopment among them EUREKA. The aim of EUREKA is to im-
prove the global competitiveness of the European business enter-
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prise sector in the use of new technology in products, processes, sys-
tems and services for civilian use.

For this reason, since 1986 the Ministry of Industry has run this
scheme which is financed under industrial cooperation projects. In
1990 approximately DKK 84m was used for this purpose and in the
coming years the level of expenditure is expected to be about DKK
60m. While private companies can have their participation in EURE-
KA financed by up to 50% of their costs, the research institutions can
have their additional expenditure fully covered.

Boosting basic Research

The Danish Fund for Basic Research

The Act on the Danish Fund for Basic Research, adopted in May 1991
following a Government proposal, lays down that a fund with a basic
capital of DKK 2bn shall be set up with a view to long-term strength-
ening of the development potential of Danish research. This sum of
money, gained from privatization, is to be transferred to the fund by
the state. A yearly amount of c. DKK 200m, the yield from the Fund's
means, is to be used for unique research in the international class.
The fund is to be managed by an independent Board and is also to
be independent of state financing and the established world of
research. It is up to the fund itself to decide how the means should
be used in order to best encourage Danish basic research and to
facilitate basic research activities on the highest international level.
The establishment of the Danish Fund for Basic Research is an im-
portant element in official industrial policy as it is the objective to
promote the long-term competitiveness of the Danish economy.

Special Appropriation for basic Research

The 1991 Budget contains a non-recurrent appropriation of DKK
60m for strengthening basic research at the institutions of higher
education.

In allocating the money, attention has been paid to the individual
institution's on-going activities in the area of basic research, the abili-
ty of the institutions to attract external research funds in 1989 and
the number of Ph.D. students who completed their programmes in
1987-89. These achievement aims have been balanced against the in-
stitutions' yearly, ordinary budget appropriations for research.
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As the appropriation has only been distributed in general terms,
the institutions will be able to encourage areas that have a high pri-
ority in accordance with their own plans.

Research Council Professorships

In 1990 the six national Research Councils had the opportunity of
awarding 5 year professorships (Research Council professors) which
can be placed at the institutions of higher education, the government
sector research institutions and private research laboratories. These
professorships are intended to provide specially talented researchers
with better research conditions for a period of 5 years.

The scheme was used in 1990: the Research Council for the Hu-
manities awarded two research professorships and the Health
Science Research Council 5 (of which 3 are privately financed). In
1991 the Health Science Research Council and the Agricultural and
Veterinary Research Council have each announced one professor-
ship.

Professor Planning

The 1990 Budget contains an appropriation for a pool of 30 man-
years without any specified description with a view to establishing
ordinary professorships at the institutions of higher education in the
period from 1990 to 1993, This is part of the endeavours to enhance
quality, improve promotion prospects and strengthen professional
management. In 1990 and 1991 the pool was used to ensure the per-
manent appointment of a number of temporary professors.

Training of Researchers
The Danish Research Academy

In last year's research programme, the Government stated that
researcher training would be stepped up and that the Danish
Research Academy would have a central rols in the close and intensi-
fied cooperation between the universities, other public research in-
stitutions and the research units of private enterprises.

As a consequence, and following a hearing, it was decided to con-
tinue the Danish Research Academy. Apart from its central role in
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facilitating cooperation between research environments, the Acade-
my has contributed to enhancing the quality of researcher training
and to making the Danish researcher training system as a whole visi-
ble.

The quantity has also been significantly increased; as can be seen
from the table below, the number of Ph.D. students enrolled be-
tween 1985 and 1990 has tripled. Another welcome development is
the increasingly higher proportion of women enrolled in Ph.D.
Programines.

Number of Ph.D. students according to year of enrollment

Year of Men Women Women Total Ph.D. degrees

enroliment % awarded

1985 172 39 18 211 ( )
1986 222 69 - 24 291 (529%)

1987 304 92 24 396 ( )

1988 459 177 28 636 237

1989 464 222 32 686 255

1990 516 221 30 737 30

*) Total Ph.D. production between 1985 and 1987.
Source: The Danish Research Academy.

At the time of writing (March 1991) there are 2,520 Ph.D. students
enrolled at universities and institutions of higher education. Because
of the sharp rise in enrollments in recent years, it is expected that the
annual number of completed Ph.D.s will rise to about 500 in the
course of the next few years.

Experiment at the Faculty of Natural Science

at the University of Aarhus

The Faculty of Natural Science at the University of Aarhus has, as an
experiment, admitted the first Ph.D. students to a more formalized
and intensive research training programme that starts at the end of
the fourth year of study. Total time of study for the Ph.D. will be 8
years. The aim of the programme is i.a. to see if it is possible to
produce younger Ph.D.'s.
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Annex A

Developments in Danish R & D and
Comparisons with other Countries

Danish research and development (R & D) does not differ markedly
in its composition and patterns of financing from that of other small
OECD countries. The sum of funds devoted to R & D is relatively
low, however, for while the proportion of public funds in relation to
GDP is close to the average for the EC, the Danish business enter-
prise sector conducts relatively little research. This can be explained
in essentials by the predominance in Danish industry of branches
that have a low research intensity and of many small and medium-
sized enterprises. Despite this, a number of small and middle-sized
enterprises have a pronounced capacity for innovation.

Danish industry is relatively weakly represented in advanced tech-
nological branches but is strongly competitive in a number of low-
technological ones. In almost all the OECD countries, it is precisely
the high-technological branches that are characterized by rising
shares in employment, production and exports, while the opposite is
so for the low-technological branches: a structural problem for Dan-
ish industry, that calls for considerable ability to change.

Size and Composition of total Danish R & D

During the 1980s, resources devoted to research rose more rapidly in
Denmark than in a number of other countries (see Figure 1}; in 1979,
R & D expenditures in Denmark were only 0.96% of the gross
domestic product (GDP), but in 1989 this figure had risen to 1.53%;
during the 1980s, particularly in the business enterprise sector,

R & D rose, from 0.4% (1979) to 0.84% in 1989. Denmark devotes
relatively fewer resources to R & D than do other countries with
which comparison is normal. Using almost DKK 12bn in 1989 that
corresponded to 1.53% of GDP, Denmark lay after the leaders -
Sweden, the Federal Republic of Germany, Japan and the USA -
which used between 2.7% and 2.9% of GDP on R & D.



ol

Figure 1. Developments in R&D expenditures as % of GDP 1979-1989 1 I
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1 If the figures given are not for 1989, they are from the most recently available infor-
mation. For a number of countries the 1989 figures are based on prognoses.

