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Focus on strategic foresight for „sense-making“ phase of policy cycle

•Framework 
programme

•Governance of work
programming

•Monitoring

•Foresight studies

• Impact assessm. / 
evaluation

•Various studies

•Decision-making
process involving
EC, Council & EP

•Formal co-decision
process

•Rationales & 
narratives

•Visions & scenario
pathways

•Strategic foresight

•Policy proposal

•Opaque process

Sense-making
Selecting
priorities

Implementation
Strategic 

intelligence

Adapted from EFFLA 2012



BOHEMIA – background, purpose and objectives

▪ BOHEMIA – Beyond the Horizon. Foresight in support of the EU’s 
future policy on research and innovation
▪ A strategic foresight project to contribute to the proposal for FP9

▪ Research results of FP have an impact in society ~5-10 years after its completion

▪ Major challenges at the time horizon ~2035 as starting point

▪ Taking into account openness and variability of future contexts

▪ First time foresight is used systematically to prepare a EU framework 
programme
▪ Part of a wider strategy for co-design of FP9 with stakeholders, based on foresight 

and other forms of strategic intelligence

▪ Objectives
▪ Explore possible alternative futures in terms of societal, economic and political 

conditions and boundaries for EU R&I policy

▪ Assess possible future evolution of socio-economic as well as of scientific and 

technological challenges, needs and opportunities

▪ Recommend potential priority areas and policy approaches for addressing them
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BOHEMIA – overall process

Exploring the
context

7 Scenario pairs

• Climate and enery
• Environment/resources
• Health
• Security and resilience
• Acceleration of

innovation
• Urbanisation
• Geopolitical and socio-

economic context

Normative frame for
R&I policy

4 transitions

• Social neds
• Biosphere
• Innovation
• Global Governance

Exploring options

Scanning & Delphi 
consultations

• Horizon scanning
• Delphi development
• Delphi consultation
• Draft scenarios
• Online validation

Overarching political
goals

2 ambitions

• Contribute to the UN 
SDGs

• Strengthen Europe‘s
political and
economic position in 
the world

Integrated approach

19 targeted scenarios
• Vision
• Relevance for EU 
• Relevance for SDG
• Implication for non-

R&I policies
• R&I priorities

Stage 1 Stage 2 Stage 3 Stage 4



Interplay of intra- and extra-organisational networks in BOHEMIA

▪ Networks matter for making foresight effective!

▪ Intra-organisational networks, cutting across policy areas, can help overcome

barriers to policy alignment and thereby improve coherence

▪ Through extra-organisational networks, a space of debate for experts, staekholders

and public debate is created early on in the policy-making process

▪ Intra- and extra-organisational networks can mutually reinforce each other in terms of

improving quality, relevance and acceptance of foresight results
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Foresight Correspondents Network                   

(intra-organisational) 
Experts & stakeholders                      

(extra-organisational) 

BOHEMIA 

foresight  

Online consultation, 

workshops         

Presentations 

Workshops                   

written feedback 

Project team 



Foresight for FP 9: Internal and external consultations

▪ Close interaction with the EC‘s Foresight Correspondents Network (FCN)

▪ About 60 individuals from different Directorates and DGs form the EC‘s FCN 

and meet regularly to discuss foresight matter in relation to R&I policy

▪ FP 9 Foresight was conducted in close interaction with FCN and contributed to

shaping mindsets, priorities and approaches

▪ Online consultations elicited expectations and assessments of external

experts and stakeholders

▪ 1500 participants to online Delphi on assessment of future S&T, societal

challenges, and R&I practices

▪ Online validation of draft „targeted scenarios“ and their implications (~ 

„candidate missions“)
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Stage 1a: Dealing with uncertainty in the wider context?
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Stage 1a: Contrasting scenarios of global and European scope
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7 Perseverance Scenarios

• Climate calamity
• The age of over-exploitation 
• Health divide 
• Security race
• Losing the race against the 

machine
• Urban jam
• Turbulent transitions

7 Change Scenarios

• Low carbon transition
• Towards a new well-being
• Towards health for all
• Building societal security 
• The innovation revolution for 

everyone
• Urban bloom
• Transforming our world for the better

Two types of scenarios to illustrate the possible transitions:

▪ ‘Perseverance Scenarios‘: current structures and institutions persevere, leading 

to a continuation of current cleavages

▪ ‘Transition scenarios‘: Europe spearheads the structural transition to 'the future 

we want'



Stage 1b: What are Europe‘s ambitions with regard to the next FP?

