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Purpose

The Polish technological foresight project entitled ‘Advanced Industrial and Ecological Technologies for the Sustainable
Development of Poland’ was dedicated to support the development of technologies enhancing sustainable development and
staff training for the generation and exploitation of advanced technologies. The main objectives were preparing proposals for
a new strategic programme directed at advanced industrial and ecological technologies in Poland, identifying and promoting
professional competences in the advanced industrial technologies domain, supporting investment decisions and the imple-
mentation of innovative process and product solutions, and elaborating scenarios of technological and social development
geared toward sustainable development objectives with a time horizon of 2020. The project was coordinated by the Institute
for Sustainable Technologies — National Research Institute in Radom, Poland (ITeE — PIB) within the European Innovative

Economy Operational Programme.

Innovative Technologies Tailor-made for
Polish Research and Infrastructure

It is essential to introduce long-term research pro-
grammes based on innovative technologies to deliver
a more sustainable economy. Efficient technology
forecasting and focusing on specific basic and applied
research areas that might lead to implementing results
in the field of advanced technologies are crucial to a
knowledge-based economy. For the unfolding accel-
eration of global innovation that is expected, it is nec-
essary to develop only the most promising areas of
scientific activity and business at different organisa-
tional levels: national, regional and corporate. The
development and implementation of priority technolo-
gies enhancing sustainable development will contrib-
ute to a future increase in the technological level and
competitiveness of enterprises that exploit innovative
solutions. Therefore, technology foresight projects
have important issues to address.

The principle of sustainable development was of key
importance to the National Foresight Programme ‘Po-
land 2020’ realised between 2007 and 2009. The out-
comes of the programme included R&D priorities in the

following research areas: ‘Information and Telecommu-
nication Technologies,” ‘Safety’ and ‘Sustainable Devel-
opment of Poland.” However, the determined R&D pri-
orities were too general to enable scientific-research
institutions, such as the Institute for Sustainable Tech-
nologies — National Research Institute, to effectively
identify, sort and prioritise detailed research projects or
to allow companies to make investment decisions con-
cerning particular innovative technological solutions.

Accordingly, there was a serious need for more focus
and customisation of the results of NPF ‘Poland 2020’,
concerning especially the ‘Sustainable Development of
Poland’ research area. That is why the Institute for Sus-
tainable Technologies — National Research Institute has
designed and undertaken a sectoral foresight project
‘Advanced Industrial and Ecological Technologies for
the Sustainable Development of Poland.’

The main aim of the research within the aforesaid pro-
ject was to generate promising research and develop-
ment directions in the fields of manufacturing technolo-
gies, application and operation of machinery as well as
environmental protection, to indicate priority technolo-
gies within the framework of selected research areas,
and prepare descriptions of their characteristics and
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development scenarios, which was the main aim of the
sectoral foresight project presented here.

The thematic scope of the project comprised the fol-
lowing fields:

1. Advanced material technologies, nanotechnologies
and technological systems supporting their design
and applications.

2. A special research and testing apparatus.

3. Mechatronic technologies and control systems for
supporting processes of manufacturing, operation
and maintenance.

4. Pro-ecological technologies, rationalization of the
exploitation of materials and resources, and renew-
able sources of energy.

5. Technologies of technical and environmental safety.

Moreover, the project made it possible to identify the
needs concerning the knowledge and competence nec-
essary to develop and apply new technologies as well as
to develop descriptions of future jobs and the relevant

qualifications. This will facilitate the preparation of recom-
mendations with respect to new standards of professional
qualifications and supplementing existing standards and
provide a foundation for the development of modular pro-
grammes of education and professional training. The im-
plementation of these programmes will contribute to the
efficient organisation and carrying out of education, train-
ing, professional skills improvement and retraining de-
signed to educate personnel for advanced industrial tech-
nologies.

Work conducted within the project included the following
research tasks (Fig. 1):

Drawing up technology maps

Identifying qualifications and competences
Determining strong and weak points
Developing scenarios

Elaborating a strategic research programme con-
cerning sustainable development.

Research tasks

Methods

Results

Elaboration of recommen-
dations for innovative poli-
cies directed at sustainable

development

Surveys

Elaboration of scenarios of
technological and social STEEP

Expert panels

Questionnaires

Scenario method

development

Identification of strong and
weak areas in order to indi-
cate priority domains

Identification of qualifica-
tions and competences for
professionals who elaborate
and apply technologies

Elaboration of technological
maps

Structural analys
Workshons

SWOT
Expert panels
Literature review

Literature review

Qualitative and
quantitative me-
thods

Key technologies

Technology road-

mapping
Expert panels

Strategic research programme
in sustainable technologies do-
main

Innovative policy in sustainable
technologies domain

Scenarios of technological and
social development trajectories
es

Analysis concerning competitive
position of Poland in sustainable
technologies domain

Analysis of demand for new
professions and competences
Database for development of
qualifications and competences

Technological maps

State of the art in selected
domains of sustainable
development

Fig 1: General methodology of the project realisation. Source: ITEE 2011
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Scenario Development and Risk Assess-
ment with Qualitative and Quantitative Tools

Because of the consequences of decisions, foresight
should not only be based on qualitative models and
expert knowledge but should also employ quantitative
methods to outline measurable indicators enabling an
objective and methodically justified risk assessment of
technology development and investments in scientific
research. Therefore, one of the main features of the
proposed methodology is the integration of quantitative
and quantitative approaches. The methodology was
thus designed focused on three main issues that occur
within the technology foresight implementation phase:

e generation of multidimensional scenarios based
on key variables;

e technology prioritisation; and
e determination of probability of future scenarios.

