
 

  

 

 

  

Rafael Popper 

Technology Partners 
 

Michał Towpik 

Technology Partners 

 

Frontier Visions for More Resilient 

Research and Innovation Futures 

 

Strategic Pathways for a Cohesive and 

Sustainable EU in FP10  

 

CFI Working Paper 

Centre for Foresight and 

Internationalisation (CFI) 

 

November 

2024 



 

2 

CFI Working Paper 

Executive Summary ___________________________________________________ 4 

Abstract ____________________________________________________________ 5 

Introduction _________________________________________________________ 6 

Critical Review of JRC’s Reference Scenarios _______________________________ 8 

Strategic Gaps _____________________________________________________________ 8 

Reference Scenarios Analysis ___________________________________________ 9 

Technological Gaps _________________________________________________________ 9 

Economic Gaps _____________________________________________________________ 9 

Environmental Gaps _________________________________________________________ 9 

Political Gaps _____________________________________________________________ 10 

Social Gaps _______________________________________________________________ 10 

Ethical Gaps ______________________________________________________________ 10 

Spatial Gaps ______________________________________________________________ 10 

Frontier Vision 1: FRACTURED FUTURES _________________________________ 11 

Competing Values, Uneven Progress ___________________________________________ 11 

Wild Cards and Weak Signals Analysis __________________________________________ 12 

Summary of Critical Issues, Wild Cards and Weak Signals __________________________ 13 

Frontier Vision 2: CONVERGING HORIZONS _______________________________ 14 

Shared Growth, Shared Future _______________________________________________ 14 

Wild Cards and Weak Signals Analysis __________________________________________ 15 

Summary of Critical Issues, Wild Cards and Weak Signals __________________________ 16 

A Reflection on Blending JRC Scenarios __________________________________ 17 

New Dimensions Added by Frontier Visions ______________________________ 18 

Resilience for EU’s Key Strategic Orientations _____________________________ 19 

Resilience for EU’s Missions ___________________________________________ 20 

Frontier Visions and General Prosperity Indicators _________________________ 21 



 

3 

Frontier Visions and Critical Technology Areas ____________________________ 22 

Core Catalysts _____________________________________________________________ 22 

Strategic Enablers __________________________________________________________ 23 

Transformative Accelerators _________________________________________________ 24 

Frontier Visions and Disruptive Innovation Areas __________________________ 25 

Foundational Pillars ________________________________________________________ 25 

Ecosystem Enablers ________________________________________________________ 26 

Catalytic Enhancers ________________________________________________________ 26 

Reality Check in CTAs and DIAs _________________________________________ 27 

R&I Policy Options vis-à-vis CTAs and DIAs _______________________________ 28 

R&I Policy in Europe’s 50 Shades of Blue _________________________________ 29 

Expanding the Frontier of R&I Policy ____________________________________ 30 

Transformative Innovation Policy (TIP) _________________________________________ 30 

Directionality in Innovation __________________________________________________ 30 

Demand-Side Policies _______________________________________________________ 30 

Agility and Experimentation __________________________________________________ 30 

Technological Sovereignty ___________________________________________________ 31 

Strategic Focus on Green and Digital Technologies _______________________________ 31 

Enhancing Technological Sovereignty and Strategic Autonomy ______________________ 31 

Strategic Coordination in R&I Policy ___________________________________________ 31 

Simplification and Impact-Focused Funding _____________________________________ 31 

Openness and International Collaboration ______________________________________ 31 

Widening R&I Discussions with Frontier Visions ___________________________ 32 

Conclusions ________________________________________________________ 33 

Annexes ___________________________________________________________ 34 

Reflections on Reference Scenario 1: Storms ____________________________________ 34 

Reflections on Reference Scenario 2: Endgame __________________________________ 35 

Reflections on Reference Scenario 3: Struggling Synergies _________________________ 36 

Reflections on Reference Scenario 4: Opposing Views _____________________________ 37 

References _________________________________________________________ 38 

Acknowledgements __________________________________________________ 39 



 

4 

 

Executive Summary 

 
 

This CFI Working Paper presents two new scenarios, Fractured Futures and Converging Horizons, 
developed as Frontier Visions for the strategic discussions shaping the policy landscape of the next 
European Union Framework Programme for Research and Innovation (FP10). The Centre for Foresight 
and Internationalisation (CFI) at Technology Partners in Poland prepared these visions to address critical 
gaps in EU foresight debates. The visions are inspired by the four EU JRC Reference Scenarios (Storms, 
End Game, Struggling Synergies, and Opposing Views) and provide fresh perspectives on the future of 
the EU’s Key Strategic Orientations: Green transition; Digital transition; and A more resilient, 

competitive, inclusive and democratic Europe, with Open Strategic Autonomy, as a cross-cutting goal. 
 
Fractured Futures outlines a fragmented Europe where limited cooperation, regional economic 
competition, and isolationist policies supress research advances and sustainable transitions. 
Environmental quality, mental health, and social cohesion decline as regional inequalities widen, and EU 
Partnerships struggle to align. Critical issues, including rising cybersecurity vulnerabilities, biodiversity 
loss, widening demographic divide, and declining social trust, challenge the EU’s ability to fulfil its 
Missions, diminishing progress toward carbon-neutral cities and resilient cultural heritage. 
 
Converging Horizons envisions a cohesive EU united by shared investments in green technologies, digital 
infrastructure, and ethical innovation. Here, the EU’s Open Strategic Autonomy strengthens as 
international partnerships and inclusive policies support prosperity across urban and rural areas. 
Improved healthcare access integrated social resilience strategies, comprehensive intergenerational 
programmes, and far-reaching circular economy practices drive sustainable growth, and Wild Cards, 
such as a “Global Cyber-Trust Pact” and “Planetary Regeneration Fund”, could further catalyse Europe’s 
leadership in sustainable and inclusive innovation. 
 
This paper highlights the relevance of Frontier Visions to the EU’s Missions and the future of R&I policy. 
By systematically applying Foresight Diamond methodologies – such as literature review, benchmarking, 
critical issues analysis, wild cards, and scenario development – the CFI team aims to support ongoing 
discussions of the JRC/EARTO task force on technology foresight. These efforts will culminate in a 
Scenarios Workshop in Brussels, where EU policymakers and RTO leaders will prioritise General 
Prosperity indicators for FP10. Ultimately, the Frontier Visions serve as strategic tools for stress-testing 
R&I policies, enhancing EU foresight capabilities, and fostering resilience against future challenges.  
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Abstract 

This Working Paper, prepared by the Centre for Foresight and Internationalisation (CFI) of the 
Technology Partners Foundation in Poland, introduces two scenarios, Fractured Futures and 
Converging Horizons, to inform strategic debates surrounding the EU’s next Framework Programme 
for Research and Innovation (FP10). Developed as Frontier Visions, these new scenarios address 
critical gaps in current EU foresight strategies, expanding on insights from the EU JRC’s four 
reference scenarios to provide fresh perspectives on Europe’s Research and Innovation (R&I) 
landscape. Fractured Futures envisions a fragmented Europe grappling with regional competition, 
cybersecurity risks, and rising inequalities that threaten progress in sustainability and cohesion. In 
contrast, Converging Horizons depicts a united EU strengthened by shared investments in green 
technology, digital equity, and inclusive governance, promoting resilience and prosperity across all 
regions. 
 
This paper employs a comprehensive Foresight Diamond methodology to explore critical issues, 
wild cards, and weak signals across technological, economic, environmental, social, and governance 
domains, identifying emerging challenges and opportunities. These insights provide a foundation 
for robust, structured discussions among European Research and Technology Organisations (RTOs). 
The outcomes offer strategic guidance for prioritising General Prosperity Indicators (GPIs), Critical 
Technology Areas (CTAs), and Disruptive Innovation Areas (DIAs) in alignment with the EU’s Key 
Strategic Orientations, the principle of Open Strategic Autonomy, and the EU Missions. 
 
The paper is intended to guide discussions of the EARTO-JRC Task Force on Technology Foresight 
and inform future EU R&I policy dialogues. By stress-testing policies and enhancing resilient 
decision-making, it provides EU policymakers with a forward-looking framework to shape a robust 
FP10 that can navigate and adapt to global uncertainties. 
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Introduction 

The next European Union’s Framework Programme for Research and Innovation (FP10) marks a 
critical opportunity to position Europe as a global leader in sustainable, inclusive, and resilient 
innovation. This Working Paper, developed by the Centre for Foresight and Internationalisation 
(CFI) at Technology Partners Foundation in Poland, introduces two new scenarios – Fractured 

Futures and Converging Horizons. These scenarios serve as Frontier Visions, strategically designed 
to support EU decision-makers in building resilience and enhancing foresight across EU Research 
and Innovation policy domains. Considering the European Commission’s Key Strategic Orientations 
(KSO) for 2025-2027, this paper provides a forward-looking analysis of how these scenarios relate 
to the EU Missions, and Open Strategic Autonomy goals. 
 

 
 
The scenarios were created using a structured, ten-step foresight methodology aligned with the 
Foresight Diamond’s four dimensions: creativity-, evidence-, interaction-, and expertise-based 
methods (see Popper, 2008a, 2008b; Ravetz et al, 2011). Here are the key steps and methods 
integrated into our approach: 
 

• Literature Review: An extensive review of existing EU foresight reports and strategic plans, 
including the EU JRC’s Reference Scenarios, identified the foundational knowledge base for 
scenario development. 

• Benchmarking: Comparative analysis of EU strategic indicators with global counterparts 
helped contextualise the EU’s position in global innovation, environment, and social 
resilience. 

• Modelling: Leveraging advanced Language Learning Models (LLMs) enabled us to simulate 
scenario narratives, producing dynamic data sets and supporting scenario plausibility. 
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• Critical Issues Analysis: Identification of barriers, drivers, opportunities, and threats across 
technological, economic, environmental, political, social, ethical, and spatial domains 
(TEEPSES) informed key scenario distinctions. 

• Wild Cards and Weak Signals Analysis: Analysis of low-probability, high-impact events and 
emergent weak signals offered transformative potential events for each scenario, enhancing 
realism and policy relevance. 

• Brainstorming: Expert teams engaged in targeted brainstorming sessions to expand and 
refine scenario-specific challenges and opportunities. 

• Genius Forecasting: Selected experts contributed insights on possible high-impact trends, 
drawing from industry, policy, and academia to shape plausible narratives. 

• Scenario Writing: The synthesis of all previous steps culminated in narrative writing, 
establishing Fractured Futures and Converging Horizons as contrasting paths for EU R&I 
policy development. 

• Scenarios Workshop: Designed to bring together RTO leaders, a Scenarios Workshop in 
Brussels has been organised to engage experts to evaluate and prioritise General Prosperity 
indicators across EU research and innovation policy domains, with an eye toward the 2030 
agenda and FP10. 