Source: OECD: »Main Science and Technology Indicators 1991:1«, Paris 1991.
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Figure 1 shows furthermore that R & D expenditures rose sharply in
the first half of the 1980s but stagnated in a number of countries in
the second half. This is particularly explained by stagnation in R & D
in the public sector, but also by the fact that R & D in the business
enterprise sector levelled out in the second half of the 1980s. In fixed
prices, Danish public-sector R & D rose by 11% between 1987 and
1989, when the business enterprise sector’'s R & D rose by only 8.5%.
[t must be expected that public-sector research will not continue to
rise as much, for budget R & D appropriations for 1991 show a
slightly falling tendency.

Table 1 shows the proportion of R & D carried out in the private
and public sectors and how financing is spread out over the enter-
prises, public sources and other sources (international sources and
private funds).

Table 1. R&D carried out and financed by industry and by the public sector,
1989 " in percentage of GDP.

Research carried out Financing
in % of GDP in % of GDP _
Enter- Public Enter- Public  Private  Total
prises institutions prises sources  sources
and abroad _

USA 1.99 0.81 1.37 1.37 0.06 2.80
Japan 1.99 0.73 2.04 0.49 0.18 272
EC average 1.39 0.71 1.09 0.88 0.13 210
Sweden 1.90 0.94 1.70 1.06 0.09 2.84
United Kingdom 1.46 0.74 1.13 0.80 0.27 2.20
Norway 117 0.74 0.92 0.92 0.07 1.91
Denmark 0.84 0.69 0.72 0.69 012 1.53
Canada 0.74 0.59 0.56 0.59 0.18 133

't If the figures given are not for 1989, they are from the most recently available informa-
tion. For a number of countries the 1989 figures are based on prognoses.

Source: OECD: »Main Science and Technology Indicators 1991:1«, Paris 1991.
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In the larger OECD countries (the USA, Japan and the Federal
Republic of Germany) and in Sweden, R & D in the business enter-
prise sector amounts to over 65% of the total but in 1989 R & D in
this sector in Denmark was 55% of the Danish total. The public sec-
tor in Denmark accounts for almost as great a proportion of R & D as
it does in the other countries in this comparison. Danish R & D is
first and foremost lower than that in the countries with which we
normally compare ourselves because the Danish business sector's

R & D is relatively modest.

It is characteristic of the OECD countries that the public sector
finances a greater proportion of total R & D than it carries out. This
is particularly so in the USA, where the public sector finances one
third of the business enterprise sector’s R & D: this is because a large
part of the relevant work by the defense industry is paid for by the
Department of Defense.

Of Danish R & D as a percentage of GDP in 1989, 0.72% was
financed privately and 0.69% was financed, as appropriations, by the
public sector. In comparing public-sector financing of R & D, it
should be kept in mind that as the taxation and depreciation rules for
R & D investments differ from country to country, comparison can
be difficult as any national losses of tax yields are not included in the
statement in Table 1. The public-sector financed R & D in Denmark
(being 0.69% of GDP) is still somewhat lower than in a number of
the other countries (in 1989 between 0.9% and 1.4% of GDP).

Of Danish R & D, a relatively large part (0.12% GDP) is financed
by private funds or international sources and the like. In 1979 and
1989 foreign funds financed 1.7% and 3.1% respectively, not least be-
cause EC research appropriations rose sharply during this period. By
way of comparison, international sources finance 1.6%, 2.3% and
1.5% of R & D in Sweden, Holland and the Federal Republic of Ger-
many respectively.

In conclusion, it can be stated that, with respect to R & D in Den-
mark, its composition and financing does not differ markedly from
that in the other smaller OECD countries. In relation to national
GDP, it is internationally relatively modest, but during the 1980s ex-
penditures on R & D rose more rapidly than in a number of other
countries.
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Public-sector R & D

In 1989, the public sector conducted R & D costing almost DKK
5.5bn; in terms of GDP, it was 0.69%, as against 0.48% in 1979. This
rise from 1979 to 1989 is thus somewhat greater than the average for
the OECD countries.

The OECD classifies public-sector R & D in three main groups:
»universities and institutions of higher education, government
research, and private, non-commercial institutions (for example the
Danish Cancer Society)«. Table 2 provides a survey of the division of
research between these three sectors in 1989.

Table 2. Relative distribution of public sector R&D between universities, govern-

ment sector research institutions and private, non-commercial institutions; in

1989 V; in percentages.
T P

') If the figures given are not for 1989, they are from the most recently available informa-
tion. For a number of countries the 19889 figures are based on prognoses.

Source: OECD: »Main Science and Technology Indicators 1991:1«, Paris 1991.
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Table 2 shows that universities and institutions of higher education
typically account for about half the public-sector research, while
government sector research accounts for a little less than half;
Sweden is an exception, in that much research that elsewhere is done
in government sector research institutions is done in universities. In
most countries, private non-commercial institutions do only a very
small part of public-sector R & D.

For public-sector R & D in Denmark in 1989, universities and insti-
tutions of higher education did 55%, government sector research in-
stitutions 42% and private institutions 3%; this relative distribution
is little different from that of 1979, when it was 54%, 44% and 2%
respectively.

Financing public-sector R & D

For public-sector research institutions during the 1980s, external
funding for research ! rose much more sharply than did basic budget
appropriations: in the 10-year period 1979-89, the two rose by factors
of 1.4 and 3.0 respectively. As Table 3 shows, this development is
identical for universities and institutions of higher education and for
the government sector research institutions.

1. External funding is that part of an institution's funds that is not allocated through
its ordinary budget. It can comprise, for example, public funds for a programme
or funds from a private or international source.
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Table 3. Indices of developments in basic budget appropriations and external
financing at universities and institutions of higher education and at govern-
ment sector research institutions. 1979 = 100 (1979 prices). 1979-1989.

