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1. Outlines and current functions of research
and mhnniogymﬂcy

1.1 Outlines

The Federal Republic of Germany has a broad-based
and varied research sector. The level of research and
technological efficiency constitutes an important basis
for the industrial future of this country. It creates
know-how and room for manoeuvre to safeguard and
shape the environment in which we live. In addition,
scientific results are important cultural achievements.

To antee and expand the devel ent potential
as wgglzl“as the wealth End freedom ﬂfﬂpmresearchﬁs there-
fore a major objective of the Federal Government. The
challenge of completing German unity, a dramatically
changed international environment, safeguarding our
natural resources and, not least, concern about Ger-
many as a location for industry, increase the necessity
of using the opportunities offered by research and
technology.

Research and technology policy has to take into ac-
count the trends of scientific and technological change
in the early 1990s:

It is obvicus that as economic activities are becoming
more and more global the research activities of the in-
dustrialised countries and some newly industrialised
countries in South-East Asia continue to converge. The

rtion of scientific publications published in inter-
national co-authorship has tripled over the past two
decades. For Germany it amounts to almost 30 %. In
the 19805, private companies increased their world-
wide direct investment considerably. Thus they have
not only become actively involved in technology trans-
fer, but they have also acquired foreign research po-
tentials. Technological competition is becoming
tougher as new states are joining this competition.
Mew important markets emerged and continue to
emerge in Japan, Korea, Taiwan, Indonesia and other
dynamic industrialised countries in the Asian region.
For Germany these countries are both strong competi-
tors and important partners. They complement the
increasing involvement of the Federal Republic of Ger-
many within the European Community as well as the
close and established cooperation with the USA. In
view of the worldwide mobility of knowledge as well
as the capital to be invested in research and develop-
ment it is one of the central responsibilities of research
and technology policy to maintain and increase the
long-term attraction of Germany as a location for re-
search and technology.

At the same time the importance of - often regional -
research networks is growing: As a result of the increas-
ing complexity of scientific and technological pro-
gress, the emergence of new, rapidly growing research
areas at the fringes of traditional disciplines and cor-
porate prioritiy activities, shorter innovation cycles
and, in many areas, increasing costs of research and
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development, researchers depend more and more on
the cooperation and the intensive exchange of knowl-
edge with suitable partners in a flexible research envi-
ronment. This is why established partnerships and the
ability to develop new cooperative relations between
the many different players in the research sector have
to remain a primary advantage offered by this country
to research and development.

One of the characteristics of technological develop-
ment in the early 1990s is that most technological areas
which have the highest patenting rates rely to an ex-
traordinary extent on the most recent scientific results.
Basic research which typically is a function of the state,
and applied research and development which in a free
market system have to be performed mainly by pri-
vate-sector companies converge in these areas. For
many high technologies, research stages do not follow
one another from basic research in government re-
search institutions to industrial application. As a tech-
nolagy matures the working steps rather overlap in
many ways. Scientific results which today are devel-
oped in laboratories will tomorrow determine the suc-
cess in new markets. Even at more advanced stages of
technical development applied research falls back on
results yielded by basic research. New technologies
enable basic research to acquire more knowledge.

In view of these developments the search for varied
and flexible forms of cooperation becomes a central
task of public and private research management. Joint
efforts by science, industry and government are re-
quired to speed up the translation of laboratory results
into marketable products and processes, to acquire ap-
plicable know-how to safeguard the world in which
we live, and to implement environmentally friendly
production processes. This is why promoting the in-
tensity of the dialogue between the partners from in-
dustry, science and society as well as furthering their
willingness to engage in this dialogue are important
elements of the Federal Government's research and
technology policy.

Over the next few years at least, public budgets in the
Federal Republic of Germany will have to operate un-
der restrictive financial conditions. This is why govern-
ment, industry, science and society have to arrive at
the widest possible consensus in order to make use -
on the basis of a division of labour — of opportunities
to increase the efficiency of funds spent on research
and development.

Basic conditions for research need to be improved fur-
ther so that performance, creativity and scientific com-
petition at the international level can be furthered.
Regulating research is only justified in those cases
where other societal goals are affected; such regulation
must be limited to what is absolutely necessary. Re-
search in humans must not exceed the limits set by
ethics. The genetic heritage of the Earth has to be pro-
tected, creation to be cherished. In some areas, such as
genetic engineering, practical experience gathered with
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new legal regulations has identified considerable,
partly unjustified obstacles to research which are now
to be eliminated by swiftly amending the law. An im-
portant basic condition for research and development
in Germany is their acceptance and appreciation by the
general public. To this end an understandable descrip-
tion of the opportunities offered by research and new
technologies is as necessary as the responsible han-
dling of research results and technology as well as an
unbiased, pragmatic dialogue.

Research, too, has to face up to the discussion about
priorities and posteriorities. In the years to come in-
struments, mechanisms and priorities of research pro-
motion will have to be developed in a dialogue be-
tween government, industry and science. In this pro-
cess those research areas need to be strengthened
which in the medium and long term can contribute to
solving urgent problems concerning the future of this
country. In the Federal Government’s research promo-
tion application-oriented basic research is gaining in-
creasing importance. Priority has been given to the de-
velopment of tools designed to accelerate the process
of making the results of basic research into products
and production processes for new markets. This im-
plies that in the years to come it will no longer be pos-
sible to carry out every desirable programme or project
in the area of purely knowledge-oriented basic re-
search. Large-scale technology programmes such as
space tight will be reduced to an adequate proportion
of the total budget.

The complexity and pace of technological change call
for a more intensive cooperation of public and private
research in Germany. The dialogue on long-term tech-
nology trends and economic and technological poten-
tials of technologies for the future is of great signifi-
cance. This dialogue can increase the willingness of
public and private research to develop long-term per-
spectives and embark jointly on long-term high-risk
technolegy lines. The Federal Ministry for Research
and Technology has started various initiatives in this
area. It has initiated in-depth expert talks to reflect — at
the beginning of the 21st century - the status of knowl-
edge of technological and economic trends as well as
new technologies important for the future of this coun-
try. In the years to come the Ministry will continue this
dialogue at the expert level and draw conelusions re-
garding its promotional activities. This strategic dia-
logue between government, industry and science is
complemented by analyses of technological change
contributed by the government. One major element of
this dialogue has to be the clear separation of the re-
sponsibilities of government and industry; the market
and competition have to remain important driving
torees of technical progress and structural change.

A review of research policy going back to 1982 shows
that German research achievements have enjoyed
growing international recognition. German scientific
publications have received increasing international no-
tice and the number of awards given to German re-
searchers has risen. Germany has an excellent infra-
structure, and its researchers have a high level of qua-
lification and generally acknowledged capabilities.
German unification will strengthen any in terms
of research staff and their qualifications. The basis has
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become even wider now, thus improving the condi-
tions for scientific diversity and quality. Institutes and
working groups of the national research centres, the
Fraunhofer Society, the Max Planck Society and the
“Blue List” have started their work, The system of coop-
erative industrial research has been established in the
new Linder (states), thus creating the basis for master-
ing the continual structural change in the Eastern part
of the country.

In view of persistent extensive tasks, however, the
slackening dynamism of public and private research
expenditure in Germany in recent years is cause for
concern. Although in terms of the share of GDF (gross
domestic product) devoted to research and develop-
ment efforts (1991: 2.7 %) Germany is still in the top
group, it has fallen behind Japan (3 %) and the USA
(2.8 %). Only a tidal change in the form of a stronger
lasting commitment to investing in the future, making
full use of the potential of increasing research effi-
ciency, can secure Germany’s position in the interna-
tional environment.

1.2 Current functions

The Federal Government is focussing on the following

elements of research and technology policy:

- Building up and expanding research in the new
Linder

- maintaining the high level of basic research

— promoting strategic technologies at the precompeti-
tive stage (especially information technology, bio-
technology and materials research, transport and
energy research)

- increasing the innovative strength of small and me-
dium-sized enterprises

= further development of preventive research (espe-
cially ecology, health, climate and polar research)

= further development of research receiving basic
funding
- intensifying international cooperation in Ré&D

= maintaining the technological basis for preventive
security policy measures

= continuing long-term government programmes (fu-
sion research, space research).

Building up and expanding research in the new Linder

In the new Linder the Federal and Lander govern-
ments and the science organisations have

structures according to the established model of non-
university research which is based on the freedom of
science, extensive self-government of scientific institu-
tions and competition as an incentive. Efficient poten-
tials had to be maintained and reorganised appropri-
ately. After the Treaty on German Unity had entered
into force, one year of transition ending on December
31, 1991 was available tor the basic restructuring pro-
cess. Technical and organisational reorientation were
based on the recommendations of the Science Council.
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In spite of unfavourable conditions in the centrally
planned economy of the former GDR research in some
areas was up to international standards. The new re-
search institutions to be set up could build on this ba-
sis in terms of substance, methodology and staff.

At short notice the Federal Government provided the
funds required to implement the recommendations of
the Science Council. As a result of the scientific inde-
pendence and authority of the Science Council the im-
plementing decisions were accepted also in those cases
where dramatic changes to previous structures were
required. In cooperation with the Linder governments
the Federal Government has vigorously worked to-
wards making the new institutions operational by
quickly deveinrm the technical and organisational
structures, implementing the Science Council’s recom-
mendations regarding human resources and equip-
ment as well as preparing and performing staff recruit-
ment. Under the East German research sector recon-
struction scheme more than 100 research institutions
had been set up by January 1, 1992. Financial condi-
tions and technical programmes required for efficient
research and scientific work could be created newly
for a total of about 12,500 scientists.

In keeping with the structures in the old Lander nation-
al research centres, “Blue List” institutions, institutes
of the Max Planck Society and the Fraunhofer Society
as well as research institutions of Federal Government
departments and the Linder were set up. They have
clear and assured perspectives in terms of both finan-
cial resources and programme orientation.

The Federal Government has allocated substantial
funds (DM 610 million alone in 1992) to maintain effi-
cient industrial research and development capacities
in the new Linder; this measure is designed to support
= during a transitional period - the profound restruc-
turing process which is characterised, among other
things, by a considerable decline of research potentials.
A detailed survey is provided in section 2,

Mainitaining the high level of basic research

The high quality of basic research is one of Germany's
assets in the research and technology sector. It is im-
portant that this nutstandi.ng qunlir}f of basic research
is also promoted in the future. It is becoming increas-
ingly obvious that application-oriented basic research
is becoming more and more common, ie. research
areas where the application of results is highly likely
are increasing in scope and significance, e.g. in the
biosciences. There is also a clear trend towards an in-

dence of science and technology which in
turn determines the progress made in those areas.

The financial position of basic research in Germany is
as strong as ever: With a share of about 20 % in the re-
search and development expenditure of government
and industry it has received more support in this coun-
try since the end of the 1980s than in other large indus-
trialised countries (USA 12 %, Japan 13 %). In recent
years application-oriented basic research in the areas
of materials research, information technology, physical
technologies, biosciences and environmental research,
could boast high growth rates in the budget of the Fed-
eral Ministry for Research and Technology (BMFT).

Since 1982 a great number of large-scale basic research
projects has been carried out, including the Continen-
tal Deep Drilling Programme (KTB), the high-energy
accelerators HERA in Hamburg and LEP at CERN in
Geneva, the 5I5/ESR Heavy lon Facility in Darmstadt,
the modernisation of the BER 11 Research Reactor in
Berlin, ESRF in Grenoble, and the Very Large Tele-
scope (VLT) of ESO. It has been decided to set up the
BESSY II Synchrotron Radiation Source. In the future
greater importance will be attached by an even more
intensive utilisation of existing large-scale equipment.
In the next few years the BMFT will not be able to fi-
nance any new large-scale equipment for knowledge-
oriented basic research.

Science has to be organised in such a way that its con-
stituent parts interact fruitfully, thus producing syn-
ergy effects and avoiding mutual separation tenden-
cies. To this end more concepts for promoting interdis-
ciplinary cooperation, e.g. in the form of innovation
symposia, are being developed. A favourable climate
for the development of science and for the promotion
of young scientists is of paramount importance. But in
view of scarce budget funds science and politics will
have to endeavour more than ever before to give the
general public an even clearer explanation than in the
past of the purpose, benefits and importance of basic
research by citing specific basic research projects.

Promuoting strategic technologies

In the Federal Government's view strategic technolo-
gies, e.g. information technology, biotechnology, mate-
rials sciences, as well as systems technologies such as
production and environmental engineering and trans-
port and energy technologies are of special signifi-
cance, because they are applied across all branches of
industry and have a major impact on the competitive-
ness of German industry. Furthermore, they can con-
tribute to the development of technologies which help
save energy and natural resources in the production
process, thus promoting a new quality of “growth
from intelligence”. This is why the Federal Govern-
ment gives priority promotion to technology develop-
ment in these areas. Outstanding examples of comple-
tely new research areas are the technology of new
functional materials, nanotechnology to produce very
small structures or bio-informatics. These new areas of
knowledge can only be opened up in close cooperation
between publicly funded research institutions and in-
dustry. This is why collaborative projects of science
and industry are of particular importance. In addition,
some areas require broader cooperation at the Euro-
pean level which, in information technology, is made
possible by a EUREKA initiative, the JESSI project.

The promotion of strategic technologies goes hand in
hand with numerous early technology identification
schemes comprising studies of various disciplines
such as production engineering, cross-disciplinary
studies of strategic technologies at the beginning of the
21st century with a forecasting horizon of ten years, as
well as Delphi surveys with a forecasting horizon of
30 years. All these studies aim to identify potential
development lines in the research and innovation pro-
cess and indicate priority tasks of technology policy
for the benefit of all those concerned.

13



Part |

The transport of passengers and goods holds a key po-
sition in industry and society. It is important that in
the years to come existing traffic routes are used in the
most progressive way possible by means of new tech-
nologies, that private and public transport are better
linked and scenarios for the future traffic situation in
conurbations are developed. The leading objectives of
transport research and technology are optimizing
transport chains and safeguarding an environmentally
friendly mobility.

Energy research focusses on the development of im-
proved energy supply perspectives through higher
safety of the use of nuclear energy, further develop-
ment of renewable energies and an effective strategy to
reduce CO; emissions.

Since from the technical point of view nuclear technol-
ogy - with the exceplion of reactor safety and nuclear
waste management research - is considered an estab-
lished technology, the financial commitment of re-
search and technology policy is declining strongly in
this area. In the next few years, however, increasing
sums will be dedicated to decommissioning nuclear fa-
cilities (cleaning up contaminated sites).

Increasing the innovative sirenglth of small and medium-
sized enterprises (SMEs)

The specific strong points of SMEs are in the area of
application-oriented research and development; SMEs
also play a central role in the dissemination of new key
technologies. The Federal Government takes into ac-
count the specific circumstances of SMEs in the R&D
area by providing special promotion conditions, thus
enabling SMEs to keep abreast of the innovation pro-
cess, The funds allocated by the BMFT to promoting
research and development in these enterprises rose
from DM 340 million in 1982 to about DM 580 million
in 1992, although over the same period total resources
for the promotion of research and development in
trade and industry dropped from DM 3.2 billion to
DM 16 billion. Consequently, small and medium-
sized enterprises today receive more than 30 % of the
total BMFT funds devoted to research and develop-
ment promotion in trade and induskry, compared with
10 % in 1982 In 1992 the Federal Ministry of Eco-
nomics supported the research and development
activities of SMEs with about DM 219 million.

The Federal Government has allocated substantial
funds to promoting the development of innovative
and competitive small and medium-sized enterprises
in the new Linder through a number of specific
schemes (cf. Part [1, section 9).

In the 1990s the promotion of SMEs will be developed
further. In future it will rely in particular on the fol-
lowing measures: Promotion under specialised pro-
grammes, research and development loans for innova-
tive leaps, cooperative industrial research, new
schemes to support cooperative research projects and
improvement of technology transfer. In the medium
term, R&D promotion in the new Linder has to be in-
tegrated into a pan-German Ré&D concept.

14
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Further development of preventive research

The Federal Government is attaching increasing im-
portance to preventive research (ecological research,
research into global climate and environmental
changes, environmental technology, health research,
humanities and social sciences). By rising from 9.2 % in
1982 to 18.1 % in 1993 the share of funds allocated to
preventive research in the BMFT budget has almost
doubled (for an international comparison of govern-
ment expenditure on environmental research see
Figure 1/1). Also in this area the policy applies that it
has to be possible for scientific results and new tech-
nologies to be put into practice.

First and foremost, there is the analysis of the causes of
environmental pollution and damage levels. This re-
quires in-depth knowledge of stability conditions and
pollution limits, especially with regard to natural eco-
systems used by man such as forests, farmland and
water bodies, as well as assessing the risks of relevant
pollution and damage levels. Significant success could
be achieved in some areas in the past. For example, re-
search into forest damage has been able to identify
fundamental mechanisms of action as well as causes of
forest damage.

In addition to developing waste management technol-
ogies and advanced measuring and analytical meth-
ods, the promotion of environmental technology aims
to contribute to closing the still large number of open
material cycles in production. Research promotion
here focusses on technical progress which by genera-
ting integrated solutions prevents the production of
polluting residual or waste substances in the first
place. SMEs in particular have the opportunity to par-
ticipate in the future growth of this sector of economic
activity by intelligently linking technical concepts and
their industrial realisation. Of special importance is the
development of environmental management concepts
which guarantee the long-term utilisation of ecological
systems while at the same time preserving them. In en-
vironmental technology, government research com-
mitment is called for especially in those cases where
the market does not independently generate technol-
ogies to implement advanced norms and standards.

In the area of health research, the Federal Government
decided in April 1993 to continue and update its
“Health Research 2000” programme. This programme
zeroes in on elements designed to improve the struc-
ture of the health system, such as interdisciplinary cen-
tres for clinical research. One of its goals is to establish
closer links between clinical research and medical
practice. Specific research priorities of the programme
include disorders of the, immune system including
AIDS as well as diseases of the nervous system and
psychological disorders, especially drug and other ad-
dictions.

In spite of recent advances in understanding, the need
for preventive research is as great as ever. Due to its
original responsibilities, government has the special
obligation to enable research to yield the results neces-
sary for preserving a healthy and livable environment.
This also includes the necessary correction of earlier
research and development lines. Findings concemning
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In view of the tight budget and structural changes a
ceiling was set for the total funds allocated to national
research centres in the period from 1991 to 1994; how-
ever, a distinction was made between the various func-
tions in order to take into account the different priori-
ties of research projects conducted by national re-
search centres.

The Federal Government intends to preserve and
strengthen the characteristic features of the various
tvpes of institutions. At the same time it aims to im-
prove the cooperation among these institutions in
order to achieve synergy effects. One of its priority
goals is to ensure faster utilisation of the institutions’
research results by industry and their quicker transla-
tion into marketable products.

Intensifying international cooperation in research and de-
velopment

The Federal Government strongly promotes European
cooperation in many different ways. In addition to the
classical organisations of European scientific coopera-
tion such as ESA, CERN, EMBL or ESO, and large-
scale facilities such as the ILL Very-High-Flux Reactor,
the European Synchrotron Radiation Facility (ESRF) in
Grenoble and the European Transonic Wind Tunnel
(ETW)} in Cologne, the EUREKA initiative has devel-
oped into a motor of technological cooperation in ap-
plication-oriented research. With currently 550 projects
since its inception in 1985, EUREKA has become an
important tool of cooperation for European industry.

The research programmes of the European Commu-
nity are gaining more and more in importance. They
encourage scientists and companies to embark on joint
cross-border research and introduce less developed re-
gions of the Community to top-level science and high
technology. The Federal Government is actively in-
volved in determining the contents of the programmes
with a view to supplementing national research pro-
motion according to the principle of subsidiarity, sup-
porting the development of European norms and stand-
ards, granting small and medium-sized companies
better access to EC research funds and establishing
transparent and efficient promotion procedures within
the EC.

The development of technology policies in Europe is
determined by new challenges. The emerging union in
Western Europe, the high level of research and tech-
nology achieved here, and the smooth international
cooperative relations are very important for the coun-
tries in Central and Eastern Europe. It is the responsi-
bility not only of politics, but also of science in Western
Europe to turn to Central and Eastern Europe and pro-
vide support. Germany in partic-ular is called upon to
face up to this task.

Research policy and its international priorities have to
be measured by the contribution they make to mas-
tering the four great challenges of the 1990s. These are

= to secure — in the globalisation process of industry
and science - Germany’s position, especially in the
high technology sector, as contributor to research
and production in Europe and ad part of the triade
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formed by South-East Asia, the USA and Europe,
thus making an essential contribution to growth and

employment in Germany itself;

- to further resolutely the economic and
union of Europe. The European research and tech-
nology community is an essential element of a
licy designed to secure Europe’s political, cultural
and economic strength in international competition
in order to ensure peace and prosperity;

- to offer the neighbouring countries in the East the
assistance and partnership of the European Commu-
nity in order to permit the development of free and
democratic structures, also in science and industry;

- to make an effective German contribution to solving
global problems in the areas of energy supply, cli-
mate development and environmental protection
(key words: increase in COy, ozone hole, tropical
ecology), also with regard to the dwelupmg coun-
tries, aiming at sustained growth without progres-
sive resource consumption (closed cycles).

Mastering these challenges calls for the committed and
resourceful cooperation of national research policies.

Research and technology for preventive security policy
INEAsHres

In a changing world the Federal Government con-
siders adequate preventive security policy measures
against potential risks a cornerstone of its policy. The
government expects that — in contrast to periods of
East-West confrontation — progress in the defence sec-
tor will slow down in the long run so that it will no
longer be necessary to give priority to funds designed
to secure the country’s existence by military means.

But due to the rather unpredictable proliferation prac-
tices of those countries whose most efficient industrial
complex used to be their defence industry, German de-
fence technology capabilities must not be neglected.

Within the framework of the alliances (NATO, WEL)
as well as the United MNations and the Conference for
Security and Cooperation in Europe the Federal
Armed Forces have to make their own contributions
and thus fulfil new functions.

One of the departmental responsibilities of the Federal
Ministry of Defence (BMVg) is to maintain the techno-
logical and cooperative capabilities of German indus-
try and research institutions to ensure the
adequate future equipment of the Federal Armed
Forces; in doing so the ministry relies increasingly on
civil technologies and close cooperation with partners
in the alliances. The ministry’s comprehensive re-
search and technology ¢ t focusses on
reconnaissance and ?ﬂmm and mntmnnmyg-dl&-
tance transport and protection, non-technical studies
and military medical research.

Sufficiently modern armed forces can unlimhkapt if a
defence production base is maintained

cooperation with partners in the alliances. ']1113 is why
Germany must have a defence technology base whose
focus on certain subject areas has to be coordinated
with the partners in the alliances so as to complement
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their activities. This requires the ability adequately to
assess new developments in order to respond to long-
term changes in the overall security situation.

Continuing long-term government progranines
Due to their complexity and the funds they require,

long-term government programmes such as fusion
and space research can actually only be implemented
on the basis of worldwide cooperation, with collabora-
tion within Europe being required in the first place.
For example, Germany contributes to the worldwide
preparations for the ITER large-scale project. Basic
tunding of nuclear fusion research in Germany is em-
bedded in European cooperation.

European space research is finding itself in an ongoing
phase of adjustment of the programmes to a tighter
budget and a changed international environment. An
important intermediate step in this direction was taken
by the ESA Council at ministerial level in Granada in

1

As a result of the Granada meeting the long-term ESA
plan will be given a new structure in terms of time and
substance, which makes greater allowance for the
changed economic situation in the member states. In
keeping with the programmes adopted in Granada the
German medium-term contribution is about one third
below the plans, according to the full programme ad-
opted in The Hague in 1987. The decision to launch a
polar orbit observation mission (ENVISAT) highlight-
ed the importance of environmental and climate re-
search. There was unanimous agreement on the fur-
ther development of cooperation with Russia which
opens up perspectives of worldwide collaboration in
the field of space research. A reorientation phase was
introduced for the Hermes programme which will end
in 1995 and, among other things, is to address the
question whether it is possible and useful to cooperate
with Russia in building a spaceplane.

New developments have been triggered by the deci-
sion of the US government to revise the plans for the
FREEDOM Space Station to reduce costs. This is also
welcomed by the German side. A revision of the con-
cepts for the development and operation of the Space
Station will have to result in an improved cost-benefit
ratio — also with regard to the European contribution —
as well as a convincing and updated utilisation con-
cept and, not least, reduced operating costs at a later
stage. It will also be necessary to examine possibilities
of extending international cooperation by including
Russia in the Space Station activities in order to give
the whaole exercise a more far-reaching, internationally
uniting function.

Against this background and in view of the aggravat-
ed economic situation also in the other partner coun-
tries, intensive deliberations are going on at the ESA
level concerning the various plans and national parti-
cipations in individual programmes.

In general, space research policy and also the so-called
national programme will focus more than before on
the practical applications of space technology. Large-
scale projects will no longer be carried out by Ger-
many alone.

2. Germany as a location for research and
technology aclivities

One of the most important advantages of Germany as
a production location has traditionally been the out-
standing infrastructure and the highly qualified man-
power. In addition, there is a great scientific and tech-
nological potential.

Expenditure on research and technology, both on basic
and on industrial research, is an investment in the fu-
ture of this country. New technologies which are the
upshot of the swift practical application of the results
of today's basic research will tomorrow be among the
major factors determining the competitiveness of our
national economy. Today's findings of ecological re-
search will tomorrow provide the basis for healthy and
nature-preserving living conditions in this country.

The sophisticated system of publicly funded research
institutions which is jointly supported by the Federal
and Linder governments has proved its efficiency in
its interaction with universities and private-sector in-
dustrial research activities (cf. Figure 1/2). In view of
increasingly tougher competition it is necessary to put
basic research results swiftly into practice in future so
that new technological developments can be taken up
in time. This is why the Federal Government has inten-
sified the research and technology dialogue bebween
industry, science and government with a view to iden-
tifying promising technologies at an early stage. Then
joint strategies will have to be developed to meet the
technical and hence the scientific and economic chal-
lenges of the 21st century. To achieve this it is neces-
sary to initiate early adjustments of the present re-
search institutions in terms of structure and substance.

2.1 Research and development in industry
2.1.1 Importance of research and development
for economic growth

Economic activities have to take the environment and
natural resources into consideration. It is only then
that economic growth can be considered the source of
increasing prosperity for all citizens. Sustained eco-
nomic growth creates the material basis required to
solve urgent problems relating to the future. Cleaning
up environmental problem sites, switching to more
environmentally friendly products and cleaner pro-
duction processes as well as conquering cancer and
AIDS - to mention only a few challenges - require sub-
stantial investments which can only be made on the
basis of economic growth.

This is why in a modern industrial society the struc-
ture and quality of economic growth have to change
increasingly. More consideration has to be given to the
ecological basis of present and future management to
safeguard the interests of future generations. The cru-
cial source of this changed economic growth will not
primarily be the growing consumption of natural re-
sources, but rather the intelligent and increasing use of
modern technologies.
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industry and introducing international standards con-
stitute a necessary investment for the future. Every-
thing has to be done to prevent the R&D potentials of
East German industry from declining any further.
Starting from scratch would be much more expensive.

2.1.2 The role of government research and
technology policy in the market economy

A free market system stimulates technical progress in
many different and efficient ways. The numerpus in-
novative companies which compete with each other
are constantly looking for improved technological and
economic solutions for new products as well as for
more efficient production processes in order to secure
or expand their earning potential. Varied and broad-
based further technical development which is part of
this process is only possible if responsibility and deci-
sion-making powers lie with the individual companies
which, based on their market knowledge and experi-
ence, are in a position to judge how the needs of the
demanders can be met best. The driving force in this
process is efficient competition among the companies.

The objective of government research and technology
policy in a market economy is to create and maintain
basic conditions conducive to innovation. In addition
to efficient competition these include a tax system
which provides investment incentives as well as rules
and regulations which do not unduly hamper or delay
the innovation and investment efforts of industry (cf.
section 2.3). By way of basic research promotion and
educational policy the government provides an in-
novation-friendly environment in which the compa-
nies’ R&D activities can flourish.

Government promotion of research and development
in industry is based on the principle of subsidiarity. In
the Federal Government's view the conditions for gov-
ernment research promotion in trade and industry are
only met in those cases where companies are unable to
develop certain technologies of considerable general
economic importance on their own or where they
cannot do so fast enough or to an adequate extent.
Even then the government will generally limit itself to
providing help for self-help.

Such initiatives may be justified when there are exter-
nal effects, i.e. if also third parties can use research re-
sults and thus gain an economic advantage without
paving the technology developer a fee. In such cases
the incentive may be too weak for innovative compa-
nies to develop private R&D activities in these areas to
the extent desirable if economic profitability consider-
ations were included. A case in point is government
promotion of basic research in those areas which are
important for broad-based industrial application.

Another example is government promotion of preven-
tive research benefiting “public assets” (e.g. water and
air quality), for which there are no “markets” in the
usual sense and where consequently incentives for pri-
vate-sector R&D efforts need to be increased. Research
and development projects which have long time hori-
zons, a high economic risk and gréat financial needs
and therefore are beyond the possibilities of individual
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companies, may also prompt the government to act
and intensify the impetus generated by individual
firms.

It is the objective of the Federal Government's R&D
promaotion in trade and industry to further and make
accessible = in the interest of the national economy as a
whole — those technologies whose significance goes
beyond individual companies or branches of mdush}r
or which are necessary to accomplish government
tasks concerning provision for the future. This promo-
tion usually takes the form of research projects for
which those companies are selected as partners which,
under the prevailing circumstances, meet the technical
and staff requirements best. The companies’ own in-
terest is reflected in their substantial financial contri-
bution to the project concerned. This goes to show that
the Federal Government’s R&D promotion is technol-
ogy promotion and not a promotion of the industrial
companies involved in the projects, especially as the
companies receiving funds are obliged to publish the
research results and, on request, permit third parties to
use them.

When determining the promotion conditions and
funding rates the Federal Government has to take into
account the limits for government grants which the EC
Commission has set for all member states. Accord-
ingly, applied research projects may receive a maxi-
mum grant of 25 % of the cost incurred, industrial bas-
ic research projects a maximum of 50 %. In addition,
the Federal Government has to meet its international
obligations, e.g. under the GATT Agreement (General
Agreement on Tariffs and Trade), which in its Code on
Subsidies also lays down binding rules for research
promaotion,

But mastering certain technologies is not the only fac-
tor determining the technological capabilities of a na-
tional economy. Research and technology policy also
has to take into account the efficiency of innovation
structures and of technology dissemination. This ap-
plies in particular with regard to the innovative
strength of small and medium-sized enterprises. This
is why, regardless of the technology concerned, the Fed-
eral Government furthers improved r coop-
eration among companies as well as between compa-
nies and research institutions, provides incentives for
recruiting and keeping on scientific staff, supports the
development of infrastructures for technology trans-
fer, and stimulates the adoption of modern innovation
management tools. In this context the development of
public research infrastructure also plays a significant
role. Mational research centres and the Fraunhofer So-
ciety provide important complements to corporate
Ré&D capacities. Against payment they can solve prob-
lems which could not be solved on an individual Ea
because it would be unprofitable or even impossible
for many companies to provide the necessary in-
house R&D capacities. At the same time they make a
major contribution to closer cooperation between in-
dustry and science and intensify the exchange of knowl-
edge and experience in both directions. Along these
lines the Federal Government's testing institutions
(Federal Institute for Materials Research and Testing,
Federal Institute of Physics and Metrology) render
important technical services to German industry,



2.1.3 Research and development in industry -
the current situation

The most important players by far in the German re-
search scene are companies in trade and industry. In
1992 they contributed about 59 % to funding the ex-
penditure on research and development in Germany
and performed as much as about 66 % of all R&D. At
the same time, about 86 % of industrial R&D activities
in 1992 were financed by German industry itself. In in-
ternational comparison these are remarkable figures
which currently are only surpassed by Japanese indus-

try

This is the result of a strong growth of industrial R&D
activities during the 1980s. In that peried the impor-
tance of research and development for German enter-
prises increased which shows that German industry
has taken up the technological challenge of the time.