• General Prosperity Indicators (GPIs): Key insights from the scenarios and expert discussions 
are aimed to produce a set of GPIs, spanning health, economic stability, environmental 
sustainability, and social cohesion, to measure and monitor progress in line with the EU’s 
ambitions for the Green and Digital transitions. 

 
Fractured Futures and Converging Horizons emerge as supportive tools to assess the EU’s strategic 
orientation and policies under the next Framework Programme. Fractured Futures illustrates a 
fragmented EU constrained by regionalism, competitive nationalism, and weak alliances, posing 
risks to the EU’s green, digital, and social equity missions. Converging Horizons depicts a 
cooperative, integrated Europe achieving sustainable development through shared goals, unified 
policies, and ethical innovation, and fulfilling the EU’s Missions – addressing cancer, climate 
adaptation, water protection, carbon-neutral cities, and soil health.  
 
These contrasting ‘Frontier Visions’ offer a structured path for policymakers to engage in strategic, 
forward-thinking discussions, equipping the EU with foresight capacity to anticipate disruptions and 
foster resilient, inclusive, and innovative pathways forward. 
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Critical Review of JRC’s Reference Scenarios 

The Joint Research Centre (JRC) Reference Scenarios report (European Commission, 2023) identified 

a comprehensive array of critical issues across key areas impacting the future of research and 

innovation (R&I) policy in Europe. Addressing these interconnected domains is essential for 

ensuring that Europe remains competitive, resilient, and aligned with sustainable growth goals. In 

the field of Geopolitics, the report highlights Europe’s dependency on global trade and resources, 

rising cyber and hybrid threats, and the strategic need for Open Strategic Autonomy. Meanwhile, 

Technological advances, especially in artificial intelligence, automation, and cyber resilience, are 

reshaping society and demand new ethical frameworks and regulatory structures. Environmental 

sustainability is underscored as a central challenge, where climate neutrality, ecosystem 

protection, and resource efficiency are crucial goals. Within the Economic sphere, Europe faces 

threats from economic nationalism, supply chain vulnerabilities, and debt, while also transitioning 

toward a digital and green economy. The report further underscores challenges to Global Social 

Values like social polarisation, declining civil rights, and digital mass surveillance. Under Regulatory 

Environment, the JRC notes a fragmented global regulatory landscape, with competition in digital 

standards and outdated governance in areas like space. Finally, Demographics raise concerns over 

Europe’s aging population, shrinking workforce, and the impacts on social systems. 

 

Strategic Gaps 

While the JRC’s Reference Scenarios report thoroughly addresses numerous critical issues, certain 

strategic gaps remain insufficiently considered, particularly concerning the evolving geopolitical and 

technological landscape, as well as societal resilience. First, Cybersecurity needs further emphasis, 

as existing policies do not fully address the EU’s response to escalating cyber and hybrid threats in 

a highly connected digital environment. Additionally, Digital Sovereignty has not been 

comprehensively addressed; the EU needs a robust approach to safeguard data governance and 

tech autonomy amid rising global competition. Furthermore, while the Green Transition is 

prioritised already in Horizon Europe, clearer strategies are needed to address Climate Migration, 

a likely outcome as environmental pressures increase in vulnerable regions. The report also 

overlooks the pressing need for new General Prosperity Indicators beyond GDP to capture well-

being and sustainability dimensions, which could reshape socio-economic policy. In the sphere of 

Civil Society Empowerment, additional frameworks are necessary to support citizen engagement 

in the face of declining civic spaces. Moreover, Talent Migration Policies require development to 

attract a younger, highly skilled workforce essential to offset Europe’s demographic decline. Finally, 

Space Governance Modernisation needs attention, as outdated space regulations fail to match the 

rapid progress in space exploration and commercialisation.  
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Reference Scenarios Analysis 

The analysis of JRC Reference Scenarios (European Commission, 2023) revealed a set of critical gaps, 
including technological, economic, environmental, political, social, ethical, and spatial gaps, of 
particular relevance to EU research and innovation policy (see also Annexes).  

Technological Gaps 

• Cybersecurity in an Increasingly Digitised World: As dependence on digital infrastructure 
grows, especially with AI and IoT integration, cybersecurity risks become paramount, 
potentially affecting both stability and trust. None of the scenarios explicitly address 
cybersecurity measures. 

• Digital Divide: Rapid technological advances can deepen inequalities, especially in regions 
with limited access to technology, which could hinder inclusivity in research, education, and 
workforce opportunities. 

• Breakthroughs in Fusion and Quantum Computing: Major technological leaps, like scalable 
nuclear fusion or quantum computing, could disrupt energy paradigms and reshape 
industries, challenging the relevance of incremental green innovations. 

Economic Gaps 

• Sustainability of Public Debt: High public debt and the economic burden of climate 
adaptation are not addressed. Nations may struggle to sustain public services, investments 
in R&D, and welfare, especially if economic returns on green investments are slower than 
expected. 

• Global Inflation and Resource Scarcity: Rising inflation due to resource scarcity, especially in 
energy, minerals, and food, is a potential threat not fully explored. It could impede growth, 
destabilise economies, and disrupt global supply chains. 

• Decentralised Economic Models: Emerging economic models such as decentralised finance 
(DeFi) and digital currencies are largely unaddressed. These technologies could redefine 
global trade, finance, and currency stability, impacting national economic sovereignty and 
power dynamics. 

Environmental Gaps 

• Biodiversity Loss Beyond Climate Change: Biodiversity loss has critical ramifications for 
ecosystems and agriculture but is mostly unaddressed. The decline in biodiversity can 
threaten food security and climate resilience, presenting challenges beyond emissions 
control. 

• Water Resource Management: Water scarcity is a growing issue that cuts across agriculture, 
industry, and urban life. Scenarios miss the urgency and potential conflict over freshwater 
resources, particularly in densely populated or arid regions. 

• Plastic and Chemical Pollution: Chemical pollutants and microplastics increasingly impact 
human health, marine ecosystems, and agriculture. This issue requires immediate 
technological and regulatory innovations that the scenarios do not account for. 
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Political Gaps 

• Rise of Nationalism and Authoritarianism: Political fragmentation and authoritarianism 
could disrupt collaborations, trade, and green transitions. Increased nationalism could 
undermine multilateral efforts to address global issues like climate change and migration. 

• Political Legitimacy and Trust in Governance: As policies increasingly focus on sustainability, 
public trust in political institutions becomes critical, especially when citizens may perceive 
green initiatives as economically burdensome. 

• Shifting Global Power Dynamics: Countries in Africa, South America, or the Arctic could gain 
influence due to resources or strategic positions, changing global dynamics. 

Social Gaps 

• Mental Health Crisis: Accelerating climate change, economic instability, and digital overload 
are increasing mental health challenges. A worsening mental health crisis could strain 
healthcare systems and impact productivity and social cohesion. 

• Educational Inequity and Skills Gap: The skills gap may widen as technology and green 
transitions outpace educational systems. Addressing disparities in access to quality 
education and upskilling will be essential to creating a future-ready workforce. 

• Ageing Population and Intergenerational Equity: As populations age, especially in Europe, 
there is an urgent need to balance healthcare and pension costs with investments in youth, 
innovation, and green infrastructure. 

Ethical Gaps 

• AI and Privacy Ethics: Expanding AI and surveillance systems pose ethical concerns regarding 
personal privacy, data usage, and freedom. Without ethical AI frameworks, these 
technologies could erode individual rights and deepen distrust in digital systems. 

• Environmental Justice and Equity: Environmental justice issues, such as unequal impacts on 
marginalised communities, are largely missing.  

• Genetic Modification and Bioengineering: Advances in bioengineering and genetic 
modification, particularly in agriculture and medicine, raise ethical questions about their 
impacts on ecosystems, food sovereignty, and human health 

Spatial Gaps 

• Urban-Rural Divide in Green Transitions: Urban areas may benefit from green jobs and 
innovation, while rural areas face challenges in transitioning traditional sectors like 
agriculture and mining. 

• Resilient Infrastructure for Extreme Weather: As extreme weather events become more 
common, resilient infrastructure in urban and rural areas becomes critical.  

• Affordable Housing and Sustainable Urbanisation: Urban centres face significant challenges 
with affordable housing, especially as populations grow. Sustainable urban planning that 
balances growth, affordability, and environmental goals is crucial to preventing inequality 
and social strain. 
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Frontier Vision 1: FRACTURED FUTURES 

 

 

Competing Values, Uneven Progress 

The world is divided not just by geography or ideology but by conflicting priorities and approaches 
to survival. Countries and communities pursue fragmented paths to resilience, adapting their 
strategies in response to different values, crises, and resources. Some prioritise technology and 
innovation, others cling to traditional industries, while still others focus on regional alliances to 
safeguard resources and preserve identity. The urban-rural divide is more pronounced, with urban 
centres becoming highly digitised and adaptive while rural areas fall behind in infrastructure and 
access. Globalised trade and cooperation falter under the weight of nationalist policies, eroding 
multilateral governance frameworks. Inequalities widen as the wealthiest regions invest in climate-
resilient infrastructure and artificial intelligence, while others struggle to address even basic needs.  

Amid rapid changes in climate, technology, and demography, ethical questions around AI, 
environmental justice, and genetic engineering are increasingly fraught. Localised approaches lead 
to short-term wins but exacerbate long-term global instability, fuelling mistrust. Mistrust in political 
institutions rises as tech giants and AI-fuelled surveillance become powerful forces in everyday life. 
Resilience has become a necessity, but for whom? Innovation goes on, but benefits are far from 
universal. Ageing populations in wealthier regions invest heavily in autonomous care and digital 
health technologies, while younger, economically weaker regions lack resources, further widening 
the demographic divide.  
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Wild Cards and Weak Signals Analysis 

The emergence of wild cards and associated weak signals may significantly impact and redefine the 
research and innovation landscape under these scenario conditions.  

Wild Cards Weak Signals 

Global Cyber Blackout: A sophisticated cyberattack orchestrated by 

a rogue actor or powerful AI could take down critical global digital 

infrastructure, causing widespread chaos across financial, healthcare, 

and governance systems. Such an event would force a re-evaluation 

of global cybersecurity protocols, leading to increased funding and 

R&D in cybersecurity innovations and decentralised systems. The 

research ecosystem would shift towards prioritising resilient digital 

infrastructure and new cybersecurity technologies. 

Increased reports of AI vulnerabilities and 

cyber breaches involving critical 

infrastructure. 

Growing concerns and discussions among 

tech giants and governments about large-

scale cybersecurity risks, especially 

involving AI. 

Debt Forgiveness Pact: A sudden, unprecedented agreement among 

G20 nations for mass debt forgiveness is enacted to relieve countries 

under high climate-related adaptation and healthcare debt. This 

event could liberate billions in public funding for innovation and 

green infrastructure, resulting in a burst of research activity and the 

formation of new international R&D initiatives focusing on 

sustainable tech, public health, and climate resilience. 