1979 1981 1983 1985 1987 1989

Universities and institutions ST
of higher education 100 109 AR el SO REE e 1?&‘ :
Basic budget appropriations 100 109 115 123 137 143
External financing 100 . 105 42T G m o a0
Government sector research : 2 R
institutions 100 19117 a2eniET4U S by
Basic budget appropriations 100 111 115 119 136 13?‘
External financing 100 - 1917 127~ 158= ndiiis 66
Aggregated financing 100 110 117 128 151 15?
Basic budget appropriations 100 110 115 121 1968 41
External financing 100 108 127 160 2256 308

In 1989, external financing accounted for 29% of public-sector
research, while in 1979 the percentage was 16%. Public funding ac-
counted for almost two-thirds of this financing, while private funds
and organizations, Danish enterprises and international sources

provided the last third.

Even if the part of public-sector R & D financed externally rose
during the 1980s, it is internationally still only modest: in 1987, ex-

ternal financing of university R & D accounted for 23% (rising to

29% in 1989) in Denmark, 35% in Finland, 28% in Norway and 40%
in Sweden; in France and the USA the figures were about 50% and

about 75% respectively.
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The Results of scientific Research

It is far more difficult to assess the results or quality (output) of
scientific research than to measure the expenditures used for R & D
(input). Because assessing output often calls for qualitative evalua-
tion, making international comparisons is problematic.

In recent years, especially bibliometric data have been used to
evaluate output, being expressed in the form of numbers of articles
published or number of citations in internationally recognized jour-
nals. Bibliometric data are used on the grounds that scientific articles
are the most important means of disseminating scientific results, es-
pecially those of basic research done at universities and institutions
of higher education. In the humanities, social sciences and some
parts of technical science, books or reports, rather than articles in
scholarly journals are often more important means of disseminating
results. Bibliometric methods can thus only be used to evaluate the
results of basic research in particular for work in the natural
sciences, in medical science and in some areas of technical science,
agricultural and veterinary science. Furthermore, great caution
should be exercised when using bibliometric data to evaluate inter-
disciplinary studies, or over short periods of time, or when the
degree of detail is great.

The Science Citation Index (SCI) is an international database in the
USA produced from the annual registration of articles from 3,200
leading international scholarly journals that employ a referee sys-
tem: before an article is accepted for publication it is evaluated by
one or more experts in its field, and for this reason eventual publica-
tion can be taken as a measure that the article possesses a certain

quality.



Figure 2. Numbers of SCI articles per 1000 inhabitants, 1981-86.
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Figure 2 shows the numbers of SCI articles per 1000 inhabitants be-
tween 1981 and 1986. Denmark was fifth, with a figure of 0.6 SCI ar-
ticles per 1000 inhabitants, being together with Israel, Sweden, Swit-
zerland and Canada among the most active countries in this respect.
In 1988 Danish researchers accounted for about 0.8% of the arti-

cles in this database, a figure that may be compared with the Danish
spending on research at universities and institutions of higher educa-
tion that was the equivalent of 0.5% of all spending for this purpose
by the OECD countries; these countries account for the greater part
of all international spending on R & D.

The number of times an article is cited is also used as an indicator of
its quality and of the research that it reports, this relationship being
supposed to be probably a valid measure; but, as a method, it is
naturally not without problems and its results should be interpreted
with caution.

Figure 3 shows, by area of research, the relative international level
of the number of times articles published by Danish researchers in
1981 were cited between 1981 and 1986. A level of citation of 1 (for
example, approximately that for clinical medicine) signifies that arti-
cles by Danish researchers were cited as frequently as the average
for all SCI articles in 1981. The figure shows that in a number of the
natural and medical sciences (and especially in physics, technology
and chemistry), the Danish figures were above the average. This sug-
gests that Danish research in these fields is of a good international
quality.
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Figure 3. The relative number of citations in the period 1981-86
of articles published in 1981, by subject.
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Source: Calculated on the basis of Tor Noeretranders and Tarjei Haaland: »Dansk dynamit.
Dansk forsknings internationale status vurderet ud fra bibliometriske indikatorer«. (=Danish

dynamite. The international status of Danish research evaluated from bibliometric indicators«).
The Danish Council for Research Policy, 1990.

Research done in the Business Enterprise Sector

Danish industry carries on in general less research than do the in-
dustrial sectors in a number of the other countries with which Den-
mark is usually compared. In many respects this is a problem as in-
vestments in R & D should have the effect of renewing industrial
production so that enterprises can strengthen their competitive ad-
vantages. In 1989, R & D for over DKK 6.5bn was carried out in the






Figure 4. Research intensity in selected branches of industry in
1989 measured in R&D expenditures as percentages
of value added.
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Table 5 shows that research intensity in Danish industry is some-
what lower than in most other countries, being less than half that of
either the USA or Sweden.
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Table 5. Research intensity measured as industry's R&D expenditures
in relation to growth in value added. 1981 and 1987. In percentages.

1981 1987
USA 6.7 8.2
Japan 39 59
Sweden 53 7.8
United Kingdom 49 5.0
Norway 26 40
Finland 2.2 3.7
Denmark 2.5 3.4

Source: The OECD database for R&D statistics.

This low research intensity is due to the branch structure of Danish
industry with an over-representation of branches with low research
intensity (for instance the food industry) and an under-representa-
tion of research intensity branches such as the electronics industry
(including telecommunications) and the aviation industry.

However, the branch structure cannot alone explain the low
research intensity; the special structure of the business enterprise
sector with many small and medium-size enterprises and only a few
large enterprises is another and perhaps more important contributo-
ry cause. Table 6 contains a comparison between enterprises that
carried out research in Denmark and Sweden in 1987.

Table 6. R&D Spending related to industries classified by numbers
of employees. In 1987.

Number Shares of total Average number Average R&D in
of employees R&D spending of employees DKK/employee
in the group
Denmark Sweden Denmark Sweden Denmark Sweden
50-99 6% 205 69 75 25,000 43,000
100-499 29% 8% 20 223 24,000 26,000
500- 53% 90% 999 1226 37,000 64,000

) The calculation presumes that the enterprises in each classification that conduct
R&D have average numbers of employees equivalent to the average for all enter-
prises in these classifications.