But in recent years one could observe a reversal in in-
dustrial R&D efforts. In the old Linder in-house R&D
expenditure increased by only 3.4 % averaged over the
years between 1989 and 1991, while GDP rose by
84 %. In comparison, in-house R&D expenditure be-
tween 1981 and 1989 increased by an annualised 7.1 %,
with an GDP growth of 4.7 %..

A breakdown by industrial sectors of the data cur-
rently available for the old Linder shows a differentiat-
ed picture: While between 1989 and 1991 the R&D ex-
penditure of the automotive industry grew by 14.1 % -
approximately like GDF in the old Lander —, there was
a severe drop in the electrical industry where in-house
R&D & diture over the same period shrank by
4.8 %. With an R&D growth of 3.4 %, the chemical in-
dustry is holding a middle position (but again the in-
crease is disproportionately low compared with GDP).

Unification has expanded and strengthened industrial
R&D capacities in Germany. The order of magnitude
by which, for example, the number of qualified en-
gineers and scientists available to industry has grown,
corresponds to the capacity of a medium Western in-
dustrialised country. For the future development of
pan-German market-oriented R&D capacities this
should be of considerable importance, not least be-
cause prior to unification the lack of R&D staff in many
areas had already impeded innovation considerably
and because also our main competitors in the world
markets expect a substantial reduction in R&D person-
nel by the end of the decade. It is imperative now to
take advantage in the medium term of the opportuni-
ties which have opened up through the increase in
Ré&D capacities as a result of German unification.

But at the moment market-driven R&D in the new
Lander is undergoing a fundamental restructuring and
adjustment . The substance and priorities of
R&D in the former GDR often did not comply with
world market requirements, in many cases researchers
were working on developments that paralleled West-
ern technologies. By Western standards, many Ré&D
institutions were considerably overstaffed, the result
being a relatively low per capita efficiency of the
personnel employed. Very serious obstacles for re-
searchers in the former GDR were the difficulty to get
access to modern high technologies from the West and
the lack of latest research equipment.
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The extent of the restructuring and adjustment process
which industry-related R&D capacities in the new
Linder are currently going through is also reflected in
the fact that the number of personnel in this area has
by now dropped to about a quarter (cf. Part II). Con-
fronted with economic difficulties companies often be-
gan to cut costs first in this area which is so important
for their future, and in many cases did so to a dispro-
portionately high degree. A reversal of this develop-
ment in the direction of increasing industry-oriented
RE&D capacities is urgently necessary.

Also in the new Linder developing efficient, market-
driven R&D is the task of the companies themselves,
because, based on their market knowledge and experi-
ence, only they are able to set the correct in-house prio-
rities. But in view of the abrupt and radical change of
the economic structure in the new Lander as a result of
unification, government has to give special support to
the restructuring and development process of market-
driven R&D. This is why during a transitional period
market-driven E&D in the new Lander is receiving in-
creased government funding. Special support is given
to the new development of dynamic and highly inno-
vative small and medium-sized enterprises in the new
Lander.

2.1.4 Technological importance of small and
medium-sized enterprises

The highly developed sector of innovative small and
medium-sized enterprises and not least the crafts and
trades sector constitute an important locational advan-
tage for Germany. These companies are not only high-
ly significant employment and export factors, but with
their extraordinary capacity to supply high-qual-
ity technology they often provide the crucial basis for
the innovative strength of big high-tech companies.
Being able to purchase a wide range of high-quality
technological supplies in the domestic market is an in-
valuable advantage. Changed demand structures in fa-
vour of individual problem solutions and the possibil-
ity to meet these requests by using modern technology
in many cases open up new development opportuni-
ties for small and medium-sized enterprises. Due to
their strong points such as shorter decision-making
processes, being closer to the customer and more
flexible, SMFEs can often make much better use of such
opportunities than big companies.

In the 1980s small and medium-sized enterprises, too,
upgraded their R&D efforts considerably. But when
making important innovative contributions to the eco-
nomy as a whole, SMEs have to fight specific disad-
vantages, e.g. in terms of acquiring information, get-
ting access to the capital market or having fewer possi-
bilities of spreading Ré&D risks.

The Federal Government’s technology policy will con-
tinue to aim at improving the innovation opportunities
of SMEs in order to push the broad-based application
of key technologies and increase the innovative
strength of the economy as a whole.

Small and medium-sized enterprises play an outstand-
ing role in disseminating technologies. In order to
make full macro-economic use of key technologies
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new methods and processes need to find a wide range
of applications as fast as possible. This can only be
achieved if new technologies are used as soon as possi-
ble also by SMEs. The promotion of small and me-
dium-sized enterprises under specialised BMFT pro-
grammes is therefore of considerable importance. En-
couraged by special administrative simplifications
such as the consolidation of cost unit rates into a lump
sum, the firms are involved in technology develop-
ment at a relatively early stage. They are also sup-
ported in quickly introducing new technologies by
indirect specific promotion schemes. Such indirect spe-
cific tools are used in those cases where there are se-
vere obstacles to technology dissemination and where
financial support seems to offer a suitable approach to
overcoming these impediments.

To remain successful in the increasingly tough and
complex technology race 5MEs depend more and
more on R&D cooperation. The driving force is not
only cost savings; more and more SMEs are only able
to master new technologies by means of cross-sectoral
cooperation. In the process of market globalisation
transnational cooperation will also become more im-
portant for such firms. In the past, the Federal Govern-
ment has already successfully encouraged such coope-
rations through various schemes such as cooperative
industrial research, the promotion of contract research
and development and the promotion scheme “Indus-
try/science research cooperation”. But in this respect
small companies in particular are still suffering from
major deficits in whose elimination they should be
supported.

In assisting the rapid development of efficient market-
driven industrial R&D capacities in the new Linder,
special priority is on supporting highly innovative
ShMEs. Without such medium-sized structures indus-
try in the new Lander will not be able to achieve the
level of performance and innovative strength that in-
dustry in the old Linder has. Also, SMEs are indis-
pensable for lastingly improving the employment and
training situation in the new Linder.

The fact that in the former GDR small and medium-
sized businesses had largely disappeared and that,
consequently, no recent experience is available repre-
sents a specific challenge in the new Linder. Since
SMEs can only survive in the long term if they are
competitive at the national and international levels
right from the beginning, they have to strive to reach
the technological top. This is a major challenge for the
Ré&D capabilities of these companies.

This is why particular importance is attached to found-
ing new technology-based firms in the new Lander as
well as to the infrastructure which technology centres
provide for such companies. This also applies to the
work of the agencies, to technology transfer and inno-
vation promotion as well as to the innovation consult-
ancy centres at the Chambers of Industry and Com-
merce. It is also necessary to establish a large-scale
transfer of experience from the SMEs in the old Lin-
der. An important starting point is the promotion of
Ré&D cooperation between SMEs in East and West. But
government promotion schemes can only accomplish
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this formidable task when they are su by the
determined commitment of small and medium-sized
enterprises in the old Linder with their invaluable ex-
perience.

Also the traditionally close cooperation between Fach-
hochschulen and SMEs can help provide the SMEs
with the impetus necessary to secure Ré&D capabilities.
The Federal Government rﬂas therefore made great ef-
forts to support the speedy establishment of Fachhoch-
schulen in the new Lander.

2.1.5 International interdependence

International trade has been one of the p driv-
ing forces of economic growth in the past few decades.
At the same time, there has been a radical qualitative
change of the international exchange of goods and
services. Today it is no longer raw materials or fin-
ished products alone that are exchanged. There is also
an increasing flow of components and intermediates
from all production levels between the various na-
tional economies. Since the mid-1980s this develop-
ment has been accompanied by an extraordinary in-
crease in transnational direct investment. This process
was favoured by efficient transport systems and mod-
ern communication technologies which have made
distance a negligible factor. Thus the internationalisa-
tion of trade was followed by the internationalisation
of production. Often multinational companies are no
longer characterised by transnational capital links
alone, but also by a multinational or even global organi-
sation of sequences of operations. The limits of national
markets are playing an increasingly weaker role in
terms of both sourcing and marketing (cf. Figure 1/4).

At the next stage internationalisation is advancing
more and more into the area of industrial research and
development. The importance of so-called strategic al-
liances in this field has increased lately and aroused
public interest. It is primarily companies from the
triade Japan, the USA and Europe, in other words, the
most highly developed economic regions, which en-
gage in this form of cooperation. In addition to the
R&D cooperations within individual economic re-
gions, more and more alliances develop between com-
panies based in two or all three of these regions. This
also shows that people tend to think no longer in terms

of economic blocs.

In future, companies will increasingly set up their re-
search facilities in those parts of the world where the
environment seems to be best suited. This develop-
ment is described by the buzzwords “technology

alisation” and “international sourcing of technologi-
cal resources”. Because of its excellent research infra-
structure Germany can offer favourable conditions for
siting such international Ré&D facilities in this country.
But even Germany - as a research location - was con-
fronted with a drain of R&D capacities in the field of

bioengineering and genetic engineering.
In view of the changed geopolitical situation it can be

expected that internationalisation trends in all areas of
economic activities will tend to increase.
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The European Single Market and the European Econe-
mic Area together represent the most important single
market in the world in terms of consumer population
and purchasing power. This situation calls for a more
European orientation of both government research
and technology policy and corporate R&D strategies.
Based on the principle of subsidiarity vis-a-vis na-
tional research policies, the research policy of the Eu-
ropean Community has to intervene by means of
cross-border funding schemes in those areas which
create a “European value added”.

The EUREKA initiative has become one of the most
important tools of European R&D cooperation. It was
developed in 19585 to promote closer European coop-
eration in the area of applied high technology for civil
purposes. [t has also become a suitable tool tor intro-
ducing companies in the new market economies of
Central and Eastern Europe to European Ré&D coop-
eration. In this way numerous contacts are established
between the firms which are often useful beyond spe-
cific projects. EUREKA is not least a successful forum
for facilitating European R&D cooperation between
small and medium-sized enterprises for which collab-
oration in this area beyond national borders is still
new ground. In the near future the promotion of trans-
national cooperations — especially between small and
medium-sized enterprises — will be an important func-
tion of research and technology policy. Also R&D co-
operations beyond European borders will become a
critical strategic issue for SMEs. This applies in partic-
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ular to those firms or industries which cannot find any
suitable partners for cooperation within Europe (cf.
Part 11, section 9).

The development and stabilisation of national econo-
mies in Central and Eastern Europe as well as in the
Commonwealth of Independent States is not only of
critical importance for securing stable conditions in
Europe, but they will also generate considerable eco-
nomic impetus for the German economy. The econo-
mic regions in Eastern and Western Europe have to
grow together. Cooperation between companies in the
field of research and development can make an impor-
tant contribution towards this goal.

Government promotion policy aims in particular at in-
cluding firms in the new Lidnder in transnational R&D
cooperations. Since the firms in the new Linder have
hardly any contacts with partners in Western coun-
tries, often particularly great obstacles have to be over-
come in opening up cooperations. For these compa-
nies, however, European and worldwide R&D co-
operations seem to be of paramount importance not
only to enable them to catch up with modern technolog-
ical standards, but also to push their integration into
global markets. Within the CMEA structures, firms
from the new Linder already established contacts in
the past with firms from Central and Eastern Europe
as well as the Commonwealth of Independent States.
These contacts can be used today to enable industry in
the whaole of Europe to grow together.

The challenge of German unification

When the Federal and Linder governments began to
reorganise the East German research sector they were
confronted with problematic structures: Like almost
all areas of GDR science, non-university research
units were overstaffed. In addition, the efficiency of
research was suffering from centralist control, lack of
equipment, the isolation from Western research
while at the same time tending to duplicate existing
Western results, as well as a general orientation to-
wards the self-sufficiency of the country in the prod-
uct sector. Management positions were often filled
not according to professional and scientific criteria,
but rather political ones.

As a substitute for the old structures the Federal and
Linder governments and the science organisations
built up a research system based on the model of
non-university research which has been proven in
the Western part of the Federal Republic of Germany
and complies with the federal system of this country
as well as the principle of freedom of science and in-
ternational quality standards. It was essential to
maintain and restructure efficient potentials and
avoid duplications. This technical and institutional
reorientation was based on the recommendations of
the Science Council. #
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In 1969 the Federal Government was authorised to
promulgate framework regulations concerning the
general principles underlying the higher education
system. At the same time the construction of institu-
tions of higher education was made a joint task. For
the rest, however, it is the Lander which are responsi-
ble for universities (higher education institutions) and
university research,

There are also research institutions funded independ-
ently either by the Federal Government or by the in-
dividual Linder governments.

Based on Article 91b of the Basic Law the Federal Go-
vernment makes major contributions to funding the
Max Planck Society, the Fraunhofer Society, the insti-
tutes included in the Blue List and the national re-
search centres. Institutes abroad and Federal research
institutes are excluzively financed by the Federal Gov-
ernment,

Institutional variety has tumed out to be a strong point
of German research. It ensures that different organisa-
tions, complementing the universities, can display
their particular capabilities. There are

~ the Fraunhofer Society with its market-orientation;

= the Max Planck Society with its free and independ-
ent basic research which is exclusively committed to
scientific performance;

— the national research centres, handling complex in-
terdisciplinary research projects which require a
large number of staff and a high level of funding;

= the Blue List institutions with their wide variety of
themes and specific individual orientation;

- the Federal Institute for Materials Research and
Testing, the Federal Institute of Physics and Metro-
logy and the Federal Research Centres in the sector
of food, agriculture and forestry with their depart-
ment-specific research activities.

The further organisation of non-university research
has to link up to the development of recent years
which in the old Linder was characterised by differing
degrees of expansion (in brackets increase in basic
funding between 1982 and 1992):

- Intensive expansion of the Fraunhofer Society
(+ 250 %) as a contract research institution;

- continuous development (+ 55 %) at the Max Planck
Society, whose high level of performance was ac-
knowledged in recent years when several of its re-
searchers were awarded Nobel prizes;

- new priorities at the national research centres
(+ 60 %), e.g. through the development of polar re-
search, biotechnology, non-nuclear energy research,
and considerable additional spending on new large-
scale equipment for basic research;

- further development of Blue Ljst institutions ac-
cording to their specific orientations.
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The different types of research institutions are ade-
quately distributed. The regional distribution in the
old Lander is the result of many years of development
determined by subject-related arguments and reflect-
ing the different degrees of commitment, financial and
otherwise, of the various Lander governments in the

past.

Based on the large variety of the German research
scene, the Federal Government aims to achieve opti-
mum results. This is why it promotes ation
among the different institutions as well as between
these institutions and universities and industry, and
cooperation at the international, especially the Euro-
pean level.

As the building of Europe advances, European re-
search policy is gaining increasing importance. This is
why the programmes of the research institutions have
to intermesh with the programmes of the European
Community and why cooperation with European part-
ner organisations is necessary. The research institu-
tions are called upon to get involved in the EC re-
search programmes right from the point of inception.
They also have to make sure that they raise more
funds from EC coffers.

The Federal Government supports cooperation with
European partner organisations under specific pro-
grammes and in utilising large-scale equipment. It
does not see any need for new European Ré&D institu-
tions. Institutionalised cooperation structures may be
created in those cases where they are required for a
specialised programme or where they are necessary to
defend the European position in global competition.

In cooperation with industry the Fraunhofer Society
will continue to play its successful role as an institu-
tion of contract research. But the transfer of knowledge
to industry, especially from national research centres,
has to be accelerated. The national research centres
whose structures are basically geared to long-term
projects must also adopt innovation in industry as
their goal. The Federal Government will moderate the
dialogue between research institutions and industry.

In addition to the classical forms of technology transfer
such as technology centres and licensing the Federal
Government supports new ways of cooperation. These
may include privatising individual areas or pooling
public and private research capacities for temporary,
target-oriented cooperations.

In keeping with the 1991 recommendations of the
Science Council the Federal Government supports
close cooperation bebween non-university research in-
stitutions and universities. The joint appointment of
professors is quite commaon, and universities make in-

tensive use of the national research centres’ ﬁujp-

ment; special research programmes and postgraduate -

courses are run jointly.

The Federal Government welcomes the cooperation of
research institutions in theme-centred groups. Taking
up a BMFT initiative, groups have formed to work in
the areas of solar energy, environmental research and
biomedical research.
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In order to improve the coordination of the research
institutions’ activities the Science Council, taking up a
proposal of the Federal Government, has begun a se-
ries of assessments of individual subject areas in the
research sector. Currently it is working in the field of
environmental research. According to the decisions
taken by the Conference of the Federal and Linder

rnments at their research policy meeting on De-
cember 14, 1992 other subjects will follow, e.g. materi-
als research, health research, biotechnology, energy re-
search and information technology. The Federal
Government hopes to receive further recommenda-
tions concemning an improved division of labour be-
tween the institutions, the efficient use of funds and
the determination of qualititave priorities.

In the Federal Government’s view the technical guid-
ance provided for ongoing research programmes as
well as their concurrent evaluation are important ele-
ments of quality control in research.

2.2.1 University research

Importance of universities in a differentiated research sys-
fem

The unity of research and teaching is an important
characteristic of German universities. Universities pro-
vide a broad basis for research; in many areas they do
top-level research; they ensure the training of young
scientists and hence the constant renewal of research

persennel.

The universities have such a wide range of research in
a variety of disciplines that it is possible to change pri-
orities and respond quickly to societal developments
and issues. By the same token, the freedom of science
within the autonomy of the universities, as guaranteed
by the Basic Law, safeguards the research interests of
scientists irrespective of non-scientific considerations
of their relevance and regardless of offers of external
funds from clearly defined research programmes. Ac-
cordingly, the financial and organisational conditions
for university research have to be designed in such a
way that the freedom of research remains untouched.

Especially in this century the dynamism of scientific
development has led to an interlinkage of basic re-
search on the one hand, and applied research and de-
velopment on the other hand, with the distinction
often being blurred. Of particular importance is the
technology transfer to the regional environment of
universities which also plays a part in the structurally
motivated promotion of small and medium-sized en-
ises. In this application-related research area
Fachhochschulen, too, have a central function.

The relation beleen university research and non-univer-
siby research institutions

In its “Recommendations Concerning the Perspectives
of Universities in the 1990s" published in 1988 as well
as in its “Recommendations Concerning the Coopera-
tion of National Research Centres and Universities”

published in 1991, the Science Council addressed the
relation between university research and non-univer-
sity research institutions.

In its analysis the Science Council notes that publicly
funded non-university research institutions expanded
over the last ten years, while the universities were just
about able to maintain their resources, It is true that
universities continue to have a wide range of interdis-
ciplinary research capacities not existent in other insti-
tutions. But there are indications in some areas, espe-
cially the technologically relevant ones, that the uni-
versities are losing their competitiveness vis-a-vis
non-university research institutions and industry, be-
cause basic flunding by the Linder is not increasing as
required and because on the teaching side universities
have to cope with a constantly growing number of shu-
dents. If these development trends continue, the
Science Council feels that in the long term

- new research institutions will be primarily set up
outside the universities, especially in the expanding
application-oriented disciplines, so that

— the close link between research and teaching which
is characteristic of German universities is loosened,
because institutes specialising in research operate
outside the universitics and the universities them-
selves lack the resources needed to create competi-
tive research conditions for academic researchers.

Since for many years the Lander governments have
not provided sufficient funds for academic research,
quick and extraordinary efforts are needed to meet the

nt-up demand. Research promotion through exter-
nal funds must be able to build on adequate basic
funding of the universities. This applies in particular
to promotion by the German Research Foundation
which, being the largest provider of external funds for
universities, plays a particularly important part in re-
search promotion, and it is also true for project promo-
tion by the BMFT.

Diynamism in research also requires institutional dyna-
mism. MNevertheless non-university research institu-
tions continually check whether planned in-house
activities could not be carried out just as well, or even
better, at the universities.

Cooperation between non-university and academic re-
search is quite extensive and takes place in many dif-
ferent forms. In addition to the direct promotion of
university research through federal project funds
(about DM 890 million in 1992) the universities also
benefit from other federally financed services such as
the utilisation of large-scale equipment and other
services whose value is currently estimated at approx.
DM 1 billion per year.

The better part of these funds goes into providing
large-scale equipment at the national research centres.
All national research centres cooperate with the uni-
versities, in particular those in their regional vicinity.
The joint appointment of professors has now become
common procedure, especially at the institutions in the
new Lander. There is good cooperation between spe-
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cial research programmes and postgraduate courses.
In many cases the institutions commission the univer-
sities to carry out research activities. Finally, non-uni-
versity research institutions provide a large number of
services for universities.

The universities benefit from the involvement of scien-
tists from university research institutions in teaching
and in the complementary training of young scientists,
especially in those cases where the non-university in-
stitutes specialise in areas which are not, or cannot be,
equally established at the universities.

Research and development as a responsibility of Fachhoch-
schulen

In recent years Fachhochschulen have played an in-
creasingly important role in technology transfer, in
qualified consultancy for industry, in further training
as well as in creating a link between regional require-
ments and applied research and development. They
have become important contacts and providers of in-
formation, especially for small and medium-sized en-
terprises.

With their performance in application-oriented re-
search and development the Fachhochschulen can
complement and enrich university research. But un-
fortunately the funding of Fachhochschulen is lagging
behind the qualitative and quantitative increase in
their functions. Often the necessary equipment is not
adequate. Research and development at the Fachhoch-
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schulen largely depend on external funds and tech-
nology transfer revenues. It is therefore necessary to
improve or even create the conditions for a greater
involvement of the Fachhochschulen in projects of
applied research and development in all disciplines
taught there.

University research promotion by the European Community

A major instrument in the European Community’s re-
search and technology policy is represented by the
four-year Framework Programmes as well as the de-
tailed programmes in various disciplines which build
on them. Universities and national research promotion
organisations are prepared for active participation in
these programmes.

The universities are increasingly participating in EC
research and development grammes. Especially
universities with a technical and scientific orientation
have benefited from the promotion opportunities of
the Second Framework Programme (1987 to 1991). Pri-
orities of participation were industrial and materials
technologies, information and communication techno-
logies as well as non-nuclear energies and environ-
mental research. German universities also took advan-
tage of the programmes designed to stimulate the co-
operation and the exchange of European researchers.
Concerning the Third Framework Programme, the
universities have expressed great interest in biomedi-
cing, biotechnology and non-nuclear energies.

Responsibilities in the area of research promotion are
divided between the Federal Government and the
Linder governments according to the federal struc-
ture laid down in the Basic Law. Pursuant to Article
30 of the Basic Law, the exercise of governmental

powers and the discharge of governmental functions
| = including government research promotion - shall
be incumbent on the Linder in so far as the Basic Law
does not otherwise prescribe or permit.

Agccording to the distribution of ers laid down in
the Basic Law, and within the framework of concur-
rent legislative powers, the Federal Government is
responsible for the promotion of scientific research
(Article 74 No.13 of the Basic Law). It has not, how-
ever, made use of its power to promulgate a general
research promotion law. The power of the Federal
Government to issue framework regulnh:ms CONCern-
ing the general principles governing higher educa-
tion (Article 75 No.1a of the Basic Law) is also of rele-
vance for university research. It is on this power - as
well as on other legislative powers of the Federal
Government (such as the one already mentioned ac-
cording to Article 74 No.13 of the Basic Law) — that
the Framework Act for Higher Bducation is based
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which also contains provisions relating to research
(sections 22 to 26 of the Framework Act for Higher
Education).

Government pﬂﬂlclpates in the dwc]u:tge of Linder
responsibilities relating to the ion and con-
struction of institutions of education in.-.rhu;ﬁng
university hospitals. In performing this joint task the
Federal Government bears half the cost. Ihe IFOCE-
dure for cooperation regarding joint cplan-
ning and financing is defined in detail by the federal
University Construction Act. Co-financing by the
Federal Government of large-scale equipment for.
universities with a purchasing price of more than
DM 150,000 is particularly important for research; in
recent years this co-financing scheme has Eﬂﬂﬂ'ﬂl
increasing significance.

Pursuant to Article 91b of the Basic Law, the Federal
and Linder governments may, on the basis of agree-
ments, cooperate in educational planning and in the
promotion of institutions and projects of scientific re-
search of supraregional importance. On this basis
several ts have been concluded between the

Federal and Linder governments. These agreements
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2.2.2. Non-university research institutions
2.2.2.1. National research centres

The national research centres are a central element of
the German research scene. Their specific strong
points are

~ the provision of large-scale equipment for research,
e.g. particle accelerators, research reactors, research
vessels and supercomputers,

~ the management of sophisticated technical infra-
structures,

- concentrated capabilities for handling complex in-
terdisciplinary issues.

The national research centres are therefore particularly
qualified

= to cooperate with universities in important areas of
basic research;

- o handle central national programmes in interna-
tional cooperative projects, e.g. in pnlar research,
nuclear fusion and space research;

~ to investigate central issues of environmental and
preventive research for the benefit of the general
public, e.g. climate research, protection of the at-
mosphere, soil and ground water protection, conta-
minated sites, as well as health research including
questions of molecular medicine and biotechnologi-
cal research;

= to contribute to technology development focussing
on selected areas which are of great public interest
such as environmentally friendly energy supply and
key technologies of long-term economic importance
(bictechnology, information technology).

To meet worldwide economic challenges national re-
search centres need to use their particular abilities to
increase Germany’s attraction for industry. The time
which elapses between the development of scientific
results at the research centres and the development of
marketable products has to be shortened, This calls for
an intensified dialogue between science and industry.

To accelerate the innovation process new forms of co-
operation will have to be considered which will join
the classical instruments of technology centres and li-
censing. One possibility seems to be the pooling of re-
search capacities of research institutions and industry
to carry oul a project that is limited in time (“tem-
porary initiative™); it also seems conceivable to hive off
some units from research institutions into independent
operations. This will permit private-sector organisa-
tions to co-finance projects and assume economic re-
sponsibility. The form of cooperation should be geared
to the requirements of the individual case,

European industry is responding to the Single Euro-
pean Market with different forms gf cooperation. The
national research centres also need to become more
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European in their outlook. But this process of Europe-
anisation should not focus on new institutional struc-
tures. This would only be opportune in individual
areas where European industry, too, is institutionally
interlinked. Here, national research centres can make a
contribution towards global competitiveness.

The process of building Europe has also increased the
importance of the European Community’s research
policy. It has to be linked with the German national re-
search policy and the research programmes of the var-
ious institutions, This implies that the research institu-
tions contribute their specific knowledge to the EC re-
search programmes right from the point of inception.
EC research programmes, national programmes

the programmes of the research institutions have to
complement each other. EC funds will then be comple-
mentary parts of the institutions’ budgets.

The BMFT has submitted a funding concept for the de-
velopment of national research centres up to and in-
cluding 1995. The national research centres in the old
Linder cannot expect their funds to grow before 1994,
The BMFT concept distinguishes between different re-
search areas, This is why from 1994 onwards some na-
tional research eentres will receive more funds due to
priority functions in the operation of large-scale equip-
ment or due to other new requirements, e.g. in arctic or
cancer research. Others will have to limit their range of
subjects and hence will be forced to restructure and cut
costs (e.g. nuclear and subsea technology).

2.2.2.2 Max Planck Society

The institutes and other research facilities of the Max
Planck Scciety for the Advancement of the Sciences
(MPCG) which are distributed over the whole of Ger-
many constitute an essential element of research in this
country. The Max Planck Society is currently -.::peral:g
62 research facilities (of these 57 institutes) in the

Linder as well as 39 research facilities (bwo institutes,
two branch offices of institutes, 28 working groups
and seven humanistic centres) in the new Lander. The
MPG tends to concentrate on basic research in selected
areas of the sciences and humanities. In particular, it
takes up new promising research subjects which have
not vet been adequately integrated in the universities
or cannot be integrated there, e.g. because of their in-
terdisciplinary character or because of the higher level
of funds and effort they require. An indispensable pre-
requisite for introducing new research projects is the
possibility to recruit researchers and scientists with
outstanding scientific qualifications. Many MPG facili-
ties are enjoying an excellent international reputation
which in recent years has been reflected in the fact that
several MPG scientists were awarded the Nobel Prize.

The MPG cooperates with the universities, making its
large-scale equipment (e.g. telescopes) available to aca-

demic research as well.

The Federal Government welcomes the cooperation
between the MPG and the universities. A case in point
is the cooperation of Max Planck Institutes and univer-
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sities in several special rescarch programmes and in
developing joint basic research priorities in the field of
genetic engineering. There are similar cooperative pro-
jects in clinical research.

After German unification the MPG has also started ac-
tivities in the new Linder. It intends to create as many
institutes in the new Linder in the medium term as
there are in the old Linder. In doing so it will be
guided by the ime-tested principles which have made
its work so successful in past decades.

2.2.2.3 Fraunhofer Society

In jointly funding the Fraunhofer Society (FhG) the
Federal and Linder governments are aiming to pro-
mote the practical application of scientific findings in
the area of applied research. The Fraunhofer Society is
an important partner of industry because it performs
contract research, offers information and services re-
lating to new technologies, products and processes
and provides initial and further training courses for
qualified personnel.

The FhG makes important contributions towards the
innovalive sirength of German industry:

= It identifies innovation potentials at an early stage
by closely watching technological development;

= it meets the demand of industry for specific long-
term contract research;

— it can adapt its tools and abilities to meet the re-
quirements of the research market.

In addition, it performs research work for public-sec-
tor clients.

The Federal and Lander governments have given sus-
tained support to the strong growth of the FhiG over
the last ten years. There is no other research institution
which has grown as much over that period.

It is characteristic of this specific financing model that
unlike other publicly funded research facilities the
FhG receives only little basic funding and has to cover
its costs primarily by using revenues from contract re-
search and services performed for private and public
clients. Public funding also depends on the total
amount of revenues. Since 1986 basic financing has
mostly developed in parallel with the revenues.