Economists and thought leaders openly 

discussing debt forgiveness as a viable 

solution to climate adaptation. 

Significant pressure on international 

financial institutions to forgive climate-

related debts, especially after extreme 

weather events. 

Biodiversity Bill of Rights: An international treaty establishes a 

“Biodiversity Bill of Rights” mandating preservation standards that 

make biodiversity legally protected. This could drive a surge in 

ecological research funding and innovation in conservation 

technology, habitat restoration, and monitoring. Such a bill would 

hold corporations accountable for biodiversity impacts, transforming 

industries that depend on natural resources. 

Emerging legal frameworks and rulings 

linking biodiversity to human rights and 

ecosystem health. 

Increased advocacy from global NGOs for 

enforceable biodiversity protection laws. 

Democratic Collapse in Europe: A populist wave leads to the abrupt 

breakdown of democratic institutions in multiple European countries, 

giving rise to authoritarian regimes. This could hinder international 

scientific collaboration, restrict research funding, and impose strict 

controls on knowledge sharing, fundamentally altering Europe’s role 

in global research. Innovation could become state-driven, and 

research priorities could shift according to authoritarian goals. 

Rising public support for populist, 

nationalist parties, especially in response to 

immigration (including within Europe) or 

economic strain. 

Erosion of trust in democratic institutions as 

reflected in polling and political discourse. 

Global Mental Health Pandemic: Rising mental health challenges, 

exacerbated by climate change, economic instability, and digital 

dependency, lead to a formal declaration of a “mental health 

pandemic”. This triggers massive investments in mental health 

research, innovation in virtual health services, and R&D in preventive 

mental health technologies. A new wave of digital health startups 

emerges, and mental health becomes a core component of public 

health policy globally. 

Surge in mental health-related morbidity 

and mortality statistics worldwide. 

Increased advocacy from medical 

communities and global health bodies for 

prioritising mental health funding. 
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AI Bill of Rights: A coalition of nations introduces an “AI Bill of Rights”, 

setting forth international standards on data privacy, surveillance 

limits, and ethical AI usage. This could transform AI research 

priorities, shifting them towards transparency, interpretability, and 

ethically responsible innovation. R&D in AI would focus on aligning AI 

systems with ethical principles, and funding would increase for AI 

applications in education, transparency, and social good. 

Increased legal cases and public outcry 

against misuse of AI and surveillance in 

personal lives and workplaces. 

Rising support from tech industry leaders 

for AI ethics frameworks and transparent AI 

applications. 

Urban-Rural Tech Alliance: A coalition of urban and rural 

municipalities establishes a formal “Urban-Rural Tech Alliance”, 

aiming to bridge the technological and infrastructure gaps through 

shared resources and tech innovation. This alliance could lead to the 

establishment of decentralised research hubs, expanding R&D access 

to rural areas. New innovation ecosystems focused on agriculture, 

sustainable transportation, and rural health could emerge, leading to 

a more integrated and inclusive research environment. 

Early local partnerships or pilot programmes 

where urban tech companies provide 

resources to rural communities for green 

transition initiatives. 

Increased government and NGO focus on 

reducing the urban-rural digital divide, with 

funding earmarked for rural innovation. 

 

Summary of Critical Issues, Wild Cards and Weak Signals 

Critical Issues Wild Cards Weak Signals 

Cybersecurity in a 

Digitised World 

Global Cyber 

Blackout 

1. AI vulnerability reports  

2. Tech leader concerns over cybersecurity risks 

Sustainability of Public 

Debt 

Debt Forgiveness 

Pact 

1. Economic discussions on debt forgiveness  

2. Pressures on financial institutions after climate crises 

Biodiversity Loss Beyond 

Climate Change 

Biodiversity Bill of 

Rights 

1. Legal rulings on biodiversity rights  

2. NGO advocacy for biodiversity legislation 

Rise of Nationalism and 

Authoritarianism 

Democratic 

Collapse in Europe 

1. Populist support in polling  

2. Declining trust in democratic institutions 

Mental Health Crisis 
Global Mental 

Health Pandemic 

1. Rising mental health statistics  

2. Medical advocacy for mental health as a public health priority 

AI and Privacy Ethics AI Bill of Rights 
1. Legal cases against AI misuse  

2. Tech industry support for transparent AI 

Urban-Rural Divide in 

Green Transitions 

Urban-Rural Tech 

Alliance 

1. Pilot partnerships on rural tech  

2. Funding initiatives for rural digital access 
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Frontier Vision 2: CONVERGING HORIZONS 

 

 

Shared Growth, Shared Future 

In a world that chooses collaboration over division, nations, industries, and communities have come 
together to harness the potential of new technologies and sustainable policies for the collective 
good. Guided by shared values and trust, countries actively align their policies to create resilient 
economies, address environmental challenges, and promote social well-being. Advances in AI and 
cybersecurity strengthen privacy and data protection, while economic policies prioritise sustainable 
growth, reducing wealth inequalities. A climate-first approach underpins economic decisions, 
transforming global trade into a green economy network. Rural and urban areas are interconnected 
through smart infrastructure and digital access, enabling equitable growth across regions.  

Governments and private sectors uphold ethical standards, with public oversight ensuring 
transparency in AI, biotechnology, and environmental practices. Social trust is high, with mental 
health and community well-being recognised as foundational to prosperity. In this vision, ageing 
populations are actively integrated into the economy through digital upskilling and flexible work, 
with intergenerational programmes supporting the inclusion and well-being of all age groups. This 
scenario reflects a world not without challenges, but one committed to long-term resilience and 
equity through collective action. The EU has become a beacon of this approach, demonstrating that 
sustainable success is possible when nations prioritise unity and innovation over competition. 
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Wild Cards and Weak Signals Analysis 

The emergence of wild cards and associated weak signals may significantly impact and redefine the 
research and innovation landscape under these scenario conditions.  

Wild Cards Weak Signals 

Global Cyber-Trust Pact: An unprecedented agreement, signed by 

major countries and tech companies, establishes universal AI and 

cybersecurity standards to protect privacy and data rights worldwide. 

This leads to a rapid increase in R&D for ethical AI applications and 

secure digital infrastructure, with Europe becoming a leader in 

transparent AI technologies. 

Growing alliances between tech companies 

to combat cybercrime and misuse of AI. 

Increasing public and political demand for 

universal AI and cybersecurity regulations. 

Universal Carbon Credit System: A breakthrough multilateral 

agreement creates a universal carbon credit system, allowing for 

seamless and fair carbon trading across regions. This incentivises 

green innovation and equalises economic pressures globally, 

channelling investments toward sustainable infrastructure, 

renewable energy, and eco-friendly tech. 

Rising advocacy for a global carbon 

marketplace from international economic 

forums. 

Early pilot programmes and increased R&D 

funding for carbon credit projects across 

industries. 

Planetary Regeneration Fund: A new international fund is 

established to support biodiversity restoration projects worldwide. 

Backed by public and private sectors, this fund allocates substantial 

resources to ecosystem restoration, sustainable agriculture, and 

wildlife protection, driving innovations in conservation technologies 

and creating a unified approach to ecological health. 

Rising trend of public-private partnerships 

in environmental restoration. 

Increasing political will and calls from NGOs 

to create an international biodiversity fund. 

Citizen-Led Global Assembly: An innovative global assembly of 

citizen representatives is formed, with digital voting systems allowing 

direct public participation in key international decisions. This new 

democratic body fosters transparency and public trust in global 

governance, inspiring greater support for collective policies in 

research, innovation, and sustainability. 

Growing experiments with digital voting in 

local governments and international 

organisations. 

Public advocacy for more direct democratic 

mechanisms in global governance. 

Mental Health Solidarity Act: A global initiative, the Mental Health 

Solidarity Act, recognises mental health as a fundamental human 

right, mandating universal access to mental health services. This 

accelerates investments in digital health tech, preventive measures, 

and community support systems, strengthening social cohesion and 

reducing mental health disparities worldwide. 

Increased lobbying by mental health 

organisations and international coalitions 

calling for universal mental health rights. 

Growing adoption of digital mental health 

solutions and telehealth services in public 

healthcare systems. 

Global Ethical Innovation Charter: A groundbreaking international 

charter establishes shared ethical standards for innovation in AI, 

biotechnology, and environmental technologies. This charter 

encourages responsible innovation, funding R&D projects that align 

with ethical principles and incentivising companies to uphold 

transparent, socially responsible practices. 

Increased focus in tech and biotech sectors 

on ethical standards and socially 

responsible practices. 

Rising consumer demand for transparency 

and ethical certifications in technology and 

biotech industries. 
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Smart Rural-Urban Alliance: A historic initiative connects rural and 

urban regions through a “Smart Rural-Urban Alliance”, establishing 

shared infrastructure and technology-driven services. Rural areas are 

equipped with sustainable energy, high-speed internet, and smart 

transportation, creating an interconnected ecosystem that drives 

regional R&D hubs and equitable economic growth. 

Increasing infrastructure projects aimed at 

bridging rural-urban gaps, particularly in 

green energy and digital connectivity. 

Pilot programmes that test smart, 

integrated infrastructure projects in mixed 

rural-urban settings. 

 

Summary of Critical Issues, Wild Cards and Weak Signals 

Critical Issues Wild Cards Weak Signals 

Holistic Cybersecurity 

and AI Ethics 

Global Cyber-Trust 

Pact 

1. Alliances on cybercrime prevention  
2. Demand for universal AI/cybersecurity standards 

Global Green Growth 

Initiative 

Universal Carbon 

Credit System 

1. Advocacy for global carbon markets  
2. Pilot carbon credit programmes across regions 

Global Biodiversity 

Restoration Pact 

Planetary 

Regeneration Fund 

1. Public-private partnerships in restoration  
2. NGO-led pushes for biodiversity funds 

Enhanced Democratic 

Multilateralism 

Citizen-Led Global 

Assembly 

1. Experiments with digital voting  
2. Advocacy for direct democracy in international policy 

Global Mental Health 

Priority 

Mental Health 

Solidarity Act 

1. Increased lobbying for mental health rights  
2. Adoption of digital health services 

Ethics-Driven Innovation 

Framework 

Global Ethical 

Innovation Charter 

1. Ethical focus in tech/biotech sectors  
2. Demand for ethical certifications 

Integrated Rural-Urban 

Ecosystem 

Smart Rural-Urban 

Alliance 

1. Infrastructure bridging rural-urban gaps  
2. Pilot smart infrastructure projects in rural-urban settings 

 

 

  



 

17 

A Reflection on Blending JRC Scenarios 

Fractured Futures draws heavily on the segmented, 

resilience-focused elements seen in Storms and 

Opposing Views. Like Storms, it embodies a world 

fractured by self-interest, with countries and regions 

adapting in isolation, which mirrors the uncoordinated 

resilience strategies and local dependencies described 

in Storms. Meanwhile, Opposing Views’ dual alliances – 

regenerative and exploitative – reflect the competing, 

region-specific values in Fractured Futures, where 

countries and regions prioritise distinct values, such as 

tech innovation in urban centres versus more 

traditional or survivalist approaches in rural areas. The 

emphasis on growing inequalities echoes Endgame, 

where wealth disparities and access to technology 

worsen societal divides, amplifying mistrust in political 

institutions. Finally, the ethical and environmental 

dilemmas around AI, environmental justice, and genetic engineering in Fractured Futures reflect 

similar unresolved issues from Struggling Synergies, particularly where technocratic governance 

clashes with rising conspiracy theories and ideological opposition. 