Source: »Nordisk FoU-statistikk for 1987 och statsbudgetanalys 1989«. Nordisk Industrifond, Oslo

1989. (=Nordic R&D statistics for 1987 and national budget analysis, 1989«. Nordic Industrial Fund,

Oslo 1989).
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[t is evident from Table 6 that research is much more intensely con-
centrated in larger enterprises in Sweden and, for those employing
over 500 people, Swedish enterprises spend much more per em-
ployee than do Danish enterprises.

It is highly characteristic that some of the largest Danish enter-
prises are active in the shipping, food and the construction and hous-
ing sectors, none of which is R & D intensive; only a few of them
spend money on R & D for strategic purposes. The relatively modest
spending by Danish industry on R & D may thus be ascribed both to
branch composition and the structure of enterprises.

The Ability of Danish Enterprises to innovate

There is probably no direct link between what by international stan-
dards is a low level of R & D intensity in Danish industry and its
ability to innovate: low research intensity is no indication of a lack of
innovative skills. R & D is a partial aim for companies' developmen-
tal activities, as R & D only indicates the research content in the
companies that produce a given product. The process technology by
which this takes place is thus excluded from consideration. A num-
ber of Danish enterprises devote resources to improving their tech-
nological abilities to compete in the form of investments in ad-
vanced, high-technological equipment rather than in research of
their own. In addition, means other than R & D and new technology,
including production planning, industrial design, prototype produc-
tion and staff training, can be regarded as important activities in the
enterprises endeavouring to ensure technological renewal.

The particular structure of Danish industry that comprises many
small and medium-sized, and a few large, enterprises, crucially af-
fects the nature of industrial innovation. The particular technological
strength of Danish industry lies in its ability constantly to improve
the technology of all phases of production, but this includes only a
few radical innovations. Even so, the sum of many small innovations
can be very considerable. A large part of the internal development of
the small and medium-sized Danish companies occurs primarily not
in connection with research projects but stems from an ability to ap-

ply present skills to meet novel needs by making use of new techni-
cal possibilities.
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Enterprises develop first and foremost on account of their internal
knowledge and their intensive contacts with customers and suppli-
ers. The technological service network and public-sector research in-
stitutions are indirectly vital preconditions for companies' own R &
D. The technological service network is peculiar to Denmark and
makes its real contribution in allowing Danish companies to keep up
to date with international technological developments. For many
companies, however, their technological development is less depen-
dent on direct contact with the network or with the public-sector
research institutions.

An investigation of the innovative activities of Nordic companies "
suggests that Danish companies have a greater part of their turnover
of products in an introductory phase on the market than is the case
for Finnish and Norwegian companies (see Table 7). In the investiga-
tion, the companies were asked, with respect to their three most im-
portant product groups, to indicate its stage of development (in-
troduction, growth, stagnation and decline). The part of a company's
turnover that derives from the introductory phase can be taken as an
output indicator for innovation.

Table 7. Share of companies’ turnover from products in the introductory phase,
and share of companies’ turnover from products introduced within the past five
years. For Denmark, Finland and Norway. In percentages.

Share of companies’ Share of companies’
turnover: products in  turnover: products introduced
_ introductory phase within past 5 years
Denmark 6.5 300
Finland - 59 22.6
Norway 6.0 188

The share of companies’ turnover derived from products introduced
within the past five years can be seen as an indicator of companies'
innovative activities. Of the present turnover of Danish companies,

1. sInnovative activities in Nordic countries«. Nordic Industrial Fund, 1991. It must
be emphasized that this investigation questioned first and foremost the most R & D
intensive industries in the Nordic countries, and its results should therefore not
be generalized to all industrial activity in these countries. Comparison between
them, however, is possible.
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30% consists of products introduced within the last 5 years, while
the figures for Finland and Norway are 22.6% and 18.8% respectively.
While this statement should be interpreted cautiously, the ability

of Danish industry to develop new products seems to be at least as
good as that of the industries of Finland and Norway. This must be
regarded in the light of the fact that research intensity is lower in
Denmark than in industry in these two other Nordic countries. This
suggests that the internationally low level of research intensity in
Danish industry does not necessarily imply that Danish innovative
abilities are lower than, for example, those of other Nordic countries.
While there are only a tew large, research-intensive enterprises in
Denmark, the country has a number of small and medium-sized
companies that are markedly innovative: many of them have become
specialist, niche-producers on the international market.

Danish Export Specialization in high-, medium- and
low-technological Branches of Industry

The export specialization ratio! can be used as a measure of a coun-
try's propensity to export a given product group in relation to the

Table 8. Export specialization ratio for high-, medium-, and low-technological
branches of industry. 1980 and 1987.

1980 1067, rEn - N

High  Medium Low  High Medium  Low

USA 157 107 067 1.70 090" . . 086
Japan 142 1.05 075 154 10 LS s
EC average 084 1.00 1.08 0.80 100 e R
United Kingdom 1.22 108 0.81 117 097 093
Denmark 0.75 0.63 1.54 0.77 0.63 165
Sweden 0.79 088 1.24 0.74 093 Pt
Finland 0.36 047 1.90 0.47 o Fr: R |
Norway - 038 094 1.35 042 092 ¢ 149G

Source: OECD Foreign Trade database.

1. This ratio shows exports in a given product group in relation to the relevant coun-
try's total exports; this fraction is divided by the same figure for the OECD coun-
tries as a whole. It is in fact a measure of a country’s relative export structure. Ta-
ble 8 shows this ratio for high, medium, and low technological branches of indus- *
try for 1980 and 1987,



average for the OECD. Table 8 shows this ratio for high, medium,
and low-technological branches of industry in 1980 and 1987.

Table 8 shows that, with the exception of the Federal Republic of
Germany, and in relation to the OECD average, all the larger OECD
countries are more specialized in high-technological industries and
have a greater competitive advantage. The opposite is the case for
the smaller OECD countries: they have specialized in and have com-
petitive advantages in low-technological industries.

