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Purpose

In September 2007, the Federal German Ministry for Education and Research (BMBF) launched a foresight process in
order to sustain Germany’s status as a research and education location. The BMBF Foresight Process aimed at 1) identi-
fying new focuses in research and technology, 2) designating areas for cross-cutting activities, 3) exploring fields for stra-

tegic partnerships, and 4) deriving priorities for R&D policy.

The Foresight Process

“The BMBF Foresight Process”, subtitled “Implementa-
tion and Further Development of a Foresight Process”,
started by assessing present-day science and technol-
ogy and was broadened to look into the future over the
next 10 to 15 years — and even further. It took into ac-
count the developments at the national as well as inter-
national level.

The process was conducted by a consortium comprising
the Fraunhofer Institute for Systems and Innovation
Research (Fraunhofer 1SI) and the Fraunhofer Institute
for Industrial Engineering (Fraunhofer 1AO). Other insti-
tutions like the Technical University of Berlin, the Insti-
tute for Nanotechnology (INT) of the Research Centre
Karlsruhe, the RWTH Aachen, the Austrian Research
Centres GmbH (ARC), Systems Research Division —
Dept. of Technology Policy, the Manufuture Secretariat
Germany of the German “Verband deutscher Maschi-
nen- und Anlagenbauer” (VDMA) supported the exer-
cise. The process linked both foresight and monitoring
in its integrated approach

Introducing New Methodologies

In order to achieve the targets, a tailor-made combina-
tion of methods was applied. Since there is not one
single methodology as in a simple input-output model, a
combination of methods, as is standard in most fore-

sight processes worldwide, had to be used to meet all
four objectives (see Figure 1). These objectives were
defined by the BMBF when launching the call for tenders.
Objective 1 is to identify new focuses in research and
technology that the BMBF must address. Objective 2 is to
define interdisciplinary topics and areas, accordingly, that
require broader attention and are to be tackled by various
departments and groups of actors. The fields thus
determined have to be addressed by different partners in
the innovation system (strategic partnerships) over a
longer period of time (objective 3), and measures should
be devised to promote the fields in question (objective 4).
In order to achieve objectives 1 and 2, the foresight
approach applied well-known search strategies as well
as other methods from innovation research and interna-
tional foresight activities alongside new, creative meth-
ods. The themes to be investigated at the national and
international level were further developed by experts
taking into account existing forward-looking road-
mapping and strategy processes from the public and
private sector.

The first phase stressed the national search for weak and
strong signals, while the international search was focus-
sed on the later second phase. As there is no one single
methodology for search procedures, the methods in-
volved quantitative methods like bibliometrics as well as
qualitative approaches such as workshops, expert inter-
views, Internet and qualitative literature searches.

A new approach called inventor scouting (identifying
young inventors and interviewing them) added to the
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methodology. For the evaluation of the topics, a set of
criteria was drawn up. The criteria provided the basis for
an online survey and were also used to guide the se-
lection process.
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Figure 1: Combination of different methods
The foresight search activities were flanked by an as-
sessment process. With the assistance of an interna-
tional panel, latest developments in various technologi-
cal-scientific subject areas were analysed in order to
attain a reliable description of the international “state-of-
the-art”. For the monitoring process, an international
panel of well-known and acknowledged experts in their
fields was asked about the current state and new devel-
opments in research and technology. In a second wave
nearly one year later, they were once again interviewed
to consolidate their opinions and give feedback on po-
tential topics for the BMBF that met the objectives.
The topics to be identified were supposed to still be in
the research or development phase. Topics that can be
expected to either enter the implementation phase dur-
ing the next years or be transferred to innovations in the
next ten years were excluded from the lists of topics to
be considered. For a first selection, a set of criteria was
developed together with the BMBF.
The topics were reformulated, internally assessed and
re-assessed several times via an internal database
and scientific papers. To provide input to the first
workshop in November 2007, a first set of scientific
papers describing the developments in the fields was
written and distributed as a basis for the discussions.
Topic coordinators (sometimes two persons) were
nominated for every field that were responsible for defin-
ing and working out the details in the respective fields
but also for coordinating with other topic coordinators in
areas of overlap. The topic coordinators not only scruti-
nised the future themes but also the innovation system
and identified the actors in the fields in question.
A bibliometric analysis provided further input into this
process. The topic coordinators defined key words for a
stakeholder analysis. The key words were used for
counting literature indexed in the Web of Science and
for a qualitative analysis. The (Internet, literature and
other) searches and first selection processes were
complemented by expert interviews and informal talks to
gain an impression of the importance and potential im-
pact of the huge number of topics under consideration.

Golden Topics

Topics in which BMBF or German research institutions
were already very active at that point in time were labelled
‘golden’ and in most cases were no longer pursued.