 

Converging Horizons merges elements of Struggling Synergies and Opposing Views, with a more 

cohesive and multilateral approach akin to Struggling Synergies’ slow but collective progress on 

climate neutrality. This vision embodies the environmental values central to the regenerative 

alliance in Opposing Views, where shared green technology, data privacy standards, and resilience 

strategies underpin societal trust. Economic policies in Converging Horizons resemble Endgame’s 

idea of cross-border growth potential, yet the values prioritise sustainability over profits, 

contrasting sharply with Endgame’s prioritisation of GDP. The infrastructure that connects rural and 

urban areas, promoting balanced regional growth, also draws from elements in Opposing Views and 

Storms, where cross-border partnerships, particularly with the EU, contribute to a coordinated 

green economy network. 
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New Dimensions Added by Frontier Visions 

Fractured Futures introduces the concept of ethical 

governance in fragmented resilience. Unlike the JRC 

scenarios, where ethical issues such as AI, 

biotechnology, and environmental justice are either 

inadequately addressed or limited to specific alliances, 

Fractured Futures brings these ethical dilemmas into the 

mainstream. For example, AI and genetic engineering 

fuel tensions between regions focusing on tech advances 

versus those retaining traditional methods, highlighting 

a deeper need for ethical standards in decentralised 

governance. Additionally, the pronounced urban-rural 

divide and fragmented technological infrastructure add 

a layer to the JRC scenarios, emphasising the inequality within nations, not just between alliances, 

and showing the instability of unbalanced progress. 

 

Converging Horizons, on the other hand, brings in a holistic framework for global cooperation and 

resilience that is more cohesive than any JRC scenario. Unlike STRUGGLING SYNERGIES’ slow 

progress and imperfect consensus, Converging Horizons introduces shared governance for 

sustainability through inclusive policies, robust ethical standards, and equal access to innovation 

across regions. This vision envisions equitable digital and climate infrastructure, promoting fair 

access to digital technologies in rural and urban areas alike. Additionally, it includes mental health 

and community well-being as core aspects of societal resilience, providing a societal aspect absent 

in the more economically or environmentally focused JRC scenarios. Converging Horizons also 

proposes a governance model for data protection and AI that builds trust, a distinct addition to EU 

resilience efforts in a united future. 
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Resilience for EU’s Key Strategic Orientations 

The Fractured Futures and Converging Horizons represent two contrasting pathways aimed to shape 
multi-actor discussions on strengthening resilience for the EU’s Key Strategic Orientations (KSOs), 
namely: Green transition (KSO1), Digital transition (KSO2), and A more resilient, competitive, 

inclusive and democratic Europe (KSO3). 

Competing Values, Uneven Progress Shared Growth, Shared Future 

In Fractured Futures, Europe is divided and reactionary, 

struggling to maintain its Open Strategic Autonomy 

(OSA). The absence of global cooperation exacerbates 

environmental decline, destabilises digital frameworks, 

and undermines social cohesion. Technological gaps, 

cybersecurity threats, and fragmented political systems 

weaken Europe’s resilience. This scenario falls short of 

Horizon Europe’s goals, endangering KSO1 (Green 

Transition) and KSO2 (Digital Transition) by prioritising 

short-term, isolated policies that hinder EU-wide 

prosperity.  

Wild Cards, like a “Resource Sovereignty Shock”, could 

further strain KSO3 by intensifying dependency on 

external resources, which would disrupt the EU’s 

autonomy and competitiveness. 

In Converging Horizons Europe embraces collaborative, 

forward-looking policies, thus leads in sustainable 

innovation and digital ethics, by fostering strategic 

partnerships. The EU’s commitment to interconnected 

rural-urban infrastructure and universal mental health 

reflects KSO3 priorities, while its Green Growth 

Initiative supports KSO1 and KSO2 by prioritising 

renewable energy and circular economy principles.  

Wild Cards like a “Global Cyber-Trust Pact” would 

solidify Europe’s technological leadership, 

safeguarding economic and environmental resilience. 

Key indicators like reduced carbon emissions, 

cybersecurity enhancements, and equitable access to 

green technology highlight Europe’s sustainable 

prosperity under this scenario. 
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Resilience for EU’s Missions 

The Fractured Futures and Converging Horizons represent two contrasting pathways, shaping multi-
actor discussions on building resilience across the EU’s Missions: (1) combating cancer, (2) enabling 
Europe’s adaptation to climate change, (3) safeguarding seas and rivers, (4) advancing carbon-
neutral cities, and (5) enhancing soil health. 

Missions Aborted Missions Accomplished 

In Fractured Futures, the EU’s Missions face significant 

challenges due to fragmented governance, limited 

cooperation, and uneven technological advances. The 

fight against cancer is hampered by disparities in 

healthcare access and funding gaps, leading to unequal 

progress across regions. Efforts to adapt to climate 

change are undermined by isolated policies and 

resource competition, which limit cross-border 

collaboration on resilience initiatives. Fragmented 

environmental policies struggle to protect seas and 

rivers, leading to pollution and declining water quality. 

Attempts to promote carbon-neutral cities are 

inconsistent, with some urban centres advancing green 

transitions while others remain fossil-fuel dependent. 

Soil health initiatives are similarly disjointed, with soil 

degradation persisting in regions that lack sustainable 

agricultural practices. 

In Converging Horizons, Europe’s unified approach 

aligns strongly with the EU Missions, supported by 

cohesive policies and shared goals. Collaborative 

research and funding prioritise healthcare access and 

innovations to fight cancer, benefiting all citizens 

across the European Union and beyond. Coordinated 

adaptation strategies empower the EU to tackle 

climate change effectively, integrating resilience across 

regions. Joint investments in environmental protection 

support efforts to protect seas and rivers, improving 

biodiversity and water quality. Green infrastructure 

and circular economy initiatives drive progress toward 

carbon-neutral cities, while sustainable agricultural 

policies foster soil health across Europe.  

This scenario demonstrates the potential for collective 

action to realise the EU Missions fully. 
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Frontier Visions and General Prosperity Indicators 

The contrasting Frontier Visions of Fractured Futures and Converging Horizons offer a strategic basis 

for assessing and prioritising EU Prosperity Indicators, each revealing distinct impacts on core 

metrics and informing policy and resilience strategies. 

 

Stagnant Europe Prosperous Europe 

In Fractured Futures, the focus on local economic 

activity and short-term gains bolsters indicators such as 

GDP, job security, and regional resilience. However, this 

fragmented and protectionist approach leads to severe 

challenges in health, social cohesion, and 

environmental quality. Mental health, access to quality 

education, and biodiversity suffer, as competitive 

isolationism and resource constraints undermine cross-

regional cooperation. Such a scenario emphasises the 

risks associated with fractured policies and the 

potential for certain regions to benefit at the expense 

of a cohesive, EU-wide strategy for prosperity. 

Converging Horizons, envisions a well-coordinated 

European Union prioritising equitable access to health, 

lifelong education, environmental protection, and 

social cohesion, with positive outcomes for physical 

health, environmental quality, and community 

relationships. However, this scenario also highlights 

temporary strains on GDP and income levels, as the EU 

reallocates resources to support long-term 

sustainability and inclusive growth. This cohesive vision 

suggests that a unified investment in green and digital 

transitions can foster innovation, while enhancing 

social trust and shared prosperity. 

Strengthened Indicators: Gross Domestic Product (GDP) 

- Although unevenly distributed, certain sectors like 

digital trade, cybersecurity, and defence may see 

economic growth driven by protectionism and resource 

sovereignty. Employment and Job Security - Increased 

investment in local industries and resource-based 

sectors creates regional employment, though job 

security remains dependent on volatile, fragmented 

markets. Local Economic Activity and Resilience - 

Regional economic hubs may thrive under a protectionist 

paradigm, fostering localised resilience despite lack of 

global stability. 

Strengthened Indicators: Environmental Quality - 

Coordinated efforts on biodiversity, pollution reduction, 

and sustainable land use improve environmental 

conditions across the Europe and some associate 

countries. Access to Healthcare - Health initiatives under 

cohesive governance improve healthcare accessibility 

and quality, benefiting public health and life expectancy. 

RTDI Institutional Evolution and Innovation Impact - 

Unified support for research, technology development 

and innovation (RTDI) advances technological and 

environmental goals, particularly in green tech and 

circular economy. 

Weakened Indicators: Environmental Quality - 

Ecosystem degradation and limited green policy 

enforcement reduce biodiversity and increase pollution. 

Social Support and Relationships - Social trust and 

cohesion deteriorate due to isolationist policies, 

fragmented governance, and distrust among 

communities. Mental Health Status - Higher stress, 

isolation, and uncertainty contribute to worsening 

mental health conditions. 

Weakened Indicators: Income and Wealth - Short-term 

financial strain may arise due to increased investment in 

long-term sustainability and green technology. GDP - 

The shift to sustainable practices may reduce traditional 

GDP growth rates as resources are directed towards 

environmental and social initiatives. Financial System 

Stability and Public Financial Literacy - Emphasis on 

green transitions may disrupt financial systems and 

require adaptation, creating short-term instability. 

 
These scenarios illustrate how the EU can use General Prosperity Indicators not only to measure 
immediate economic gains but also to evaluate longer-term resilience, inclusivity, and social well-
being across diverse policy areas, guiding impactful decisions for the next Framework Programme. 
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Frontier Visions and Critical Technology Areas 

Critical technologies have the power to transform societies, economies, and ecosystems, but their 

true impact depends on aligning research and innovation policies with global challenges and 

regional priorities. This section explores 20 Critical Technology Areas (CTAs) poised to shape 

Europe’s future, offering tailored R&I policy options to address sustainability and inclusivity. By 

leveraging Europe’s strengths and bridging existing gaps, these policies can foster a balanced and 

resilient approach to equitable progress across all member states. The CTAs are grouped into three 

categories based on their transformative and strategic potential. Core Catalysts address urgent 

challenges like energy, environmental sustainability, and digital transformation, forming the 

backbone of resilient R&I ecosystems. Strategic Enablers focus on scalability and accessibility, 

driving the integration of innovations across diverse contexts. Transformative Accelerators 

represent cutting-edge technologies with high potential but require longer development timelines 

or specific applications to achieve widespread impact. 