▪ Two sets of ambitions: 

▪ to maintain or even strengthen Europe’s global political and economic role

▪ to contribute to achieving the Sustainable Development Goals (SDGs)

▪ R&I has an important role to play in meeting these ambitions

▪ but taken along it will not be sufficient to reach the ambitions

▪ R&I must be part of a more comprehensive policy agenda and strategy 

▪ for addressing major future challenges Europe is likely to face in the future

More demanding and transformative ambitions associated with FP 9

Moving the FP out of the comfort zone
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Stage 2: Four transitions as orientating frame for future R&I policy
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Stage 3/4: Exploring targeted scenarios („candidate missions“) within

the normative framework of the four transitions

Delphi

statements on 

future 

developments

Vision

&

Challenge

Relevance
• for Europe

• global (SDGs)

Items for R&I 

policy

Policy 

implications

Time of realisation

Significance

Assessment Clustering

~20 Targeted Scenarios

Formulation
Specification & 

Prioritisation

Workshop Online 

Consultation

Foresight monitoring, 

horizon scanning, 

and workshops

Online Delphi

▪ Complementary to the four transitions as normative frame, the Delphi survey, 

exploratory workshops and online consultation focus on emerging developments in 

science and technology, socio-economic needs and R&I practices



Stage 3: Statements & assessments in the Delphi survey

▪ The “bottom-up” perspective

▪ Assessment of statements about future S&T developments as well as 

societal developments and changing R& practices

▪ Time of Realization in 5 year steps

▪ What is the time of realization? (until 2020, 2021-2025, 2026-2030, 

2031-2035, 2036-2040, 2041 and later, never)

▪ Ranked arguments for the Time of Realization (“argumentative Delphi”)

▪ Significance 

▪ A) Significance of R&I: Is R&I significant for the topic? Very significant 

to not significant

▪ B) or: Significance for EU R&I policy: Is the topic significant for EU 

R&I policy? Very significant to not significant

▪ Ranked arguments on significance (“argumentative Delphi”)

▪ Focus: qualitative discussion of significant developments

▪ „Likely“: Significant and likely realisation by 2035/2040

▪ „Uncertain“: Significant, but uncertain time frame of realisation

▪ „Wildcards“: Unlikely realisation, but high significance if realised12



Stage 4: Structure of Targeted Scenarios
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Material resource efficiency 

 

Summary 

It is 2040. Sustainable consumption patterns, truly circular production-consumption networks, and 
shifts to less harmful, often renewable resources have made Europe less dependent on natural 
resources, more self-sufficient and more competitive in its industries. In addition, environmental 
degradation has been reversed. 

 

Scenario 

It is 2040. The European economy is less dependent on natural resources and more self-sufficient than 
anytime since the beginning of the century. There have been shifts to less material-intensive 
consumption patterns, to the closing of material loops through re-use and recycling, to the substitution 
of material resources by less harmful, often renewable ones, and to environmentally benign resource 
extraction methods.  

Circular economy principles are applied across all systems of production and consumption, from agro-
food to electronic goods. Consumer preferences have shifted towards services and products with 
longer life-time, prompting changes in product and service design (e.g. modular design, design for 
recycling, etc.), but also in business models (e.g. shift to services, sharing). 

The use of rare earths has been reduced by 80% compared to 2016 figures. After having met the targets 
of the EU circular economy package of 2016, progress slowed down as physical and organizational 
barriers became more challenging to resolve. The target of recycling more than 90% of all waste 
physically or energetically has yet to be achieved. Recovered metals from landfills (e.g. aluminium, 
iron, copper, silver, gold,) contribute substantially to supply, but still provide less than 50% of the EU’s 
demand.  

Materials’ substitution has implications throughout the entire production process and requires 
significant investments. Not all candidate materials fulfil initial expectations, for technological and 
economic reasons as well as for concerns about unexpected health risks. Renewable materials and the 
bio-economy play a more significant role, for the less harmful environmental effects associated with 
their use and their contribution to reducing dependency on non-European sources. Their significant 
economic promise has been used sustainably, managing the environmental consequences of their 
extraction and use.  