The second phase of the searches ended with a first as-
sessment of the topics found. An online survey among
experts from the German innovation landscape was per-
formed in September 2008 for a broader assessment of
the topics, their importance and their time frame.

In parallel, the corresponding innovation systems
were analysed in order to identify candidates for poten-
tial strategic partnerships, which were to be proposed
in 2009 at the end of the whole process (objectives 3
and 4). In the last phase of the process, recommen-
dations for R&D policy were also derived. The last
phase ended with a conference. It marked the begin-
ning of integrating the topics thus identified into the
German innovation system and the BMBF agenda. It
was a bridging conference rather than a final act.
The workshop participants differed widely (experts
from science, society and the economy), and various
channels of surveying were used: “experts” and “lay-
people” via the interviews, young persons by inventor
scouting, and a wide range of persons with broad or
specific knowledge through the online survey (more
than 2,659 persons). The international monitoring
panel consisted of about 35 persons.

Established and New Future Fields

In the process, 14 established future fields were worked
out in detail. They were derived from the German High-
tech Strategy. In these fields, future topics were identi-
fied, re-clustered and assessed via a set of criteria.
Seven new cross-cutting fields were arrived at by clus-
tering the most important issues from the established
fields. They are rooted in science and technology but
have major impacts on society and the economy as
well.

Established Future Fields

e Life sciences and biotechnology

¢ Information and communication technologies
e Materials and their production processes

¢ Nanotechnology

e Optical technologies

e Industrial production systems (automation, robot-
ics, mechanical engineering, process engineering,
etc.)

e Health research and medicine

e Environmental protection and sustainable devel-
opment

e Energy supply and consumption (generation,
storage, transfer etc.)
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e Mobility: transport and traffic technology, mobil-
ity, logistics (land, water, air and space)

e Neurosciences and research on learning

e Systems and complexity research (including re-
search on technological and scientific conver-
gence; security research)

e Services science
e Water infrastructures

New Future Fields

Human-technology cooperation: This new future field
provides an integrated research perspective on the
complex interplay between human and technological
change. In view of our increasingly dense technological
surroundings and the expanding technical structure of
human life, novel configurations of humans and tech-
nology must be embraced in all their complexity. Tech-
nological innovation can only be achieved in connection
with a deep understanding of human thought, feeling,
communication and behaviour to provide a new quality
of seamless human-technology cooperation. A re-
orientation of human beings against the background of
technological change is therefore just as central as re-
viewing the concept of the machine in terms of new
machine agents. Further research must cover the rela-
tionship of these two parties, whether in the form of
human-technical teams or in the wider perspective of
human-machine culture.

Deciphering ageing: Ageing continues over our entire
life span and is a multifactorial process. Some ageing
processes cause disorders or disease. The biological
processes of ageing and brain development (e.g.
changes to neuroplasticity) that occur over the course of
a lifetime have so far only been partly explained. Future
findings in the areas of cellular and molecular develop-
mental biology will provide new insights into cognitive,
emotional and psychomotoric processes.

Sustainable living spaces (the field “infrastructures”
was split into “water infrastructures” and “infrastructures
for human living spaces”): Living spaces will in future be
different in terms of structure and organisation. Driven
by the reorganisation of ways of life and technological
possibilities, chronological, spatial residential, and living
patterns are changing. Together with demands for sus-
tainable spatial development, these changes require
innovation and adaption in various research areas.

In order to react to continuing social trends in the long-
term, settlement-structural concepts will have to be
made more dynamic to better manage basic conditions
and, for example, flexible, more environmentally friendly
spatial and settlement structures will have to be estab-
lished. Efforts to meet these demands, which are still in
flux, are obstructed by current settlements and infra-
structures, which can only be changed at high cost and
involving a considerable expenditure of resources in the
short to medium-term. All infrastructures, for providing
energy, transport, water and even information and

communications, must be made more flexible at a techni-
cal level, and the possibility of reconstructing or disman-
tling them in the future must be taken into account at their
construction.

ProductionConsumption 2.0: This future field aims at
establishing long-term sustainable production and con-
sumption paradigms and involves research into new
ways of supplying products and services according to
need in the face of changing global conditions. At the
same time, it addresses one of the greatest challenges of
the future: maintaining the ecosphere, which is also vital
to human survival. Research in this area focuses on sus-
tainable industrial and social patterns of materials usage.
Researchers in established areas in production research,
services research, environmental research, biotechnol-
ogy and materials sciences are all working with great
drive on aspects of sustainable practices. However, they
alone cannot adequately accomplish the necessary sys-
temic transformation of the entire structure.