 

Core Catalysts 

Critical Technology 

Areas (CTA) 

Critical  

Technologies 

R&I Policy Options in 

Fractured Futures 

R&I Policy Options in 

Converging Horizons 

Advanced Energy 

Technologies 

Nuclear Fusion, Green 

Hydrogen, Solid-State 

Batteries, Smart Grids, 

Advanced Photovoltaics, 

Waste-to-Energy Systems 

Focus on localised energy 

systems and microgrids; 

subsidies for distributed 

renewables; energy storage 

R&D to bridge energy gaps 

Large-scale renewable energy 

grid investments; transnational 

energy collaborations; scaling 

of next-gen energy tech for 

global impact 

Environmental 

Technologies 

Carbon Capture and Storage 

(CCS), Geoengineering, 

Ecosystem Restoration 

Drones, AI-Driven 

Environmental Monitoring 

Region-specific CCS and 

restoration projects; 

localised funding for 

biodiversity tech; adaptation 

tech for at-risk areas 

Biodiversity restoration funds; 

global governance frameworks 

for geoengineering; shared 

platforms for environmental 

data 

Artificial 

Intelligence (AI) 

and Machine 

Learning (ML) 

Generative AI, Explainable AI, 

Adaptive AI, Federated AI 

Models, AI for Climate and 

Resource Management 

Policies for transparent and 

ethical AI use; decentralised 

AI models for under-

resourced areas; focus on AI 

for disaster resilience 

Cross-border AI standards; 

ethical AI R&D funding; AI 

collaborations for sustainable 

development and equitable 

governance 

Biotechnology and 

Synthetic Biology 

CRISPR, Gene Editing, 

Bioinformatics, Engineered 

Microbiomes, Bioprinting 

Biotech for local food and 

health security; ethical 

regulations for synthetic 

biology; gene bank R&D 

Biotech collaborations funding; 

shared resources for gene-

editing; international policies 

for biotech sustainability 

Open Knowledge 

and Collaboration 

Systems 

Open-Source Platforms, 

Decentralised Research Hubs, 

Blockchain Knowledge 

Commons, Citizen Science 

Ecosystems 

Support for regional open-

access repositories; policies 

to incentivise local R&D 

knowledge sharing; 

grassroots R&I initiatives 

Establish international open-

access research networks; 

funding for global citizen 

science projects; incentivizing 

public-private R&D 
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Strategic Enablers 

Critical Technology 

Areas (CTA) 

Critical  

Technologies 

R&I Policy Options in 

Fractured Futures 

R&I Policy Options in 

Converging Horizons 

Resilient Urban 

Infrastructure 

Smart Cities, Modular Urban 

Systems, Urban Cooling 

Geoengineering, AI for Traffic 

Optimisation 

Grants for urban resilience 

retrofits; decentralised urban 

monitoring platforms; R&D 

for heat-resilient materials 

Cross-city knowledge sharing; 

integrated planning for climate-

resilient urban hubs; 

transnational urban tech 

Mobility and 

Sustainable 

Transport 

Hydrogen-Powered Vehicles, 

EV Charging Networks, 

Autonomous Transport, 

Sustainable Aviation, Urban 

Mobility Hubs 

Support for local EV charging 

infrastructure; R&D grants 

for low-cost autonomous 

transport; policies for rural 

mobility inclusion 

Pan-regional transport 

infrastructure; collaborative 

R&D for green aviation; unified 

standards for cross-border 

green logistics 

Digital Health and 

Precision Medicine 

AI-Driven Diagnostics, 

Telemedicine, Genomics-

Based Therapies, Wearable 

Health Devices, VR for Mental 

Health 

Policies for digital health 

access in underserved 

regions; telehealth subsidies; 

genomic research for local 

diseases 

Global health tech standards; 

collaborative R&D for precision 

medicine; shared genomic 

databases to improve health 

outcomes 

Blockchain and 

Decentralised 

Systems 

Decentralised Finance (DeFi), 

Supply Chain Blockchain, 

Smart Contracts, 

Decentralised Autonomous 

Organisations 

Blockchain for local 

governance transparency; 

DeFi applications for 

underserved communities; 

localised supply chain tools 

Multinational blockchain 

ecosystems; collaborative DeFi 

models for equitable finance; 

shared platforms for global 

trade transparency 

Circular Economy 

and Recycling 

Advanced Recycling, Circular 

Manufacturing, Rare Earth 

Recovery Systems 

Localised recycling tech 

incentives; grants for rural 

circular economy projects; 

policies for e-waste recovery 

Transnational recycling 

standards; manufacturing hubs 

for recycled materials; Joint 

R&D for rare earth recovery 

Nanotechnology 

and Advanced 

Materials 

Graphene, Self-Healing 

Materials, Nano-Coatings, 

Smart Materials for Energy, 

Water Purification Nanotech 

Region-specific nanotech 

applications; funding for local 

raw material alternatives; 

incentives for green 

nanomaterials 

International standards for safe 

nanotech use; shared resource 

databases for nanotech 

innovation; cross-regional 

nanotech hubs 

Advanced 

Connectivity 

5G Networks, IoT Systems, 6G 

Prototypes, Edge Computing 

for Remote Regions 

Incentives for rural IoT 

integration; development of 

affordable local connectivity 

solutions; focus on regional 

5G applications 

Multilateral 6G R&D 

partnerships; cross-country IoT 

standardisation; integrated 

digital connectivity plans for 

global cooperation 

Agricultural and 

Food Systems 

Vertical Farming, Lab-Grown 

Meat, Precision Agriculture, 

AI-Driven Crop Monitoring, 

Climate-Resilient Seeds 

Funding for local food tech 

R&D; rural incentives for 

climate-resilient farming; 

R&D for low-cost lab-grown 

meat alternatives 

Cross-border agricultural R&D 

collaborations; shared crop 

innovation resources; large-

scale funding for sustainable 

food ecosystems 

Cyber-Physical 

Systems 

IoT-Integrated Cyber-Physical 

Systems, Digital Twins, AI-

Driven Predictive Systems 

Regional deployment of 

digital twins for critical 

sectors; R&D for IoT in 

underserved industries 

International standards for 

cyber-physical integration; 

funding for scalable cyber-

physical deployments 
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Transformative Accelerators 

Critical Technology 

Areas (CTA) 

Critical  

Technologies 

R&I Policy Options in Fractured 

Futures 

R&I Policy Options in 

Converging Horizons 

Quantum 

Computing 

Quantum Algorithms, 

Quantum Machine Learning, 

Quantum Networks, Quantum 

Cryptography 

Funding for localised quantum 

R&D centres; partnerships to 

address security vulnerabilities; 

focus on specific use cases 

Shared investments in cross-

border quantum R&D; global 

partnerships for open-access 

quantum platforms 

Quantum 

Cybersecurity 

Quantum-Safe Encryption, 

Quantum Communication 

Networks, Post-Quantum 

Security Algorithms 

Regional quantum encryption 

standards; localised cybersecurity 

partnerships; R&D for secure 

communication in critical sectors 

International frameworks for 

post-quantum security; global 

R&D partnerships for 

quantum-safe networks 

Brain-Computer 

Interfaces (BCI) 

Neural Interfaces, Augmented 

Cognition Systems, AI-Assisted 

BCIs 

Localised BCI funding for 

healthcare and education; strict 

ethical regulations for neural data 

usage 

Global BCI ethics frameworks; 

shared global R&D platforms 

for neural enhancement and 

rehabilitation 

Autonomous 

Systems and 

Robotics 

Swarm Robotics, Autonomous 

Vehicles, AI-Assisted Robotics, 

Drones for Delivery 

Local funding for small-scale 

robotics innovation; autonomous 

systems for disaster recovery; 

grants for rural robotics R&D 

Shared R&D platforms for 

autonomous technologies; 

international safety standards 

for autonomous systems 

Space Exploration 

Technologies 

Satellite Internet, Space-Based 

Solar Power, Orbital Habitats, 

Asteroid Mining 

Regional satellite R&D hubs; 

funding for small-scale space-

based projects; resource-sharing 

for critical space technologies 

shared resources for asteroid 

mining and space-based 

power generation; cross-

country space R&D alliances 

Extended and 

Immersive Reality 

Augmented Reality (AR), 

Virtual Reality (VR), Mixed 

Reality (MR), Digital Twin 

Simulations 

Regional support for immersive 

training; incentives for adoption in 

critical industries 

Global R&D platforms for 

immersive tech; funding for 

cross-sector immersive 

applications 

 

To ensure the significance of these 20 CTAs, as well as the following 10 Disruptive Innovation Areas 

(DIAs) for Europe, their selection must align with the EU’s priorities for sustainability, technological 

sovereignty, inclusivity, and global competitiveness. These areas should address immediate 

challenges like the Green and Digital transitions while fostering long-term resilience and 

adaptability. They must also reflect Europe’s ethical and societal values, ensuring that innovations 

promote equity and transparency across diverse regions. By meeting these criteria, the CTAs and 

DIAs will strengthen the EU’s position as a global leader in sustainable innovation while addressing 

disparities among Member States. The five proposed criteria for EU relevance are: 

 

1. Strategic Contribution to EU Sovereignty and Global Leadership. 

2. Alignment with Ethical and Societal Values. 

3. Relevance to Green and Digital Transitions. 

4. Inclusivity and Regional Adaptability. 

5. Scalability and Future Resilience. 
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Frontier Visions and Disruptive Innovation Areas 

Disruptive innovations provide transformative solutions to pressing global and regional challenges, 

while also introducing unique risks and opportunities. Based on the analysis of Frontier Visions, 

critical issues, and wild cards, this section highlights 10 Disruptive Innovation Areas (DIAs) requiring 

strategic focus under the EU’s FP10. By adopting tailored policies across varied scenarios – from 

Fractured Futures to Converging Horizons – Europe can ensure these innovations foster resilience, 

sustainability, and equity. The approaches emphasise both regional autonomy and global 

collaboration, creating an ecosystem where disruptive innovations thrive and bolster Europe’s 

leadership on the global stage. The DIAs are grouped into three categories based on their distinct 

contributions to innovation and resilience: Foundational Pillars that establish the governance, 

collaboration, and economic systems that form the backbone of innovation and resilience at scale; 

Ecosystem Enablers that strengthen localised and sectoral ecosystems, driving practical and 

scalable applications of innovation; and Catalytic Enhancers that amplify and accelerate systemic 

changes, complementing the foundational and enabling layers. 