Beyond this, throughout the 1980s, there has been a tendency in
Denmark further to specialize in low-technological branches of in-
dustry, and the specialization index in such branches (foods, furni-
ture, clothing and metal goods) has increased between 1980 and 1987
from 1.54 to 1.65. Remarkably enough, in contrast to the other
smaller OECD countries, Denmark is relatively more specialized in
the high-technological than in the medium-technological branches of
industry; the country is thus relatively weaker competitively in the
typically large medium-technological industries (transportation,
parts of the chemical industry) than in the high-technological
branches.

Denmark apparently has a good competitive ability in a number of
low-technological branches of industry ', but manages less well in
high-technological branches with the exception of isolated areas in-
cluding medicine and part of the measuring equipment industry.
This is a structural problem for the country’'s industry, in that em-
ployment, production and exports are still rising in high-technologi-
cal branches of industry but not in the low-technological ones.

1. Budget Department, Danish Ministry of Finance: Finansredegarelse 90 [»Finan-
cial Accounts 1990«), Copenhagen 1990.
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Conclusion

Spending on Danish R & D rose sharply during the 1980s, in the pub-
lic and not least the private sectors. In composition and financing
Danish research did not differ greatly from that in the other smaller
OECD countries. In relation to GDP, public-sector R & D was close
to the EC average while, in an international context, and despite
strong growth over the past ten years, R & D in the business enter-
prise sector remains modest. Danish industry is predominantly one
with a low research intensity and its structure is characterized by
many small and medium-sized, and only a few large, enterprises.

Study of bibliometric data suggests the conclusion that basic
research in a number of the natural and medical sciences is of good
international quality.

The research intensity of Danish industry is low in international
terms, but despite this a number of small and medium-sized compa-
nies are markedly able to innovate. This innovative quality -
whether in the form of developing new products or successfully ap-
plying new technology - is at present absolutely vital as a parameter
of competition in just about all manufacturing industry.

Some of the larger OECD countries are investing strategically in
branches of the electronics industry, parts of the chemical, aviation
and aerospace industries (the high-technological branches), with a
view to being in the front line of new, high-technological products.
During the 1980s, high-technological industries expanded in terms of
employment, production and exports, and therefore it is important
that Danish industries enjoy strongly competitive positions in these
markets.

Looking relatively far into the future, it is problematic that Danish
export specialization is concentrated in areas of technically less ad-
vanced products, in which competition can certainly be expected to
grow from the newly industrialized countries. It is thus important
that by renewing their products and exports, companies increase
their chances of competing on the rapidly growing markets served by
research-intensive industries.
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Annex B
Global Tendencies

Introduction

The Triad, as it is called, - the USA, Japan and Western Europe - is
achieving a constantly stronger position on the global scene. The
primary reason is the ever increasing internal economic and political
integration of these countries, but a further reason is the crumbling
of the Eastern Block as an economic and political polarity.

Integration in Europe is increasing as a consequence of the realiza-
tion of the EC Single market and the inclusion of the countries of
eastern Europe into the commercial division of labour. Integration
within the Triad is being increased through the trans-frontier cooper-
ation of companies.

This implies for any small country like Denmark that, if it wants to
maintain and if possible improve its position in the international
economy, it must be constantly aware of what roles are possible and
desirable in the international division of labour. For national
research policy, as regards public resources this implies a need to try
to evaluate where the areas of growth will be internationally in
research, technological development, production and markets over
the coming 10 to 30 years. On this basis it is then necessary to try to
decide what possibilities are open to Denmark.

Against this background, some main themes of global trends in the
1990s for research, technology, production and trade are summed up
below. By way of introduction, attention is given to those parts of de-
velopments in international business enterprise that are particularly
influenced by the international companies. Aspects of the demo-
graphic developments in the advanced industrialized countries are
then examined before, by way of conclusion, the consequences of ex-
pected developments in public and private-sector demand are exa-
mined, together with features of the derived development of R & D
spending and polices in the OECD countries.
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The Global Scene

The growing internationalization of the world economy finds expres-
sions in many ways. Global trade is rising faster than global produc-
tion, and the fastest rises in trade are occurring between the same
business sectors in the different countries. At the same time, be-
tween twenty and thirty per cent of the foreign trade of countries
like the USA, the UK and Sweden is between the parent and subsidi-
ary companies of transnational groups. Production is being divided
into more and more specialized units that - being located in different
countries - need increasingly to interact closely in what are called
networks of companies.

Another expression of the establishment of these networks is in-
creases in direct international investments that have grown by 20%
annually since 1986. The total foreign investments made by Ameri-
can, British, French, German and Japanese companies was $570 bn
in 1988, and is expected to exceed $1,700 bn in 1995. Transfrontier
mergers and takeovers among the one thousand largest companies in
Europe rose in number from 25 in 1985 to 210 in 1988, and during
these years these companies acquired US companies for $ 40 bn.

What urges on this development is not least the steadily increasing
demand for resources prompted by pioneering research and techno-
logical development. Especially in the case of information technolo-
gy and biotechnology, basic research and technological development
often costs more than single nations can afford, and this is why large
transnational companies have urged that large EC programmes of
research be started in these areas.

A and B Groups in the Triad

In countries and regions within the Triad, further contrasts are ex-
pected between what have come to be called the A and B groups.
The first comprises well-educated, well-paid and fully-employed per-
sons together with the elderly who have managed to save not incon-
siderable capital sums during their working lives; the B group com-
prises people who, having little education, are badly paid when they
are employed, and who are often out of work, together with the
elderly who have not managed to accumulate any savings worth
mentioning during their working lives.
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This so-called »dualization« into A and B groups that exists not only
between countries but also within even the most industrialized coun-
tries, is caused by two main groups of factors.

Technological development on the one hand standardizes production
especially in traditional industries, and in a number of instances,
while production can remain in the industrialized countries where
demand for such products is stagnant, this leads to lower levels of
employment. In other instances, this leads to production being shift-
ed to second or third-division countries, and again to a decline in em-
ployment in the industrialized countries.