The FhG financing model was reviewed and updated
by the Federal/Lander FhG Committee in 1982 and
1986 and on September 30, 1992. The Committee
agreed that by the end of 1995 revenues would cover
one third of the cost of the contract research service
sector and that from then on this proportion would in-
crease even further. Basic financing will also be pro-
vided in the future in order to ensure the necessary
in-house and pre-competitive research required for the
transfer of scientific findings to industry,

The pioneering efforts of the FhG in the new Linder
deserve a special mention. The local Fraunhofer facili-
ties currently have a staff of 1,000, complementing the
range of research activities of the institutes in the old
Linder. They are to be expanded steadily.

[t will be important in the future to enhance the role of
the FhG as a “producer of productivity” which was
successful in many areas, especially production tech-
nologies. This calls for an even closer cooperation with
industry in determining the thematic orientation of the
individual institutes and in setting priorities in the se-
lection of industry-related research areas. With the
support of the BMFT, the FhG will address new issues
relating to the technologies of the 21st century, and
continue to make active use of its institutes’ potential,
created by the FhG model, for the dynamic develop-
ment of industry and research in Germany.

2.2.2.4 Research institutions included in the
Blue List

According to Article 2, para. 1, Nos. 5 and 6 of the
framework agreement on joint research promotion
concluded pursuant to Article 91 b of the Basic Law
between the Federal and Linder governments on No-
vember 28, 1975, independent research institutions
and facilities having a service function for research as
well as organisations supporting research institutions
are funded in addition to national research centres,
the Max Planck Society and the Fraunhofer Society,
provided they are of supraregional importance and
national scientific interest. They are registered in the
Blue List, an annex to the implementing agreement on
research institutions of May 5/6, 1977 whose first edi-
tion was printed on blue paper.

Until 1991, the Blue List comprised 48 institutions in
the old Lander with a staff of about 4,800, In the wake
of German unification and as a result of the ensuing
development of a new pan-German research sector,
the Blue List - in keeping with the recommendations
of the Science Council — was extended in 1992 to in-
clude another 34 institutes in the new Linder. 82 insti-
tutions are currently listed. They differ very much in
terms of function, size, location and legal structure,

In addition to university research, MPG, FhG, national
research centres and departmental research, the Blue
List institutions constitute one of the cornerstones of
German research. Together with the host Lander they
have identified research priorities of supraregional im-
portance so that they can be considered a major instru-
ment of federal research policy.

The Blue List institutions have so far been organised in
eight sections: humanities and social sciences, econo-
mic sciences, education sciences, medicine, biology,
other natural sciences, information and documentation
as well as museums (only their research activities).

Following the great expansion as a result of the re-
structuring of the science and research sector in the
new Linder, the Blue List has moved into the focus of
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science policy considerations concerning the further
development of the German research system. This is
why in 1992 the Science Council set up a working
group to reorganise the Blue List. The working group’s
mandate is to examine the science policy function and
future organisation of the Blue List. It will concentrate
in particular on issues of future performance assess-
ment and the control of Blue List institutes by research
policy.

2.2.3 Young scientists

Scientific and technological progress is not possible
without qualified and motivated young scientists. The
quality of junior scientists determines the value of Ger-
man research and technology. In order fully to tap the
existing innovation potential in science and research
yvoung qualified female scientists need to be promoted
much more than has hitherto been the case.

The training as well as the continuous integration of
young scientists into the research process are tasks to
which the Federal and Lander governments - within
the framework of their responsibilities — give particu-
lar attention. This is all the more urgent as the career
opportunities of young scientists in basic research, es-
pecially at universities, have dramatically deteriorated
since the early 1980s. The main reason is the unfavour-
able age structure which has developed as a result of
the expansion of universities and scientific institutions
during the 1960s and 197(s.

In the 19905 this has led to changed conditions with
considerably increased needs for replacement and re-
newal at universities and non-university research in-
stitutions:

~ About half of the professors and more than one third
of the scientists at non-university research institu-
tions will retire over the next ten years. As a result,
the career opportunities of young scientists will im-
prove, especially from the mid-1990s onwards;
however, there will be differences between the
various disciplines. It is now of critical importance
to train a sufficient number of highly qualified scien-
tists in order to meet this future demand. In this pro-
cess special consideration is to be given to women
who so far have been greatly underrepresented in
the higher education sector.

~ Career opportunities for young scientists in basic re-
search are also opening up in the new Lander. The
renewal that has been started there involves institu-
tions and especially staff and provides young scien-
tists with a large number of additional opportuni-
ties. Great efforts have to be made to offer suitable
junior staff from the new Lander the possibility to
qualify locally. Career perspectives need to be
opened up to prevent qualified scientists from leav-
ing the new Lander.

The Federal Government greatly welcomes the com-
mitment of industry to promoting young scientists.
But at the same time it is convinced that opportunities
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for qualified junior scientific staff have to be

up also in non-industrial areas. To this end the Federal
and Lander governments and research institutions in-
itiated a number of schemes in recent years, especially
in response to changed basic conditions. The following
activities are relevant to the higher education sector:

- In response to a memorandum by the science organ-
isations on “Safeguarding the Efficiency of Aca-
demic Research and Promoting Young Scientists”™
the Linder have established additional professor-
ships which from the mid-1990s onwards will be cut
down again since regular positions will then become
vacant (“Fiebiger Plan”). A total of about 800 profes-
sorships is being created under this programme.

= In 1977, the Federal and Linder governments
adopted the “Heisenberg Programme” for the pro-
motion of highly qualified young scientists and en-
trusted the German Research Foundation with its
implementation. This programme has been success-
ful. The Second Special University Programme in-
cludes a modified Heisenberg Programme which is
also financed by the Federal and Linder ‘ern-
ments on a 50:50 basis and makes it possible from
1991 onwards to apply for and grant not only
scholarships, but at the same time also the staff and
equipment required for the research project in ques-
tion. A special concern is the increased promotion of
WOmen in science.

= Since 1985 the Federal Ministry of Education and
Science has provided the German Research Founda-
tion with special funds for a post-doctoral pro-
gramme, It is designed to enable particularly well
qualified young post-doctoral researchers to partici-
pate in basic research, especially at universities and
abroad, for up to three years immediately after ob-
taining their doctorate.

- Foundation professorships of the kind promoted
since 1985 by the Donors’ Association for the Pro-
motion of Sciences and Humanities in Germany un-
der a special programme also contribute to reducing
the effects of the unbalanced age structure at the
universities on the career opportunities of young
scientists.

— An important new structural element of the promo-
tion of junior scientists is constituted by the post-
graduate courses suggested by the Science Council
which offer doctoral candidates the opportunity to
prepare their thesis within a major coherent research
project and at the same time enroll in systematic
postgraduate studies. On December 21, 1989, after
an experimental phase including pilot projects and
based on ongoing experience gathered with founda-
tion-funded courses, the Federal and Linder govern-
ments adopted a scheme for promoting postgrad-
uate courses and entrusted the German Research
Foundation with its implementation. By the end of
1992 the German Research Foundation had selected
and included in the promaotion scheme almost 200
postgraduate courses from all disciplines, including
also some courses in the new Linder, in which 4,000
to 5,000 doctoral candidates and up to 400 post-doc-
toral researchers receive basic research training.
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In erder ko reform the structure of academic studies
it is intended to expand postgraduate studies and
establish postgraduate programmes in major sub-

jects.

= The Second Special University Programme adopted
on October 2, 1990 by the heads of the Federal and
Lander governments is a milestone in impmt'inﬁ;he
promotion of young scientists. For the decade from
1991 to the year 2000 the Federal and Lander govern-
ments will provide another DM 4 billion in the old
Linder which will mainly be spent on promoting
junior scientists at universities and non-universitiy
research institutions. One programme priority is the
specific promotion of female scientists and the crea-
tion of conditions conducive to improving the com-
patibility of scientific qualification on the one hand
and family care on the other. The promotion of
women is to be increased to such an extent that their
number at the next higher level of qualification cor-
responds to the number they had already reached at
the lower level; for example, the aim of this scheme
is to ensure that the number of female doctoral can-
didates corresponds to that of female students hav-
ing graduated from a study course,

The University Renewal Programme for the new
Lander also serves the interests of junior scientists
through its differentiated schemes for “Habilita-
tionsforderung” (support of scientists doing re-
search for securing the right to lecture in a particular
subject at a German university), for post-doctoral
promotion as well as postgraduate promotion in-
cluding postgraduate courses. The Federal Govern-
ment funds 60 % of the Second Special University
Programme and 75 % of the University Renewal
Programme.

With their laws on postgraduate promotion the Linder
also make a direct contribution towards the training
of qualified young scientists. In 1992, about 2,100 doc-
toral candidates benefited from this type of promo-
tion.

Equally important is the funding of the nine nation-
wide organisations for the promotion of young talent
by the Federal Ministry of Education and Science.
In 1992, the ministry appropriated some DM 122 mil-
lion for these schemes for the benefit of more than
12,000 students and about 2,000 doctoral candidates.

In the past few years the non-university research insti-
tutions also initiated special schemes similar to those
of the universities. It is important to note that since the
universities are overcrowded, the non-university re-
search institutions are much more called upon than be-
fore to contribute — in keeping with their size and im-
portance — towards the qualification of young scien-
tists. The following measures have been taken:

— About 4,300 jobs for doctoral candidates have been
created al non-university research institutions. Un-
der the Special Programme 1l funds are earmarked
for a total of another 2,800 doctoral candidates over
ten years in addition to those 2,500 whom the insti-
tutions provide with scientific jobs anyway.

= The national research centres employ 600 post-doc-
toral researchers under permanent promotion pro-
grammes.

= The Max Planck Society offers two-vear scholarships
for 140 German and 340 foreign post-doctoral scien-
tists. In addition, there are another 450 post-doctoral
places at Max Planck Institutes, which are funded
from other sources. Based on the “Fiebiger Plan”, a
programme is underway for the promotion of
highly qualified young scientists under which an-
other 50 scientists are employed for a period of ten
years,

— Under the Second Special University Programme
funds will be earmarked over a period of 10 years
for an additional 1,000 post-doctoral scientists to
gualify at non-university research institutions for a
period of three years each.

Supporting young scientists will remain a central chal-
lenge for research and science policy. This and the
number of students to be expected call for measures to
be taken with regard to the size and the structure of
the higher education system. It is expected that in the
new Linder the number of new students will have
doubled b-:,f the year 2000 which of course will have an
effect on the total number of students; an increasad de-
mand for study places is also expected in the old Lin-
der. This is a development which can also be observed
in other industrialised nations, Planning has to take ac-
count of this new dimension of the demand for univer-
sity training and scientific qualification, especially as
regards scientific personnel. At the same time, aca-
demic research performance and hence the training of
researchers have at least to maintain their current high
level. This objective cannot be attained with bridging
and temporary measures alone; it also calls for struc-
tural, organisational and thematic university reforms.
To this end, the Federal Ministries of Education and
Science and for Research and Technology submitted
an education and research policy paper to which the
Federal Cabinet consented on February 3, 1993,

Scientific innovations and a high level of efficiency can
only be ensured and developed further if all existing
resources are adequately tapped. A major potential for
science which so far has not been exhausted is aca-
demically qualified women. In spite of the substan-
tially increased number of women in highly qualified
educational courses women are still heavily under-
represented in the research and science sector. This ap-
plies in particular to top positions and especially to
professorships and directorates of research bodies and
institutions.

When female managers as a role model are rare or
even non-existent in science, this has a negative effect
on the involvement of young women and their motiva-
Hon to select a study course and take up a scientific ca-
reer. In the Federal Government's view the specific
promotion of women in the science sector is an essen-
tial contribution towards improving the quality of re-
search and science. This is why the hitherto successful
research instruments, e.g. the various scholarship
schemes, were complemented by specific women- and
family-friendly offers such as extended basic promo-
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tion periods and part-time scholarships, scholarships
for postgraduate refresher courses and for re-entry
into university, as well as funds for job contracts for fe-
male students and differentiated child care allow-
ances.

2.3 Creating an innovation-friendly climate

It is a priority objective of the Federal Government's
research and technology policy to create and maintain
conditions that are conducive to innovation. Debu-
reaucratisation and deregulation are permanent tasks
in general, and in particular for research and techno-
logy policy. When removing obstacles to innovation,
such as legal regulations and bureaucratic procedures,
the Federal Government will also have to tackle regu-
lations for whose existence it shares responsibility.

A case in paint is the law on genetic engineering. The
consequences of the hyperbureaucratic provisions of
this law have considerably complicated research and
production in the genetic engineering sector in Ger-
many in recent years. Until 1992, only two genetically
modified plants were released in Germany, compared
with a total of 858 in the OECD states. This is why the
Federal Government prepared an amendment to the
law in order to improve conditions governing research
and development in genetic engineering; this amend-
ment was adopted by the Cabinet in May 1993. In ad-
dition, the Federal Government will advocate an
amendment to the pertinent EC directives.

The same applies to the law on the protection of ani-
mals: An amendment which has been prepared at the
Lander level would complicate conditions for scientific
research even further. The Federal Government aims
to improve the research conditions by consistently
supporting the development of methods which could
replace animal experiments while at the same time
making all necessary efforts to maintain the possibility
of animal experiments where they are absolutely ne-
Cessary.

Fiscal policy has a great impact on the R&D commit-
ment of German industry. It has to be of a long-term
nature, aiming at strengthening the forces of growth,
In view of the international environment it is particu-
larly necessary to improve company taxation. In recent
years the most important industrialised countries have
considerably improved fiscal conditions for business-
es. Consequently, the relative competitive position of
Germany has deteriorated. With the law to maintain
and improve the Federal Republic of Germany as a lo-
cation for business, investment, production, research
and development the Federal Government is aiming at
noticeably improving company taxation. Germany is
the only major industrialised country which does not
offer any tax incentives for research and development.
In view of the current budgetary situation and its fu-
ture overall concept for a company tax reform the
Federal Government therefore intends to examine
revenue-neutral tax models for research and develop-
ment as well. J
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Technology-oriented basic conditions have to ensure
that businesses have adequate financial strength to un-
dertake innovation efforts that are of macro-economic
interest. The high equity ratio of German industry is a
favourable prerequisite. Setting up new technology-
based firms, however, remains particularly difficult.
The Federal Government's second pilot project for the
promotion of new technology-based firms aims to en-
courage the provision of direct-investment capital of
DM 300 million in the period from 1989 to 1994, and
hence the development of a risk capital market in Ger-

many.

In important technological areas, e.g. in information
and communication technology, standardisation is an
integral part of technical development. It must always
begin before incompatibilities between concurrent
standards occur, because experience has shown that
these can only be eliminated with great difficulty and
financial sacrifices. Standardization within the EC that
runs parallel to development is meant to help ensure
that new products and processes are developed not
only for the national market. This will save costs and
increase the competitiveness of European industry —
especially in high-tech markets with their ever shorter
product cycles = vis-a-vis countries with large domes-
tic markets like the USA and Japan.

Databases and technical communication networks in-
crease the efficiency of information transfer and offer
the possibility of mastering rapidly growing global
knowledge. Access to scientific and technological in-
formation plays an important part in the competition
of countries eager to be locations for research and tech-
nology.

This is why the BMFT supports the deve t of,
and access to, scientific and technical databases. Of
particular importance are specialised information cen-
tres which not only have their own supply of data, but
also act as nodes in international science and resea
networks. Through the expansion of an integrated che-
mical information system in late 1992, STN Karlsruhe,
which connects the Karlsruhe specialised information
centre with the Scientific and Technical Information
Network (STN International), became one of the glo-
bally leading providers of factual information.

Improving these important basic conditions for re-
search and development can often support the im-
plementation of innovations more effectively than the
use of public funds.

3. International cooperation in research and
technology

3.1 Basic elements

The improvement and intensification of international
cooperation pose a special challenge to all those who
are involved in the process of research and technology
development in Germany. To create the necessary con-
ditions for this and to further and support cooperation
is one of the priorities of the Federal Government's re-
search policy.
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There are many reasons for international cooperation
in research and technology which in different ways
also define the role the government has to play in this
collaboration:

= The exchange of knowledge from scientist to scien-
tist beyond national borders has always fertilised
science and permits an international division of la-
bour as well as specialisation.

= Cross-border issues which, for instance, arise in en-
vironmental sciences and geosciences can obviously
only be solved in international and, more recently,
often global cooperation.

- Some new lines of research, such as genome re-
search, are so complex that they can only be tackled
successfully if the intellectual resources available
worldwide are pooled.

— In some areas (e.g. high-energy physics, fusion,
space flight) the costs of large-scale equipment and
research infrastructure have reached dimensions
which exceed the financial strength of individual
states.

= In the area of industrial research and development
worldwide competition can force businesses to pool
their resources across national borders. Also with re-
gard to standardisation issues it is very important
that other countries are involved in technological
projects at an early stage.

= International cooperation in research and develop-
ment contributes to attaining overriding political ob-
jectives, e.g., by supporting change in Central and
Eastern Eu or by providing assistance to the
Third World.

Research policy, too, is committed to securing world
peace which must be the ultimate objective of any pol-
icy. The Federal Government is aware that this might
result in barriers to international cooperalion in re-
search and technology. In many areas today, science
and technological development provide a high meas-
ure of knowledge which can be abused for the devel-
opment and production of weapons of mass destruc-
tion and therefore must not be disseminated without
any control. Recognising these dangers and checking
them, if necessary, by limiting the transfer of techno-
logically useful knowledge requires each and every re-
searcher to be on his guard and show responsibility.
This is obviously also a task of government which has
to balance - very carefully and bearing in mind the
freedom of science as prescribed by the Constitution -
the desirability of an unimpeded cross-border ex-
change of scientific knowledge and the necessity of
preventing the proliferation of weapons of mass de-
struction. In this context, the Federal Government has
taken a number of measures in recent years which are
constantly examined in the light of current develop-
ments for their necessity and effectiveness and, if ne-
cessary, complemented. The exchange of views and
experience as well as the consultation with other coun-
tries are very important, because the proliferation of
weapons of mass destruction can only be countered

effectively through the agreed cooperation of all those
states which posess the pertinent knowledge and tech-
nologies.

3.2 Priorities

The challenges confronting German research policy in
this decade determine the priorities of international
cooperation. Of special importance are

= the completion of the European research and tech-
nology community within the framework of the Eu-
ropean Communities,

- assistance for the countries in Central and Eastern
Europe including the successor states of the Soviet
Union,

- increasing commitment in worldwide cooperation
in the high-technology sector and to protecting life
and the environment in the global process of
change,

- intensified cooperation with developing countries,
especially newly industrialised countries,

- cooperation with industrialised countries, especially
the USA, Japan, France, the United Kingdom and Is-
rael.

3.2.1 Completion of the European research and
technology community

Scientists, institutes and companies in many areas take
intensive transfrontier cooperation in research and
technology within Western Europe so much for
granted that government support or bilateral agree-
ments between the governments are needed only in a
few exceptional cases. This is why the function of
government can be limited to national measures,
which often fall under the responsibility of the Lander,
such as the removal of bureaucratic obstacles and the
provision of adequate funds for travel and scholarships.

On the other hand, international and supranational or-
ganisations as well as multilateral initiatives are gain-
ing increasing importance for cooperation in Western
Eurape. The Federal Republic of Germany is a member
of, and one of the most important contributors to, most
European research institutions, e.g. in the areas of
space research, high-energy physics, neutron and syn-
chrotron radiation, molecular biology, as well as
astronomy and weather forecasting. This is why co-
operation is more and more shaped by participation in
the consultative and decision-making bodies of these
organisations. The Federal Government acknowledges
this by participating actively in, and contributing
numerous initiatives to, the international discussion
and decision-making process in these bodies. In the
dialogue with its partners it is constantly aiming at
improving the conditions for a meaningful division of
labour between national and international research
institutions.
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The European Community is in the centre of European
research and technology cooperation. In recent years
its research and technology policy has gained so much
significance that even in the bigger member states it
has become an independent factor in research promo-
tion and technology development, appearing side by
side with national policies. In some areas EC promo-
tion has achieved particular importance, e.g. in fusion
research, where it coordinates - and to a considerable
extent also finances — all activities in the member
states. The EC contributes a large part to the publicly
funded promotion of industry-related information
technologies, also in Germany.

The Treaty on European Union (Maastricht Treaty)
gives Community research and technology policy
greater weight: The previous objective of strength-
ening the scientific and technological bases of Com-
munity industry and encouraging it to become more
competitive at international level remains unchanged.
In addition, a further objective is formulated in the
Treaty, viz. “promoting all the research activities
deemed necessary by virtue of other Chapters of this
Treaty” (Article 130f). This had been foreshadowed by
recent developments: For several years Community re-
search and technology policy has covered subjects
which in part only indirectly support the objective of
strengthening European industry, such as medical re-
search, environmental research and the exchange of
scientists. In the Federal Government’s view it is parti-
cularly important that in this respect Community re-
search and technology policy should be subsidiary to
national policies.

Due to its linkage with industrial policy which has
now been included in the Treaty, Community re-
search and technology policy has assumed a new fea-
ture: The industrial policy of the Communities now
also comprises the “encouragement of a better utilisa-
tion of the industrial potential of policy in the areas of
innovation, research and technological develop-
ment.” Under no circumstances can it be the function
of government industrial policy to tell businesses
what road and direction to take for a necessary struc-
tural adjustment or to intervene in investment and in-
novation processes by means of subsidies and protec-
honist measures.

Community research and technology policy has al-
ways served other Community objectives as well. This
applies in particular to the policy for the promotion of
economic and social cohesion within the Community,
the so-called objective of cohesion. It aims to narrow
the gap between the R&D capacities of the various re-
glons in the Community.

Community activities in the area of promoting scienti-
fic and technical cooperation with non-EC countries
are also gaining more and more importance. Special-
ised programmes were opened up for participation of
third countries and measures were created for cooper-
ation with developing countries. The scheme for sup-
porting cooperation with Central and East European
countries initiated in 1992, involvement of the EC in
the International Science and Technology Centre in
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Moscow as well as the foundation of the International
Association for the Promotion of Cooperation with
Scientists from the Independent States of the Former
Soviet Union deserve a special mention. The Federal
Government supports these activities.

In late 1992, the ongoing Third Framework Pro-
gramme was upgraded considerably. It provides the
basis for the Community”s specific programmes for re-
search and technology promotion.

In its memorandum of February 1992 the Federal
GCovernment made proposals for the future an-
isation of the EC's research and technology policy,
some of which were included in the plans for the
Fourth Community Framework Programme in the
area of research and technological development (1994
to 1998). These proposals encompass

- greater focussing of specific programmes, and
within these programmes concentration of funds on
priority areas in order to increase efficiency,

— concentration on programmes for pre-compelitive
application-oriented research, including standardi-
sation and preventive research, which applies in
particular to environmental and medical research,
renewable sources of energy, as well as fusion and
safety research,

- integration of climate research based on the model
of fusion research, i.e. the leading climate research
centres are invited to develop, in cooperation with
the Commission, a homogeneous programme for
the entire EC which is to be based on a division of
labour,

- increased EC participation in EUREKA projects,

~ improved terms and conditions for the participation
of small and medium-sized enterprises in Commu-
nity programmes,

- decentralised administration of the Commission’s
programmes.

In view of the increased importance of EC research
promotion, the major self-government organisations
of German science are striving to gain a greater influence
on the conception and implementation of EC program-
mes. They are involved in a dialogue with the science or-
ganisations of other member states, with the EC Com-
mission as well as German government agencies.

Apart from direct EC promotion EUREKA is the most
important instrument for creating a European research
and technology community. With its large group of
participants, its flexible project-related approach and
its basic openness for the participation of third coun-
tries EUREKA is particularly instrumental to creating a
“greater Europe”. The Federal Government is endeav-
ouring to enhance the role of EUREKA by initiating
“flagship” projects in specific high-tech areas (cf.
Figure 1/5 as well az Part 11, section 9 and Part V, sec-
tion 1).
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3.2.2 Assistance for Central and East European
countries including the successor states
of the former Soviet Union

The revolutionary changes in Central and East Euro-
pean countries which obviously also affect their
science systems offer great opportunities for intensify-
ing scientific and technical cooperation. But at the
same time they entail the task for the research policies
of the Western states as well as of the EC and the inter-
national organisations to provide the necessary assist-
ance. Due to the political reform process of the past
few years cooperation with the countries in Central
and Eastern Europe has gained considerably in impor-
tance, but at the same time it has changed dramal-
ically. The Federal Government is pursuing three dif-
ferent, but basically interlinked objectives:

It is imperative to take advantage of existing knowl-
edge and resources and integrate them in European
and/or worldwide research cooperation. At the same
time the adjustment to democracy and a free market
system needs to be supported so that crises and the
loss of valuable research capacities can be prevented.
And finally, joint responsibility for ecology, the envi-
ronment and the safety of technological facilities ne-
cessitates increased scientific and technical coopera-
Hion especially in this area.

The change of political and economic systems has
Eiven individual researchers and institutes new free-
dom for transfrontier cooperation. After the collapse of
the communist system entire technology areas with a
high level of development, especially in the successor
states of the Soviet Union, have for the first time opened
up for international cooperation. In the space research
area there is the opportunity of cooperating with the
great Russian space research authorities at the Euro-
pean or even global level. The Federal Government
takes and supports initiatives designed to extend co-
operation in this and other areas. It is an important
goal to introduce researchers from Central and Eastern
Europe to cooperation within international research
networks. Stages of this process are the admission -
greatly supported by Germany - of Poland, Hungary
and the former CFSR to the EC-controlled European
Looperation in the Field of Scientific and Technical Re-
search, COST (1991), Hungary’s (1992) and Russia’s
(1993} accession to EUREKA and the opening of
EUREKA projects for participants from other Central
and East European countries. The Federal Government
also advocates the integration of Russian space re-
search into the major ESA programmes.

Problems do arise, however, which affect and partly
jeopardise scientific and technical cooperation. Due to
the economic situation and the necessary reorganising
and restructuring processes the partly excellent scien-
tific and technical potential is threatened with irrevers-
ible damage, especially by the exodus of qualified
scientists to non-scientific areas or other countries, The
states in the West are thus facing the task of support-
ing the inevitable restructuring of the research and
technelogy system in the Central gnd East European
countries including the successor states of the Soviet
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Union by word and deed as well as of making finan-
cial contributions during a difficult transitional period
in order to maintain efficient research and technology
potentials.

The Federal Government is meeting this challenge
with a host of measures which are realised within its
“Owerall concept for counselling on establishing de-
mocracy and social market economy in the states of
Central and Eastern Europe and the CIS". The activi-
ties in the area of research and technology comprise a
wide range of different individual measures. They are
complemented by schemes in the higher education
sector, where specific assistance is provided for reor-
ganising study courses and establishing Fachhoch-
schulen, as well as for student counselling and dis-
tance studies. There are also programmes for equip-
ping libraries at universities and academies as well as
a special programme of the German Research Founda-
tion for funding short visits of Central and East Euro-
pean scientists to Germany for research purposes. In
view of the economic crisis priority in the states suc-
ceeding the Soviet Union is given to maintaining and
supporting efficient research groups. In the advanced
reform states with relatively stable economic condi-
tions such as Poland, Hungary and the former CSFR
emphasis is more on providing advice and support in
restructuring the science system and the research in-
frastructure, especially with regard to the transfer of
scientific findings to industrial development and inno-
vative production. To check constantly the necessity
and effectiveness of these — temporary — measures in
the light of recent developments and in close coopera-
tion with those concerned will remain one of the most
important tasks of international research policy over
the next few years.

Supporting change in Central and Eastern Europe is
also a task of the international community and of inter-
national and supranational organisations. The EC is al-
ready facing up to this responsibility by organising
schemes to promote cooperation and provide technical
assistance. The OECD, too, is playing an important
role in advising these states on restructuring their na-
tional research and technology systems. It has already
admitted some of these countries = Poland, Hungary
and the former CSFR - as cooperation partners to its
Committee for Scientific and Technological Policy (cf.
Part V, section 1.3).

Preventing the transfer of knowledge that can be used
for military purposes constitutes a new challenge for
international research policy. It is essential that the gi-
gantic, hitherto largely secret military research poten-
tials of the former Soviet Union are integrated in peace-
ful research work. Very early the Federal Government
recognised the dangers arising from the uncontrolled
exodus of experts with know-how in the production of
weapons for mass destruction; together with others it
has therefore initiated the foundation of the “Interna-
tional Science and Technology Centre” in Moscow by
the EC, Japan, the USA and Russia, which is intended
to create new civil employment opportunities for the
experts in their own country. Through the EC the
Federal Government will continue to be actively in-
volved in the work of the Centre.
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3.2.3 Worldwide cooperation in high technology
and environmental research

Some of the current scientific and technological chal-
lenges are so complex that they can only be mastered
in worldwide cooperation, coordinating and pooling
all available intellectual and material resources irre-
spective of geographical or political borders. Since the
political blocs no longer exist, the conditions for this
cooperation seem to be as favourable as never before.
Intensifying worldwide cooperation will therefore be
one of the priorilies of the German international re-
search policy over the next few years. Major potentials
have been identified in particular in space research
(Space Station), fusion research (ITER/NET) and in
high-energy physics (especially at CERN) as well as
the need in these areas for sophisticated large-scale
equipment and technological infrastructure. It is in
particular the potential integration of Russia which is

opening up new perspectives.

Another great challenge for worldwide coordination
is research into global climate and environmental
changes, which can only be realised with the partici-
pation of all regions of the world. It is essential to build
up suitable research capacmr_-ﬂ. in the developing coun-
tries and integrate them in worldwide research. The
United Nations and its specialised agencies appear to
be most suitable for these coordination activities.

Cooperation among the major industrialised nations in
the sophisticated areas of molecular biology and neu-
robiology is stimulated by the Human Frontier Science
Programme (HFSP) which is based in Strasbourg and
run by a number of European countries in cooperation

with Japan and the USA.

3.2.4 Increased cooperation with developing
countries, especially newly industrialised
countries

The imperilment of the natural basis of continued ex-
istence on our planet, limited resources as well as pop-
ulation growth and poverty in the developing coun-
tries are more and more developing into great global
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problems which will become even more severe in the
future. Since they are directly interactive, all attempts
at solutions are being complicated even more.

The United Mations Conference on the Environment
and Development which took place in Rio de Janeiro
in June 1992 has made this abundantly clear; it called
upon the international community to make every ef-
fort to harmonise the requirements of economic
growth with the preservation of our natural recources.
To make a contribution towards this goal is the inten-
tion of the Federal Government's scientific and techni-
cal cooperation with developing countries; the main
partners in this cooperation are the newly industri-
alised countries.

In this particular type of international cooperation the
Federal Government is mainly guided by the follow-
ing considerations:

= Many research projects which are important for pre-
serving natural recources can only be carried out if
the necessary scientific work is also done in non-Eu-
ropean regions, especially in developing countries.
This applies, for example, to the use of solar energy
as well as to studies in the areas of tropical medicing
and the geosciences. But most important, climate re-
search and tropical ecology for preserving the re-
maining rain forests and their biological resources
are not possible without the involvement of those
countries in the Southern Hemisphere that are im-
mediately affected.