In this brief, we concentrate on how and with what
results the first main issue, identification of key vari-
ables, was tackled. The subsequent issues concerning
technology prioritisation and the probability of scenar-
ios will be discussed in subsequent articles.

The classical methodology generally used in foresight
exercises enables the creation of scenarios consider-
ing only two key variables. Utilizing the experience
acquired in a number of foresight projects, we have
developed a methodology allowing to create much
more complex future visions based on tendencies of
an unlimited number of key variables. The main goal of
this effort was to identify all crucial factors that might
influence technology development, thus identifying
options to actively shape the future. Furthermore, this
knowledge about the drivers of technological change
provide criteria for assessing the usefulness of new
strategic programmes in the future.

The methodology for generating multidimensional sce-
narios used in the project was based on Boolean logic,
structural analyses, and expert knowledge, which is
fundamental to foresight projects. We investigated
relations between important system factors and deter-
mined the ones most crucial in shaping the future sys-
tem. Social, technological, economic, ecological and
political factors all have an impact on technological
development and were all considered accordingly in
the structural analyses. We applied a cross impact
analyses for the selection of key variables. For this
purpose, we used the computer-aided program MIC-
MAC. The classical method of performing structural
analyses was modified and adjusted to the project
requirements. The auxiliary techniques used in identi-
fying the key variables were STEEP, probability theory
and strategic analysis.

The algorithm illustrated in Figure 2 enables selecting key
variables that significantly influence the internal and ex-
ternal environment of technology development.

General characteristic Expert
of the thematic domain panels
Initial list of variables that STEEP
/ describe the domain
RETROSPECTION I CURRENT STATE
Boolean LIST OF KEY MicMac
logic VARIABLES software
=
Determination of influence of Expert
key variables on technologies panels
=
Integration of the influence of Super
key variables on technology matrix
development

Strategic

Expert
analysis

panels

A 4 A 4

Probability of
scenarios

Multidimensional
variables spaces

Probability
theory

SCENARIO VARIANTS (differ-
ent tendencies of key va-
riables and their probability)

Fig. 2: The selection of key variables and determination of
their influence on technology development. Source: ITEE 2011

Since the core area of the project concerns advanced
technologies, scenarios and strategic plans must also
include the development paths of technologies and
research priorities. Therefore, the algorithm considers
procedures for determining mutual influences between
system drivers. Moreover, the influence of key variables
on technology development is also pointed out in the
Super matrix.

To go beyond traditional techniques, we adapted methods
of strategic analyses to forecast technological change. We
furthermore integrated into the presented algorithm the
methodology of technology prioritisation and scenario
building based on the probability and direction of impact
that a key variable has on a certain technology. This
allows determining key variables that can be deliber-
ately influenced to achieve assumed future scenarios
and realise strategic plans.

The results of these analyses, together with the results
of technology prioritisation and probability assignment,
were used to formulate recommendations for determin-
ing future priority research areas.

This methodology of generating multidimensional sce-
narios has a modular structure and can be modified in
accordance with user requirements.

For more information visit the website and subscribe to the mailing list at www.foresight-platform.eu
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Project Results Used for Strategic
Research Programmes at National Level

The results of the project ‘Advanced Industrial and Eco-
logical Technologies for the Sustainable Development of
Poland’ were taken into account in preparing proposals
for strategic research programmes in the area of techni-
cal support of sustainable development (Fig. 3). One of
those programmes, ‘Innovative Systems of Technical
Support for Sustainable Development of Economy’, has
been selected in a competitive process from among a
number of proposals by significant national research
organisations and has been granted funding through the
European Union structural funds.

Moreover, the project results are not only planned to be
used in preparing other future research and development
programmes but also in realising cooperative endeavours
with the business sector in order to implement technolo-
gies recognised as priority ones.

Core of strateg-
ic research
programmes

List of priority
research directions

—— N

Database of incre-
mental and emerging
technologies

Core of deve-
lopmental
programmes

Core of pro-
grammes di-
rected at tech-
nology devel-
opment and
implementation
in business
units

Technological maps

—— TN

Scenarios of technol-
ogical and societal
development

Fig. 3: Practical implementation of the project results.
Source: ITEE 2011
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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 looking studies. The EFP supports policy professionals by monitoring and analyzing foresight activities and forward looking studies in the Euro-
pean 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 studies. 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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