On the other hand, technological developments make it possible to
develop new products and a greater demand for new goods and serv-
ices. Employment undoubtedly benefits in such cases and the ques-
tion is which tendency will have the greatest effect on employment
during the 1990s. The general estimate is that, for employment in the
first-division countries, the growth of new products cannot wholly
balance the decline in their traditional industries.

Demographic developments will lead to larger proportions of the
populations of the industrialized countries being older: in 1950,
65-year-olds in Western Europe comprised 10.1%, but by 2025 they
will comprise 20.9%. For OECD countries in the aggregate, the rise
will be from 8.1% in 1950 to 17.6% in 2025. The costs only of the
pensions entailed by this development will be more than twice their
present levels in the USA and Japan, but only about 25% more in
Denmark.

Important Areas of Development

Regardless of which of the advanced countries provides the point of
view, the growth perspectives of the 1990s are very much the same.

Within the area of private consumption, the strongest growth will
probably occur in health. With 1960 as the base year (index = 100),
expenditures on health are expected to rise to 300 by the year 2000.
The next largest area is that of »leisure and culture«, where the index
is expected to rise to about 225 by 2000; the proportions of private
spending devoted to food, transport and housing will fall.

Growth is expected to derive in part from the demographic change
towards greater numbers of elderly persons in the population, in part
from the generally steadily greater priority accorded to health.
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Among other things, technological developments will make it pos-
sible to meet new needs, and as A group persons take it for granted
that other material, social and security needs and the like are met,
they will be able to devote increasing attention not least to advanced
health needs.

Growth in leisure and cultural consumption (of entertainment and
home electronics, photo and video cameras, PCs, sports equipment,
film, theatre, music and the like) emerges from the same back-
ground, as does the expected sociological change in construction and
housing, as housing stocks are adapted to the changed demographic
conditions.

If the point of departure is in the development of social housekeep-
ing, the greatest growth in demand is expected to derive from en-
vironmental areas that include extensions of recreation areas, treat-
ment of waste, environmentally-friendly methods of production and
the like. For the traditional environmental equipment area alone, an-
nual growth in the 1990s is expected to be up to 7%, giving an ag-
gregated OECD market of $250 bn in 2000. Demand for waste hand-
ling is expected to increase enormously.

Technological Challenges

The new technologies of information, biological sciences, and
materials will be more or less central to the research that will gener-
ate new products and processes on the advanced industrial markets.
In relation to the discussion in the 1980s, attention is less on the
technologies themselves than on the needs that products and
processes are to meet.

Research policy increasingly acknowledges that the themes of
research in the 1990s will be more complex and interdisciplinary
than has been the case hitherto. Research into technological science,
for example, can no longer be seen in isolation but in its social, em-
ployment and environmental aspects.

Information technology will remain the central area of develop-
ment, partly because it is and will be the link between many differ-
ent sectors and areas of use. British research suggests that more than
half the resources devoted to private-sector R & D in the industrial-
ized countries has to do with the development and use of informa-
tion technology. While its share varies from sector to sector, it is ab-
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sent from none, and rising in all. In many respects it contributes to
making production of goods and services far more efficient but, once
again in contrast to the 1980s, it is the use rather than the nature of
information technology that attracts most attention.

The development of biotechnologies has not yet proceeded very
far, and their use is largely confined to relatively limited areas that
include agriculture, food, forestry, pharmaceuticals, health and
water purification; effects on employment are as yet modest. On the
other side of the year 2000, however, things will probably be quite
different: in usage, not least in health matters including new diagnos-
tic methods in treating disease, and in agriculture, giving greater
productivity and higher quality of agro-industrial products.

In materials technology, the forecasts ten years ago of futures for
ceramic compounds and the like similar to those now foreseen for in-
formation and biological technologies have given way to less extrava-
gant expectations. One reason is that commercial possibilities are
limited to fewer sectors and a commercial breakthrough is further
off in time than had at first been foreseen.

Compared with the use and employment effects of information
technologies, the OECD experts estimate that material technologies
will come to be used in half the number of sectors, and to have one
fifth of their effect on employment.

Trends in Research Policy

An overriding research policy trend is that international programmes
of research are increasing, especially within the European Commu-
nity, and there especially for information technologies. The ambition
is to create the »European Technology Community«, the means being
not only the decidedly research programmes such as ESPRIT and
RACE; other important means include new structures, new forms of
cooperation and a new knowledge of possibilities for research and
cooperation over frontiers. Efforts to promote the mobility of both
students and researchers can prove to be at least as important for de-
velopment as taking part in the EC's »normal« research projects. As
yet, the Community’s research projects are equivalent to no more
than 5% of those undertaken by the member countries as a whole.
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In looking at publicly-financed research in the individual OECD
countries, it may be stated that, as a proportion of total expenditures
on research, it varies greatly but is falling in most countries.

Publicly-financed research in the OECD countries in the 1980s has
characteristically fallen in terms of appropriations to research on
energy; in this period, other stagnating areas have been research into
agriculture, infrastructure, civil aviation, social and health matters,
the environment, and the use of the sea. Public appropriations have
risen for general scientific development, industrial development and
not least space research and defence.

Qualitatively the most remarkable developments in the OECD
countries have affected the relation between two principal elements
of the traditional research system:

1. The research infrastructure consisting of universities, institutions
of higher education and independent research and investigation
institutions of various sorts and affiliations.

2. Companies’ central research laboratories and developmental
departments.

In the first place, new research consortia are being established across
the traditional sectors, often within areas given special priority,
when otherwise knowledge would have been transferred or research
conducted either later or at a lower level of ambition. The European
Community's research programmes in particular have facilitated
this, bringing together companies and research institutions and the
like from the different countries.

Secondly strategic alliances have been formed, often between pri-
vate companies, to conduct research and development of new tech-
nologies.

Finally, development is characterized by attempts to reorganize not
least the research done at universities and institutions of higher edu-
cation, so that its structure becomes more transparent and its efforts
devoted to more specific goals.
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Annex C

Danish and European Community Programmes

Under the heading of »Danish Programmes« are given only those
measures that have been taken to increase Danish research work in
areas where EC programmes have been initiated. In addition to those
mentioned here, programmes of research work, financed through
basic appropriations, are conducted in all the areas where EC
programmes have been set up.