= Project-related cooperation is intended to strength-
en the scientific capability of the partners and to pre-
pare them for industrial cooperation through
the transfer of technology and know-how, thus pav-
ing the way towards a technology-driven future
that is in keeping with the possibilities of these
countries.

Scientific and technological cooperation with develop-
ing countries serves the primary objectives of the Fed-
eral Government’s foreign policy: to secure peace and
safeguard economic interests by establishing a close
partnership in research and development (cf. Part V,
section 3).

The United Nations Conference on the Environment
and Development (UNCED) held in Rio de Janeiro in
June 1992 initiated the worldwide reorientation of
ecological and economic development. The Rio
Declaration encompasses important principles of en-
vironmental and development policy, such as the
right of all countries to development while preserv-
m%lheir political and cultural identity, as well as the
obligation of countries to apply the polluter-pays
principle and the principle of preventive action and
to integrate environmental protection into all areas of
politics.

The impact of the UN Conference in Rio on research policy

Agenda 21, which was also adopted in Rio, is a de-
velopment and environmental policy action pro-
gramme for the next century which was jointly
drafted by the industrialised countries and the de-
veloping countries and defines a host of important
research and development tasks. The latter also ap-
plies to the Framework Convention on Climate

which was signed by 162 states and aims to
protect the Earth’s atmosphere and especially to sta-
bilize the atmospheric concentration of greenhouse
gases on a level where a dangerous man-made per-
turbation of the climate system can be prevented. To
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which facilitates the concentration of resources on pri-
orities and a more flexible and clearer definition of fo-
cal points. In Japan the broad-based consensus be-
tween government, science and industry on policy
questions is of special importance. The British sys-
tem is characterised by the marked tendency to leave
the funding of research and technology, with the ex-
ception of basic research, primarily to market forces.

4. Research and technology performance of
the Federal Republic of Germany

4.1 Parameters of an international comparison
of performance

In order to ensure a comprehensive and objective as-
sessment both of research results already achieved and
of future trends, businesses, science and research po-
licy must constantly improve and Expal'ld the informa-
tion bases for analysing the research and innovation
process.

The most common instrument, which is also interna-
tionally available, consists in indicators for measuring
the expenditure on research and development. In con-
trast, both the methodology and the availability of
data for indicators documenting intermediate or final
results of the innovation process, are much less devel-
oped, although considerable progress has been made
in this area since the mid-1980s, especially in Ger-
many.

To assess the German level of performance in research
and development parameters are analysed on the basis
of the following statistics:

— Publication statistics to identify activities in science
and research (basic research, strategic and applied
research);

- patent statistics to describe the international devel-
opment of pre-competitive, strategic and applied re-
search, if it deals specifically with technical and
hence potentially proprietary aspects;

~ trade statistics in the case of goods which strongly
depend on research and development, to measure
technological competitiveness.

This set of indicators is constantly developed further,
e.g. by the OECD or by the Fraunhofer Institut fiir Sy-
stemtechnik und Innovationsforschung (ISI; Fraun-
hofer Institute for System Engineering and Innovation
Studies),

4.2 Research performance according to publi-
cation statistics

The assessment of the research pf:ri:}rmnnﬁe of a coun-
try is based on two criteria:

-+
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= How many scientific papers are published to docu-
ment research results obtained? ('Supply’)

- How often are these results being used by way of ci-
tation? {"Demand”)

4.2.1 Number of scientific publications

Taking into consideration that the research systems
and national economies of the major OECD countries
differ considerably in size one realises that in terms of
the number of scientific publications per scientist Ger-
many among all West Eu an countries is only sur-
passed by the United Kingdom. The development of
the number of publications generated in Europe shows
that the less developed member states of the European
Community could register a strong growth in the
scientific area. While France, Germany and the United
Kingdom, which have the highest publication rates in
the EC, more or less remained at their previous levels,
Italy, the Netherlands and especially Spain have con-
siderably intensified their publishing acitivities in the
science sector.

The USA is still the uncontested leader. Japan has
caught up considerably in the science area (basic re-
search), but compared with the size of the country and
the number of scientists, it still has a sub-average
publication rate. A possible reason might be that so
Japanese research has clearly concentrated on applica-
tion-oriented development.

Figure 1/7 gives a breakdown ufscieniiﬁc, engineering
and medical research into nine major areas. Accord-
ingly, German energy research activities are clearly
above the global average. A strong focus on chemistry
(organic and inorganic chemistry, including materials
research) is characteristic of both East and West Ger-
many. The number of publications in information and
communication sciences as well as in physics, biotech-
nology and medical research in West Germany is close
to the world average.

In both the old and the new Linder, however, the
number of publications in engineering sciences, which
are considered the classical strong point of the German
education and training system, is below average. But
the picture may be distorted by the fact that German
publications in the engineering sciences often do not

find their way into ml:emahunal (i.e. English language)
databases.

A number of interesting international trends can be
identified: Between 1981 and 1990 the number of inter-
national scientific publications increased most in bio-
technology and applied microbiclogy (300 %). This ap-
plies to a lesser extent to a number of other molecular
biology and medical areas. Communication and com-
puter sciences are also characterised by a high level of
growth. Materials research ranks third among the ma-
jor areas.
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Germany largely followed this global trend in both
biotechnology and materials sciences, with the high
increments being particularly conspicuous in en-
vironmental sciences (only in the old Linder). In-
formation and communication sciences, however,
show a negative deviation from the global trend; the
level reached in the early 1980s was just about main-
tained.

4.2.2 Citations of German scientific publica-
tions

If one looks not only at the number of publications, but
also at the frequency with which they receive notice
fromy, and are cited by, other scientists — in other
words, the ‘demand’ for published research results -,
the statistics indicate that German research has gained
increasing importance in recent years. This is docu-
mented, for example, by the fact that the number of ci-
tations of German publications by the international re-
search community has recently surpassed that of UK
publications.

The detailed analysis of the number of citations from
publications from different countries by means of bib-
liometrical procedures shows that West German or-
ganic chemistry receives the highest degree of notice.
This also applies to medical research, biotechnology
and the food sciences. Publications in the areas of
energy research, inorganic chemistry including ma-
terials research, as well as research in the fields of
information and communication technology and phys-
ics are also cited with above-average frequency. Only
engineering sciences come put slightly below aver-
age.

The great attention enjoyed by West German research
in practically all areas is a phenomenon that has
emerged over the last few years. It implies that the
level of West German research performance, which
had been high anyway, has improved even further. In
the former GDR, however, scientists had to face the
problem of having to work in a closed isolated science
system and of being able to establish contact with the
international research community only under the
greatest difficulties. This is why their papers were
hardly published in international media. Although the
available database is therefore hardly validated, it can
be concluded that the former GDR performed
above average in medical research (which was not as
extensive) and especially in research in the areas of
food science and organic chemistry. Almost all other
research areas enjoved the usual measure of interna-
tional attention. Physics, however, comes out clearly
below average.

The increasing dependence of industrial innovative
strength on the availability of the latest scientific re-
sults leads to more and more cooperation between uni-
versities and businesses. In addition, cnmpnme-s inten-
sify certain basic-research activities in their in-house
laboratories. Quantitative meast ents show that the
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number of scientific publications based on industrial
research resulls is increasing, In qualitative terms, this
new pattern of cooperation is supported by the grow-
ing number of scientists from industrial laboratories
which have in recent vears been awarded the MNobel
Prize. In the further development of science and re-
search the Federal Republic of Germany can build on
strong foundations which have even improved over
the past few years.

Bibliometry

Although there is still a considerable med ﬂﬁ:li-:l:e-‘
search in this area and the harmonisation of the
arnalysed data sources requires a lot ljl.= m%,munt—
ing publications and citations y) never-
theless gives an idea of the research activities car-
ried out.

It is important to take into mnmdar&hmw}ﬂt]ﬂur-‘
nals scientists select for their publications. Some,
mainly American journals, are widely spread in
East and West, they are available in many libraries
andaremureuﬂenmndnndmtedﬂ‘maﬂm
mostly technical |numala published in the respec-
tive national cited e
are considered mternﬂtmrm]l renowned; the ﬁlm-
tributions accepted for publ:mﬁmb:f these journals
after reviewing are addressed to the international
peer community and hence more often mentioned
in the literature databases. The al,gmﬁmﬂ the
publication in terms of its quality, its contribu-
tion to science and the renown of the amhmgth&
authors) only becomes clear when the !
citation of an individual contribution is me easured
inst the other pa lished in the various
i'ég:med journals. Ft F:?i'uquﬁlahve measure from
which Hw. attention indicator of the research work
can be derived. L

Loility =yt

4.3 Dependence of technology on science

Technological development is increasingly based on
scientific results. An analysis of the dependence of
technology on science shows that the results of scienti-
fic research worldwide in the areas of genetic engineer-
ing, pharmacy and laser technology are those that are
used most intensively for product development (cf.
Figure 1/8).

They are followed, at a considerable distance, by a
number of technology areas which more or less belong
to the information technology sector. These are tele-
communications, microelectronic components, infor-
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mation storage and data processing, image transmis-
sion as well as metrology and sensor technology.
These modern technology areas which are exception-
ally dependent on science also comprise optics, sur-
face engineering, organic and inorganic chemistry in-
cluding new materials and superconduction, as well as
food technology. It is interesting that also from the
competitive point of view these areas, which were se-
lected from a patent statistics series, are often referred
to as industrial sectors with a “strategic” importance
for the national economy.

Studies of the correlation between the dependence on
science and the increase in the number of patents in
the individual sectors have shown that the number of
patents, which obviously claim to put a development
to industrial use (see section 4.4), rises as the utilisation
of scientific results increases. Or, seen the other way
round: Those technical areas which in the 19805 had
the highest increase worldwide in the number of pat-
ents depend more on science than others.

This does not mean, however, that national develop-
ment activities all focus on the science-dependent
areas of technology to the same extent. The major
industrialised countries have clearly set different pri-
orities. An international’ structural survey shows that
the USA and Japan are more active in the science-de-
pendent technology areas than the Europeans. Com-
pared with the global average the Federal Republic of
Germany in particular has an outstanding national
structural characteristic: Unlike other nations it is less
oriented towards knowledge-based sectors, a fact
which might be attributable, among other things, to
the firm roots that mechanical engineering with all its
modern varieties, automotive engineering and the
rather traditional subject of chemistry have in Ger-
many.

This attitude of German enterprises should not a priori
be considered negative. The specific strategy pursued
in Germany in the past was to seek economic success
in areas offering a greater innovation potential. Ne-
vertheless, there is cause for concern when one consid-
ers that in Germany over the last ten years, against
the global trend, the reorientation of innovation-
driven activities towards areas requiring strong scien-
tific support did not progress to the same extent as in
important pariner states. The areas that are particu-
larly affected are food technology, organic and inor-
ganic chemistry, as well as microelectronics and data
processing. Microelectronics also lost its -favourable
position which is reflected in the low number of patent
applications and a poor ranking in international trade
(cf. section 4.4).

It must be borne in mind that Germany’s present fa-
vourable competitive position in international markets
for technological goods is based on the achievements
of earlier years. It is therefore not the lower level of in-
volvement in today’s science-dependent technologies,
but rather the unfavourable trend of our time that
gives cause for concern. The data show that this ap-
plies in particular to information technelogy which is
based on microelectronics. g
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Measuring the dependence on science

In order to determine statistically the dm&
on science of a technological area, the

patent offices, when examining patent applications,
have to check up on the prior state of the art. This is
usually described in earlier patent documents. If
necessary, the patent examiners resort to. scientific
literature and list app references. The :&e—*
quency of such references to scientific ll.'lﬂaha.rein

patents provides an indication of the de ]
on science of the invention in hand a mabhﬁ

appropriate indicators to be derived. !

4.4 Level of technological performance

Every year the BMFT reports on Germany’s position in
the international technology markets. In addition to a
large number of other sources, international trade sta-
tistics (cf. section 4.5) and the trend of patent applica-
tions are evaluated.

The general trend of the technological potential as de-
termined by methods of patent statistics (cf. Figure
1/9) confirms the position of the three blocks of North
America, Europe and South-East Asia which today are
considered to be on an equal footing. As far as the level
of technological performance measured in patents is
concerned — and in contrast to its position in scientific
research = Japan as an individual country matches
both the European Community and the USA.

An international comparison shows that in terms of
patent intensity (ratio of the number of patents to the
number of wage and salary earners) Japan is holding
the top position among the G7 countries, fo
Germany (including East Germany) and the USA. Ger-
many's relatively high ranking is based on a strong
patent position, even in the less R&D-intensive area,
since there is no high level of specialisation in R&D-in-
tensive inventions.

Ré&D-intensive goods sy "'!'
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This goes to show that within the group of R&D-inten-
sive products the Federal Republic of Germany - also
after unification - is mainly specialising in advanced
technologies. Regarding high technologies, however,
the balance is slightly negative. This specialisation in
advanced technology products, which are much more
important in terms of sales volume than high-tech
goods, is shared by Japan. This clearly shows that also
for the united Germany Japan will remain the main
competitor in the world market.

With 25 %, machines had the largest export share in
R&D-intensive products, followed by passenger cars
(almost 20 %), chemical products (17 %) and electrical
goods (12 %). In imports, passenger cars represent the
largest individual item, with 18 %, followed by chemi-
cal products (14 %), electrical goods and machines
(about 12 % each) as well as aircraft and spacecraft
{a good 11 %). It has to be borne in mind, though, that
in the last category parts and components for Airbus
assembly have to cross national borders several times.

Even in the united Germany specialisation in high
technologies is mostly below average. This is due,
among other factors, to the unfavourable export/im-
port ratio in the relatively important aircraft sector and
in the industries based on microelectronics. Most other
high-tech product groups are characterised by above-
average German specialisation. These include all chem-
ical high-tech products including biotechnology pro-
ducts, as well as electrical high-tech goods, optical in-
struments, measuring and control technology and
power plants.

In the group of advanced technology products pan-
German specialisation is less pronounced than was the
case in former West Germany, due to the above-aver-
age rise in imports, but negative figures are still ex-
ceptional. In some areas unification even seems to
have contributed to improving the position. This ap-
plies to almost all chemical products based on ad-
vanced technology where in 1991 the new Linder ex-
ported above-average quantities of Ré&D-intensive
chemical goods, compared with the total of manu-
factured products, but imported only an average
amount of these articles. Also the producers of metal
working machines, power distribution equipment and
high-performance ceramics in the new Lander show a
positive specialisation.

In several areas (e.g. automotive industry) specialisa-
tion is still positive, but less marked than in former
West Germany. In more consumption-oriented areas
most of this effect can certainly be ascribed to the re-
orientation of trade towards the new Linder as well as
to increased imports. In statistical terms, this reorienta-
tion of trade and German unification have caused a
‘structural disruption’ whose consequences cannot yet
be assessed. But in view of the gain of additional ex-
port capacities in the new Lander and the still weak
demand for capital goods there in 1991, one would
have expected improved specialisation levels in the ca-
pital goods sector,

German Ré&D-intensive industry not only has a large
number of strong points in advanced technologies, but
also some weak points. As in high technology, these
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can be identified especially in the areas of microelec-
tronics, power distribution equipment as well as in
photo/ optics.

4.5.2 Position of the new Liander

In 1991, 25 % of all exports of R&D-intensive in-
dustries came from the new Lander. This level has
dropped considerably, compared with the previous
Vear.

In 1991, total exports of R&D-intensive goods by
companies based in the new Linder fell by almost
60 %, compared with the previous year. This setback
is almost exclusively due to the fact that Eastern
markets ceased to exist and new markets could not be
opened up to compensate for this loss, due to the still
existing competitive disadvantages vis-a-vis Western
competitors. Particularly dramatic drops in export
were registered in photo/optics, motor vehicles, com-
munications engineering, “Other electrical appliances
etc.” as well as business machines/data processing.

In 1991, the export of R&D-intensive goods from the
new Linder comprised above-average confributions
by the manufacturers of rail vehicles, ships as well as
aircraft and spacecraft, inorganic chemistry products,
medical and pharmaceutical products, special industry
machinery and metal working machines. With the ex-
ception of special industry machinery, pan-German
specialisation levels in these industries in 1991 were
more favourable than the corresponding figures for
former West Germany in 1990, In 1991, industry in the
new Linder hardly contributed towards the export of
motor vehicles, especially passenger cars.

4.5.3 Position of the old Linder

In value terms, industrial exports by the old Linder of
Ré&D-intensive products remained more or less at the
1990 level. But structural shifts can be identified within
the export pattern. Increments attained in the areas of
rail vehicles, aircraft and spacecraft, medical and phar-
maceutical products as well as “Other electrical appli-
ances ete.” were higkmr than the average. Export rates
were clearly lower in most product areas of the chemi-

cal industry as well as for special industry machinery
and motor vehicles. The specialisation levels for motor
vehicles are again clearly below the figures of the pre-
vious year, which today can certainly no longer be ex-
plained alone by the redirection of potential exports to
the new Linder.

4.5.4 Long-term trends in German trade with
technology-intensive goods

There are some important structural developments
which need to be pointed out with regard to both the
German trade position concerning manufactured
goods as a whole and the trade with Ré&D-intensive
goods (cf. Figure 1/11):
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Introduction

Quantitative indicators have turned out to be useful
instruments for describing the research sector. Science
and technology indicators still have a high value in as-
sessing the level of performance of scientific research
and the competitiveness of a country. It is in particular
the informative value and the international compara-
bility of the data which are of interest to research pol-
icy. The agreements resulting from the work of the
Organisation for Economic Cooperation and Develop-
ment (OECD) in particular have helped improve the
methodological validation of the data and make them
more reliable and up-to-date.

This report deals with both traditional input statistics,
which relate basically to financial and human re-
sources and which are the prime focus of attention in
this report, and with output or impact statistics, which
are designed to provide information on the efficiency
of research and research policy.

At the national and international levels, the Federal
Government supports the development of methodology
related to science and technology indicators. Improved
tools of research statistics perrnit extended and detailed
reporting on research and will thus contribute to objec-
tive information and debate on science and research.

1. Expenditure on science

In 1990, the last year for which actual figures are avail-
able for all sectors - all related to former West Ger-
many -, the expenditure of the Federal Republic of
Germany on science amounted to DM 83.3 billion. This
is a rise of 5.0 % over 1989 (DM 79.3 billion) and 67.6 %
over 1981 (DM 49.7 billion) and correspornds to a mean
annual rate of increase of 5.9 %.

Resources for science, research and development

According to the data available for 1991 and 1992,
which relate to the united Germany and are in part still
based on estimates, science expenditure in those
reached almost DM 100 billion; at DM 99.4 billion in
1992 it is up 5.3 % on 1991 (DM 94.4 billion).

The increment between 1990 and 1991 is 13.3 %; it is
estimated that less than half of this increase can be at-
tributed to German unification (cf. Table IT/T).

The share of science expenditure in 1991 and 1992 in the
gross national product is still 3.3 %, in 1981 it was 3.2 %.
Im the 1980s, this indicator peaked at 3.6 % in 1987,

Scigice expenditure comprises not only funds for re-
search and experimental development, but also re-
sources for scientific teaching and training as well as
for other related scientific and technological activities.

Compared with previous reports, it has to be taken
into consideration that the concept of science expendi-
ture has been modified: The science expenditure (net
expenditure) of the Linder which is mostly channelled
to universities was reduced by direct Linder revenues
(in particular revenues from patient care in hospitals)
in order to eliminate the highly distorting influence of
expenditure on patient care at university hospitals.

Compared with previous reports, there is a clear shift
in the level of science expenditure by the Federal Re-
public of Germany as a result of the new concept
which was applied to the entire period under review
(downward shift: e.g. by DM 10 billion in 1987). This
change of concept also affects the financing structure
of science expenditure.

The contribution by public authorities to financing the
science expenditure of the Federal Eepublic of Germany
in 1990 amounted to 482 % (actual), that of industry
was 31.8 %. This ratio was reversed during 1991 and
1992. In 1992, the contribution by public authorities was

Table I1/1
Science expenditure of the Federal Republic of Germany by financing sources®)
o L

1431 15983 1980 1580 1541 1992
1. Public authorities ......c.uemimmsssuies P 54.8 53.2 47.3 482 50.5 51.6
1.1 Federal Government (including ERP) ... 238 2349 20.5 209 211 21.4
1.2 Lander and local governments ') ........ 30.1 28.0 24.8 252 275 284
of which new Linder (without East Berlin)) - - - - 35 39
1.3 Private Non-Profit organisations ........ 0.9 1.3 2.0 22 19 1.8
A b T i P e T 45.2 d6.8 B2iT 51.8 495 48.4
TOERL e 2 sk TN i 1000 100.0 100.0 100.0 100.0 100.0

2,50 0| (O PRI S s B 49705 55372 79333 83312 94360 99,398

*) Up to and including 1990 former West Germany, from 1991 onwards the whole of Germany,
'} In conirast to previous publications, science expenditure of the Linder is no longer based on net expenditure, but on “basic funds”™ which
are left after deduction of direct receipts {uﬁpeciall:,- Lander revenues from patient care in university hospitals),

source: BMFT
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51.6 %, that of industry 48.4 %. The causes underlying
this change are the growth rate of industry’s science ex-
penditure, which was lower than in previous years, and
the sharp increase in the science expenditure by the
Federal Government (in particular due to additional
spending related to building up the pan-German re-
search sector) and by the Linder (especially due to the
corresponding expenditure by the new Linder).

As a result, the share of industry which had been in-
creasing up to 1989 (52.7 %) is declining again for the
first time and that of public authorities, which in 1989
reached its lowest level in this decade at 47.3 %, has be-
gun to increase again. In 1981 the respective shares
were 54.8 % (public authorities) and 45.2 % (industry).

While the Federal Government's science expenditure
is mainly channelled into the non-university sector, the
better part of the Linder expenditure benefits the
higher education sector. It is especially in connection
with building up the research sector in the new Linder
that the share of the Federal Government’s science ex-
penditure which is appropriated to higher education
institutions and which gained in importance already in
the 1980s, increased substantially (cf. section 4). A de-
tailed description of the flow of funds and the inter-
linkages between the individual sectors is provided in
the following sections.

2. Expenditure on research and development

From 1981 to 1989, the last vear for which actual data
are available for all sectors, the expenditure of the Fed-
eral Republic of Germany on research and develop-
ment (R&D) (total research budget) rose from DM 39.9
billion to DM 66.1 billion. According to data that are in
part still provisional the 1990 R&D expenditure of for-
mer West Germany reached a level of DM 69.2 billion
(up 4.7 % on 1989).

In the period under review, the total research budget
of the Federal Republic of Germany rose by 73.7 % in
nominal terms. When applying GNP deflators, this
corresponds to a real growth of 35.8 .

The mean annual growth rate thus amounts to 6.3 % in
nominal terms and 3.5 % in real terms.

The 1991 total research budget which now covers the
whole of Germany is estimated at DM 77.3 billion.
When looking at the rate of change of 11.6 % from 1990
to 1991, the territorial changes in Germany need to be
taken into account as well. According to early esti-
mates, Ré&D expenditure for 1992 amounts to DM 80.7
billion; this corresponds to an increase of 4.4 % over
1991. Over the entire period under review, 1981 to 1992,
the total research budget of the Federal Republic of Ger-
many has slightly more than doubled (cf. Table I1,/2).

The structure of the research budget in terms of the
contributions made by individual sectors to funding
and performing research and development is shown in
Tables 11/2 and 11/3 as well as in Figures 11/1 and 11/2
(for interlinkage of funding cf. Figure I1,/3).

The change in the research budget and its structure in
terms of funding and performing sectors in the years
from 1989 to 1992 is a result of the restructuring of the
research sector in Germany, which was started imme-
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diately after unification in late 1990. Consequently, the
government increased its funds substantially, espe-
cially in 1991, and again in 1992. But while the Federal
and Linder governments increased their R&D expen-
diture at an above-average rate compared with earlier
years, the dynamism of expenditure growth in the in-
dustrial sector (also in the old Linder) slackened.

It is important to note that the process of restructuring
the research scene differs in the various R&D-perform-
ing sectors. In 1992, the process of building up the non-
university sector was largely completed, the estab-
lishment of the higher education sector was completed
at least in part. Restructuring the industrial sector in
the new Léander has turned out to be more difficult and
protracted than expected. In 1992 this process was char-
acterised by opposite developments: Although there
was an increasing number of new R&D-performing
companies — some of which had been hived off from
existing organisations =, the total number of R&D per-
sonnel and hence Ré&DD capacities continued to decline,
because many companies which so far had been active
in R&D either hived off or closed down their R&D de-
partments. These very different situations in the per-
forming sectors have greatly influenced the structure
of the research budget. In conjunction with the weak-
ening dynamism of industry in the old Lander it has
brought about a considerable structural change.

The greater part of Germany's R&D expenditure is fi-
nanced by industry. Its contribution, which bebween
1981 and 1989 had risen from 55.4 % to 62.3 %, de-
clined - according to the data available — over the last
years under review; it drop from 61.4 % in 1990 to
59.6 % in 1991. For 1992, it is estimated at 58.9 9. Two
factors have contributed to this development. On the
one hand, the increases in funds declined, which had
been characteristic of the R&D expenditure by in-
dustry in former West Germany and which until 1989
had been above average with double-digit increase
rates for both the total research budget and the gross
national product. On the other hand, the Federal and
Linder governments had increased their R&D ex-
penditure over the last three years at an above-average
rate, in particular by providing funds for establishing a
pan-German research sector.

German industry stepped up its R&D expenditure be-
bween 1989 (former West Germany) and 1991 (Ger-
many) by a total of 11.8 % (over the same period - and
also considering unification — the gross national prod-
uct rose by 25.7 %). In comparison, the total R&D ex-
penditure of the Federal Government (+ 20.7 %) and of
the (old and new) Linder (+ 32.6 %) rose at an above-
average rate. The data for 1992 which are still of a pro-
visional nature seem to confirm this trend: The R&D
expenditure by industry rose by 3.2 % over 1991, that
of the Federal and Linder governments by 5.6 % and
7.0 %, respectively.

Even with the changed structure of the research
budget, private non-profit institutions and the “Abroad”
sector could maintain or even slightly increase their
contributions. The contribution by private non-profit
institutions has been an unchanged 0.5 % since 1989,
while the contribution from abroad which was 2.2 % in
1989 is now 2.4 % (1992). Foreign R&D expenditure
contributing to the total research budget includes in
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has undertaken to make to international research and
development. The Ré&D funds spent by German com-
panies abroad are also included here. The share of the
sector “Abroad™ was 3.8 % in 1992, in 1989 it was 3.3 %.

When R&D performed by domestic sectors alone is
expressed as a percentage of the gross domestic prod-
uct (GDP: the total value of goods and services pro-
duced in Germany), it becomes apparent that also this
ratio — like the one related to GNP - has decreased
considerably over the last few years under review: It
fell from 2.87 % in 1989 to 2.66 % in 1991 and 2.58 % in
1992 (cf. Table I1/3).

3. Personnel engaged in research and develop-
ment

The personnel engaged in research and development
constitutes an important indicator for characterising
the structure and development of the research poten-
tial of a country. Comparable and informative data are
available for former West Germany covering the years
from 1981 to 1991, For the new Lander and East Berlin
there are only the 1991 results. Since the surveys un-
derlving the Ré&D statistics were introduced in the new
Linder only recently, there are still considerable differ-
ences between the data of the new Linder and those of
the old Linder in terms of completeness and reliabil-
ity. It should also be borne in mind that due to the re-
structured research scene the new Linder data for
19491 are not very informative. It is expected that it will
not be possible betore 1993 to provide a well-founded
quantification of R&D personnel. For 1992, a tentative
estimate was made of the research personnel working
in the whole of Germany (cf. Figure I1/4).

In 1989, the last year for which final data are available
for all sectors, the B&D personnel in the Federal Repub-
lic of Germany (former West Germany) comprised a
total of 426,446 persons (full-time equivalent). Of
these, 176402 (414 %) were researchers, 120326
(28.2 %) were technical staff and 129,718 (304 %) were
other supporting staff. According to provisional data,
424 546 persons were working in research and devel-
opment in former West Germany in 1991. While from
1983 to 1987 the mean annual rate of increase in R&D
personnel was still just under 4 %, this figure dropped
below 1 % in the two following years. Compared with
1989, there was a decline of 0.4 % in 1991.

This stagnating trend which applies to all research per-
sonnel is the result of different and partly opposite de-
velopments of the groups of researchers, technical staff
and other supporting staff which together make up the
Ré&D personnel. In the 1980s the number of researchers
rose continuously at a mean annual rate of 4 %; this in-
crease has always been greater than that of total R&D
personnel. The decline of the latter by almost 2,000
persons in 1991, as compared with 1989, compares
with an increase in the number of researchers by about
14,500; this corresponds to a rise of 8 %. Up to 1987, the
technical staff also had positive growth rates which,

however, were lower than that of the group of re-
searchers. In 1989, the headeount of the technical staff
had dropped by 2,000 persons. Acéording to the 1991
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data for technical and other supporting staff, there was
a decline by at least 15,500 persons in both groups
taken together, as compared with 1989, so that it can
be assumed that this negative trend affecting technical
R&D personnel is continuing beyond 1989. In the
period under review, the development of the number
of other supporting staff was not ho us: In
1983 (121,701) there was a slight decline, compared
with 1981 (123,006), followed in the years up to 1987
by an increase to 131,134 persons (up 7.8 % on 1983)

and again a decrease in 1989,

Due to these differences in development between the
group of researchers and the other two groups of per-
sonnel the structural composition of Ré&D lin
1991 diverges considerably from that in 1981: While
the proportion of researchers rose from 36.4 % in 1981
to 41.4 % in 1989 and the corresponding figure for the
technical staff remained more or less constant, the per-
centage of other supporting staff fell from 34.9 % to
30.4 % over the same period.

In keeping with financial R&D resources industry has
by far the greatest proportion of total R&D personnel
in Germany. The share of industrial R&D personnel in
total German R&D manpower rose continuously in the
peried under review, starting at a level of 68.7 % in
1981 and peaking at 70.5 % in 1987. In 1991, the
percentage dropped to 67.7 %, due to the only slight
inerease in industrial R&D 1 in the years from
1987 to 1989 (+ 1,200 persons) as well as the decrease
by about 9,000 persons in the following two years.

The data available for the groups of researchers, tech-
nical and other supporting staff in industry demon-
strate that the described structural change in the com-
position of total R&D manpower in Germany is prima-
rily attributable to corresponding developments in the
industrial sector: The number of researchers in indus-
try went up in the 1980s from 77,017 (1981) to 121,400
(1991), in absolute terms. This corresponds to a mean
annual rate of increase of 4.7 %. The share of re-
searchers in the total research personnel of the in-
dustrial sector thus rose from 31.7 % in 1981 to 42.3 %
in 1991. In the groups of technical and other support-
ing staff there were moderate increases in numbers up
to 1987, followed by an equally moderate decrease in
1989 (- 5,000) and a substantial reduction by about
17,300 people in the period until 1991. The percentages
for both groups in 1989 were 29.7 %% compared with
30.1 % in 1981 (technical staff), and 32.1 % compared
with 38.1 % in 1981 (other supporting staff).