 

Foundational Pillars 

Disruptive 

Innovation Areas  

Disruptive  

Innovations 

R&I Policy Options in 

Fractured Futures 

R&I Policy Options in 

Converging Horizons 

Governance  

and Citizen 

Engagement 

Civil Innovation Councils, Citizen-

Led Research Networks, 

Decentralised Governance 

Platforms, Participatory AI 

Systems, AI for Social Trust 

Metrics 

Foster localised governance 

innovation; support public 

participation in R&I; deploy AI 

for governance transparency 

Create transnational citizen-

engagement frameworks; 

invest in AI-driven 

participatory tools for global 

governance 

Sustainable 

Economy and 

Trade 

Global Green Technology 

Marketplace, Carbon 

Tokenisation Platforms, Circular 

Economy Hubs, Climate 

Reparations Mechanisms, Green 

Economic Alliances 

Prioritise regional trade 

agreements; fund localised 

carbon trading systems; 

support low-resource 

economies through 

reparations 

Build global green trade 

networks; standardise 

international carbon markets; 

incentivise cross-border 

circular economy hubs 

Climate-Driven 

Technologies and 

Adaptation 

Reforestation Economies, Urban 

Carbon-Neutral Zones, AI for 

Disaster Resilience, Climate 

Insurance Models, Adaptive 

Urban Infrastructure 

Deploy region-specific climate 

adaptation tools; prioritise 

R&D in reforestation for local 

mitigation; focus on urban 

resilience for hotspots 

Establish international funding 

for adaptive tech; build 

collaborative reforestation 

programs; promote 

standardised disaster 

resilience systems 

Open Knowledge 

and 

Collaboration 

Open-Source Research 

Networks, Global Knowledge 

Commons, Citizen Science 

Platforms, Blockchain for 

Transparent Knowledge Sharing 

Regional funding for open-

source platforms; incentivise 

decentralised R&D; support 

grassroots knowledge-sharing 

systems 

Fund global citizen science 

initiatives; establish open-

access international research 

repositories 
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Ecosystem Enablers 

Disruptive 

Innovation Areas  

Disruptive  

Innovations 

R&I Policy Options in 

Fractured Futures 

R&I Policy Options in 

Converging Horizons 

Decentralised 

Systems and 

Autonomy 

Energy Self-Sufficient 

Communities, Decentralised 

Green Innovation Labs, Localised 

Pandemic Response Systems, 

Decentralised Monitoring 

Ecosystems 

Invest in rural energy 

autonomy; fund 

decentralised health tech 

solutions; establish local 

climate monitoring hubs 

Scale up decentralised 

innovation labs; create global 

networks of self-sufficient 

communities for collaborative 

innovation 

Resource 

Management 

Innovations 

Blockchain Resource Markets,  

AI-Driven Resource Allocation 

Systems, Water-Energy Nexus 

Optimisation Platforms, Circular 

Material Recovery Systems 

Focus on localised water-

energy solutions; fund 

resource-sharing platforms in 

underserved areas; prioritise 

e-waste recovery 

Build international databases 

for sustainable resource 

management; incentivise 

shared global recycling and 

recovery systems 

Mobility and 

Infrastructure 

Disaster-Ready Modular Cities, 

Carbon-Neutral Urban Zones, 

Autonomous Mobility Hubs, 

Sustainable Aviation Networks, 

Electrification of Logistics 

Support R&D for rural 

transport innovations; deploy 

localised disaster-resilient 

city modules; electrify 

regional logistics 

Create unified global 

transport standards; fund 

pan-regional electrification of 

logistics and transport 

systems 

 

. 

Catalytic Enhancers 

Disruptive 

Innovation Areas  

Disruptive  

Innovations 

R&I Policy Options in 

Fractured Futures 

R&I Policy Options in 

Converging Horizons 

Regional and 

International 

Alliances 

Hybrid Sustainability-Centred 

Trade Agreements, Cross-Border 

Green Tech Collaboration Hubs, 

Bioregional Conservation 

Partnerships, Global R&D Alliances 

Strengthen regional R&D 

partnerships; establish 

cross-border green tech 

hubs; promote localised 

conservation agreements 

Build global conservation 

treaties; develop shared R&D 

frameworks for multilateral 

innovation 

Social and 

Behavioural 

Innovations 

AI for Nudging Sustainability, 

Public Crowdfunding for R&D, 

Community-Led Energy 

Cooperatives, Citizen-Driven 

Policy Platforms 

Fund behavioural research 

for localised sustainability 

campaigns; incentivise 

community-driven 

cooperatives for resource-

sharing 

Build global platforms for 

citizen crowdfunding of public 

R&D; invest in AI for collective 

sustainability behaviour 

change 

Personal and 

Local 

Sustainability 

Tools 

Personalised Carbon Offsetting 

Apps, Blockchain for Local 

Resource Management, 

Individualised Renewable 

Solutions, Community Monitoring 

Platforms 

Deploy apps and platforms 

for personal carbon 

management in underserved 

regions; support rural 

innovation in renewable 

energy tech 

Standardise personal 

sustainability tools globally; 

promote platforms integrating 

individual & community-level 

carbon management efforts 

 

. 
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Reality Check in CTAs and DIAs 

The EC R&I Working Paper by Di Girolamo et al. (2023), 

The Global Position of the EU in Complex Technologies, 

highlights a stark reality: while the EU excels in areas 

like green and environmental technologies, its position 

in complex and high-value technology domains has 

steadily deteriorated over the past three decades 

compared to the USA, China, Japan, and South Korea, 

raising questions about Europe’s technological 

sovereignty and future competitiveness. 

 

The EU’s strengths in climate adaptation, energy 

technologies, and environmental monitoring align with 

its Green Deal objectives, positioning it as a leader in 

sustainability-driven innovation. Furthermore, its 

expertise in medical technologies, biotechnology, and 

nanotechnologies underscores its potential to drive 

societal resilience and transformative change. 

 

However, the EU’s reliance on external players in critical areas such as AI, quantum computing, 

semiconductors, and telecommunications highlights significant challenges. Di Girolamo et al. (2023) 

find that the EU’s technological base, though diversified, is disproportionately concentrated in less 

complex fields, making it particularly dependent on a few countries – primarily the US, China, and 

Taiwan – for advanced capabilities. This dependency highlights some concerns over Europe’s ability 

to maintain technological independence and secure its competitive edge on the global stage in 

Strategic Enablers and Transformative Accelerators like AI, Cyber-Physical Systems, and Quantum 

Cybersecurity. 

 

These findings have direct implications for research and innovation (R&I) policies. To remain 

competitive and achieve technological sovereignty, the EU must align its R&I strategies across both 

Critical Technology Areas (CTAs) and Disruptive Innovation Areas (DIAs). Policies should prioritise 

investment in high-complexity fields, foster strategic global partnerships to mitigate dependency 

risks, and build robust innovation ecosystems that bridge green and digital domains. By addressing 

these gaps, the EU can leverage its strengths, reduce vulnerabilities, and ensure leadership in global 

innovation while advancing sustainability and resilience goals. 
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R&I Policy Options vis-à-vis CTAs and DIAs 

Building on the above “Reality Check” and insights from the Frontier Visions of Fractured Futures 

and Converging Horizons, the EU would benefit from adopting a tailored research and innovation 

(R&I) policy approach to address gaps in Critical Technology Areas (CTAs) and leverage 

opportunities in Disruptive Innovation Areas (DIAs). The following policy options are envisaged: 

 

• Prioritise Strategic Investment in High-Complexity Domains: The EU’s lag in areas such as AI, 

quantum computing, and semiconductors requires immediate investment to reduce 

dependency on external players like the USA, China, and Taiwan. Policies should focus on 

creating dedicated R&I funding streams for Transformative Accelerators like Quantum 

Cybersecurity and AI for resource management. These investments should prioritise scaling 

innovation ecosystems and integrating these technologies into broader green and digital 

transitions, aligning with the Fractured Futures vision that emphasises self-reliance. 

• Leverage Leadership in Green Technologies: The EU’s strengths in green and environmental 

technologies position it to lead in Foundational Pillars like Climate-Driven Technologies and 

Adaptation. Policies should aim to integrate these strengths into Ecosystem Enablers such as 

Resource Management Innovations and Decentralised Systems. For example, expanding R&I 

funding for circular economy hubs and autonomous urban systems would bridge sustainability 

goals with innovation-driven growth, in line with Converging Horizons strategies for global 

collaboration. 

• Strengthen International Partnerships: Given the EU’s dependency on advanced capabilities 

from key global players, fostering partnerships remains essential. Policies should encourage 

cross-border collaborations, such as joint ventures in quantum and AI technologies or shared 

R&D platforms for semiconductors. These partnerships must balance leveraging global 

expertise with maintaining EU priorities for inclusivity and sovereignty. 

• Integrate Green and Digital Agendas: R&I policies should exploit synergies between the EU’s 

green strengths and its digital ambitions. For example, promoting AI-driven solutions for energy 

efficiency and carbon-neutral technologies would align with Catalytic Enhancers such as AI for 

pushing sustainability and Personal and Local Sustainability Tools. This approach ensures that 

both Fractured Futures and Converging Horizons scenarios are addressed, fostering resilience in 

uncertain global conditions. 

• Promote Inclusive Innovation: To address disparities across Member States, R&I policies should 

emphasise equitable access to funding and resources. Supporting regional hubs for advanced 

technology R&I – especially in underserved areas – would enhance inclusivity and scalability, 

bridging the divide between technologically advanced and lagging regions within the EU. 

 



 

29 

R&I Policy in Europe’s 50 Shades of Blue 

The future of research and innovation (R&I) in Europe will be defined by a complex interplay of 

challenges and opportunities. The next EU Framework Programme for R&I (FP10) must navigate the 

realities of uneven progress among Member States, varying global influences, and critical 

technologies that could redefine societal paradigms. The featured Critical Technology Areas (CTAs) 

and Disruptive Innovation Areas (DIAs) showed how adaptive and inclusive R&I policies can ensure 

resilience and global leadership for the EU. By embracing a diverse portfolio of strategies, Europe 

can foster collaboration, bridge disparities, and lead innovation on the global stage. 

 

The R&I policy options across CTAs and DIAs reflect a nuanced approach that is crucial for FP10 and 

its global positioning. Europe stands at the intersection of competing realities: Fractured Futures 

grappling with resource inequalities and governance divides, and Converging Horizons where 

sustainability and collaboration play a central role. In reality, the EU’s future will most likely embody 

“50 Shades of Blue”, where Member States and Associate Countries vary in their progress, global 

leadership, and capacity for innovation. This mixed landscape underscores the importance of a 

diverse and adaptive R&I strategy. 

 

The proposed R&I policy options account for this variability, ensuring relevance across different 

scenarios and performance levels. Countries leading in sustainability and technology, such as 

Germany or the Nordics, would benefit from collaborative frameworks, scaling their innovations to 

global standards (e.g., cross-border green tech hubs and AI for participatory governance). 

Meanwhile, countries with average performance could utilise decentralised systems and open 

knowledge networks to bridge gaps in local innovation ecosystems. For nations striving to catch up 

or leapfrog, targeted policies, such as support for regional R&D hubs, grassroots knowledge sharing, 

and personalised sustainability tools, offer pathways to build resilience and align with broader 

European goals. 