The term »basic appropriations« is used to indicate areas in which
no particular programmes have been set up to enhance the research
already being conducted.

EC Programmes (1990-94) Danish Programmes
Information technology (ESPRIT III) PIFT (1991-94)
Expected budget: DKK 10,816m Ministry of Education and Research
Budget: DKK 180m

Informatics in farming (1988-92)

Ministry of Agriculture

Budget: DKK 44m

Micro-electronic Centre (1990-94)

Ministry of Education and Research

Budget: DKK 91m

Communication technology PIFT (1990-94)
(RACE II) Ministry of Education and Research
Expected budget: DKK 3,912m Budget: DKK 180m
Development of telematic Centre for electronic
systems in areas of language processing
general interest (EUROTRA) (1991-95)

Expected budget: DKK 3,040m  Ministry of Education and Research
Budget: DKK 15.5m

Industrial and material . The materials technology
technology development programme
Expected budget: DKK 5,984m Ministries of Education and

Research, and Industry -
Budget: DKK 406m
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Measurements and Tésts
Expected budget: DKK 1,120m

Environment
Expected budget: DKK 3,312m

Marine research and
technology
Expected budget: DKK 832m

Biotechnology
Expected budget: DKK 1,312m

Basic appropriations

Marine-environmental
research (1988-92)

Ministry of the Environment
Budget: DKK 75m
Waste-water research (1988-91)
Ministry of the Environment
Budget: DKK 30m

Pesticides (1989-92)

Ministry of the Environment
Budget: DKK 44m

Recycling projects (1988-92)
Ministry of the Environment
Budget: DKK 50m

Greenland Icecore Programme
(1988-92)

Ministry of Education and Research
Budget: DKK 12m

Agriculture and the environment
(1987-92)

Ministry of Agriculture

Budget: DKK 90m

Marine-environmental research
Ministry of the Environment
Budget: DKK 75m

The biotechnology research
programme (1991-95)

Ministry of Education and Research
Budget: DKK 456m
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Agriculture and agro-industries
(including fisheries)
Expected budget: DKK 2,600m

Biomedicine and health
Expected budget: DEK 1,063m

Biosciences with respect to
developing countries (STD 3)
Expected budget: DKK 888m

Non-nuclear energy
Expected budget: DKK 1,256m

Safety in connection
with nuclear fission
Expected budget: DKK 1,590m

Controlled thermo-nuclear fusion
Expected budget: DKK 3,660m

Human resources and mobility
Expected budget: DKK 4,144m

Biotechnology (1988-92)
Ministry of Agriculture
Budget: DKK 30m

Product development

in processing agricultural
production (1988-92)

Ministry of Agriculture
Budget: DKK 395m

R & D programme for technology
(1987-91)

Ministry of Fisheries

Budget: DKK 30m

R & D programme for

food technology (1990-94)
Ministries of Education and Research,
of Industry, and of Agriculture
Budget: DKK 525m

Basic appropriations

Basic appropriations

Research programmes of

the Ministry of Energy
Ministry of Energy

Budget: DKK 104m annually

Basic appropriations

Basic appropriations

Intensification programme

of the Danish Research Academy
Ministry of Education and Research -
Budget: DKK 20m annually



Tables of public

R & D Appropriations
1989-94

(Annex D)
















uonesadoos yoieasay [euolieusatu]

T Bues m_”u._m_umum ajenpeib-)

88



~ ABojouyoay s|eLaep

uonEdIUNWWOY

89

o P



hmn_n::uﬂn_m.




G'S6L S0l SLLZ G'ZZZ S'¥8L OEy 98LZ 9viL OFr ZE2Z +'8.L 8P |e1o L
GGBL S0LZ G LLZ G222 SvBL O0EFr 9BlZ 9¥.L OvF 2622 +8.1 8+ ABisu3z jo Ansiuiy

saLsiuy
[elol [elol [0l (el Boid odiseg |eoyp  Boig oiseg |ejol  Boid oiseg  |9A8| 1661 UOIjiW MHQ
661 €661l 2661 L66 L 0661 6861

ABbiauz
G'ZEL 6'SEL 9°08L 6°06L O0'EEL 626 ©ZlZ 00FL ®ZL 9LlZ 66ZL L'/8 lelo]
009 L1119 829 629 6% 08 G669 9GZ 66 6.9 0S2 62 ABiau3 jo Ansiupy
0L 0L 2L #2100 ¥l o] I 1 B e AT 1 P ouel] jo Ansiuly
S L R | BT R o | S T R L R S | 611 seuaysi4 jo Asiuy
g TR | ] SO TG T T SR e o e ] R e L U anynouby jo Ausuw
GZE GEE 609 609 68 02 +vE8 69 +EL €98 00, 891 uswuolaug ayljo Ansiuly
[ s UL s My B e o o A e SR & L'e 00 LB Siredsc s uoneanp3 jo Aisiulpy
ge niE el ey aE s R D  l0E L 0E o0 sk gaike S 00 anoge jo Ansiulpy
21 FARE E h SO WU R M I S s - - R e L T 19 oL 00 L ol uiesH jo Ansiupy

salsiupy
[elol (elol [eol |ewo) ‘bBoiq oiseg (g0l Boid oiseg |ejol Boid oiseg  |9A8] LEBL ‘Uolw WA
¥661 €661 2661 1661 0661 6861