In 1991, the higher education sector accounted for 17.9
% of total research personnel in Germany. While this
percentage varied only slightly around an average of
163 % in the period from 1981 to 1989 (maximum
1983: 16.7 %; minimum 1985: 15.9 %), R&D personnel
grew in the following two years by more than 6,000 to
76,000 persons in 1991 (up 9.1 % on 1989). This raised
the share to 17.9 %, while corresponding figures in the
industrial sector decreased at the same time. Also in
the higher education sector the increase rates for the
group of researchers is clearly higher than those of
other personnel. The numbers of technical and other
supporting personnel in the higher education sector -
unlike the industrial sector and all sectors together -






Partll

increased (slightly) until 1991. There have been no
structural changes in the higher education sector in the
period under review. During those years the propor-
tion of researchers only increased by two percentage
points from about 55 % (1981) to 57 % (1991).

During the 1980s there were hardly any changes in the
government sector’s share in total R&D personnel: The
1991 share amounted to 13.9 %, compared with 13.6 %
in 1989 and 12.9 % in 1987. The development of R&D
personnel in this sector, however, is characterised by
steadily growing rates of increase up to the year 1989:
Between 1981 and 1983 R&D personnel grew hy 14 %,
the corresponding percentages for the following years
(two-year intervals) were 3.6 %, 4.9 % and 6.6 %. The
relatively high increase rate in 1989 compared with
1957 is in part atiributable to extended coverage of the
survey. In the period from 1989 to 1991, there was only
a moderate increase by 1.6 % to 58,805 persons.

Alsp in this sector the share of researchers in total R&D
personnel rose steadily, but less markedly than in the
industrial sector: In 1981 it amounted to 36.1 %, in 1991
to 42.6 %. This increase was accompanied by equally
large losses in the two other personnel groups. From
1981 to 1989, the percentage of techinical staff dropped
from 33.1 % to 31.3 %, that of other supporting staff
from 30.8 % to 28.8 %.

[nformation on the number of women is also available
for the government and higher education sectors; at
least for the group of researchers, the data are complete.
From 1981 to 19491, the number of female researchers in
the higher education sector almost doubled (+ 95 %). In
1981, their share in the group of researchers was about
11 % and has now risen to just under 16 %. The corre-
sponding rate of increase in the government sector is
much lower (+ 64 %), In 1981, the percentage of female
researchers there was 13.6 %, and in 1991 - as in the
higher education sector - it was slightly below 16 %.

As mentioned previously, the number of R&D person-
nel in the new Linder is largely based on early estima-
tes. Compared with provisional or estimated data for
1941 for the corresponding sectors in former West Ger-
many, those figures involve much greater uncertain-
ties so that their comparability is limited.

As early as 1990, a considerable reduction in research
personnel set in in the industrial sector of the new Lin-
der which continued, undiminished, in 1991. Also in
1992 there was a decline in research personnel, al-
though the process has clearly slowed down. This is ap-
parently the result of the establishment of new R&D-
perfurming companies; another contributing factor is
probably that Ré&D-performing units were hived off
from their parent companies into independent opera-
tions. In 1991, the numbers of research personnel de-
clined by one third: At the beginning of the year there
were shill 40,000 working in research and develop-
ment, by the end of the year this figure had dropped to
27,000 so that the annual mean was 34,560 persons.
The figure expected for the end of 1992 was just under
24,000 persons (full-time equivalent).

Based on the survey of full-time upiversity personnel
for 1991, the estimated number of R&D personnel
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working in the higher education sector of the new
Lander is 18,800 (full-time equivalent). In view of the
recrganisation of the research sector in the new Lin-
der and especially the restructuring of higher educa-
tion institutions it should be noted that, depending on
department, university or Land, the number of per-
sons actually available for R&D in higher education
institutions may vary considerably so that these data
are nothing more than a first approximation. It is ex-
pecled that as a result of the ongoing restructuring
process in 1992, the basic data for university Ré&D per-
sonnel will change.

The restructuring process of the non-university sector
(research institutions that are completely or predomi-
nantly government-funded) — unlike that of the higher
education sector — may be considered almost com-
pleted by 1992, Almost all institutions in this sector
were founded on January 1, 1992 (cf. Part I, section 2.
The data available for 1991 therefore relate mainly to
research institutions of the former Academies of the
GDR which receive transitional funding from the Fed-
eral and Lander governments and which, according to
Article 38 of the Treaty on German Unity, ceased to
exist on December 31, 1991, Differentiated data based
on standard surveys are not yet available for 1992, For
this sector, as for the other sectors, the 1992 data were
tentatively estimated on the basis of data for the united
Germany (cf. Figure I1/4).

In order to gather early information on the structure of
the non-university sector in the new Linder, a special
survey was conducted which focussed in particular on
the regional breakdown of the total staff working at
federally financed science institutions. This survey also
included the scientific institutions in the old Linder.

It should be noted in this context that in recent years
regional aspects clearly increased in importance in the
assessment of research resources. Accordingly, there is
a growing need for regional breakdowns of the finan-
cial and human resources for science and Ré&D. Such
presentations are highly sophisticated in statistical
and methodological terms; they require data that
are broken down to great detail. The corresponding
statistical presentations of former West Germany in
this report were enlarged considerably: For the first
time data on Ré&D personnel are broken down by Lan-
der. Since regional information is usually re to ac-
tual data alone, only data for 1990 and hence for the
old Linder and West Berlin are available on the basis
of regularly prepared R&D statistics. In order to Eam
some early information on the regional structure of the
research scene in the new Linder as well, a special sur-
vey was conducted for 1992 and 1993 covering the re-
gional breakdown of total expenditure and total per-
sonnel of all research institutions jointly funded by the
Federal and Linder governments pursuant to Article
91b of the Basic Law (i.e. MPG, . hational research

cenlres and Blue List institutions), as well as of federal -

science institutions performing research functions.
This report thus covers the better part of the non-uni-
versity sector. Not included were only the Linder re-
search institutions and private research institutions
funded predominantly neither by industry nor by the
government; their share in the personnel of the non-

university sector is rather low, anyway.
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eral Governments’s budget draft for 1993, the same
amount, i.e. about DM 18 billion will be appropriated
to Ré&D. Over the period from 1982 to 1991 the Federal
Government raised its R&D expenditure by about
46 % which corresponds to a mean annual rate of in-
crease of 4.3 %, The increase over 1981 amounts to
62.5 % (in this approach the basic effect of the 1982
supplementary budget is neglected). Here the mean
annual rate of increase is exactly 5 %.

The development of the Federal Government's re-
search and development expenditure in the period
from 1990 to 1993 is considerably influenced by the re-
construction process in the new Lander which aims to
create a homogeneous German research sector. In
1990, in the run-up to German unification and shortly
after its completion, only very few R&D funds or none
at all went to recipients in the new Linder and in East
Berlin. But in 1991 as much as DM 1.4 billion, i.e. 8.3 %
of federal Ré&D expenditure, were channelled to East
Germany. This amount does not include funds indi-
rectly benefiting the restructuring of the research
sector. According to the budget data available for 1992,
Ré&D funds designed to serve building up a research
structure in the new Linder will again increase
sharply over 1991. But reliable information will only
be available after the survey results of all government
departments relating to actual 1992 R&D expenditure
have been submitted. The stagnation of federal R&D
expenditure suggested by the data of the government
draft for 1993 is the result of opposite developments in
some areas: On the one hand, there is a decline in R&D
expenditure under the item of General Finance
Administration (departmental budget 60), mainly be-
cause financial assistance that had been granted since
1989 to (old) Linder with weak structures (Law on the
Improvement of Regional Economic Structures) pur-
suant to Article 104a para 4 of the Basic Law is being
phased out. Of this financial assistance DM 190 million
had been targeted for research and development in
1992. On the other hand, major cuts are to be expected
in the R&D expenditure by the Federal Ministry of
Economics = mainly in the research area “ Aeronautical
research” — and by the Federal Ministry of Defence.

There are sizeable increases, however, in the R&D ex-
penditure by the Federal Ministries for Research and
Technology and of Education and Science. When inter-
preting this development, it should be taken into con-
sideration that the large number of schemes and pro-
es in the years 1991 and 1992, which were de-
voted to building up a pan-German research sector,
created a certain basic effect in many areas which is re-
flected in the change of expenditure in 1993 compared
with 1992, With regard to financial assistance by the
Federal Government according to the Law on the Im-
provement of Regional Economic Structures it should
be noted that the Linder do not seem to have taken
full advantage of the funds appropriated in the period
from 1989 to 1992, thus reducing the funds provision-
ally earmarked for this purpose; but by the same
token, actual expenditure will arise in 1993 as well.

The shares held by the various government depart-
ments in federal R&D expenditure differ widely. In ad-
dition to the Federal Ministry for Research and Tech-
nology (BMFT) which accounts for about half of the

funds, the Federal Ministries of Defence (BMVg), of
Ecomomics (BMWi) and of Education and Science
(BMBW) receive major shares. Between 85 % to 90 % of
the total federal R&D expenditure is accounted for by
these four ministries; the shares of other ministries
have shown an upward tendency. For the years from
1989 onwards departmental budget 60 (General Fi-
nance Adminstration) will be extremely important, be-
cause it contains the funds for structural assistance for
the old Lander as well as the resources for universities
and research and for projects of industry-related re-
search institutions, alIPappmpﬁated in the light of
German unification (cf. Table [1/4 and Figure 11/5). It
should be pointed out that the share of the BMVg has
been decreasing substantially since 1991. In contrast,
both the share of the BMBW and the shares of the other
government departments have gone up, especially in
connection with the development of the research
sector in the new Linder. In 1991, the BMFT had the
lowest share, at 49 %, in the federal R&D expenditure
over time, as a result of structural changes. It should be
noted that funds for the transitional financing of the
Academy of Sciences of the former GDR are not appro-
priated in the BMFT budget, but in departmental
budget 60 (General Finance Administration). As the
new research institutions to be set up will be under
BMFT jurisdiction, the BMFT share in federal RED ex-
penditure will again be considerably higher than 50 %
from 1992 onwards.

Table 11/5 shows federal expenditure - irrespective of
the ministry providing the funds — broken down by re-
search themes according to the Federal Government's
R&D planning system. Expenditure is assigned to pro-
motion areas and promotion priorities; for the BMFT
this is done at project level and for the other gov-
ernment departments at budget item level. Departing
from this pattern are some separate promotion priori-
ties which are grouped to form a single promotion
area. Included in this grouping are basic funding of the
German Research Foundation (DFG), the Max Planck
Society (MPG) and the Fraunhofer Society (Fhi:) as
well as the funds allocated to the expansion and con-
struction of higher education institutions and — in 1991
— transitional funding of the Academy of Sciences of
the former GDR (promotion area Ad). Based on the na-
tional research centres’ research activities, federal in-
stitutional funding of the centres is assigned to the var-
ious promotion areas and priorities according to the
Federal Government's R&D planning sytem.

Among the civil promotion areas the largest share
(15.2 %) in federal R&D expenditure in actual 1991 fi-
gures is held by the promotion area “Supporting organ-
isations; restructuring of research in the new Lander;
expansion and construction of universities”. In 1990,
this percentage was 11.2 %; the target for 1992 is
14.9 %, which is only slightly below the 1991 level.
Elements causing this increase in expenditure are the
funds earmarked for the Special University Program-
mes for the old Linder and for financing research and
universities in the new Linder and East Berlin as well
as, in particular in 1991, resources for transitional
funding of the Academy of Sciences of the former GDR
for which a separate promotion priority was defined.
Second place is held by the promotion area “Space re-
search and space technology” with a share of 9.2 %,
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Figure 11 /6 (cf. Table 11/7 and 8)

R&D expenditure of the Federal Government and the BMFT
- 1982 to 1993 profile (DM millian) -
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terms before 1994 (with a distinction being made be-
tween the subjects addressed by the centres).

Other non-profit scientific institutions whose share
more than doubled in 1991, compared with 1990, en-
joyed the largest relative increase. The funds for the
transiticnal financing of the Academy of Sciences, Aca-
demy of Agricultural Sciences and Building Academy
of the former GDR were almost totally allocated to this
group of recipients. Still provisional and partly esti-
mated, this breakdown of expenditure by recipient
groups as budgeted for 1992 suggests that even after
the research restructuring process has been completed
a large number of institutions in the new Liinder will
still be in this group (cf. Table I1,/9).

Also the recipient group “Abroad” enjoyed a substan-
tial increase over the past few years. Its share rose
from 7.3 % in 1982 to 10.7 % in 1991 and will continue
to inerease in 1992 (ef. Table [1,/9).

A breakdown of the recipient group “Industry” by in-
dustrial sectors shows that, with a share of 78.1 %
(1991), the companies in the manufacturing industry
(without building induskry) received by far the highest
percentage of federal funds. Within this branch of in-
dustry expenditure focussed on “Steel construction,
mechanical engineering and vehicle construction” and
“Electrical engi i fine mechanics and optics”
which t-::rgethegruﬁmar:mun&ted for about 70 % of fe]i:lieral
Ré&D expenditure on industry. While the share of the
manufacturing industry (without building industry)
has hardly changed compared with 1982 (80.3 %), that
of “Utilities and mining” shrank by more than 50 %. In
contrast, the share of “Services rendered by private
businesses and the liberal professions” soared by 50 %
in the period under review.

Im 1991, almost 11 % of federal R&D funds was channel-
led to international scientific organisations; this percent-
age has hardly changed compared with the previous
year. The better part went to international scientific or-
ganisations and research institutions in the form of
membership fees. The European Space Agency (ESA)
and the European Organisation for Nuclear Research
(CERM) received the predominant share of these funds.

5. Share of basic research in research promo-
tion by the Federal Government

After substantial annual increases of the funds alloca-
ted to basic research in the 1980s its share in federal
R&D expenditure stagnated after 1989 at a level of
about 28 . MNevertheless expenditure on this type of
research rose more sharply (89.7 %) between 1981 and
1991 than total expenditure on research and devel-
opment (62.5 %) (cf. Table 11/10). The trend of basic re-
search after 1989 was influenced by the various special
programmes which were aiming not so much at in-
creasing basic research, but rather at maintaining re-
search capacities, especially at the higher education
institutions. Among these programmes are the pro-
gramme for ensuring academic efficiency and access to
overcrowded courses (HSP I) and the programme for

ensuring efficiency at universities and in research and
for promoting young scientists (HSP I} as well as
financial assistance, pursuant to Article 1(4a, para 4 of
the Basic Law, to {old) Linder with weak structures for
investment in research and technology (1989 to 1992).
1991 was characterised by special developments in the
wake of German unification, because funds appropri-
ated to universities and research as well as industry-
related research institutions in the new Linder prima-
rily served to maintain science and research capacities
and improve the research infrastructure. Apart from
these specific aspects the share of basic research was
also influenced by capital outlay for large-scale
projects in the period under review.

Table I1/11 shows the share of basic research in the Fed-
eral Government’s R&D expenditure in 1991, broken
down by promotion areas. The promotion areas
“Large-scale equipment for basic research” (almost
100 %), “Supporting organisations; restructuring of
research in the new Linder; expansion and construction
of universities”, “Marine research and marine tech-
nology; polar research” and “Biotechnology” (more
than 50 % each) all hold above-average shares. Below
this level, but still above average (28.1 %) are the
shares held by the promotion areas “"Geosciences and
raw material supply” (47.0 %), “Humanities; economic
and social sciences” (34.1 %), “Research and develop-
ment in the service of health” (35.3 %) and “Space re-
search and space technology” (29.1 %).

If anly civil promotion areas are included in the assess-
ment, it becomes apparant that more than one third of
federal R&D funds are allocated to basic research. The
share of basic research in the R&D expenditure by the
Federal Ministry for Research and Technology is indi-
cated in Table I1/8. It shows a substantial increase of

Table 11/10

Share of basic research in the Federal
Government's R&D expenditure

R& D expendifure e
Yoar | offedenal il
Dl ol liors b
19581 10,371.0 24926 24.0
1982 11,550.1 26249 T
1983 11,4388 2,788.0 24.4
1984 11,7394 3,058.1 26.0
1985 12,7669 32544 255
1986 12,8%6.9 3.440.6 260.7
1987 13,1525 36068 274
19588 13,2654 3,733.6 28.1
1989 14,036.2 3,9954 28.5
1990 15,149.0 4315.6 285,
1991 16.852.6 4,728.0 28.1
Source: BMFT
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Figure I1/7 (cf. Table I1/10)
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Share of basic research in the Federal Government's
and the BMFT's R&D expenditure

~ 1981 to 1991 (DM million) -
Total R&D expenditure
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Source: BMET

basic research from 26.5 % in 1982 to 404 % in 1991,
Compared with 1990, however, there is a slight drop.
Apart from “Cross-programme basic research” the
shares of the other functions in basic research also in-
creased considerably.

6. Expenditure of the Lander on research and
development

In 1990, the last year for which mostly actual data are
available, the E};pu'nditurr: of the Lander governments
on research and technology amounted to DM 9.6 bil-
lion, that is about 52 % up on the 1989 figure
(DM 9.2 billion} and about 40 % up 1981 (cf. Table 11,/12).

Ré&D expenditure in 1991 and 1992 for the first time in-
cludes data for the new Linder and East Berlin. Since
l.']l.le;_, those yvears the science l.’th‘!‘li,‘lltl,lT[" of the old
Linder {inc lm:lm[; East Berlin) from which the R&D
expenditure is derived, is based on actual data, while
that of the new Linder is based on provisional figures,
this information can only be considered an estimate. In
1991, the R&D expenditure of the old and new Linder
tntnllvd DM 12.1 billion, in 1992 abmlt DM 13.0 billion;

o

this is an increase of 7 %.

b |

1987

of which
BMFT

1990

1988 1989 1991

BMFT, BuFo 93

Basic funds allocated to science by Linder and local
governments which cover R&D expenditure as well as
expenditure on R&D-related activities, especially teach-
ing at universities, amounted to about DM 21.0 billion
{actual) in 1990, and hence were up 6.6 % on 1989 and
40.1 % on 1981.

While reporting has so far relied on the concept of
science expenditure, i.e. the net expenditure by Lander
and local governmenits in the areas "Higher Education
institutions including university hospitals” and “Non-
university science and research”, ‘basic funds for
science’ are based on net expenditure (in the var-
ious areas) adjusted for direct Linder revenues. The
new concept was applied consistently to the entire
riod under review. The reason for using this modified
indicator is that the level of science expenditure in the
higher education sector used to be increasingly deter-
mined by expenditure on patient care in university
hospitals. In 1990, direct revenues in the higher educa-
tion sector amounted to more than DM 10 billion, thus
accounting for more than one third of “science
expenditure”. These were mainly revenues from
patient care in university hospitals.

The concept of ‘basic funds’ has therefore brought
about a considerable change in the order of magnitude
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Figure I1/11
Intramural R&D expenditure of industry in 1989
Intramural R&D expenditure of industry by company size
— DM million -
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Although after unification Germany has to be seen in a
new light in terms of foreign trade policy, the analysis
of its foreign trade structure indicates that German in-
dustry is falling behind in the high-technology mar-
kets: From 1990 to 1991 the world trade volume of ma-
nufactured goods rose by almost 2.3 %, the growth of
Ré&D-intensive goods even by just under 5 %. The
share of R&D-intensive goods in total world exports
thus went up to almost 45 %, The largest exporter of
such 8 in 1991 was [a with a share of 19.6 %,
followed by Germany and the USA with 18 % each.
But in spite of its still strong position Germany - un-
like its two main competitors — suffered a considerable
decline of 0.9 percentage points, compared with 1990,
in its share in the world trade with R&D-intensive
goods. It is alarming that the negative trend of the
market position of German industry seems to extend
to international technology markets: In the late 1950s,
Germany was still the world’s largest exporter in the
markets for R&D-intensive goods, leading ahead of Ja-
pan and the USA.

But when making such comparisons with the Japanese
and US economies, one should bear in mind that the
Japanese economy is about twice as large and the US
economy approxomately four times as large as the
German economy. In this light the performance of Ger-
man businesses in the international markets is still evi-
dence of considerable efficiency. In view of this differ-
ence in dimensions even the fact that Japanese indus-
try is now holding a higher world market share than
Germany does not in itself provide any cause for con-
cern; but what is disquieting is the rate at which Ger-
man industry lost ground to Japanese industry.

Acting in a changed world

As a result of many new developments in industry and
science as well as national and international politics,
research and technology policy today needs to be inte-
grated into an international framework much more
than has been the case in the past.

With the beginning of 1993, the Single European Mar-
ket became a reality. The economies of the member
states of the European Community now constitute a
single homogeneous market where movements of
goods, services and capital are hardly hindered by na-
tional barriers. This opens up completely new devel-
opment dimensions for the enterprises within the
Community; but at the same time competition is
becoming stiffer which will entail many advantages,

especially for the consumers.

Isolated protected markets have mostly disappeared in
Europe. Tougher competition will spur both industry
and European governments to achieve advantages by
creating innovative products and production pro-
cesses as well as attractive basic conditions and thus
maintain and extend their position in the enlarged
European market place. But the process of deepening
and widening the European Community is anything
but completed. The European Economic Area (EEA)
will integrate into the structure of the Single Market
some other trading partners that are important for
Germany. Economies in Central and Eastern Europe

Resources for science, research and development

are also highly interested in participating in the Single
Market. These economies as well as those of the
Commonwealth of Independent States are at present
undergoing an enormous and radical restructuring
process. In spite of the tremendous current problems
associated with these events one should consider the
possibility that, once the economic upswing in these
countries has begun, Europe may become one of the
most dynamic growth regions in the world. Far-
sighted businesses bear this in mind when making
innovation, cooperation and sales decisions today.

Although the Single European Market constitutes the
largest homogeneous trading area in the world, atten-
tion needs to be directed to all world markets. In a
large number of - especially technology-intensive -
market segments competition today is of a global na-
ture: Mechanical engineering companies from Baden-
Wiirttemberg compete with manufacturers from Japan
and Taiwan. Aircraft manufacturers from Europe are
engaged in tough competition with their counterparts
from the USA, and even standards for home electron-
ics, e.g. HDTV, can no longer be established on a na-
tional or regional level, but have to be defined and en-
forced globally.

Stiff competition with companies from other trading
areas is also a wvital stimulus for innovation and
growth. The unimpeded and free exchange of goods,
which is the objective of the ongoing GATT negotia-
tions, is an indispensable prerequisite for an acceler-
ated expansion of the international economy. This is
why the successful conclusion of these negotiations is of
vital importance for businesses in the EC, and especially
in Germany, which rely heavily on worldwide trade.

In the light of these developments basic conditions
promising the companies based or potentially based at
an industry location positive external effects, are
becoming more and more important. In addition to the
large domestic markets already realised in Europe,
such conditions include a high level of training qualifi-
cation and hence qualified manpower, an efficient in-
frastructure, a powerful and flexible Ré&D structure as
well as adequate administrative structures, to mention
only a few factors. The positive interaction of these
components in an efficient and operative network is a
vital prerequisite for the high quality of an industry lo-
cation.

The high level of spatial flexibility confronts economic,
educational, transport and infrastructural policies, and
especially research and technology policy, with a large
number of changing requirements. It is more impor-
tant than ever before to plan an industry location as a
network meeting ecological requirements and to de-
sign it with all its players and lines of communication
in such a way that it attracts innovative economic and
scientific activities aimed at sustained growth. These
activities will in turn provide both the basis and the
stimulus for the solution of the urgent issues that we
have to address, for example, in the environmental
area or in tackling the mobility problem.

Furthermore, businesses and society as a whole are
facing new fundamental technological challenges. In
borderline areas between physics, chemistry, informa-
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unified Germany. The new scheme “R&D loans™ was
launched in 1992 as the first element of this new con-
cept; it is designed as a pilot scheme to test the promo-
tion of extensive innovations in small firms (annual
turnover up to DM 50 million) by means of a loan.
Another important approach will be the support of
Ré&D cooperations.

CASL

The rapid diffusion of key technologies is a central
concern of all specialised technology programmes. The
promotional steps taken are adapted to the nature and
environment of these technologies. Special emphasis is
on direct specific promotion developed by the BMFT
which permits broadly effective promotion of research
and development in certain areas over a relatively
short period of time in order to speed up the imple-
mentation of key technologies for developing new prod-
ucts and processes.

By offering simplified application and implementation
procedures these indirect specific measures which are
usually implemented under specialised programmies
aim primarily at disseminating technologies through
small and medium-sized businesses. In recent years
this instrument has mainly been used in the areas of
production engineering, information technology,
energy technology and biotechnology. The “Microsys-
tems" scheme, for example, which was launched in
early 1990 and focusses on combining various micro-
technologies like microelectronics, micromechanics
and microoptics met with positive response. After only
half of the originally scheduled time had elapsed, the
total funds earmarked for research projects could be
granted. Experience with this promotion scheme has
again confirmed the high efficacy of indirect specific
promotion in those cases where within a short period
of time the greatest possible thrust has to be provided
tor the diffusion of new technologies. In the period un-

Table I1/15

Resources for science, research and development

der review a new indirect specific measure was
launched in the area of biotechnology-promoting
projects for the development of biotechnologically rele-
vant safety and waste management procedures, new
biological environmental technologies and new bio-
technological processes and methods for plant breed-
ing and biological crop protection. Furthermore, the
scheme for the promotion of manufacturing compa-
nies by supporting developing work for the prepa-
ration and introduction of computer-integrated manu-
facturing (CIM) was relaunched exclusively for the new
Lander. Details of indirect specific measures are pro-
vided in Table I1/15.

In the field of energy technology it is the “250 MW
Wind" scheme which is to support the rapid diffusion
of key technologies. To push the testing of cost-effec-
tive wind energy plants, this scheme - through the
construction and operation of a large number of wind
energy plants with a total output of 250 MW - pro-
vides incentives for demonstration users to construct
and operate such plants as well. Similar objectives
are pursued by the photovoltaics programme
“1,000 Roofs™ which is jointly financed by the Federal
and Linder governments and su the con-
struction and operation of photovoltaic facilities with a
peak output of 1 to 5 kW which are to be mounted
on roofs and connected with the mains.

Project promotion by the BMFT comprises the follow-
ing areas:

- Cross-programme basic research (1)
= Long-term government programmes (2)
= Preventive research (3)

- Promotion of technology and innovation (4).

Indirect specific promotion of Ré&D in trade and industry by the Federal Ministry for Research and Technology

Funds (DM million)
Scheme
1982 1957 1989 1550 1991 1992 1993")
| Special microelectronics programme .. 87.5 - - - = - -
Production engineering
(CAD/CAM, robotics, CIM) ....... o = 80.2 21.5 58.2 63.0 92.6 45.0
Information technology
(microperipherals, microsystems) .. .. - 21.6 5.4 4.4 22.1 32.6 42.00
Bioprocess engineering ?) ............ - 157 383 22.1 73 248 295
250 MW Whnd i iniion s s e - = 0.2 3.8 8.0 164 270
1,000 Roofs photovoltaics programme - - - 0.3 3.0 207 22.0
Rl e T i an i 87.5 117.5 68.4 BE.5 1034 187.1 165.5
') Budgeted; including special funds for “Aufbauhilfe Ost” (Development assistance for the new Linder).
71 Including research scholarships.
Source; BMFT Rounding ermor

94



Partll Resources for science, research and development
Table I1/16

Direct project promotion by the Federal Ministry for Research and Technolo
broken down by functions, promotion areas and promotion priorities ')
- profile review -

g;' in 1992,

Function Total Share of industry
Promotion area, promotion priority DM 000 DM 000 =
1 Cross-programme basic research
(MPG; large-scale equipment for basic research) ....... 137,048 - -
of which:
A4 Basic funding of institutions and re-slructurmg of
research in the new Linder .. b 2,500 - i
B Large-scale equipment for hasnc rese-lrch 134,548 = =
2 Long-term government programmes . ..............-... 610,362 191,769 31.42
of which:
B P AW TR E o tie w55 i i3 e w6 e 77,830 11,611 14.92
C3 Polarresearch ....vivviiviiviiina i I i T 6,804 366 5.38
D Space research and space technnlug}r ............... 452,328 179,713 39.73
01 Geosciences (especially deep drillings) .............. 73,400 79 0.11
AcEperenthveTemearall i s e e 1,033,383 167,364 16.20
of which:
g U e T T S 84,555 2,064 2.44
E@ Environmental technologies ........................ 197,013 97,119 49,30
F7 Climate and atmospheric research .................. BY,6149 18,370 20.50
G Research and development in the service of health .. 179,861 3,116 1.73
H Research and development to improve working
iy Fie e e R S R R S 88,939 38,091 42.83
P2 Building research and technology, research and tech-
nology for preserving the architectural heritage ... .. 41,399 4,799 11.59
V' Humanities; economic and social sciences .......... 46,400 ~ -
W1 Generic activities (including technology impact
T AT 0 G AR K R el T S TR 305,597 3824 1.25
4 Promotion of technology and innovation .............. 2,083,730 1,064,576 51.09
of which:
2. Marine technology -o.i. il vt ialv 41,200 26,873 65.23
El Coal and'other fossil Fuels ..., o oo s 81,656 47,303 57.93
E2 Renewable energies and energy conservation ..... .. 253,801 119,843 47.22
E3 Nuclear energy research (excluding decommissioning
ofnuclear Facilifes) .. ... ..o s s 134,084 BB, 104 65.71
E4 Decommissioning of nuclear facilities; risk sharing .. 212,657 127 587 G000
iy Compuiepsclence ... . b e v e s 87,569 20,010 22.85
12 Basic information technologies ..................... 306,594 195,862 b3.88
13 Application of microsystems (including microelec-
tronics and microperipherals) .......... ... ... ... 65,907 30,781 46.70
12 Production engimeering . ...c.enverrirersmnonssssnss 59,517 20475 3440
Gl T e R gl S . A 187,791 36,067 19.21
R T e s SR A S R P 129,896 77841 59.93
L2 Physical and chemical technologies ..............o0. 162,363 39,126 36.42
M Aeronautical research and hypersonic technology . .. 130,511 48,131 36.88
M Hesearch and technology for ground transport ...... 169,001 152,750 90.38
02 Raw material supplies ........ . cooioainiiin i 2,002 459 22,93
Tl Indirect funding of R&D personnel in industry ..... 3,512 = =
T2 Improving the transfer of technology and knowledge 879 - -
T3 Sharing the innovation risk of technology-based firms 8,591 7,647 89.01
U Specialised information .................cc00eeeein 46,200 5747 12.44
MOl s ce o v s il el e e s Rl 3,864,523 1,423,729 36.84

) Provisional actual figures as of December 31, 1992; including the funds controlled and allocated by the BMFT o industry-related research in
the new Linder and East Berlin under departmental budget 60 (DM 274 million).