 

Globally, these policies ensure that Europe maintains strategic leadership in areas like climate 

adaptation, energy independence, and AI ethics, setting benchmarks for international 

collaboration. The focus on inclusivity, sustainability, and decentralisation aligns well with global 

imperatives, fostering partnerships that address challenges transcending borders. By embedding 

flexibility and scalability in R&I policy, FP10 ensures that no country or region is left behind, and the 

EU can act as a cohesive yet diverse force shaping the future of global research and innovation. This 

adaptability positions the EU as a model for resilient and equitable progress in an increasingly 

unpredictable world.   
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Expanding the Frontier of R&I Policy 

This section explores how Fractured Futures and Converging Horizons broaden our understanding 

of key trends shaping Research and Innovation (R&I) policy in Europe, the USA, and the UK. The 

trends incorporate insights from recent discussions during European Commissioners’ hearings in 

the European Parliament, where issues such as digital sovereignty, green transition priorities, and 

international collaboration were emphasised. By framing these trends within contrasting scenarios, 

we gain insights into potential outcomes of policy shifts, helping to anticipate challenges and 

identify new opportunities. Each scenario reveals distinct implications for transformative 

innovation, directionality in R&I, technological sovereignty, and global collaboration.  

 

Transformative Innovation Policy (TIP) 

In Fractured Futures, fragmented governance limits transformative innovation’s effectiveness, 

focusing on localised needs over societal challenges like climate change or inequality. In Converging 

Horizons, TIP thrives with unified mission-oriented goals driving systemic changes, backed by 

cohesive policies addressing pressing issues across regions. 

 

Directionality in Innovation 

Directionality weakens in Fractured Futures, as inconsistent goals and fragmented missions emerge 

from regional isolationism. By contrast, Converging Horizons leverages coordinated, mission-driven 

R&I initiatives, aligning resources with high-impact goals like the circular economy and carbon 

neutrality, strengthening the EU’s mission-oriented programmes. 
 

Demand-Side Policies 

Fractured Futures struggles to mobilise demand-driven innovation due to fragmented markets, 

limiting public procurement’s role in fostering innovation. Converging Horizons emphasises 

coordinated demand-side policies, where shared procurement mechanisms support the 

development of green and digital technologies, reducing risk for innovators. 

 

Agility and Experimentation 

Regional experimentation flourishes in Fractured Futures, with localised flexibility in policy 

adaptation, although this limits scaling successful models. Converging Horizons enables agile 

experimentation at an EU-wide level, enhancing resilience to technological change through shared 

frameworks for policy flexibility, akin to Germany’s SPRIN-D model. 
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Technological Sovereignty 

Fractured Futures heightens the push for regional technological sovereignty due to geopolitical 

instability and supply chain vulnerabilities, leading to isolated innovations. In Converging Horizons, 

technological sovereignty supports collaborative autonomy, ensuring critical capabilities in areas 

like AI and cybersecurity while balancing international partnerships. 

 

Strategic Focus on Green and Digital Technologies 

In Fractured Futures, green and digital transitions are sporadic, with some regions advancing 

independently while others lag. Converging Horizons fosters a unified investment in green and 

digital R&I, reinforcing EU climate goals through comprehensive policies and investments in clean 

and digital technologies. 
 

Enhancing Technological Sovereignty and Strategic Autonomy 

Fractured Futures forces a fragmented approach to strategic autonomy, leading to inconsistent 

resilience across sectors. In Converging Horizons, the EU’s strategic autonomy grows through 

diversified supply chains and investments in strategic sectors, collectively reducing dependence on 

external sources and ensuring a resilient innovation ecosystem. 

 

Strategic Coordination in R&I Policy 

Coordination is minimal in Fractured Futures, with misaligned policies and investment priorities 

across regions. Converging Horizons advances a cohesive R&I ecosystem, synchronising national 

and EU-level spending and fostering integrated regulatory frameworks, skill-building, and support 

for start-ups. 

 

Simplification and Impact-Focused Funding 

Fractured Futures complicates funding access with disparate regional processes and priorities, 

undermining efficient R&I. Converging Horizons simplifies funding through streamlined 

mechanisms, focusing on impactful, societally beneficial investments that enhance knowledge 

transfer, commercialisation, and equitable access across the EU. 

 

Openness and International Collaboration 

Fractured Futures fosters limited collaboration as protectionism rises, reducing international 

knowledge exchange and stifling R&I progress. Converging Horizons balances sovereignty with open 

exchange, enabling international collaboration on global issues, enhancing resilience through a 

balanced approach to technology transfer. 
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Widening R&I Discussions with Frontier Visions 

The Fractured Futures vision emphasises the need for resilient and regionally adaptive R&I policies 

to address disparities and protect vulnerable communities. This aligns with Edler (2024), who 

highlights the importance of defining and securing access to critical technologies as part of 

technological sovereignty. For instance, advancing the Green Transition (KSO1) requires integrating 

localised renewable energy systems and fostering community-driven innovation in underserved 

regions, addressing both sovereignty concerns and internal market fragmentation. Similarly, 

tackling the Digital Transition (KSO2) necessitates targeted investments in rural digital 

infrastructure to mitigate urban-rural divides while promoting equitable access to emerging 

technologies like AI and digital communication. In line with A More Resilient, Competitive, 

Inclusive, and Democratic Europe (KSO3), ethical frameworks for AI and genetic engineering should 

explicitly include regional considerations to align technological developments with societal values. 

Furthermore, integrating insights from Popper and Loikkanen (2019) on developing future-oriented 

skills can enhance the EU’s capacity to equip regional communities with tools for resilience and 

adaptability, reducing long-term disparities. 

 

The Converging Horizons vision advocates for a cohesive EU approach, enhancing alignment with 

the KSOs and supporting technological sovereignty. For KSO1, this vision promotes transnational 

energy collaborations and circular economy innovations, positioning the EU as a leader in green 

technology exports while addressing global challenges collaboratively. Similarly, KSO2 could benefit 

from shared ethical standards for AI and cybersecurity, ensuring privacy and equitable digital access 

across Member States. The convergence of corporate and public sector goals in KSO3 would 

strengthen R&I frameworks, embedding resilience and inclusivity in projects targeting mental 

health, community well-being, and inclusive economic growth. Addressing the gaps in internal 

market integration, this vision suggests leveraging the EU’s internal market and regulatory influence 

to foster shared investments in transformative accelerators such as AI and quantum technologies. 

Aligning with insights from Andersen et al. (2023) on the need for foresight-driven approaches, 

Converging Horizons demonstrates how strategic coordination can create opportunities for 

collaborative, equitable growth. 

 

Both Frontier Visions reinforce the need for the EU to address fragmentation and heterogeneity in 

its internal market and adopt foresight-driven, adaptive strategies. Building on Popper et al. (2015, 

2017), the visions highlight the importance of long-term planning and multi-actor engagement to 

ensure that knowledge transfer strategies support the governance and management of sustainable 

innovation. By embedding these principles into future R&I policies, the EU can foster resilience and 

cohesion while securing its position as a global innovation leader. 
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Conclusions 

This Working Paper introduces two Frontier Visions – Fractured Futures and Converging Horizons –

to guide future EU Research and Innovation (R&I) policy debates. These scenarios show potential 

pathways for the EU’s Key Strategic Orientations (KSOs), Missions, and General Prosperity Indicators 

(GPIs) while evaluating the relevance of 20 Critical Technology Areas (CTAs) and 10 Disruptive 

Innovation Areas (DIAs) to address Europe’s R&I challenges. Fractured Futures highlights the risks 

of fragmentation, emphasising localised innovations like decentralised green energy systems and 

region-specific AI for disaster resilience to mitigate disparities. In contrast, Converging Horizons 

envisions a collaborative Europe, leveraging investments in cross-border quantum R&D, green 

technologies, and ethical AI governance to promote shared growth and global leadership. Together, 

the CTAs and DIAs offer a structured framework for advancing FP10 goals, addressing societal 

challenges, and scaling transformative innovations. For example, Core Catalysts like green 

hydrogen and circular economy technologies tackle climate imperatives; Strategic Enablers such as 

smart cities and decentralised systems enhance resilience and accessibility; and Transformative 

Accelerators like quantum computing and space exploration secure long-term global 

competitiveness. With this outlook, the following strategic recommendations are emphasised: 

 

1. Fostering Technological Sovereignty with Flexibility: Adopt clear criteria for critical 

technologies while maintaining openness to partnerships (see p.23 and Edler, 2024). 

2. Addressing Internal Market Fragmentation: Harmonise regulations and enhance digital 

infrastructure to ensure scalability and inclusivity. 

3. Promoting Regional and Global Collaboration: Collaborative R&I policies in areas like green 

technology and quantum cybersecurity can strengthen the EU’s influence and bridge disparities. 

4. Embedding Foresight and Strategic Intelligence: Use foresight and wild cards to drive 

sustainable innovation and adapt to disruptions (Popper et al., 2020, 2024; Velasco et al., 2021). 

5. Empowering Community-Driven Innovation: Niche-building within social economy networks 

can foster resilience and grassroots participation (see Amanatidou et al., 2024). 

 

Europe’s trajectory will likely reflect “50 Shades of Blue” – a gradient of progress among EU 

Member States and Associated Countries. Leading nations may scale global benchmarks, while 

moderate performers strengthen local ecosystems through decentralisation. Countries striving to 

leapfrog can benefit from targeted policies, such as regional R&D hubs and personalised 

sustainability tools. By embracing this diversity, FP10 can balance disparities, foster collaboration, 

and maintain leadership in climate adaptation, energy independence, and AI ethics. Navigating 

fragmented and converging realities, the EU must act as a cohesive yet adaptive force, ensuring 

resilience and equity while positioning Europe as a model for sustainable innovation. 
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Annexes 

Reflections on Reference Scenario 1: Storms 

In Storms, nations prioritise self-preservation in a fragmented world, relying on local economies, 
scarce resources, and strong leaders to safeguard regional stability amidst widespread climate 
impacts. 

Wild Cards and Weak Signals Analysis 

The emergence of wild cards and associated weak signals may significantly impact and redefine the 
research and innovation landscape under these scenario conditions.  

Wild Cards Weak Signals 

Unexpected Global Crisis Sparks Unprecedented Solidarity: A 

sudden, catastrophic event (e.g., a planetary-scale natural disaster or 

near-Earth asteroid event) could unexpectedly unite nations, forcing 

global leaders to set aside their differences to ensure collective 

survival. This unprecedented cooperation could be a turning point 

that re-establishes global trust, leading to robust multilateral 

frameworks for research, development, and innovation. 

Increased funding and cooperation in 

planetary defence initiatives, such as 

asteroid deflection or monitoring projects. 

An uptick in informal, grassroots “science 

diplomacy” efforts, where scientists across 

borders collaborate on shared existential 

risks (e.g., climate change, space threats). 

Breakthrough in Distributed Energy Production: A revolutionary 

discovery in decentralised energy production (e.g., small-scale 

nuclear fusion or ultra-efficient renewable microgrids) could make 

regions fully energy self-sufficient, drastically altering the global 

energy landscape. This breakthrough would enable regions to power 

themselves independently, reducing geopolitical energy tensions and 

catalysing rapid innovation in localised energy technology. 