JusawuoliAug ay L

—_
h






apeil pue Ansnpuj

93



L'SLL IS8 0°6SL 9'Pi6 6'9bF L'L2S 9°86L S'ZTLE 1°9Z¢ 8°180L 8°EEE 0°8FL 1oL

GE0L Syl e¥rlL 8Sbkl 06 890L €vSL Ol E€ELL 085t 8Er Cvil ABisu3 jo Ansiuiw
gEE. 9EE° PEE - LIE - 00L  Vle |86 ¥l L'0¢ S¢E 00 Sge oyjei] jo Ansiuw
(V% 00c 0Oce 08¢ 08¢ 00 oL #9100 00 00 00 Ansnpu) jo Ansiuiy
¢l0F 660F LELL EO02F ¥#0E 66B 905 <28 Yer ¥8F L8 £'0v JuawuosAuz eyl jo Ansiuiy
E¢E €6 £eE FELE 05 £ PBSS <22 I'Be #¢5 L6 €'ES ainyn jo Ansiuipy
OFrE ¥I9€ L'9Pe S'cch <¢9l2c €9Fl 96962 09le L6 |L'#.S L1202 ¥ LLE uoneonp3 jo Aisiuiy
c9 9 €9 ¥'6 L'E L'S L 6k 'S 8's 00 8's inogen jo Ansiupy
062 +62 862 L'SE 68 29k LSS 066 L9L G2 TYE €8F sieyy|eos jo Aasiupn
965 608 . L 16D LSL PES BLL S0 €S el 8FL 1609 BuisnoH jo Ansiuip
09 09 096 062 00 08 G8c 00 g8 88 00 8'8e @ousjaq Jo Ausiui
L'E L€ 8¢ 6€ 00 6'€ el 00 v 1'S 00 LS 8ausnr jo Ansiuip

I'0e L0 €£'le 6'le 00 6le |'de DO 1'ee 8le 00 8’12 sieyy Jwouodd jo Ansiuly
09 S 0SS 2F 00 2¥ 82 00 82 L62 ' LS sieyyubieiogjoinsuiy

sausIuIN
leol (ejol [elol |ejoL ‘Boid oiseg |elol ‘Boid oiseg jelol Boid odiseg  |8A8| LE6L ‘Lo MMA
¥66L €661 2661 L6 0661 6861

suoneldoiddy g®d 12410

94



0'68 L'L6 r'E6 00 000F 000k 566 2’86 €001 L'20F SEOF E°20L 001 = Le6lL Xapuy|

9°G92S P OEPS E'PESS G'6L6S t°PGEE S'GESE 6°LBBYS E'CSEZ 9'SESE 61809 O LlbE 6 FOSE 1661 suoneudoidde
196png gy

FSLL LVHER 065 SvRie  69bh LM25 9861 SELE  L'9gk  EL80L 9EEE 0O'8FL suoneudoidde geY Jeyi0
02k O2kL D002k OCEL 00ElL 00 g2k 8e2L 00 09EL 09EL 00 SEale anllBIliul pue
aunjonaselyul [eaibojouyos |

o0LL  O0LF 004F 008 008F 00 gSre 8Sve 00 §G6LS G5 00 apel) pue Asnpu|
SGEE B'S8E SSKE E'LLE 88FL S322 9ELE LEEL E6EEZ E99E 90FL LSkE sauaysy pue ainynauby
£e0l Lok 000L fe6 8't8 gt g'96 20g Lot 9'a0} L'E2 GLL ylieeH
ge6l S0l S'Lig 5228 998l Ok agle 9v¥iL OFr cEgc  PHLL EFr ABJaug
S2EL GBSEL 90BL B06L OEEL 819 BLle 0Q0FL ®.LL 9fle 662l Lle uaiuodiaug
828 9'56 960k B'EZF EBESL 00 g'a9st @895k 00 025k 025L 00 ABojouyseioig
L'v8l L86l ¥.IZE 1892 O04S2 19 o/l 1’89l S8 8'2L V69 L2 ABojouy2e) pood
o0 ] £'85 g8el E£82L 00 O0EE QCEE 00 S0l S%0L OO0 ABojouyos) sjelsrel
SE8JE pajoe|es

0’18 10 #05 #1S 00 IS 84F 9EL TPE 995 '€ 9'ee UOHEDIUNWIWOD
6VIE 90LE 9862 9262 L'I6 SI6L L0J2Z 088 @2Z8L ¥OFE 66L S091 uonesedooa

yoIeasal [BuUCIjBUISIU|

FLIE LEIE 6F%IE FSIE 290l 2 TELE E€G0F 6802 882 6'ELl  6'vig Buumgyoreesal sienpesbisod

L0lg O00Le 095k €E2le 2ee LoBlL L'6ve 9'cl 0LLE ¥Sie  VAS  £'851 PeInquUIsip 8q jouued Byl 0%Y

860F G9lF FIEF GGEFY BES LIBE 9ivr EP9  EEBE L0BE 25 H'8EE senuewn}
L'6PE QESE 6196 64SE L'8E @6lE L'SEE 9JE L'BEZ 9082 99t OvvE 20Uu8|2s [B120S
LESL  1'8SL ELAL 2691 B05 68LL €691 L'9F €L EISL 025 L'66 80UBI0S
Areuualen pue [eanynauby
962y 82k B1OF €095v QL. S8/ £G6BF 69, P8¢ 0L 0SL 09r 80UBI0S [RIIPBY
L¥EF ©OEF OFSt 02¢r L06 E£ISE ECEEF 916  OI¥E EO/E G0l E£692 89UBIDS [BIIUYIS |
€0y E08F 121S 605 966 E£BOF I'IBS EG6 LS6F EVES 196 E£8EV 89u8|os [BinjeN
TYIIym Jo
6'LPPE 6'S6¥YZ SBESZ 91852 0By 9BELZ B'12.2 SPBY €.LE22 6'65P2 S'GIb  ¢PE6L Juswdojenep oyausios [eseusn)
oL el [eop w0l Boid oiseg (eloyp Boug oiseg jelop ‘Boig  oiseg |BA8] LEEL ‘UOI|jIW ¥Ma
v66L E66L 266l L66E 0661 6861

v6-6861 suonendoiddy g3y

95









Danish research is to be boosted to make it internationally
competitive.

The means to be employed are specialization, concentration,
better post-graduate research training programmes and the
introduction of »market principles« to the research system.
Basic research is to receive special treatment with an annual
grant of DKK 200 million from the Danish Fund for Basic
Research.

These are some of the main points in the Research and
Development Programme of the Danish Government 1991.

The programme sets out the Government’s
guidelines and strategy for research

for 1991-94 and includes a status for
1990-91. The annexes describe global
trends in the area of research

and Danish research in the

international context.

The Danish Ministry
of Education and Research
Department of Research

September 1991