Source: BMFT
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Direct project promotion by the BMFT in the industrial
sector focusses on the promotion priorities of marine
technology, energy, information technology, materials
research as well as research and technology for ground
transport. In these areas the share of industry in BMFT
project promotion is 60 % and more. In 1992, direct
promotion of technology and innovation in industry
which in the long term will help increase the technolog-
ical capabilites of the entire economy amounted to
about DM 1.1 billion. This is equivalent to 27.5 % of
total direct project promotion and 11.3 % of the BMFT
budget.

Industrial companies also participate in long-term gov-
emment programmes such as marine and space re-
search and technology, as well as the promotion of
preventive research, e.g. environmental and health re-
search. In the case of these programmes, however,
government interest is focussed on research results (a
survey of total direct project promotion by the BMFT

ifying the p ion of industrial promotion is
given in Table I1/16).

Since 1982, there has been a decline in the promotion
of technology and innovation and alse in the overall
scope of project promotion in trade and industry. A
drastic cut of the funds for energy research promotion
(especially coal and other fossil energy sources as
well as nuclear energy research) compares with increa-
ses in funds earmarked for modern key technologies
such as information technology and physical and chem-
ical technologies (cf. Table 11/17). When promoting
projects in industry the BMFT pursues a policy of fund-
ing not the highest possible number of widely scat-
tered projects, but rather pushing major long-term pro-
jects at the pre-competitive stage where many compa-
nies cooperate in research networks.

Collaborative research (“Industrielle Verbundfor-
schung”)

The concept of collaborative research has turned out to
be a great success of the project promotion policy of
the BMFT. Through the joint participation of, if pos-
sible, several companies and research institutions in
one project collaborative research is designed to ensure
that better use is made of scarce research capacities by
pooling resources, that the technology transfer be-
tween industry and science is accelerated, that synergy
effects are created, and that promotion is not selective,
but rather broad-based. At the same time, collabo-
rative research reduces the potential distorting effect
of government technology promotion on competition
and provides critical thrusts for research cooperation
in Germany. This approach also takes into account the
recognition that inter-firm cooperation in research and
development is becoming more and more important
for the innovation process in industry. In the case of
high technology in particular, such networks are often
of critical impartance, because technological and indus-
trial progress is increasingly the result of the combi-
nation of hitherto separate technology areas. By intro-
ducing collaborative research in 1984 the Federal
Government provided considerable impetus in this
field.

Table 11/18

Percentage of direct project promotion funds for in-
dustry devoted to collaborative projects
- selected technology areas -

Technology ansa 1954 1987 1959 1990 14411
Production

engineering ...... | 17.0 100.0 100.0 1000 87.6
Information

technology ...... 21.3 742 100.0 B58 958
Materials

research ......... 148 687 B03 792 EF2
Biotechnology ... | 487 478 456 712 619
Plhiysical and

chemical technol-

OFIES .. cvaninsss 16 271 b42 650 819
Source: BMFET

The figures in Table 1I/18 give an impression of the
weight collaborative research has within the BMFT's
project promotion, Since its inception in 1984 collabo-
rative research has become the predominant approach
to promotion in the selected technology areas listed in
that table.

The results that are now available of scientific evalua-
tions of the various specialised programmes show that
the instrument of collaborative research has to a great
extent met the expectations it raised when it was
launched in 1984. The exchange between industry and
science has been improved and the involvement of
small and medium-sized firms with their partly excel-
lent know-how in critical areas could be increased also
in the high-technology fields. The research networks
resulting from collaborative research make an impor-
tant contribution towards the rapid diffusion of new
findings and results. Against the background of this
experience the greater work load for all those con-
cerned which is naturally involved in setting up such
networks seems to be more than justified.

Collaborative research also plays an important role in
bringing together research in the united Germany. The
participation of companies and research institutes
from the old and the new Lander makes it easier for re-
searchers from the East to catch up quickly with the
global level of technological performance; it enables
researchers and companies from all over Germany to
establish numerous lasting contacts for the Ffuture.
Since scientists have the opportunity to meet and learn
from each other in collaborative projects, research
in Germany is growing together. This is a gain for
the whole of Germany and its technological capabili-
ties.
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The EUREKA initiative, too, is based on the idea of
collaborative research - in this case, however, at the
European level. The objective of EUREKA is to moti-
vate European industry and research institutions to in-
tensify their cooperation in technological research and
development. In this way EUREKA is to contribute to
strengthening European competitiveness in the world
market.

EUREKA is not a programme with clear-cut research
themes (this is why it is referred to as an initiative), but
it provides an open framework for European coopera-
tive projects. EUREKA takes a “bottom up” approach.
This means that participants do not respond to invita-
tions to participate in a specific programme, but define
theme, partners, scope and type of cooperation on
their own initiative. This approach has enabled EU-
REKA to establish itself as a successful and comple-
mentary alternative to EC research programmes.

Twenty states and the Commission of the European
Communities are at present participating in EUREKA.
In addition to the twelve EC member states there are
Finland, Iceland, Norway, Austria, Sweden, Switzer-
land, Turkey and - since May 1992 — Hungary as the
first Central /East European country. In principle, par-
ticipation in individual EUREKA projects is also open
for non-member states.

EUREKA projects cover a wide range of technological
research and often fill “white spots™ between other
programmes. Nevertheless, the following priorities
can be identified: materials research, production en-
gineering, medical technology and biotechnology, in-
formation technologies, communication technologies,
energy, laser development and application, transport
as well as environmental technologies. Information
technology is playing the leading role in terms of fund-
ing volume, while environmental technology as well
as medical technology and biotechnology are topping
the list in terms of the number of projects. In recent
years, these three areas also had the highest growth
rates.

Launched with only very few projects in 1985, EU-
REKA now includes 647 ongoing individual projects
with about 3,500 participants. Another 81 projects
have been completed successfully in the meantime.
About 530 German companies and research institutes
are involved in 208 projects, 42 of them are based in
the new Linder. The financial volume of all EUREEA
projects totals about DM 25.1 billion, the German con-
tribution is DM 3.75 billion.

The projects are funded separately at the national lev-
el, i.e. in each participating country. In Germany, EU-
REKA status does not inevitably entail government
funding, but basically all appropriate EUREKA pro-
grammes are eligible for promotion in Germany. The
BMFT is funding 95 of the 208 EUREKA projects with a
total of DM 1.25 billion, while the other project contri-
butions are primarily financed by the participants
themselves. This demonstrates that the primary ob-
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jective of EUREKA is not government promotion,
but motivation for cooperation at the European
level.

Promotion by federal ministeries

The overview of the individual measures of R&D pro-
motion provided in Table 11/19 shows that the Federal
Government responds to widely differing promotion
requirements by using a coordinated system of differ-
ent instruments, thus reaching a large number of
companies. As part of the tax reform, the tax-related
measures for promoting BE&D which are still listed in
this table have in the meantime been phased out with-
out substitution,

As shown in Table I1/20 which was extended to in-
clude the expenditure of the Federal Ministry of De-
fence (BMVg) on R&Dr contracts in the defence sector,
the promotion of research and development in trade
and industry was kept stable in the years prior to Ger-
man unification. However, this was the result of a
structural shift between the individual ministries in
the course of which the BMFT has continuously re-
duced its expenditure on R&D promotion in industry
since 1992, It is not intended, however, to fall below
the current level.

9, Special priorities of industry-related research
and technology policy: Research and devel-
opment in small and medium-sized enter-
prises and in the businesses in the new Lander

Promotion of research and development in
small and medium-sized enterprises

The role of small and medium-sized enterprises in the
innovation process in Germany

The innovative potential of a national economy is the
result of a complex process in which various players
interact. In industry there is a division of labour be-
tween large businesses and small and medium-sized
enterprises (SMEs). Costly basic innovations are
mostly implemented by large companies which be-
cause of their resources are better equipped to develop
innovations further for subsequent serial production
and launching. In industry, costly and high-risk basic
research can usually only be performed by large com-
panies as well. In contrast, small and medium-sized
companies = since they are closer to the customer and
have greater flexibility - are more involved in selecting
and trying out new technologies for different applica-
tions and special markets. The particular strength of
small and medium-sized businesses is in application-
oriented research and development. They fulfil an in-
valuable function in the rapid diffusion of new high
technologies through industry as a whole.

In spite of this system of division of labour, SMEs have
also successfully competed with large companies in
many high-technology areas in recent years. Many
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change in Germany, but also in other OECD countries
that in those cases where traditional large-scale indus-
trial structures decline, small and medium-sized com-
panies are often the first to emerge and offer new em-
ployment. This pioneering role of SMEs in mastering
structural crises will be of special importance for devel-
oping efficient and high-growth industrial structures
in the new Linder. This is another argument in favour
of putting special emphasis — within research and tech-
nology policy = on the promotion of SMEs in the new
Linder. In the current phase of establishing and re-
structuring, SMEs in the new Lander are given a struc-
ture which will possibly be crucial for quite some time.
This is why it is vital to set up innovation-friendly
SME structures right from the beginning.

Small and medium-sized businesses are of great signif-
icance for growth and innovation in German indus-
try. This highlights the fact that - from the perspec-
tive of the economy as a whole - the special promotion
of R&D in SMEs is not an act of charitable generosity.
It is rather a critical contribution to improving the effi-
ciency and competitiveness of the entire economy. The
promotion of R&D in SMEs does directly strengthen
Germany as an industry location.

&ppmhﬁ_tsm promotion ﬂf research. and develop-

Various scientific studies as well as the promotion ex-
perience of the Federal Government suggest that in the
old Linder alone there are about 25,000 small and me-
dium-sized businesses which perform R&D at least on
a temporary basis. This figure and the well-known va-
riety of German SMEs reflect numerous widely differ-
ing technological interests and priorities. In terms of
promotion instruments, these in part completely differ-
ent problems call for a harmonised package of individ-
ual measures in order to address the various needs in
a flexible manmner.

In view of this diversity the use of non-technology-spe-
cific instruments such as the indirect measures of the
BMFT and the BMWi are of special importance in the
promotion of R&D in SMEs. Without defining the
technological contents of the project, they offer promo-
tion opportunities to an extraordinarily large number of
SMEs. These indirect measures are designed to provide
different approaches to strengthening the firms’ innova-
tion potential. Another area of E&D promotion in SMEs
is technology-specific promotion under the BMFT's
specialised programmes. Here, SMEs play an important
role also in the development of high technol-
ogies, especially in collaborative projects (“Verbundpro-
jekte”) with larger companies and research institutes.

Depending on the promotion objective concerned, the
Federal Government has highly sophisticated promo-
tion tools

~ to strengthen intramural Ré&D potentials

Promotion measures: e.g. technology-specific collabo-
rative research under specialised programmes,
broadly effective SME-oriented measures for tech-
nology diffusion (e.g. indirect specific measures),

Ré&D-personnel costs subsidy and research-person-
nel increase promotion in the new Linder;

= to strengthen cooperation and technology transfer

Promotion measures: e.g. furthering contract research,
industrial cooperative research, exchange of staff
between industry and research institutes, infrastruc-
tural measures (centres for information and consult-
ancy, innovation consultants at the Chambers of In-
dustry and Commerce, agencies for technology
transfer and innovation promotion);

- to strengthen R&D funding

Promotion measures: R&D loans for small companies
to promote the application of new technologies;

~ to support new technology-based firms

Promotion mieasures: Outside capital for young tech-
nology-based firms and, in the new Linder, the pro-
motion of new technology-based firms (NTBFs) as
well as of technology parks providing the infrastruc-
ture for these NTBFs.

When looking at these research and technology policy
measures it should be borne in mind that approaches
to SME promotion are not only reflected in specific
programmes and schemes, but that promotion pro-
grammes which, in principle, are open to companies of
all sizes often contain specific SME provisions which
favour these firms. For example, in order to facilitate
even more the access of small and medium-sized com-
panies to project promotion by the BMFT under spe-
cialised programmes, administrative procedures were
considerably simplified by the introduction of the
“MEFT 88" (Mebenbestimmungen fir Zuwendungen
auf Kostenbasis des BMFT an Unternehmen der ge-
werblichen Wirtschaft fiir Forschungs- und Entwick-
lungsvorhaben; Additional provisions for grants by
the Federal Ministry for Reasearch and Technology to
research and develwpment projects by trade and indus-
try). Under these provisions small and medium-sized
firms can settle the accounts for their research and de-
velopment projects under this project support scheme
by applying a simplified procedure, using a lump
sum. Under this procedure, categories of costs that are
easy to determine (such as material cost, payroll cost
and travel expenses) can be allocated as individual
costs, while categories of costs that are more difficult
to determine (such as intra-plant service output costs
and administrative costs) can be considered in the
form of a lump sum of 120 % of the total of wages and
salaries. In this way access lo project promotion under
specialised programmes of the BMFT is facilitated for
small and medium-sized businesses which often do
not have sophisticated accounting systems. In addition
to the introduction of highly simplified promotion un-
der indirect specific promotion schemes, this simpli-
fied administrative procedure represents a major step
towards a promaotion scheme for SMEs which, on the
whole, can be regarded as very simple and makes the
best possible use of the scope of manoeuvre limited by
legal regulations and the necessary prevention of
misuse.
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As Table 1I/21a shows, R&D promotion in SMEs by
the BMFT has reached a very high level since 1982. In
the period under review the share of SMEs in total in-
dustrial R&D promotion of about 10 % has gone up to
about one third. This underlines again the importance
which small and medium-sized companies have today
in the Federal Government's R&D promotion.

Industrial R&D in the new Lander

Initial situati rtioamant

The structural change in the new Lander initiated by
the unification process has also hit industrial R&D and
led to a sizeable reduction of industry-related RéD ca-
pacities. The Ré&D sector is a key sector in the national
economy. Maintaining and building up efficient Ré&D
capacities in East German industry is a critical prereq-
uisite for competitive companies and safe jobs. Only
if East German companies manage to enter growth-
driven markets with innovative and competitive prod-
ucts will it be possible to start a self-sustaining eco-
nomic upswing in that part of Germany as well.

Building up and maintaining efficient industrial R&D
capacities in the new Linder has been difficult and in-
consistent since German unification. On the one hand,
redressing economic imbalances and overcoming the
lack of competitive and innovative potential of the
former collective combines call for a radical restruc-
turing of industry, to be accompanied by a reorientation
of intramural R&D, On the other hand, there is the risk
that due to short-term financing gaps and tempo-
rarily empty order books R&D capacities which are
worth maintaining and vital for future competitiveness
will be discarded in this restructuring and adjustment
process.

The so-called Research GmbHs (limited liability com-
panies) which in late 1990/ early 1991 were hived off
from the former collective combines into independent
operations and were originally owned by the Treuhand-
anstalt represent a special problem of industry-re-
lated R&D in the new Linder. After becoming inde-
pendent, they lost the necessary links with the pro-
ducing sectors, but at that time accounted for a consid-
erable percentage of industry-related R&D capacities
in the new Linder. In a joint effort the Federal Gov-
ernment (BMWi, BMFT), the Treuhandanstalt and the
new Linder succeeded in privatising a major part of
the R&D capacities of the Research GmbHs or in find-
ing new investors and operators, thus keeping impor-
tant capacities.

The decline of industrial R&D capacities in the new
Linder has not yet come to a halt, although the reduc-
tion of manpower has slowed down recently. A survey
conducted by SV-Wissenschaftsstatistik GmbH on be-
half of the Federal Government showed that in late
1992 just under 24,000 persons (calculated on a full-
time equivalent basis) were still working in the R&D
sector. It is important for the future that industry, the
Treuhandanstalt, the new Liander as well as the Fed-
eral Government, further the development of effi-

cient industrial R&D capacities that has been initiated
in the new Linder. An even greater commitment of in-
dustry is of critical importance, because in the medium
and long term only industry itself can maintain and
employ efficient R&D capacities. It is not obviously
limited government funds that are required here; but
it is necessary that all companies set priorities for their
R&D activities according to the regulatory principles
underlying a social market economy and based on
their market experience and market knowledge. Also
companies in the old Linder are called upon to show
greater commitment.

The Treuhandanstalt which is still in possession of
sizeable R&D capacities has a special responsibility in
reorienting industry-related R&D in the new Linder.
When the remaining businesses are privatised and re-
organised, special attention needs to be given to main-
taining qualified R&D potentials. The evaluation of the
efficiency of the R&D personnel working in Treuhand
companies, which has been initiated by the Treuhand-
anstalt, is an important step in this direction.

Measures by the Federal Government to promote in-
dustrial Ré&D in the new Linder

Dwuring a transitional period the Federal Covernment

is supporting the development of efficient industrial

Ré&D capacities in the new Lander by means of specific

government schemes. As early as mid-1990 the BMWi

and the BMFT devised a package of coordinated and

complementary promotion measures (cf. Figure I1/12).
schemes aim

— tocreate and increase the lechrological competitiveness
of East German companies,

- to promote new technology-based firms,

~ to build up and strengthen frnovative small and me-
dium-sized enlerprises,

- to develop an R&D-supporting infrastructure.

To create and increase the technological competitiveness
of East German businesses and to support the reorien-
tation of industry-related R&D capacities is of para-
mount importance. The BMFT supports companies and
industry-related research institutions in the new Lin-
der by promoting R&D projects under its specialised
programmes, especially in the areas of environmental
technology, production engineering, renewable ener-
gies and energy conservation, basic information tech-
nologies, space technology, materials research as well
as ground transport. The funding rate for recipients in
the new Lander is 10 % higher than in the West, and
there are numerous provisions to accelerate, simplify
and facilitate applying for, and appropriating, grants.
With its scheme for promoting industrial cooperative
research at the level of branches of industry the BMWi
supports pre-competitive, application-oriented basic
research driven by industrial demand. Funds have
also been allocated to various research projects which
were identified as tasks of mutual interest by compa-
nies that have formed research associations. Singe 1992
a certain percentage of these funds has been reserved
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The BMFT and the BMWi support the strengthening of
innovative small and medivm-sized enterprises by means
of specific measures. The BMWi scheme “Ré&D-per-
sonnel costs subsidy in the East” aims to restructure
and strengthen the innovative potential of small and
medium-sized firms. At the same time, it is intended to
support the creation of qualified jobs and the market-
led employment of Ré&D personnel. About 1,400 man-
ufacturing companies receive grants towards R&D
payroll cost twice a year. The BMFT's funding for ad-
ditional R&D staff supports the development and ex-
pansion of R&D capacities in SMEs in the new Liinder.
Increasing the Ré&D personnel capacities contributes to
restructuring industrial research and strengthening
the innovative potential of the companies in the new
Linder. This scheme also supports the reintegration of
unemployed researchers and developers or of scien-
tists working under job creation schemes.

The BMFT has two versions of its scheme for the pro-
maotion of contract research and development, contract
research East and contract research West/East; they
are designed to support farming out and winning
R&D contracts. On the one hand, these schemes contrib-
ute to increasing the innovative strength of East Ger-
man businesses by acquiring external know-how (con-
tract research East). On the other hand, it is made
easier for R&D capacities to adjust to the markets, and
the market opportunities of East German R&D con-
tractors are increased due to potential price reductions
(contract research West,/East).

With its scheme for the promotion of innovation the
BMWi supports the development of new innovative
products and processes in small and medium-sized
enterprises in the new Linder. The technical and eco-
nomic risk associated with such development is re-
duced by subsidies (of up te 35 %).

By developing an R&D-supporting infrastructure the
BMWi and the BMFT create important basic conditions
for the innovation process. Agencies for Technology
Transfer and Innovation Promotion support building
up and expanding SMEs in technical and administra-
tive terms and provide assistance in the preparation
and implementation of product and process innova-
tions. By the end of 1992, 21 agencies and 10 branch of-
fices had been set up in the new Linder. The agencies
contribute considerably to developing competitive
SMEs, The agencies’ activities are complemented by
industry- or technology-oriented transfer centres
which act as clearing houses for specialised technical
know-how, With this pilot scheme the BMFT promotes
the development and enlargement of innovation con-
sultancy centres at selected Chambers of Industry and
Commerce in the new Liander. In this way contacts are
provided for companies in the area of research, devel-
opment and innovation, and the companies’ R&D
commitment is supported by consultaney and the
transfer of knowledge and technology. The scheme
consists of two components. On the one hand, payroll
and equipment costs of the innovation consultants em-
ployed by the selected Chambers of Industry and
Commerce are subsidised. On the other hand, support
15 given to the exchange of experiepce with partner
Chambers in the old Linder and nls?:n the training of
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consultants in the new Lander. An important ap-
proach to promoting the transfer of technology, espe-
cially to small and medium-sized companies in the
new Linder, is the support of so-called Centres for In-
formation and Consultancy in new technology areas
by the BMFT. At these centres, small and medium-sized
enterprises are given the opportunity to gather hands-
on experience with key technologies in order to make
up for information deficits and reduce the risk of em-
barking upon these new tec . Under this
scheme, the BMFT is currently funding nine demon-
stration centres in the new Linder, six in the CIM area,
twa in the field of new materials research and one in
the area of laser technology. The know-how and the
experience of companies leading in the world market
in research and the application of new technologies is
also of great benefit to other companies, especially
smaller, highly innovative firms. This is why in early
1992 the BMWi launched the scheme “Technology-ori-
ented visiting and information programmes” which is
to enhance the continuous transfer of technical know-
how between businesses. From the moment the
scheme was launched, leading technology companies
have shown great willingness to demonstrate the use
of modern technology and technological strategies on
their own premises.

All in all, the Federal Government’s promotion
schemes for industrial R&D in the new Linder are suc-
cessful. About 80 % to 90 % of R&D-performing firms
in East Germany take advantage of this promotion.
The Federal Government is thus making a substantial
contribution to renewing the structure of indu in
East Germany. In 1992 alone about DM 610 million
were earmarked for this purpose. In 1993, too, the
BMFT and the BMWi will continue to support the de-
velopment of efficient industrial research in East
Germany. In 1993, they will together appropriate about
DM 700 million (including “ Aufbauhilfe Ost” (“Devel-
opment assistance for the new Linder”)) for th!m
pose (cf. Table 11/21b), The success of these i
however, will very much depend on whether industry
will increase its own R&D commitment as well. These spe-
cific federal schemes for promoting Ré&D are comple-
mented by tax-related and regional measures condu-
cive to investment, such as investment grants, special
write-offs and investment subsidies under the joint
scheme “Improvement of regional economic struc-
tures”. With these general investment aids the Federal
Government also supports investment in the R&D sec-
tor, thus rounding off its range of promotion schemes.

10. International numpéri&un of resources for
research and development

Information on the trend of science, research and devel-
opment at the European and international levels is
gaining increasing importance. Ik should be noted, how-
ever, that the assessment of the research perform-
ance of a country on the basis of statistical data calls
for a careful selection and interpretation of the statis-
tics and indicators used. This applies in particular to
international comparisons. They can only yield viable
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results, if the data used are derived from coordinated
data-collection programmes and have the highest pos-
sible level of comparability.

The Organisation for Economic Cooperation and De-
velopment (OECD) plays a leading role in developing
a methodology in the area of science and technology
indicators. For about thirty vears, the OECD has con-
ducted surveys on research and development in its
member states and provided a forum for the interna-
tional discussion on new approaches to measuring re-
search performance.

As early as 1963, a “Propoesed Standard Practice for
Surveys of Research and Experimental Development”
was agreed on in the area of input statistics. Mean-
while, the fifth edition of the “Frascati Manual” (called
after its place of origin) has been published by the
QECD, after revision had been completed in 1992, In
recent years OECD acitivities have increasingly fo-
cussed on the methodological development of impact
or output statistics.

International agreements were concluded concerning
the methodology relating to important indicators,
They can be found in the *family of Frascati Manuals”,
But in addition to developing new indicators, the fur-
ther development and improvement of traditional
{input) statistics is still an important element of inter-
national cooperation.

The European Communities, too, conduct ular
Ré&D surveys. Whereas the OECD collects data on the
resources actually spent on R&D in a specific country
(gross domestic expenditure), the EC data relate to the
budget appropriations for R&D. The OECD also pub-
lishes data on the public financing of research and de-
velopment on the basis of budget appropriations:
Complementary to the data made available by the EC,
it collects the necessary data - in a breakdown by
socio-economic research objectives — in the other OECD
countries. This makes it possible to compare these
budget appropriations in all OECD member states. In
recent years, the Statistical Office of the European
Communities (EUROSTAT) has increasingly devel-

initiatives in the area of research and innovation
statistics, It has started close cooperation with the
OECD in many areas.

The following considerations are focussing on tradi-
tional, established input statistics and especially statis-
tics related to financial and human Ré&D resources.

The tables shown here mostly contain data from com-
pleted surveys up to and including 1990 and - as far as
they were available - provisional data for 1991. They
cover the G7 countries, i.e. apart from the Federal Re-
public of Germany they include France, the United
Kingdom, Italy, Japan, the USA and Canada.

The statistical indicators used for international compar-
isons of financial R&D resources are usually based on

domestic expenditure on research and develop-
ment in the various countries. This includes all funds
used in a country to perform Ré&D, irrespective of their
source of finance; it also includes funds from abroad

and from international organisations earmarked for re-
search in the respective country, but does not cover the
payments made by this country to other states or to in-
ternational organisations for performing research and
development activities there.

The USA has the highest gross domestic expenditure
on R&D: It accounts for about half of the funds allo-
cated for R&D every year by all G7 states (1981: 49.9 %;
199(: 48.0 %). Second and third place are held by Japan
and Germany, with this order having remained un-
changed since the mid-1970s, In all countries under
consideration this nominal expenditure, converted
into US $ purchasing power parities, has increased
substantially in the 1980s, In the period from 1987 to
1990, Japan (12.4 %), Italy (10.1 %), and France (9.5 %)
had the highest mean annual growth rates. For the
other countries the figure is about 6 %%,

These variables, however, do not suffice to describe
the research performance of the various countries.
First, the absolute figures (also) reflect considerable
differences in size of the national economies under
consideration and second, the rates of change relate to
ditterent price developments.

One of the indicators most common in comparisons of
national research efforts is gross domestic expenditure
on Ré&D expressed as a percentage of a country’s GDP.
In terms of this ratio, Germany, Japan and the USA
have held the top positions among the major industri-
alised countries since the mid-1970s, While the share of
gross domestic expenditure on R&D in the gross do-
mestic product in all countries considered here — with
the exception of the United Kingdom - had increased
considerably until the mid-1980s, the picture of the
years after 1987 is rather heterogeneous: In Japan,
France and Ttaly, the positive trend - slightly slowed
down in part - continued up to 1990, while the figure
tor Canada stagnated until 1990 and did not begin to
increase again before 1991. The shares of the other
countries showed a slightly downward tendency.

In the Federal Republic of Germany, the R&D} share in
GDP rose from 2,43 % in 1981 to 2.88 % in 1987 and
1989. In 1987, Germany was still leading ahead of Ja-
pan and the USA. In 1990 and 1991, the percentages
were considerably lower at 2.77 % and 2.66 %, respec-
tively. It should be noted that the 1990 data relate to
the former West Germany, while the 1991 data cover
the whole of Germany. In the USA, a slightly down-
ward tendency set in earlier. The country’s figures
peaked in 1985 at 2.93 % so that the USA ranked first
ahead of Japan and the Federal Republic of Germany.
In the meantime, Japan has taken over first place,
being the only country in the top group that was able
to achieve increases also for the period up to 1990
(1987: 2.82 %; 1990: 3.07 %). The Japanese figure for
1991 is 3.04 % (cf. Figure I1,/13). It should be pointed
out, though, that in comparison with other countries
the Japanese data are overestimated due to the inclu-
sion of excessive personnel expenditure, because the
figures for R&D personnel were not calculated on a
full-time equivalent basis.
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Figure 11,/13 (cf. Table 11,/22)
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Compared with 1985, the shares of government fi-
nanced R&D expenditure devoted to "Technologi-
cal objectives” and “Defence” dropped from 28.9 % to
25.6 % and from 25.8 % to 22.8 %, respectively. The
shares of the other groups of research objectives grew
slightly. It is striking that, as a result of increases in the
shares of “Human and social objectives” and “Agri-
culture” — like the decline of “Technological objec-
tives” = over those years, changes that had taken place
in the first half of the 1980s were offset so that the 1990
figures of these groups differ only slightly from the
1980 data.

Table 11,/29

Government R&D expenditure of EC member states
by
groups of research objectives

iy

= I "o~

Groups of rescarch objoctives 19800 %) | 1985 1991
{according o NABS 1983) "
Human and social objectives
(NABS chapters 2, 3,4, 8) .. 116 95 107
Technological objectives
(WABS chapters 1,5,7,9) .. | 267 289 256
Agriculture
(NABS chapter6) ......cvue 3.7 28 38
Fesearch financed from General 'I
University Funds |
(NABS chapter 10) ........ 212 234
Mon-oriented research ... .. } 24
(MABS chapter 11) ........ 109 124
Other civil research
(NABS chapter 12) ........ 0.2 0.9 1.3
Defence
(MABS chapter 13) ........ 254 258 228
1 ¥ e R A 100.0 1000 100.0

'} Momenclature for the analysis and comparison of scientific pro-
. prammes and budgets (NABS 1983); of. Table 11728
*} Mot including Greece, Spain and Portugal.

Source: EC (provisional 1991 budget appropriations)
Rounding error

11. Patent and licence transactions with foreign
countries

Among the common international science and technol-
ogy indicators a national economy’s receipts from and
expenditure on patent and licence transactions with
foreign countries need to be handled and interpreted
with special care and expertise.

At regular intervals, the Deutsche Bundesbank com-
ments in its Monthly Reports on the development of
patent and licence transactions with foreign countries,
as well as on the exchange of technical know-how
through service transactions (cf. e.g. Monthly Reports
of the Deutsche Bundesbank, April 1992). The results
are based on statistical reports submitted pursuant to
the Foreign Trade and Payments Ordinance.
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At the international level, data pertaining to these indi-
cators, the so-called Technological Balance of Pay-
ments, are compiled by the Organisation for Economic
Cooperation and Development (OECD).

In view of the varied use of these data, on the one
hand, and the problems involved in their expert inter-
pretation, on the other hand, a manual containing rec-
ommendations on guidelines for the compilation and
interpretation of statistics on the Technological Bal-
ance of Payments was prepared and published a few
vears ago under the umbrella of the OECD. This man-
ual leans heavily on the Frascati Manual which con-
tains general guidelines for statistical surveys of re-

search and experimental development.

The Technological Balance of Payments doubtless con-
tains interesting information on economic and bechno-
logical structures and relationships, but by no means
does it provide a complete picture of international
technology transfer and hence does not suffice as a ba-
sis for the assessment of the level of technological per-
formance of a country.

Factors not covered by the Technological Balance of
Payments, although they are of great importance for
the transfrontier exchange of technical knowledge, are
foreign trade in high-tech industrial products, sales of
industrial plants and the establishment of production
and distribution facilities outside the territory of the
country in which a company is based (direct invest-
ment).