Modelling and simulation: New methods of handling
complexity based on modelling and simulation require
multidisciplinary approaches. Working out the similarities
in different applications may be a first step toward adapt-
ing the instruments and tools in other disciplines so that
new simulations are possible in the future, even in tech-
nical and social science contexts.

Time research: Time is a bottleneck factor in many de-
velopments. Research into time is a central aspect and
includes issues such as the chronological order of com-
plex processes in making applications faster and more
efficient, cost-effective and intelligent, or in paralleling
and synchronising processes (e.g. Internet servers, pro-
duction processes). The issue of dynamic and chrono-
logical development on various time scales, especially of
non-linear processes, can only be dealt with in the long-
term. One very dynamic future topic within time research
is chronobiology, an area in which there are already initial
findings on precisely-timed medication delivery. A central
research aspect of time research is understanding and
being able to specifically control the factor of time with
the help of time efficiency research, the precise meas-
urement of time (e.g. for GPS applications, such as pre-
cision agriculture and the remote maintenance of ma-
chines) and time-resolution (e.g. 4D precision).

Energy solutions with a) energy concert: Securing an
affordable, safe and climate-compatible energy supply is
a central global challenge and an outstanding leading
future market with high relevance for the economy and
quality of life and a powerful, influential impact on many
research fields. Sustainable, coordinated solutions for
production, distribution and use are all equally important
in this context. But there is still a cacophony. As many
actors are involved and many disciplines contribute, en-
ergy is a field that needs a symphony.

b) Energy from the environment: Energy harvesting is
already known, but its use limited. New ideas are ex-
pected that make it possible to harvest energy from dif-
ferent kinds of environments and transfer it to miniatur-
ized machines. This is especially necessary for devices
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that are out of reach (implants, built-in domestic appli-
ances and others).

Challenges for Science,
Technology and Innovation Policy

New future fields can only be realised if there are advo-
cates and if action is taken to that end. As all fields are
different, new challenges for science, technology and
innovation policy will arise. An international workshop in
early October 2008 provided a platform for generating
ideas for recommendations concerning policies and
research alliances (objectives 3 and 4) to be further
elaborated in 2009. The workshop took place in Ham-
burg and gathered international and German experts
with experience in promoting new or cross-cutting is-
sues. The purpose of the workshop was to discuss what
kinds of measures are successful in implementing new
or cross-cutting topics, along the lines of examples from
the past outside of the BMBF Foresight Process. The
guiding questions were therefore:

e How can future issues and topics with a time ho-
rizon of 10 to 15 years and longer be rapidly and
efficiently absorbed into an existing innovation
system?

e How do organisations or companies in other
countries deal with cross-cutting issues and fu-
ture topics with a time horizon of 10 to 15 years
and beyond?

High-ranking Discussions
and Impact on Policy

New approaches in innovation policy are necessary to
implement and realise new cross-cutting fields of the
future. The approaches vary and need to take into ac-

count the different stakeholder groups involved. There-
fore, in the last phase of the foresight process, the actors
of the current innovation system were identified and po-
tential actor groups named who could further foster the
different topics or fields.

The results of the BMBF Foresight Process were pre-
sented during a conference in Bonn in the presence of
the Undersecretary of State, high-ranking persons, deci-
sion-makers and interested experts. Two hundred per-
sons participated in this conference held at the former
parliament building. Part of the conference was organ-
ized into so-called “topic islands” where the new fields
were presented and discussed in an interdisciplinary
manner. All topic islands had a different programme, and
the participants were free to choose where they wanted
to go. The discussions were very lively.

Talks in BMBF revealed large interest in the new fields so
that follow-up activities were launched. The first such
activities were “follow-up workshops” to bring together
different BMBF departments and enable them to ex-
change views. In 2010, the BMBF started strategic dia-
logues as an opportunity for looking into the new future
fields of the BMBF Foresight Process from different per-
spectives. This is necessary, on the one hand, for the
further development of content and, on the other, to en-
sure that important aspects are included in the integration
and translation of results into funding policy at an early
stage.

Another policy result is the foundation of a new division
(Referat 524 — Department 524) at the BMBF in June
2010, which has been named “Demografischer Wandel;
Mensch-Technik-Kooperation” (Demographic Change;
Human-Technology Cooperation).
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About the EFP: Policy professionals dealing with RTD, innovation and economic development increasingly recognize a need to base decisions on broadly
based participative processes of deliberation and consultation with stakeholders. Among the most important tools they apply are foresight and forward look-
ing studies. The EFP supports policy professionals by monitoring and analyzing foresight activities and forward looking studies in the European Union, its
neighbours and the world. The EFP helps those involved in policy development to stay up to date on current practice in foresight and forward looking stud-
ies. It helps them to tap into a network of know-how and experience on issues related to the day-to-day design, management and execution of foresight and

foresight related processes.
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