Improved extraction and processing methods for all natural resources and environmental remediation 
techniques (including local geo-engineering) have enabled improvements in the European 
environment. Combining mining with the deposition of carbon-rich minerals offsets the damage 
caused by the extraction against climate related benefits. Deep sea mining was seen as a promising 
option in the times of increasing needs for “rare earths”. However, it never quite took off, as it was 
tangled with environmental concerns and legal issues regarding the right to exploit offshore deep-sea 
resources, liabilities for environmental damages and the settling of international disputes. In the 
meantime, substitutability and the circular economy have alleviated the upward pressure in the prices 
of rare materials. 

 

Relevance for Europe 

Dependence on critical materials is a strategic issue, especially when these materials play key roles in 
important infrastructures, such as defence equipment. 

The environmental damage caused by material extraction and by waste management is an important 
concern in Europe, as well as globally. By making more out of scarce natural resources, environmental 
damage is kept within the limits of planetary boundaries. 

By strengthening R&I, Europe has the opportunity to play a leading role globally in the provision of 
solutions for efficient resource use. And so much so that Europe is home to a world-leading 
environmental services industry, which is set to expand massively into resource management roles in 
industrial value chains.  

 

Contribution towards the SDGs 

Finding alternative solutions to the use of scarce and critical natural resources is core to the 
achievement of the Sustainable Development Goals No. 12 on Responsible Consumption and 
Production and No. 3 on Good Health and Wellbeing, but also relevant to all other environment-related 
goals addressing water supply (6), energy (7), sustainable cities (11), climate action (13), life below 
water (14) and life on land (15). 

 

Implications for EU policy 

There are a number of EU policies that need to progress in synch to promote a more self-sufficient 
circular economy. Agriculture, Environment, Trade, Industry, Research and Innovation are at the core. 
Also external policies need to address the strategic implications for countries on which Europe depends 
for the supply of critical materials and resources.  

As an overarching principle, the internalisation of environmental and social costs would provide a 
strong economic lever and incentive optimising resource efficiency in production and consumption.  

More specifically, environmental regulation is an important demand-side driver of change towards 
realising extensive re-use and re-cycling, as are labour regulations when it comes to improving working 
conditions in resource-extracting and processing industries. 

 

Future Directions for EU R&I policy  

 Environmental impact assessment 

 Solutions for more efficient and sustainable use of materials in products over the entire life 
cycle 

 More cost-efficient technologies for extraction of valuable materials from waste 

 Circular industrial systems design 

 Behavioural changes on the supply and demand side in response to incentives 

 "No-waste" policies. Everything has to be brought back without loss of quality. 

 Science-based approach to regulatory and policy decision-making 

 Eco-efficient materials 

 Use of solar energy for generation of electricity and storage to chemical energy 

 New substitutes for rare materials 

 Research focusing on renewable materials and their split up/recycling in early development 
process 

 

Title

Summary

Summary

Relevance

for Europe

Vision Relevance

for SDGs

Implications

for EU policy

Future R&I 

directions



Stage 4: Online consultation for validation, assessment, refinement of

draft targeted scenarios

▪ Validation and assessment

▪ ‘In the prospect of this scenario, to what extent should the European Union 

invest in Research and Innovation (R&I)?’

▪

▪ Refinement of R&I items

▪ ‘In light of your response to the previous question, what should be the key 

directions for EU R&I policy?

▪ Vote for or add R&I items

▪ Subsequent analysis of results

▪ Portfolio analysis of targeted scenarios

▪ Refinement of priorities

▪ Identification of most highly ranked R&I items

14



Stage 4: Circular economy and rare resources: Policy implications

▪ Agriculture 

▪ Extent of exploitation of renewable resources vs. food production

▪ Environment, 

▪ Regulatory requirements for extraction, processing & usage of materials/resources

▪ Trade,

▪ Ease of global access to resources 

▪ Industry, 

▪ Working conditions in industry and mining

▪ Business models and design for long-life products

▪ Research and Innovation.

▪ Substitution of materials

▪ Extraction and processing methods

▪ Recycling and re-use 

▪ External policies 

▪ Global political stability

▪ Cooperation with other countries and world regions 15



Stage 4: Circular economy and rare resources: Items for an R&I 

policy agenda

▪ Understanding oriented research

▪ Geology, impact of extraction impacts of waste management practices

▪ Fundamental properties of materials

▪ Regulatory science and science for policy

▪ Toxicity

▪ Environmental impact assessment

▪ Solutions oriented research and innovation

▪ Materials technology and substitution

▪ Depolymerisation and materials separation 

▪ Scaling up experiments, demonstrations and social innovation

▪ Circular industrial systems

▪ Refitting

▪ Demonstration of waste management techniques

▪ Scale up in nanotechnology

16



Stage 4: The portfolio of targeted scenarios
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Stage 4: Example „Human organ replacement“

▪ The scenario in a nutshell

▪ Most human organs and tissues can be replaced. The majority of organs and tissues are 

bio-printed, produced by additive manufacturing or breeding (e.g. organoids). 