Even though these transactions are not the immediate
object of the Technological Balance of Payments, they
influence the level of receipts from and ex; iture on
patent and licence trade or technological research and
development to a certain extent, as the Deutsche Bun-
desbank explains in its reports (Monthly Reports,
April 1992).

The long-term trend of receipts from and expenditure
on patents, inventions and processes (cf. Table I1,/30)
shows that the “traditional deficit” of the Federal Re-
public of Germany, which since the mid-1970s had
been slightly above DM 1 billion and had increased to
almost DM 2 billion by 1989, reached almost DM 3 bil-
lion in 1990 and 1991. From July 1990 onwards, the re-
sults have also included transactions on the territory of
the former GDE.

Starting with a negative balance of DM = 1,976 million
in 1989, the deficit rose by 16.8 % to DM - 2,308 million
in 1990 and by 25.9 % to DM - 2.905 million in 1991.

The sizeable increase in the deficit from 1990 to 1991 is
the result of two trends: The receipts which had contin-
uously grown over the last 15 years, declined for the
first time - even though only slightly (- 0.6 %) -, while
expenditure - as in most previous years - continued to
increase (+ 12.3 %).

The reports of the Deutsche Bundesbank suggest that
the cause of the decline in receipts is a cyclical down-
turn in Germany's partner countries, as a result of
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foreign participation increased slightly (by 2.5 % to DM
-3,437 million).

The negative balance of patent and licence transactions
of the companies in which foreigners hold participa-
tions may be attributable to very different factors. In
addition to technological factors, tax-related and eco-
nomic factors are of special importance.

In most cases, the right to use a patent or a technical
process is granted in the form of a manufacturing or
marketing licence. The ensuing payments are usually
made by subsidiaries to their parent companies. This is
why German companies with foreign capital participa-
tion have a large net expenditure, while German com-
panies with subsidiaries abroad always record high
net receipts.

Regarding the increase of German direct investment
abroad = it is now exceeding foreign direct investment
in Germany -, it may be surprising at first that also in
recent years the receipts of German groups arising
from patent and licence transactions with foreign sub-
sidiaries were lower than the corresponding payments
made by German subsidiaries to their foreign parent
companies. The Deutsche Bundesbank attributes this
to the relatively short time that German enterprises
have held assets abroad and the higher level of technol-
ogy-intensive foreign direct investment in Germany.
It draws attention to the fact that due to the different
levels of taxation and other fiscal charges in the var-
ious countries there may be shifts - especially when
associated companies are involved — between patent
and licence payments on the one hand and distribu-
tions of profits on the other (cf. Monthly Reports of the
Deutsche Bundesbank, April 1992).

Since the balance of payments only covers financial
transactions, cases where licences granted are paid for
in kind are not included in the licence account. Like
payments in patent and licence trade, payments of
cash contributions towards financing research and de-
velopment projects are also subject to different influ-
encing factors.

For many years, the Federal Republic of Germany has
had net receipts — which, however, had been subject to
major variations — arising from payments for research
and development projects which are primarily in-
tended to develop new products and processes and
provide scientific consultancy. The 1989 balance was
DM + 37 million. Whereas receipts rose considerably in
1990 (+ 34.6 %), expenditure hardly changed (+ 1.7 %).
The Deutsche Bundesbank explains that domestic sub-
sidiaries of foreign groups of enterprises accounted for
most of the growth in receipts. For the most part, this
was probably a reflection of changes in the division of
labour within the groups. The trend was reversed in
1991. Receipts grew only slightly (+ 3 %), while expend-
iture rose substantially (+ 20 %). Expenditure in-
creased mainly in those sectors where non-residents
enjoy a particularly high level of technological know-
how and development, such as microelectronics, ge-
netic engineering and blulm:hm]::g}r Although the tra-
ditional net receipts arising from payment for research
and development in 1991 were vittually half of what
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they had been in 1990, the average of these two years
was the same as in 1988 and 1989 (cf. Monthly Reports
of the Deutsche Bundesbank, April 1992).

The breakdown of German patent and licence transac-
tions by branches of economic activity shows that the
electrical industry (including data processing), the chem-
ical industry and the metal-producing and metal-
working industries are still the most important li-
censors and licensees. In 1991, these three sectors of
industry accounted for 85 % of receipts and 75 % of
expenditure. Individual trends in these industries,
however, were rather divergent.

The chemical industry accounted for the highest pro-
portion of receipts (50.9 %) which — apparently due to
the cyclical slowdown = is slightly below the 1990 level
(51.6 %6), but still higher than in 1989, The trend in ex-
penditure was similar: In 190, its proportion rose to
22.2 %, while it was only 18.6 % in 1991. All in all, re-
ceipts in the chemical industry in 1991 of DM 1,232
million compare with expenditure of DM 991 million.

Patent and licence transactions in the electrical indus-
try followed an opposite trend. In 1990, the electrical
industry’s share in receipts was 18.1 %, in 1991 it
amounted to 21.0 %. During the same period, its
share in expenditure dropped from 49.5 % to 48.1 %.
The negative balance of this sector of industry contin-
ued to increase as a result of the higher growth in
expenditure. In 1991, it amounted to DM - 2,052 million.

At DM - 147 million, the balance of the metal-produc-
ing and metal-working industries was negative for
the first time in 1991 (1990: DM + 155 million).

The Deutsche Bundesbank notes that this reversal of
the traditional net receipts of these industries was
caused by a large one-off payment for foreign li-
cences in the mechanical engineering sector. Another
contributing factor was the reverse development of
the economy in Germany and abroad (Deutsche
Bundesbank, April 1992).

Germany's partner countries in patent and licence
transactions are almost exclusively industrialised
countries. In 1991, these countries accounted for 87.8 %
of receipts and 99.3 % of expenditure, While these fig-
ures hardly changed in the period under review, the
share of EC countries in receipts and expenditure ac-
counted for by industrialised countries rose to 33.00%
and 25.4 %, respectively (1990: 30.2 % and 23.3 %, re-

spectively).

In 1991, too, expenditure was concentrated on the USA
(57.9 %), Switzerland (11.2 %) and the MNetherlands
(9.9 %), followed at some distance by France (4.1 %)
and Japan (2.9 %). In terms of the book value of their
corporate assets, the USA, Switzerland and the Neth- -
erlands are also most important direct investors in
Germany (Monthly Reports of the Deutsche Bundes-
bank, April 1992).

Receipts are much more widely distributed among the
various regions than expenditure (comparable with
German direct investment abroad). In 19491, just under
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one half of total receipts (48.6 %) came from the USA
(29.4 %), Japan (11.1 %) and France (8.1 %), with Italy
now ranking fourth (6.0 %). While the shares of the EC
countries as a whole and of Japan rose, the US share
declined. The shares of the developing and OPEC
countries as well as of the Central and East European
countries undergoing economic reform and the cen-
trally planned economies have hardly changed over
the last few years.

Allin all, the USA is Germany’s most important part-
ner country in patent and licence transactions; the
traditional German deficit in favour of the USA has
continued to grow. The net expenditure with respect
to the Netherlands and Switzerland has declined
slightly between 1990 and 1991. In its transactions with
most other industrialised countries, especially Japan,
as well as with other groups of countries, Germany
still has net receipts.

Commenting on an international comparison of patent
and licence transactions which are also mainly con-
ducted between associated enterprises, the Deutsche
Bundesbank explains that 1989 and 1990 results were
determined by increasing corporate investments of
Japan and the USA. The latter’s direct investments
were mainly in the newly industrialised countries of
Latin America and Asia and in the European Com-
munity, while Japan stepped up its foreign capital
interests mainly in the USA and in the EC countries. In-
vestment in Europe seems to have been encouraged
both by existing and possible future trade restrictions
and by expected growth opportunities in the future
Single European Market (Monthly Reports, April 1992).

In an international comparison of results, it should be
taken into account that the national data on receipts
from and expenditure on patent and licence transac-
tions are not always directly comparable, for statistical
and methodological reasons. For instance, copyrights
are also included here which is not the case with
purely national compilations.

While in 1989 - as in previous years = only the USA
and the United Kingdom had net receipts from patent
and licence transactions, in 1990 the UK is also among
the countries with net expenditure (US % - 56 million;
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1989: US $ + 74 million). Germany’s deficit is much
higher: in 1990, it rose to US § — 1,900 million. Among
the industrialised countries, the Federal Republic of
Germany is one of the most important licensees; in this
balance, only Japan had greater expenditure. Among
the licensors, Germany ranks fifth behind the USA,
Italy, the United Kingdom and Japan. While in most
countries, including Germany, net expenditure in-
creased, France, Italy and the Netherlands could
record declining deficits.

In its report on patent and licence transactions, the
Deutsche Bundesbank repeatedly emphasises the
connection between direct investments and payments
in patent and licence trade. Referring to the substantial
increase in UK expenditure, it draws attention to the
UK's lower wage costs and tax burdens compared
with other EC countries, and fewer language barriers
as well as the international orientation of British indus-
try. These factors made the United Kingdom the fa-
vourite European investment country, especially for
Japarese investors, whose direct investments in the
United Kingdom have increased more than tenfold
since the mid-1980s.

Japan's trend is similar to that of the United Kingdom.
Although internationally Japan still has the highest ex-
penditure, its receipts from patent and licence transac-
tions have increased much more than its expenditure.
Japan's fairly high net expenditure relative to the stock
of its direct investments indicates that, owing to the
particular institutional characteristics of Japanese in-
dustry, non-resident enterprises are still issuing li-
cences to Japanese firms with which they have no cap-
ital ties in most cases, but at best cooperation agree-
ments. On the other hand, it seems that so far foreign li-
censors have only made limited use of the possibility
of transferring technological know-how by setling up
marketing offices and production ptantq (Monthly
Reports of the Deutsche Bundesbank, April 1992).

All this demonstrates again how limited the value of
the Technological Balance of Payments is as an indica-
tor of the transfer of knowledge and how important it
is to interpret the data available in an objective and ex-
pert manner.
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Introduction

Today, national research and technology policy does
not make any sense unless it is integrated into trans-
frontier cooperation. Due to the enormous sums re-
quired and the investment risks involved, fewer and
fewer large-scale research projects and costly technol-
opy programmes, e.g. space flight, high-energy phy-
sics and microelectronics, can be realised without such
cooperation. Within the Eurcpean Community this
cooperation has gained particular significance in the
light of the Single European Act and the Treaty on Eu-
ropean Union (Maastricht Treaty).

There are many different forms of cooperation, They
include bilateral agreements and projects, bilateral or
multilateral coordination of national research activi-
ties, cooperation in individual projects or in specific re-
search areas under the umbrella of European or global
organisations as well as the coordination of national
research and technology policies within the European
Community.

The Federal Government and the research institutions
and project managing agencies it finances have con-
cluded agreements or accords on scientific and tech-
nical cooperation with partners in more than 50 coun-
tries. German agencies are members of numerous inter-
national research organisations and institutions. The
most important objectives of cooperation are

(1) to pool and coordinate national research, technol-
ogy and financial resources in order to use them
specifically - and on a cost-sharing basis - for indi-
vidual large-scale projects or in particular research
areas;

bl

to exchange and compare scientific and technologi-
cal findings, especially with the major industrial-
ised countries;

{3

e’

to strengthen Europe’s technological competitive-
ness at the international level - also in the context
of enhancing Germany's position as an industry lo-
cation;

(4

ph

to support the political and economic restructuring
process in the countries of Central and Eastern Eu-
rope including the independent states of the for-
mer Soviet Union, especially to introduce them to
European and worldwide cooperation in research;

(5) to increase the economic and technical potential of
the countries of the Third World, especially of the
newly industrialising countries, through the trans-
fer of technology.

The Federal Government ]1::-pe--: that - in addition to
the obvious benefit for science and technology — this
cooperation will provide important thrusts for

- the further economic and pnlitify integration of Eu-
rope;
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- the stabilisation of the countries in Central and
Eastern Europe including the independent states of
the former Soviet Union under democratic and mar-
ket economy systems;

- transatlantic cooperation;

- intensified cooperation with the technology coun-
tries of the East Asian region;

- the worldwide exchange of ideas, knowledge and

experience;

- curbing protectionist tendencies in the global econ-
omy;

= solving the existential problems of the Third World;

- increasing responsibility for the conservation of
resources and the ecological balance of the Earth;
and

- developing internationally uniting objectives in a
joint effort to provide for the future of the world.

The description of German involvement in interna-
tional research cooperation in this part of the Report
of the Federal Government on Research is structured
as follows:

- European cooperation
* cpoperation in Western Europe

* cooperation with the countries of Central and
Eastern Europe including the independent states
of the former Soviet Union

- Worldwide cooperation under the umbrella of inter-
national organisations and research institutions

— Bilateral cooperation outside Europe.

Cooperation in research and technology in Western
Europe is based on a wide range of instruments, con-
sisting of different forms of organisation and re-
sources, whose core consists of the research and tech-
nology programmes of the Eundpean Community. Col-
laboration is extended beyond Community bnrdm
by cooperation schemes like COST (Cooperation
with third countries in applied research), JET and
ITER (European and worldwide cooperation in fu-
sion research), EC participation in EUREKA and ESA
projects as well as — more recently — the cooperation
of the EC and EFTA, based on the Treaty on the Euro-
pean Economic Area (EEA). This is complemented, in
particular in the technological area, by the coopera-
tion of industrial companies and research institutions
within the EUREKA framework and the coopera-
tion of European states in space research and technol-
ogy within ESA as well as in numerous specific multi-
lateral and bilateral research projects.
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The joint objectives of this cooperation are to coordi-
nate national research activities, pool resources, con-
tribute national results to joint projects and use them
there, as well as strengthen European ties and thus in-
crease European competitiveness at the international
level. Concerning Community research policy, the
Federal Government has explained its ideas in its
“Memorandum on European Research Policy”. It calls
primarily for concentration on certain research prior-
ities, increased cooperation between EC and EUREKA,
an increase in the share of the EC budget devoted to re-
search, improved access of small and medium-sized
enterprises to Community R&D programmes, more
emphasis on the principle of subsidiarity and on de-
centralisation in programme implementation as well
as more transparent and efficient procedures for decid-
ing on grant applications (“debureaucratisation”). These
demands feature prominently in the discussion on the
Fourth Framework Programme, in which countries,
science and industry are involved. German EC pre-
sidency in the second half of 1994 will provide a
very good opportunity to contribute German ideas.

Cooperation with the counfries in Central and Easfern En-
rope including the independent states of the former
Soviet Union has developed into a new priority as a
result of the fundamental political changes of the
last few years. In this process basic conditions have
changed radically. The change of the political and econ-
omic systems has created leeway for individual scien-
tists and research institutions which opens up new pos-
sibilities of cooperation. But this change of systems
also entails the symptoms of an economic and social
crisis which affect scientific and technical cooperation.
In order to contribute to stabilising the economic and
social development as well as to maintaining the coop-
eration potential, traditional cooperation in joint re-
search and development projects needs to be supple-
mented by additional assistance; these states have to be
supported in restructuring their research systems and
in maintaining efficient research potentials. Since these
measures are meant to provide help for self-help, they
are of a temporary nature. Apart from specific bilateral
cooperation, the Federal Government is mainly en-
deavouring to open up Western forms of multilateral
cooperation and organisation for collaboration with
these countries and to integrate their potential (e.g.
space technology, fusion research) into this collaboration.

Whereas in Western Europe bilateral cooperation in
research and technology at many different levels
usually works smoothly without any intergovern-
mental agreements and is increasingly governed by
supranational and multilateral forms of cooperation,
collaboration with Central and Eastern Europe is
based on intergovernmental agreements. These were
first concluded with Romania and Yugoslavia in the
1970s and after 1986 with almost all other states in that
region which existed at the time. Most of these agree-
ments continue to be valid; in some cases they have
been taken over by states succeeding the former par-
ties to the agreements. Cooperation focusses, among
other things, on environmental research, energy re-
search and basic physical research. In addition, Ger-
many is increasingly providing assistance in apply-
ing evaluation methods and in restructuring the re-

search infrastructure. This has become n as a
result of the introduction of democratic and market
economy systems. This assistance includes stimulating
the transfer of knowledge from research to industrial
application as well as encouraging innovations and
sefting up new companies, e.g. by providing technol-
ogy parks and research incubators.

Outside Europe the Federal Government's cooperation
in research and technology is based both on bilateral
agreements and on worldwide international organisa-
tions and institutions such as UNO, IAEA, OECD,
UNESCO and - more recently — CSD, which has been
entrusted with implementing the Rio resolutions of
UNCED. Multilateral copperation mainly focusses on
space research and technology projects (ESA/NASA
cooperation) including satellite communication (IN-
TELSAT), reactor safely and nuclear materials control
(IAEA, OECD-NEA), fusion research (ITER), molecu-
lar biology and neurobiology (HFSPO) in Strasbourg
and systems analysis (IIASA) in Laxenburg near
Vienna.

Bilateral cooperation agreements which differ widely in
type were concluded with numerous countries. They
have two objectives: Cooperation with industrialised
countries focusses on pooling resources, on a division
of labour and on exchanging knowledge. Cooperation
with Third World countries involves mostly newly in-
dustrialising countries and centres primarily on tech-
nology transfer in order to help develop infrastruc-
tures and increase those countries’ performance.

= Scientific relations with the USA are characterised
by broad-based, future-oriented cooperation. About
50 cooperation agreements address the following
areas: Space research and technology, energy tech-
nologies including reactor safety research, medical,
bioscientific and transport research as well as aero-
nautical engineering. In spite of the great distance
and the stiff competition, a comparable level of tech-
nological development and joint basic political and
social ideas facilitate cooperation. The two countries
are not only connected by numerous bilateral pro-
grammes and projects, but also share ideas concern-
ing the substance and objectives of government re-
search policy. These include loyalty to the principle
of freedom of research as well as the awareness of
the responsibility of research and its promotion for
solving the global problems facing humanity at the
end of the 20th century. The decentralised structure
of research in both countries provides a basis for nu-
merous contacts between scientists on both sides of
the Atlantic. To develop this rich potential for the fu-
ture and to make use of it is an integral part of the
Federal Government’s research policy vis-a-vis the
USA.

= In East Asia, the focus is on scientific and techno-
logical cooperation with Japan. In a performance-
driven competition Japan has conquered important
key industries in the world markets. Its dynamic de-
velopment of up-to-date technologies is a growing
challenge also for Germany. In view of the geo-
graphical distance, cooperation mainly centres on
the exchange of specific information, especially in
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the areas of biosciences, environmental research and
information technologies. In the area of space re-
search, negotiations are underway on possibilities
for intensified cooperation. An important factor - in
addition to free and fair competition with equal op-
portunities = is the German willingness to address
the “Japanese phenomenon” and to learn from it.
Today, we have to adapt increasingly to Japanese in-
novation strategies. In this context it is very impor-
tant that more and more young scientists take advan-
tage of the possibility to spend some time in Japan
for scientific purposes and that this is adequately
honoured by science and industry.

- Relations with Third Werld countries have been re-
defimed by the United Nations Conference on the
Environment and Development (UNCED) in 1992,
Bearing this in mind, the Federal Government con-
tributes towards the necessary scientific and techni-
cal development by helping to accomplish the ur-
gent environmental and development tasks identi-
fied by the Conference.

1. European cooperation
1.1 Cooperation in Western Europe

Cooperation in research and technology in Western Europe
focusses on collaboration within the European Com-
munity. In recent years the role of the EC in the field of
research and technology development has become
more and more important. The EC's promotion meas-
ures have increased so much in intensity and scope
that they are also of considerable importance for Ger-
many with its multi-facetted research promotion by
the Federal and Linder governments as well as indus-
try. In some areas promotion by the European Com-
munity is of special significance. In fusion research, for
example, member states coordinate all their activities
which are financed to a considerable extent by the EC;
in the case of information technologies, a major part of
public funding in the industry-related area comes
from the EC.

The Treaty on European Union (Maastricht Treaty)
gives Community research and technology promotion
a new dimension: In addition to the previous objective
of strengthening the scientific and technological bases
of Community industry, it will in the future cover all
areas for which the Community — on the basis of the
Treaty on European Union - has gema-ral iurisdictinn.
The growing importance of the EC is also reflected in
the budget funds which have continuously increased
for more than a decade. In 1992, they amounted to
about DM 5 billion, thus reaching a level that is com-
parable with national promotion. In March 1993, the
Council of Research Ministers in Brussels decided to
step up the ongoing Third Framework Programme by
HH) million ECUs = DM 1.8 billion.

Involvement in the various bodies of the European
Community is very important. This applies to coop-
eration as such as well as to harm nising national re-
search policy with Community prcréora mmes. In the cur-
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rent discussion on the Fourth Framework Frogramme
(1994 to 1998) the Federal Government is striving to
limit Community R&D promotion to the pre-compe-
titive phase, to focus it on specific programmes with
European “value added” as well as to use the funds
available for specific priorities, based on the princi-
ple of subsidiarity.

The Treaty on the European Economic Area (EEA),
which was concluded in 1992 between the member
states of the EC and EFTA, will considerably extend
the geographical borders of international cooperation
also in the research area.

The second pillar of research and technology coopera-
tion in Europe is EUREKA. With the EUREKA technol-
ogy initiative, the member states intend to promote,
coordinate and intensify transfrontier project coopera-
tion between industrial companies and research insti-
tutions with a view to helping create a European Tech-
nology Community, thus increasing Europe’s competi-
tiveness in the high-tech world market. Because of its
deliberately flexible and variable forms of tion,
EUREKA has developed into a novel and unique in-
strument of European cooperation:

= The number of projects of transfrontier cooperation
bebween companies - including small and medium-
sized enterprises — and research institutions of the
current 20 EUREKA member states as well as the EC
Commission was increased substantially.

= The financial volume of all projects amounts to al-
most DM 25 billion.

- Even before the EEA agreement entered into force,
EUREKA had been an important link between the
research sectors of the two economic areas in
Western Europe. Today, EUREKA is assuming
more and more the function of a bridge between
the West and the countries of Central and Eastern
Europe.

Since 1971, COST (European Cooperation in the Field
of Scientific and Technical Research) has provided
another organisational framework for coordinating na-
tional research activities beyond EC borders. COST
cooperation is based on the principles of voluntariness,
of funding at the national level and of implementation
in joint programmes. The programme themes are
open, telecommunications and transport are priorities.
After having opened up towards Central and East Eu-
ropean countries, COST has gained special impor-
tance.

In the area of space research and space technology
multilateral cooperation focusses on the European
Space Agency, ESA. The Federal Government's policy
aims to realise national space research interests to the °
greatest possible extent under the ESA umbrella. At
the same time, it endeavours to intensify tion
between ESA and the EC. In addition, there are bilat-
eral projects, mainly with the USA, and - gradually de-
veloping - with the successor states of the Soviet
Union and with Japan. The purpose of these coopera-
tion efforts is mainly to coordinate national activities
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and pool the resources available in this costly research
area which exceeds the financial strength of individual
states.

The basis of current European space activities is the
-term plan which was adopted by the ESA Coun-
cil at ministerial level in The Hague in 1987. It com-
prises a coherent space programme based on Euro-
pean autonomy, which is to be interpreted as effi-
ciency, mmpehtweness and eligibility for partnerships
in the international environment. At the Council meet-
in Munich in 1991, ESA decided to continue this
m and at the same time extend international coop-
eration. In this way it takes account of the changed in-
ternational environment, which opens up greater pos-
sibilities of cooperation with the independent states of
the former Soviet Union. Another meeting of the ESA
Council at ministerial level took place in Granada in
1992. Three resolutions were adopted, (1) on a new
long-term European space plan from 1992 to 2005 and
its stepwise implementation, (2) on intensifying inter-
national cooperation, and (3) on cooperation with the
Russian Federation. This reorientation, which makes
allowance for the changed political, technical and fi-
nancial circumstances, created a satisfactory perspec-
tive for European space research: The European
science programme HORIZON 2000 will be continued;
the earth observation strategy which had already been
launched in Munich could be upgraded considerably
by including the ENVISAT and METOP projects. The
ESA member states decided to implement neither the
free-flying MTFF laboratory module as part of the CO-
LUMBUS programme nor the HERMES spaceplane,
which was replaced by a technology programme to
provide a reorientiation phase. A new situation has
arisen for the European AFPM laboratory module since
the US government decided to review the plans for the
FREEDOM Space Station with a view to cutting costs.
This has been greatly welcomed by the German side;
the cost-benefit ratio of the European contribution
should also be improved and the costs of the future
operation of the Space Station should be reduced.

Furthermore, Germany is a member of numerous in-
ternational organisations and institutions which have
the task of coordinating cooperation in research and
technology at the European level or engage in research
and technological development in specific areas them-
selves. The membership and functions of these institu-
tions are as varied as their organisational structures.

In the area of scientific basic research using large-scale
equipment, cooperation mainly serves to provide a di-
vision of labour and pool resources. At the same time,
such international research institutions, with their at-
traction for outstanding scientists from all over the
world, represent fora for the exchange of experience
and scientific cooperation beyond the joint utilisation
of such equipment. International research institutions
offer great benefits for the scientific culture of Europe
and of the world as a whole. They include bilateral and
trilateral research p ts, such as the German-
Metherlands wind tunnel (DNW) and the German-Bri-
tish-French very-high-flux reactor (ILL) in Grenoble,
as well as institutions with coordinating functions,
such as the European Centre for Medium-Range

Weather Forecast in the United Kingdom, and multilat-
eral large-scale research institutions, such as CERN in
Geneva (high-energy physics), EMBL in Heidelberg
(biological basic research), ESO in Munich (building
and operation of optical telescopes for astronomical re-
search) and ESRF in Grenoble (synchrotron radiation
facility). Their organisational structures range from
simple cooperations within the framework of interna-
tional conferences (COST, EMBC) - some of them
supported by small secretariats and national eoordinat-
ing agencies (EUREKA) - to institutions set up under
national private law (ILL, ESRF and the European
Transonic Wind Tunnel (ETW) in Cologne) to interna-
Honal organisations which are legal entities in their
own right (ESA, ESO, CERN, EMBL).

New priorities, above all increasing the technological
competitiveness of German industry in the old and
new Lander, which is very important for the future of
Germany as a site for research, development and
business, imply that, in view of scarce and hardly in-
creasing budget funds, posteriorities, i.e. matters of
minor importance, also need to be defined. The phase
of setting up and expanding international research in-
stitutions as well as of commissioning new large-scale
equipment for basic research will now have to be suc-
ceeded by a phase of consolidation and intensive re-
vision of the efficiency of the use of funds at interna-
tional research institutions.

1.3 Cooperation with the countries in Central
and Eastern Europe, including the succes-
sor states of the Soviet Union

The end of communist rule in Central and Eastern Eu-
rope has set off a differentiated development in the
countries of that region, which also entails fundamen-
tal changes in scientific and technological cooperation.
In this context, the Federal Republic of Germany is
pursuing different, albeit related objectives. The chal-
lenge now is to take advantage of available know-how
and resources in cooperation and to open up and facil-
itate access to European and worldwide research coop-
eration for the partner states in Central and Eastern
Europe. In particular in the areas of ecology, environ-
ment and safety of technological facilities which have
transfrontier effects, joint responsibility in Europe ne-
cessitates intensified scientific and technical coopera-
tion; finally, the introduction of democracy and market
economy triggers reform processes also in the research
system, which are taken up and implemented by the
various countries with differing intensity and swift-
MESs.

CENTRAL AND EASTERM EUROFPEAN STATES
(without former Soviet Union)

This is most clearly visible in the advanced reform sta-
tes which are Germany's direct or indirect neighbours,
viz. Poland, the Czech Republic and Hungary. When
they launched political and economic reforms, these
countries also started an early and consistent process
of restructuring the system of science and research to
meet the needs of modern industrialised states; at the
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same time, they sought to be integrated into European
research cooperation.

This is why = in addition to traditional project coopera-
tion between individual scientists or research groups -
bilateral cooperation in research and technology is fo-
cussing more and more on restructuring the research
system. The challenge is to overcome a dual split
which had impaired the transfer of knowledge and
technology or even made it impossible: First, the split
between research and teaching, caused by the imposed
model of quasi-autonomous and privileged Acade-
mies of Science and second, the split between research
and industry, brought about by research in specific
branches of industry which was integrated into the
economy and separated from academic research.

One example of successful cooperation is the founda-
tion in Hungary in 1992 of a group of institutes for ap-
plied, industry-related research, modelled on the
Fraunhofer "S.nctr:l‘_i,-' this project was supported by Ger-
many.

In the other countries in Central and Eastern Europe,
some of which — such as the former Socialist Federal
Republic of Yugoslavia — need to be rebuilt in com-
pletely new configurations, the focus is first of all on
taking stock of and evaluating the research p{}tentia!.

Consultaney to, and cooperation with, Central and East
European states are based on the following principles:

— To provide help for seli-help;

- to transfer experience gathered in Germany, espe-
cially in the new Linder;

- to launch cooperative projects between new institu-
tions in the partner countries and German institutes;

to facilitate the partner countries’ access to European
research cooperation (e.g. EC programmes, EU-
REKA, CERN, EMBL, etc.):

- to take advantage of promotion opportunities of-
fered by EC programmes (Third and Fourth Frame-
work Programme for project cooperation and the
exchange of scientists; PHARE programme for tech-
nical assistance in restructuring the research infra-
structure);

— to establish new, or build on earlier, regional coop-
erations based on division of labour (especially with
neighbouring countries and the new Linder).

SUCCESSOR STATES OF THE SOVIET UNION

Cooperation with Russia, the largest partner country
in the region, centres upon nuclear energy, including
reactor safety research, space research, space flight,
agricultural and health research. It is one of the objec-
tives of space research cooperation to introduce the
Russian side to European space research cooperation
within the ESA framework and to make it possible to
take advantage of the efficient Russian space flight ca-
pacities under major European cooperation pro-
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grammes. This applies in particular to cooperation in
manned space flight (MIR 92) and in planetary re-
search (MARS 94). Cooperation will gradually be ex-
tended to include other areas such as biotechnology,
chemical and physical technologies as well as materi-
als research, with new opportunities arising as hith-
erto strictly shielded military research institutions
are being opened up.

Cooperation with other successor states of the Soviet
Union, which had previously been limited to individ-
ual areas, is also being extended step by step. For the
time being, priority is given to relations with Ukraine
and the Baltic Republics.

During a transitional period, project cooperation
proper is complemented by “help for self-help”
schemes to support the states of the region in stabilis-
ing and restructuring their research potential. These
schemes are mainly designed to improve the conditions
of scientific work, e.g. by establishing links with in-
ternational scientific data networks and by providing
temporary assistance in acquiring literature and equip-
ment. The Federal Government also assists its partners
in the region in utilising Western know-how, eg. in
the area of environmental protection, as well as in their
efforts to participate in pan-European and global re-
search and development networks.