Sudden breakthroughs or increased 

research investments in fusion energy by 

private entities. 

Emerging microgrid projects in rural or 

remote communities, testing novel self-

sufficient energy systems. 

Global Open Knowledge Exchange Platform: A digital platform or 

decentralised network that enables transparent and universal access 

to scientific and technological research could unexpectedly gain 

traction worldwide. This platform would bypass governmental and 

corporate control, accelerating technological innovation by enabling 

individuals and communities to share and build upon each other's 

knowledge freely. 

Rising popularity of decentralised 

knowledge-sharing platforms (e.g., 

blockchain-based peer-to-peer academic 

networks). 

High-profile defections of prominent 

researchers and innovators from corporate 

and academic institutions to join open-

source, collaborative science initiatives. 

Geoengineering Crisis and Global Environmental Reckoning: A failed 

geoengineering attempt (e.g., to cool the Earth’s atmosphere) could 

spiral into an environmental catastrophe, prompting a rapid, 

coordinated response to reform global environmental policies. Such 

a crisis could foster a new global commitment to stringent, science-

driven environmental protection and climate resilience efforts, 

transforming environmental research and innovation ecosystems. 

Increased frequency and funding of 

experimental geoengineering projects, 

especially in countries heavily impacted by 

climate change. 

Growing public and scientific concern over 

the ethical implications of geoengineering 

and increased debate in international 

forums. 



 

35 

Reflections on Reference Scenario 2: Endgame 

In Endgame, wealth and private interests drive society, enabling corporate dominance and 
unchecked tech influence. Environmental collapse looms, as weak governance and inequality 
accelerate global instability. 

Wild Cards and Weak Signals Analysis 

The following wild cards and weak signals could reshape the R&I landscape in this scenario.  

Wild Cards Weak Signals 

Global Wealth Redistribution Agreement: An unprecedented global 

wealth redistribution initiative, driven by mass public pressure and 

backed by tech-enabled accountability systems, could emerge. 

Governments and major corporations agree to sweeping reforms, 

including wealth redistribution policies and new global regulations on 

taxation of virtual assets. This would reshape innovation funding, 

leading to a significant increase in public R&D spending and greater 

access to resources for diverse researchers and entrepreneurs. 

Growing popularity of digital financial 

transparency tools (e.g., blockchain-based 

income tracking) to prevent tax evasion. 

Increasing political and social movements 

advocating for wealth redistribution, 

especially among younger generations 

focused on climate justice and social equity. 

Sudden Economic Shift Due to Digital Resource Ownership Models: 

A disruptive economic model that assigns monetary value to digital 

resources—such as personal data, intellectual contributions, or 

digital environmental offsets—could emerge, radically changing 

financial growth metrics. In this model, individuals earn income from 

their data or ideas, redistributing wealth from corporations to people 

and boosting innovation. This shift could decentralise wealth, 

invigorate new research and innovation funding mechanisms, and 

reduce dependence on physical resource exploitation. 

Early-stage experiments in “data dividend” 

initiatives, where companies pay users for 

their data. 

Growing momentum in the development of 

decentralised finance (DeFi) tools that aim 

to democratise financial access and control. 

Creation of a Global Open-Source Innovation Network: A globally 

coordinated open-source research and innovation network could 

take shape, where discoveries and solutions are freely shared across 

borders, without patents or proprietary restrictions. Such a network 

could replace traditional intellectual property models, fostering 

widespread collaboration and accelerating research in fields like 

climate resilience, healthcare, and energy. 

Increasing investments in decentralised 

research hubs, particularly those that 

publish findings without IP restrictions. 

Early adoption of open-source licensing by 

emerging tech companies and organisations 

focused on social impact, suggesting a shift 

in priorities from profit to accessibility. 

Unplanned Global Climate-Driven Migration Crisis: A sudden, 

extreme climate event (e.g., a mega-drought or superstorm) could 

displace millions within a short period, triggering a global crisis that 

disrupts economies and political stability worldwide. In response, 

nations are forced to pool resources to fund rapid adaptation and 

innovation in climate resilience, shifting massive investment toward 

climate technology and emergency infrastructure. 

Rising instances of small-scale, climate-

driven migrations (e.g., from drought-prone 

to water-abundant regions), which could be 

early indicators of larger-scale migration. 

Escalation in extreme weather events and 

their impact on densely populated areas, 

especially in regions with weak climate 

infrastructure. 
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Reflections on Reference Scenario 3: Struggling Synergies 

In Struggling Synergies, modest climate progress and cautious multilateral cooperation prevail amid 
social tensions and distrust, while shifting global influence and complex governance hinder 
effective, unified action on sustainability. 

Wild Cards and Weak Signals Analysis 

The following wild cards and weak signals could reshape the R&I landscape in this scenario.  

Wild Cards Weak Signals 

EU-Wide Civil Innovation Council Movement: In response to public 

distrust, the EU and national governments could establish Civil 

Innovation Councils—democratic, citizen-led groups tasked with 

overseeing and directing certain research priorities. These councils, 

with rotating memberships, would act as liaisons between scientists, 

the government, and the public, providing input on funding allocation 

and innovation strategy. This could transform the research landscape 

by elevating citizen engagement and aligning research goals with 

societal needs, disrupting the hierarchy of research governance. 

Growing role of participatory democracy, 

with grassroots movements and local citizen 

assemblies advocating for more direct 

public involvement in decision-making. 

Increased calls for transparency and citizen 

oversight in government research and 

spending decisions, especially on climate 

and public health initiatives. 

Global Emissions Equity Agreement with Digital Carbon Currency: A 

global agreement introduces a new “carbon equity” digital currency 

that rewards individual and corporate actions aligned with emissions 

reduction. Managed on a blockchain, the currency allows citizens, 

companies, and governments to earn and trade carbon credits 

directly. This new currency would incentivise sustainable innovation 

across industries, leading to massive research investments in carbon-

neutral technologies. 

Pilot programmes and trials involving digital 

currencies for sustainable development, 

e.g. blockchain initiatives to monitor carbon 

footprints or reward sustainable actions. 

Growing experimentation with personal 

carbon tracking apps and other digital tools 

that promote individual responsibility for 

reducing emissions. 

Global Innovation Treaty for Life-Saving Technologies: Major 

nations agree to a Global Innovation Treaty where research on life-

saving technologies (e.g., clean water tech, climate-resilient crops, 

pandemic response) is open-source and exempt from intellectual 

property restrictions. The treaty enables free sharing of innovations 

among member countries, aiming to close the gap between 

developed and emerging economies and catalyse rapid development 

in critical research areas.  

Increased advocacy for open-source 

approaches in critical research areas, 

particularly around climate change, global 

health, and sustainable agriculture. 

Successful open-access research projects in 

pandemic response or climate resilience, 

highlighting the potential benefits of 

removing IP barriers in these fields. 

Breakdown of the EU into Regional Innovation Hubs: Growing social 

tensions, political polarisation, and dissatisfaction with slow EU 

progress on key issues could lead to a fracturing of the EU into semi-

autonomous regional innovation hubs. These hubs operate 

independently in research and technology policy, each focusing on 

unique priorities aligned with local needs and values. While this 

decentralisation may encourage tailored regional innovation, it could 

fragment the broader EU research ecosystem, leading to competitive 

silos and a loss of cohesive policy direction. 

Growing regional movements within the EU 

advocating for more autonomy in 

technology and research, often motivated 

by dissatisfaction with EU centralisation. 

Increasing instances of EU Member States 

forming bilateral or regional pacts for 

technology development, bypassing the 

broader EU regulatory framework. 
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Reflections on Reference Scenario 4: Opposing Views 

In Opposing Views, Europe and allies champion sustainability, fostering strategic alliances and 
energy self-sufficiency amid global tensions, while balancing pragmatic trade with non-aligned 
nations focused on economic priorities. 

Wild Cards and Weak Signals Analysis 

The following wild cards and weak signals could reshape the R&I landscape in this scenario.  

Wild Cards Weak Signals 

Sudden Green Economic Boom in Europe: An unexpected surge in 

demand for European green technologies and sustainable practices 

could lead to a “green economic boom.” This could be spurred by a 

dramatic increase in environmental disasters globally, compelling 

non-aligned countries to adopt Europe’s clean technologies in large 

scale. This would rapidly elevate Europe’s economic standing and 

influence in the global economy, transforming its research and 

innovation priorities toward rapid scalability of green solutions. 

Growing environmental crises and extreme 

weather events, particularly in countries 

outside major alliances, sparking sudden 

interest in resilient technologies. 

Large corporations and countries avoiding 

power blocs conducting feasibility studies 

on EU green technologies, despite their 

usual focus on growth-driven tech. 

Global Treaty on Ecological Rights: A groundbreaking international 

treaty is signed recognising Ecological Rights as fundamental human 

rights, with Europe and its allies at the forefront. This treaty would 

legally bind signatories to respect environmental preservation as a 

human right, massively accelerating green innovation and research. 

This could establish global funding pools for green R&D and 

incentivise innovation around preservation, restoration, and 

sustainable technology. 

Growing international debates and calls 

within civil society, NGOs, and some 

governments for environmental rights to be 

included in human rights frameworks. 

Increased legal cases and court rulings 

globally that recognise environmental harm 

as a violation of human rights, setting 

precedents for potential treaties. 

Global Green Technology Marketplaces: Europe spearheads a global 

green technology marketplace, a digital platform where countries 

and companies can access, exchange, and trade climate-positive 

technologies. Supported by AI and blockchain, the marketplace 

would allow seamless transactions, licensing, and knowledge-sharing 

of sustainable innovations, boosting European influence in research 

and innovation. This global tech exchange would amplify green R&D 

funding, facilitate faster knowledge transfer, and accelerate adoption 

of sustainable solutions worldwide. 

Proliferation of online platforms in other 

sectors showing success with collaborative 

tech-sharing models and digital 

marketplaces. 

Early pilot projects in Europe exploring 

blockchain-based knowledge-sharing 

platforms for green technology, potentially 

laying the groundwork for a larger initiative. 

Rise of an Anti-Green Political Movement: A powerful, populist 

“anti-green” movement could gain traction within Europe, 

challenging sustainability-focused policies and pushing for a return to 

economically aggressive growth priorities. This movement could 

demand a moratorium on new green regulations and shift funding 

away from green innovation, weakening Europe’s sustainability-

focused R&D and undermining climate goals. This could be triggered 

by discontent over slower economic growth and perceived trade-offs 

in quality of life. 

Rising instances of protests and populist 

rhetoric against environmental policies, 

especially on issues where sustainability 

measures increase living costs. 

Social media trends showing increased 

scepticism of environmental policies as 

economically restrictive or exclusionary, 

among disadvantaged communities. 
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