▪ Human organ or tissue replacement is accessible and affordable for all European citizens 

so that the average life expectancy increases.

▪ Relevance for EU

▪ Continuously growing demand for human organs

▪ Ethical issues associated with market for human organs

▪ Improvements in the performance of artificial organs to improve quality of life

▪ Vision and perspective for European medical device industry

▪ Contribution to SDGs

▪ SDGs: healthy lives and well-being for all, reduce inequalities within and between countries

18



Stage 4: Example „Human organ replacement“

▪ Implications for EU policy

▪ Regulation and health policy regarding innovation in and application of artificial organs

▪ Ethical standards for transplants and human enhancement

▪ Regulation of health insurance systems to ensure equal access to advanced transplants

▪ Future direction of EU R&I policy

▪ Breeding of tissues and organs (theory and practice)

▪ Avoiding immune reactions to organ replacement

▪ Solving ethical dilemmas regarding human enhancement (e.g. age limits for organ 

exchange)

▪ Providing and controlling product safety / toxicity

▪ Using epigenetics and genetic engineering for creating organs 

▪ Developing new gene technologies for human organs

▪ 3D and (later) 4D printing of human organs

▪ Creating pathways to ensure non-discriminatory access for all people to future artificial 

organs and organ replacement procedures

19



Conclusions: Some cross-cutting observations

▪ Targeted scenarios are quite diverse in terms of granularity and scope

▪ Some address systemic challenges, others are more focused

▪ Not necessarily tied to clear targets (yet)

▪ R&I is not sufficient to address the challenges and achieve the ambitions

▪ Demand-side and sectoral framework conditions are crucial for R&I results to

be taken up widely and to haven an impact in society and economy

▪ In all targeted scenarios, R&I priorities are a mix of four types of R&I

▪ solutions oriented R&I, 

▪ understanding oriented R&I, 

▪ regulatory science and policy knowledge, and 

▪ scaling up solutions and social innovation

 Intelligent combinations of different types of R&I are needed
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Conclusions: The process experience

▪ Joint development of meta-scenarios and mini-scenarios with foresight

correspondents‘ network of the EC helped establish a common reference

frame for EC-internal debates about FP 9

▪ Potential for facilitating policy coordination

▪ External interactions (Delphi, online consultation, presentations) 

consolidate future assessments and provide inputs to the formation of

stakeholder opinions

▪ Results from BOHEMIA have been taken up at various stages of preparing

FP 9

▪ Lamy report defining guiding principles and cornerstones

▪ Specification and testing of proposals for „missions“ 

▪ Specification of thematic clusters in subsequent work programmes

21



▪ Report 1: Extensive review of available 

foresight to produce meta-scenarios 

relevant for Europe and deeper insights in 

topical fields (published June 2017)

▪ Report 2: Delphi survey to gain insights 

on future technologies, societal issues, 

and R&I practices based on the scenarios 

(published in autumn 2017)

▪ Report 3: Analysis to combine meta-

scenarios and Delphi results into targeted 

scenarios; online consultation and policy 

recommendations (published April 2018)

The BOHEMIA foresight in support of FP 9
The report describes 

a range of futures we 

might be facing in the 

2030s, and suggests 

ways how research 

might create options 

for Europe to cope 

and flourish.

This report describes the 

full results of the Delphi 

survey, covering 150 

statements about the 

future of research and 

innovation in Europe

The report describes 

four transitions as 

orientating frame for 

future European R&I 

policy, and positions 

19 targeted 

scenarios as 

candidate missions 

on that landscape. 



Contact

Dr. Matthias Weber

AIT Austrian Institute of Technology

Center for Innovation Systems and Policy

Vienna

matthias.weber@ait.ac.at

Download BOHEMIA reports at

https://ec.europa.eu/info/research-and-innovation/strategy/support-policy-

making/support-eu-research-and-innovation-policy-

making/foresight/activities/current/bohemia_en
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