Of special importance for intensifying cooperation
with the successor states of the Soviet Union are multi-
lateral initiatives to set up the “International Science
and Technology Centre” in Moscow as well as the “In-
ternational Association for the Promotion of Coopera-
tion with Scientists from the Ind dent States of the
Former Soviet Union”, which the Federal Government
supports actively,

On the basis of a bilateral agreement Germany contri-
butes to the work of the Dubna United Institute for
Nuclear Research (in the Moscow region), at the same
time supporting the efforts of this international insti-
tute to change its structure and become part of the
pan-European research scene. Cooperation is based
on the protection of confidence with regard to interna-
tional treaties and agreements concluded the
former GDR, as agreed in the Treaty on German
Liniky.

The further development of cooperation with Central
and Eastern European countries and the successor
states of the Soviet Union will depend on the progress
of the general economic and social restructuring pro-
cess in the various partner countries. It can be ex

for the future that cooperation approaches will be dif-
ferentiated further and that in cases where this seems
appropriate cooperative projects will be grouped on a
regional basis. Such grouping has already been started
successfully in the area of reactor safety research.

3. Bilateral cooperation outside Europe

While scientific and technological cooperation with
West European neighbouring countries is loday
largely handled by multilateral forms of cooperation,
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information technologies and biosciences, environ-
mental research and, more recently, increasingly on
space research. Numerous fora and panels provide op-
portunities for the exchange of specific information
between the scientists from universities and industry.

Another important element is the German Institute for
Japanese Studies (D1]).

For quite some time there has been intensive coopera-
tion bebween scientists from both countries in the field
of high-energy physics. Japan has become a very in-
teresting partner in space research, too. In June 1992
the two space agencies (DARA and NASDA) held
their first meeting. They studied the possibility of
expanding bilateral cooperation in the space sector,
in particular in the areas of earth observation, space
research, product assurance and future joint pro-
grammes. The fifth joint expert meeting on microgravity
research also took place in 1992. Industrial consortia
of both countries have signed a cooperation agree-
ment relating to the German D2 mission, which con-
cerns in particular the industrial utilisation of micro-
gravity. Experience gathered in Russia with retrievable
and reusable capsules is intended to be used in a tri-
lateral project (EXPRESS).

To intensify bilateral relations, a cooperation council
for high technology and environmental technology
will be set up, which is to introduce new lines espe-
cially in industry-oriented cooperation.

The Eighth German-Japanese Forum on Information
Technology held in Weimar in May 1993 provided fur-
ther impetus for cooperation in various areas of infor-
mation technology. In the field of biotechnology and
other life sciences, Japan has come forward with pro-
posals for worldwide cooperation under the Human
Frontier Science Programme.

On the whole, Japan and Germany are willing to con-
tinue to intensify scientific and technological coopera-
tion. Although Japan is still oriented towards the USA
in scientific and technological cooperation, it is endeav-
ouring to expand its international cooperation, especi-
ally with other advanced industrialised countries and
also with developing countries in Asia.

Cooperation with Korea focusses on basic research as
well as on the exchange of scientists and experience in
energy research. A joint working group on the high-
speed rail link Seoul-Pousan has studied the German
Transrapid and ICE technology offers. The highlight
was the Technogerma Seoul 1991 from February 27 to
March 9, 1991 which — with the Day of German Tech-
nology — made an impaortant contribution to present-
ing German high technology right in the centre of the
inic::w]y competitive and very promising Korean
market.

3.4 Cooperation with developing countries

In a world characterised by increasing interdepen-
dence and the globalisation of technological develop-
ment, on the one hand, and by a wide gap between de-
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veloping and industrialised countries, on the other
hand, science, research and technology are faced with
the challenges of making contributions - beyond na-
tional borders — towards the solution of problems in
the Third World. This is not only in keeping with the
principle of solidarity, but is also spawned by the joint
responsibility for the peaceful coexistence of nations.

In this spirit, the Federal Government has set itself the
task to promote the capacities and thus the faster de-
velopment and prosperity of Third World countries
through intensified scientific and technical coopera-
tion. The total funds earmarked by the Federal Minis-
try for Research and Technology for ongoing projects
relevant to developing countries amount to about DM
260 million. These projects complement the develop-
ment work of the Federal Ministry for Economic Co-
operation, which supports, among other things, the de-
velopment and improvement of a scientific and tech-
nological infrastructure (higher education institutions,
technology centres, research institutes) in the develop-
ing countries.

New priorities are being defined for the activities of
the BMFT. They focus mainly on

— the development and testing of new technologies for
use in developing countries; these involve, for in-
stance, low-pollution and raw material-saving pro-
duction processes;

= the adaptation of processes and technologies com-
monly used in industrialised countries to the condi-
tions prevailing in the respective partner country;
Iar instance, solar-electric pumping as well as photo-
voltaic and wind energy plants are adapted to op-
erating and maintenance conditions in the Third
World;

= the transfer of scientific and technological know-
ledge to strengthen the R&D capacities and eco-
nomic efficiency and competitiveness of the devel-
oping countries.

Partner countries in this sense are mainly newly indus-
trialising countries which - at least in some areas -
have attained an almost identical scientific and tech-
nological level. The main partner countries in Latin
America are Brazil and Argentina, in Asia there are
China, India and Indonesia, and in the Arab region it is

Egypt.

The promotion of scientific and technical cooperation
with developing countries focusses on energy research
and technology, ecological research, environmental
technlslngiﬁ. biotechnology as well as marine re-
Searc.

~ Traditionally, energy research and technology rank =
first among the areas of cooperation. Most important
are the utilisation of renewable energies — which is
in fact the most extensive area of cooperation with
developing countries — as well as coal technology. In
contrast, cooperation in nuclear technology only
plays a minor role today and centres on issues of
safety engineering.
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Promotion organisations and research institutions
in the Federal Republic of Germany
- Extract from research addresses -

1. Promotion organisations

Deutsche Forschungsgemeinschaft e. V. (DFG), 53175 Bonn, Kennedyallee 40
Tel.: 0228/885-1, Telefax: 0228/885-2221

Deutscher Akademischer Austauschdienst (DAAD), 53175 Bonn, Kennedyallee 50
Tel.: 0228/882-0, Telefax: 0228/882-444

Alexander von Humboldt-Stiftung (AvH), 53173 Bonn, Jean-Paul-StraBe 12
Tel.: 0228/8330, Telefax: 0228/833-199

Stifterverband fir die Deutsche Wissenschaft, 45239 Essen, Barkhovenallee 1
Tel.: 0201/8401-0, Telefax: 0201/8401-301

Volkswagen-Stiftung, 30519 Hannover, Kastanienallee 35, Postfach 81 05 09
Tel.: 0511/8381-0, Telefax: 0511/8381-344

Deutsche Bundesstiftung Umwelt, 49082 Osnabriick, Im Nahner Feld 1
Tel.: 0541/9522-0, Telefax: 0541/9522-190

Arbeitsgemeinschaft industrieller Forschungseinrichtungen “Otto von Guericke” e. V. [AiF),
50968 Koln, Bayenthalglirtel 23
Tel.: 0221/37680-0, Telefax: 0221/37680-27

2. Supporting organisations
2.1 Max-Planck-Gesellschaft zur Forderung der Wissenschaften e. V. (Max Planck Society for the Ad-

vancement of Science) (MPG), 80333 Miinchen, Residenzstraie 1a
Tel.: 089/2108-1, Telefax: 0B9/229850

Research institutions of the Max-Planck-Gesellschaft and working groups at universities

Biology and medicine section Max-Planck-Institut fir Entwicklungsbiologie
: s : 72076 Tiibingen, Spemannstrafe 35
Max-Planck-Institut fiir Biochemie Tel.: 07071,/6011, Telefax: 07071 /601300
52152 Martinsried b. Miinchen, Am Klopferspitz 18a
Tel.: 089 /85781, Telefax: 089 /8578-3777 Max-Planck-Institut fiir Emdhrungsphysiologie
44139 Dortmund, Rheinlanddamm 201
Max-Planck-Institut fiir Biologie Tel.: 0231 /12061, Telefax: 0231 /1206464
72076 Tubingen, Spemannstrae 32
Tel.: 07071601240, Telefax: 07071/610979 Friedrich-Miescher-Laboratorium
72076 Tiibingen, Spemannstrafle 37-39
Max-Planck-Institut fiir Biophysik Tel.: 07071 /601460, Telefax: 07071 /601455
60528 Frankfurt /M., Heinrich-Hoffmann-Str. 7 . k
Tel.: 069 /96769-0, Telefax: 069 /96769-423 Max-Planck-Institut fiir molekulare Genetik
14195 Berlin, Ihnestrale 73
Max-Delbriick-Laboratorium Tel.: 030/83071, Telefax: 030/8307383
in der Max-Planck-Gesellschaft itut fiir Hi
50829 Koln, Carl-von-Linné-Weg 10 g;;g}];::;tjﬁl;;u{t Egﬁﬁxﬂﬁk 46
Tel.: 0221 /5062-0, Telefax: 0221 /5062613 Tel.: 069 /67041, TE].;[-B x: 069 /6704433
Max-Planck-Institut Forschungsstelle fir Humanethologie
fiir ox perimentelle Endokrinologie der Max-Planck-Gesellschaft
30625 Hannover, Feodor-Lynen-StraBe 7 82346 Andechs, Von-der-Tann-Stralle 3-5
Tel.: 0511/5359100, Telefax: 0511 /5859203 Tel.: 08152 /37359, Telefax: 08152 /37370
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Max-Planck-Institut fiir Immunbiologie
79108 Freiburg, Stiibeweg 51
Tel.: 0761 /51080, Telefax: 0761 /5108221

Klinische Arbeitsgruppe fiir Rheumatologie
an der Medizinischen Klinik 111

der Universitit Erlangen-Niumberg

91054 Erlangen, Schwabachanlage 10

Tel.: 09131 /859100, Telefax: 09131 /206951

Max-Planck-Institut fur biologische Kybernetik
72076 Tiibingen, Spemannstrale 38
Tel.; 07071 /6011, Telefax: 07071,/ 601575

Max-Planck-Institut fiir Limnologie
24306 Plon (Holstein), August-Thienemann-StraBe 2
Tel.: 04522 /8021, Telefax: 04522 /802318

Max-FPlanck-Institut fiir experimentelle Medizin
37075 Gittingen, Hermann-Rein-Strafle 3
Tel.: 0551/ 3899-0, Telefax: 0551,/3899388

Max-Planck-Institut fiir medizinische Forschung
69120 Heidelberg, JahnstraBe 29
Tel.: 06221 /4861, Telefax: 06221,/486351

Max-Planck-Institut fiir terrestrische Mikrobiologie
35043 Marburg, Karl-von-Frisch-5traie
Tel.: 0p421 /287051, Telefax: 06421 /161470

Max-Planck-Institut fiir marine Mikrobiologie
28359 Bremen, Fahrenheitstrae 1
Tel.: 0221,/ 2208122, Telefax: 0221 /2208150

Max-Planck-Institut fiir neurologische Forschung
50931 Koln, Gleueler Strafe 50
Tel: 0221 /47260, Telefax: 0221 /4726298

Max-Planck-Institut fiir physiologische

und klinische Forschung, W.G. Kerckhoff-Institut
61231 Bad Nauheim, Parkstraie 1

Tel.: 06032 /7051, Telefax: 06032 /705211

Max-Planck-Institut fiir Psychiatrie

Klinisches Institut:

80804 Miinchen, Kraepelinstrae 2 + 10

Tel.: 089 /306221, Telefax: 089/ 306224583
Theoretisches Institut:

80804 Martinsried b. Miinchen, Am Klopferspitz 18a
Tel.: 089 /85781, Telefax: 089 /58783777

Max-Planck-Institut fiir Psycholinguistik
NL-6526 XD Nijmegen, Wundtlaan 1
Tel.: 003180/521911, Telefax: 003180/521213

MPG-Arbeitsgruppen

fiir strukturelle Molekularbiologie

22607 Hamburg, Gebdude 25b, DESY, Notkestrale 85
Tel.: 040 /89981, Telefax: 040,/891314

Max-Planck-Institut fiir Systemphysiologie
44139 Dortmund, Rheinlanddamm 201
Tel.: 0231 /12060, Telefax: 0231 /1206464

Max-Planck-Institut fiir Verhaltensphysiologie
82319 Seewiesen/Post Starnberg
Tel.: 08157 /291, Telefax: 08157 /29209

Promotion organisations and research institutions

Max-Planck-Institut fiir Zellbiologie
68526 Ladenburg b. Heidelberg, Rosenhof
Tel.: 06203/ 106-0, Telefax: 06203 ,/106122

Max-Planck-Institut fiir Ziichtungsforschung
50829 Kéln, Carl-von-Linné-Weg 10
Tel.: 0221 /50620, Telefax: 0221/5062513

Chemistry, physics, technology section

Max-Planck-Institut fiir Aeronomie
37191 Katlenburg-Lindau, Postfach 20
Tel.: 055564011, Telefax: 05556,/ 401240

Max-Planck-Institut fiir Astronomie
69117 Heidelberg, Kinigsstuhl 17
Tel.: 06221 /5281, Telefax: 06221 /528246

Max-Flanck-Institut fiir Astrophysik
85748 Garching b. Miinchen,
Karl-Schwarzschild-Strafie 1

Tel.: 089,/329900, Telefax: 089 /32993235

Max-Planck-Institut fiir Chemie (Otto-Hahn-Institut)
55128 Mainz, Joh.-Joachim-Becher-Weg 27
Tel.: 061313050, Telefax: 06131 /305388

Max-Planck-Institut fiir biophysikalische Chemie
{ Karl-Friedrich- Bonhoeffer-Institut)

37077 Gottingen, Am Faberg

Tel.: 0551 /2011, Telefax: 0551 /201222

Max-Planck-Institut fiir Eisenforschung
40237 Diisseldorf, Max-FPlanck-Stralie 1
Tel.: 0211 /67921, Telefax: 0211 /6792-268

Max-Planck-Institut fiir Festkorperforschung
70569 Stuttgart, Heisenbergstraffe 1
Tel.: 0711 /6860-1, Telefax: 0711 /6874371

Fritz-Haber-Institut der Max-Planck-Gesellschaft
14195 Berlin, Faradayweg 4-6
Tel.: 030,/8305-1, Telefax: 030/8305-520

Gmelin-Institut fiir anorganische Chemie

und Grenzgebiete der Max-Planck-Gesellschaft
60486 Frankfurt/M., Varrentrappstraie 40/42,
Carl-Bosch-Haus

Tel.: 069/79171, Telefax: 069/7917338

Max-Planck-Institut fiir Informatik

66123 Saarbriicken, Im Stadtwald
Tel.: 0681 /302-5410, Telefax: 0681 /302-5401

Max-Planck-Institut fiir Kernphysik
69117 Heidelberg, Saupfercheckweg 1,
Postfach 10 39 80

Tel.: 06221 /5161, Telefax: 06221 /516540

Max-Planck-Institut fiir Kohlenforschung
45470 Miilheim a. d. Ruhr, Kaiser-Wilhelm-Flatz 1
Tel.: 0208 /3061, Telefax: 0208 /306407

Max-Planck-Institut fuir Kolloid-

und Grenzflichenforschung

12489 Berlin, Rudower Chaussee 5, Haus 9.9
Tel.: 030/ 6762615 und

Teltow, Kantstrafle 55

Tel.: 030 /35146372

135






neven Bundeslindern” an der Humboldt-Universitit
zu Berlin

10117 Berlin, Jagerstrafe 10/11

Tel.: 030 /20360-550, Telefax: 030/2291200

Arbeitsgruppe “Theorie dimensionsreduzierter
Halbleiter” an der Humboldt-Universitit zu Berlin
10117 Berlin, Hausvogteiplatz 5-7

Tel.: 03020377509, Telefax: 030 /20377514
Arbeitsgruppe “Fehlertolerantes Rechnen”

an der Universitiat Potsdam
Fachbereich Informatik

14415 Potsdam, Postfach 60 15 53
Tel.: 0331,/9710-0

Arbeitsgruppe “Nichtlineare Dynamik (in der Astro-
physik)” an der Universitit Potsdam

14469 Potsdam, Am Neuen Palais Geb, 19

Tel.: 0331/9710-611, Telefax: 0331/9710-258

Arbeitsgruppe “Ostelbische Gutsherrschaft

als sozialgeschichtliches Phinomen”

an der Universitit Potsdam

14469 Potsdam, Geb. "K', 2. OG, Am Neuen Palais 10
Tel.; 0331 /9710-303, Telefax; 0331 ,/9710-763

Arbeitsgruppe “Partielle Differentialgleichungen
und komplexe Analysis” an der Universitat Potsdam
14469 Potsdam, Am Meuen Palais 10

Tel.: 0331 /9710-269, Telefax: 0331 /9717499

Arbeitsgruppe “Theoretische Vielteilchensysteme”
an der Universitit Rostock

18055 Rostock, Universitatsplatz 3

Tel.: 0381 /369353, Telefax: (1381 /369-363

Arbeitsgruppe “Komplexkatalyse” der MPG
an der Universitit Rostock

18055 Rostock, Buchbinderstrafie 5-6

Tel.: 0381 /46693-69, Telefax: 0351 /46693-24

Arbeitsgruppe “ Asymmetrische Katalyse”
an der Universitat Rostock

18055 Rostock, BuchbinderstraBe 5-6

Tel.: 0381 /46693-35, Telefax: 0381 /46693-24

Arbeitsgruppe “Theorie komplexer

und korrelierter Elektronensysteme” der MPG
an der Technischen Universitit Dresden

Abt.: Physik

01069 Dresden, Mommsenstr. 13

Tel.: 0351 /463-3853, Telefax: 0351 /463-7029

Arbeitsgruppe “Mechanik heterogener Festkrper”
an der Technischen Universitit Dresden

01069 Dresden, HallwachsstraBle 3

Tel.; 0351 /4659-340 oder -349, Telefax: 0351 /4659-544

Arbeitsgruppe “Zeitaufgeliste Spektroskopie”

an der Universitat Leipzig

04318 Leipzig, PermoserstraBe 15

Tel.: 0341 /235-2713, Telefax: 0341 /235-2317

Arbeits “Enzymologie der Peptidbindung” an
der Ma&l?nl?Lﬁzeﬂw:—l}rniveEi;t Ha]l:—PWittenber gg
06120 Halle /Saale, Weinbergweg 16a

Tel.: 0345/617255, Telefax: 0345-647126

Arbeitsgruppe “Umweltrecht”
an der Martin-Luther-Universitit Halle-Wittenberg

06110 Halle/Saale, Franckeplatz 1, Haus 42
Tel.: 0345 /29852, Telefax: 0345,/29853

Arbeitsgruppe “Synthese, Struktur und Eigenschaften
von flissigkristallinen Systemen”

an der Martin-Luther-Universitit Halle-Wittenberg
06108 Halle/Saale, Miihlpforte 1

Tel.: 0345/503912, Telefax: 0345/503912

Arbeitsgruppe “CO3-Chemie”

an der Friedrich-Schiller-Universitit Jena
07743 Jena, Lessingstrale 12

Tel.: 03641 /8225562, Telefax: 03641 /82-25062

Arbeitsgruppe “Rontgenoptik”

an der Friedrich-Schiller-Universitit Jena
07743 Jena, Max-Wien-Platz 1

Tel.: 03641 /82-25366, Telefax: 03641 /8223843

Arbeitsgruppe “Physik und Chemie des interstellaren
Staubes in Sternentstehungsgebieten”

an der Friedrich-Schiller-Universitit Jena

07745 Jena, Schillergifichen 2

Tel.: 03641 /555-93, Telefax: 03641 /555-94

Arbeitsgruppe “Gravitationstheorie”

an der Friedrich-Schiller-Universitit Jena
07743 Jena, Friedrich-Schiller-Universitit Jena,
Max-Wien-Platz 1

Tel.: 03641 /25528, Telefax: 03641 /22262

Arbeitsgruppe “Molekulare und zellulire Physiolo-
gie” an der Friedrich-Schiller-Universitiit Jena

¢/ o0 Max-Planck-Institut fiir biophysikalische Chemie
37018 Gottingen, Am Fald

Tel.: 0551/201-675, Telefax: 0551 /201-688

#

Arbeitsgruppe “Pharmakologische Himostaseologie®
an der Friedrich-Schiller-Universitit Jena

07745 Jena, Winzerlaer Str. 10

Tel.: 03641 /85-2439, Telefax: 03641/85-2439

Arbeitsgruppe “Modulation der Signaliibertragung
von Wachstumsfaktoren”

an der Friedrich-5Schiller-Universitit Jena

07743 Jena, Lébderstrafle 3

Tel.: 03641 /82-24654, Telefax: 03641 /8224295

Branch offices of Max Planck institutes
in the new German Linder

Aubenstelle Berlin-Adlershof des Max-Planck-
Instituts fiir extraterrestrische Physik

12489 Berlin, Rudower Chaussee 5

Tel.: 030,/6392-3922, Telefax: 030,/ 6392-3939

Auflenstelle Berlin des Max-Planck-Instituts
fiir Plasmaphysik (IPI)

10117 Berlin, Mohrenstrae 40/41

Tel.; 030,/20366-102, Telefax: 030,/20366-111
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G5F-Forschungszentrum
85764 Oberschleifheim, Ingolstidter Landstrafe 1
Tel.: 089 /3187-0, Telex: 523125 stral d

Gesellschaft fiir Schwerionenforschung mbH (G5I)
54220 Darmstadt, Planckstrale 1, Postfach 11 05 52
Tel.: 06151 /359-1, Telex: 04 19593,

Telefax: 06151 /359 785

Hahn-Meitner-Institut Berlin GmbH (HMI)
14109 Berlin, Glienicker Strafe 100

Tel.; 030,/8009-1, Telex: 185763 (hmi d),
Telefax: 030,/8009 2181

Manx-Planck-Institut fiir Plasmaphysik (IPP)
85748 Garching bei Miinchen, Boltzmannstraie 2
Tel.: 089/3299-01, Telex: 5215 808 (ipp d),
Telefax: 089,/3299 2200

Forschungszentrum Jiilich GmbH (KFA)
52425 Jilich, Postfach 19 13

Tel.: 02461 /61-0, Telex: 833 556 (kfa d),
Telefax: 02461 /615327

Kernforschungszentrum Karlsruhe GmbH (KfK)
76021 Karlsruhe, Postfach 36 40
Tel.: 07247 /82-0, Telefax: 07247 /82-5070

Max-Delbriick-Centrum Rir Molekulare Medizin
(MDC)

13125 Berlin-Buch, Robert-Rissle-Strafie 10

Tel.: 030/9463278, Telefax: 030 ,/9497008

UFZ-Umweltforschungszentrum Leipzig-Halle GmbH
04318 Leipzig, Permoserstrale 15
Tel.: 0341 /2352242, Telefax: 0341 /2352791

4, Institutions on the “Blue List” promoted jointly by the Federal and Linder governments by

Lénder

Baden-Wiirttemberg

Deutsches Institut fiir Fernstudien an der Universitit
Tiibingen (DIFF)

72072 Tilbingen, Konrad-Adenauer-Strale 40,
Postfach 15 69

Tel.: 07071 /979-0, Telefax: 07071 /979-100

Fachinformationszentrum Karlsruhe GmbH (FIZ Ka)
76344 Eggenstein-Leopoldshafen 2
Tel.; 07247 /B08-606, Telefax: 07247 /B0B-666

Gesellschaft Sozialwissenschaftlicher
Infrastruktureinrichtungen e. V. (GESIS)

c/o Zentrum fiir Umfragen, Methoden und Analysen
e. V. (ZUMA) (Vereinssitz)

68072 Mannheim, Postfach 12 21 55

Tel.: 0621 /18004-0, Telefax: 0621 /18004-49

Institut fiir deutsche Sprache (1DS)
68016 Mannheim, K 5, 6-13, Postfach 10 16 21
Tel.: 0621 /1581-0, Telefax: 0621,/ 1581-200

Kiepenheuer-Institut fiir Sonnenphysik (KIS)
79104 Freiburg, SchineckstraBe 6
Tel.: 0761 /31980, Telefax: 0761/3198-11

Bayern/Bavaria

Deutsche Forschungsanstalt fiir Lebensmittelchemie
Miinchen (DFA)

85748 Garching, Lichtenbergstraffe 4

Tel.: 089 /3209-4170, Telefax: 089 /3209-4183

Deutsches Museum in Munchen (DM)
B0538 Miinchen, Museumsinsel 1
Tel.: 08921791, Telefax: 089 /2179324

Germanisches Mationalmuseum (GNM)
90402 Narberg, Kartiusergasse 12
Tel.: 0911 /13310, Telefax: 0911 /1331200

ifo Institut fiir Wirtschaftsforschung e. V. Miinchen
(ifo)

81678 Miinchen, Poschingerstrafie 5

Tel.: 089,/9224-0, Telefax: 089,/985369

Institut fiir Zeitgeschichte (1fZ)
86636 Miinchen, Leonrodstraie 46b
Tel.: 089/ 126880, Telefax: 089,/1231727

Berlin

Deutsches Bibliotheksinstitut (DBI)
10717 Berlin, Bundesallee 184, Haus 1
Tel.; 030/ 85050, Telefax: 030 ,/8585-100

Deutsches Institut fiir Wirtschaftsforschung (DIW)
14195 Berlin, Kénigin-Luise-Strafe 5
Tel.: 030,/82991-0, Telefax: 030/82991200

Deutsches Institut fur Internationale Padagogische
Forschung (DIPF-SERVICE)

10178 Berlin, Haus des Lehrers, Alexanderplatz
Tel.: 030/ 2441-351, Telefax: 030/

Fachinformationszentrum Chemie GmbH (FLZ CH)
10587 Berlin, Franklinstrale 9
Tel.; 030/ 39076-0, Telefax: 030,/ 39076-333

Heinrich-Hertz-Institut fiir Nachrichtentechnik Berlin
GmbH (HHI)

10587 Berlin, Einsteinufer 37

Tel.: 030,31002-0, Telefax: 030,/31002-213

Wissenschaftszentrum Berlin fiir Sozialforschung
gGmbH (WZB)

10785 Berlin, Reichpietschufer 50

Tel.: 030, 25491-0, Telefax: 030,/25491684

Forschungsverbund Berlin e. V. (FVB)
10177 Berlin, Jigerstrae 22/23
Tel.: 030/20370-0, Telefax: 030/2004571
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Area of responsibility of the Federal Ministry of Economics

Physikalisch-Technische Bundesanstalt (PTE)
38116 Braunschweig, Bundesallee 100
Tel.: 0531 /592-0, Telefax: 05331 /592-4006

Bundesanstalt fiir Materialforschung und -priifung
(BAM)

12203 Berlin, Unter den Eichen 87

Tel.: 030/8104-1, Telefax: 030/8112029

Bundesanstalt fiir Geowissenschaften und Rohstoffe
(BGR)

30655 Hannover, Stilleweg 2, Postfach 51 01 53

Tel.: 0511 /6430, Telefax: 0511 /643-2304

Area of responsibility of the Federal Ministry of Food, Agriculture and Forestry

Bundesforschungsanstalt fiir Landwirtschaft Braun-
schweig-Vilkenrode (FAL)

38116 Braunschweig, Bundesallee 50

Tel.: 0531 /5961, Telefax: 0531/596814

Biologische Bundesanstalt fiir Land- und Forstwirt-
schaft Berlin/Braunschweig (BBA)

38104 Braunschweig, Messe 11/12

Tel.: 0531 /2990, Telefax: 0531 /2993001

Bundesanstalt fiir Milchforschung (BAM)
24103 Kiel, Hermann-Weigmann-5Strafe 1
Tel.: 0431 /6091, Telefax: 0431/609222

Bundesforschungsanstalt fiir Fischerei (BFAFi)
22767 Hamburg, Palmaille 9
Tel.: 040/ 3890% Telefax: (40,/38905129

Bundesforschungsanstalt fiir Forst-
und Holzwirtschaft (BFH)

21031 Hamburg, Leuschnerstraie 91
Tel.: 040,/739621, Telefax: 040 /73962480

Bundesanstalt flir Getreide-, Kartoffel- und Fettfor-
schung (BAGKF)

32756 Detmold, Schiitzenberg 12

Tel.: 05231 /7410, Telefax: 05231 /741100

Bundesforschungsanstalt fiir Viruskrankheiten der
Tiere (BFAV)

72076 Tiibingen, Paul-Ehrlich-Strafie 28

Tel.: 07071 /6031, Telefax: 07071 /603201

Bundesanstalt fiir Ziichtungsforschung
im Wein- und Gartenbau

76833 Siebeldingen

Tel.: 06345 /410, Telefax: 06345/41177

Bundesanstalt fiir Fleischforschung (BAFF)
95326 Kulmbach, E.-C.-Baumannstrae 20
Tel.: 09221 /8031, Telefax: 09221 /803244

Bundesforschungsanstalt fiir Ernidhrung (BFE)
76131 Karlsruhe, Engesserstraise 20
Tel.: 0721/66250, Telefax: 0721 /6625111

Bundesanstalt fiir Ziichtungsforschung an Kultur-
pflanzen (BAZ)

06484 Quedlinburg, Neuer Weg 22/23

Tel.: 03946 /470, Telefax: 03946 /47255

Area of responsibility of the Federal Ministry of Labour and Social Affairs

Bundesanstalt fiir Arbeitsschutz (BAL)
44149 Dortmund, Vogelpothsweg 50/52
Tel.: 0231 /17630, Telefax: 0231 /1763454

Bundesanstalt fiir Arbeitsmedizin (BAfAM)
10317 Berlin, NoldnerstraBe 4042

Tel.: 030,/5500901, 0302315458,

Telefax: 030,/2315431

Institut fiir Arbeitsmarkt- und Berufsforschung (IAB)
der Bundesanstalt fiir Arbeit (BA)

90478 Niirnberg, Regensburgerstrafle 104
(Dienstgebiude: PlatenstraBe 46)

Tel.: 0911/179-0, Telefax: 0911 /1793258

Area of responsibility of the Federal Ministry of Defence

Forschungsgesellschaft fiir Angewandte
Maturwissenschaften e. V. (FGAN)

53343 Wachtberg-Werthhoven, Neuenahrer Strafe 20
Tel.: 0228 /8521, Telefax: 0228340951

Forschungsanstalt der Bundeswehr

fiir Wasserschall- und Geophysik (FWG)
24148 Kiel, Klausdorfer Weg 2-24

Tel.: 0431 /72040, Telefax: 0431 /7204-150

Wehrwissenschaftliche Dienststelle der Bundeswehr
fiir ABC-Schutz (WWDBw ABC-Schutz)

48159 Miinster, Humboldtstralle

Tel.: 05192 /12-1, Telefax: 05192 /126155

Wehrwissenschaftliches Institut fiir Materialuntersu-
chungen (WIM)

85435 Erding, Landshuter Strafe 70

Tel.: 08122 /57-1, Telefax: 08122 /57-312

Bundesinstitut fiir chemisch-technische Linter-
suchungen (BICT) beim Bundesamt fiir Wehrtechnik
und Beschaffung (BWB)

53913 Swisttal-Heimerzheim, GroBes Cent

Tel.: 02222 /60081, Telefax: 02222 /1852
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