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Introduction 

Overall context and challenges 

Infrastructure and mobility systems represent one of the strategic backbones of Europe’s economy, 

competitiveness and territorial cohesion. Transport networks, energy infrastructure, logistics systems and 

digital connectivity are fundamental enablers of economic growth, cross-border trade, mobility of people 

and goods, and social well-being. At the same time, infrastructure constitutes a long-term public asset that 

shapes Europe’s development for decades, requiring long-term reliability, adaptability and sustained 

investment. Rising freight demand, the growing importance of multimodal transport systems and the need 

for ICT-enabled, interoperable and cross-border solutions are further reinforcing the strategic role of 

infrastructure and mobility in Europe’s future. 

This long-term perspective is increasingly challenged by a rapidly changing geopolitical, environmental and 

technological context. Infrastructure systems must now perform across generations while remaining 

adaptable to major technological shifts, evolving mobility patterns and emerging risks. Geopolitical tensions, 

trade disruptions and growing regional security concerns are increasing the exposure of infrastructure 

systems to uncertainty, while also strengthening the need to consider civil-defence preparedness and dual-

use functionalities in planning, design and lifecycle management. In this context, adaptability and resilience 

are becoming as important as capacity and performance. This shift is also reflected in recent European 

initiatives on resilient and dual-use infrastructure, including the updated Trans-European Transport Network 

(TEN-T) Regulation and broader EU security and defence strategies. 

The transition towards climate neutrality is profoundly reshaping infrastructure and mobility systems. The 

progressive shift towards renewable energy, the electrification of transport and the reduction of fossil-fuel 

dependence are transforming both the design and operation of infrastructure networks. European policies 

play a central role in this transformation: the European Green Deal, the European Climate Law and the Fit-

for-55 package establish binding climate-neutrality objectives, while the EU Climate Adaptation Strategy, the 

Clean Industrial Deal and ETS2 (Emissions trading System) directly influence long-term infrastructure 

investment. Complementing these measures, the European Commission’s Sustainable and Smart Mobility 

Strategy provides a roadmap for the large-scale deployment of low-carbon and connected mobility systems, 

promoting electrification, automation, multimodal integration and digitalisation across transport networks. 

The sector is also undergoing an unprecedented technological transformation. Artificial intelligence (AI), 

automation, digital twins, smart sensors, advanced data analytics and connected and automated mobility 

systems are progressively changing the way infrastructure is planned, built, operated and maintained. 

Digitalisation offers significant opportunities to improve operational efficiency, enable predictive 

maintenance and enhance sustainability performance across the infrastructure lifecycle. These 

developments are also closely aligned with recent European initiatives on data governance, including the 

European Data Act, and on trustworthy artificial intelligence, notably the AI Act, which aim to ensure secure 

and reliable digital infrastructure systems. At the same time, the increasing reliance on digital technologies 

is creating new vulnerabilities, including cybersecurity risks, data-governance challenges and the need to 

ensure trust, transparency and reliability in intelligent software systems. Ensuring secure, interoperable and 

data-driven infrastructure systems therefore becomes a strategic priority for Europe. 

In parallel, infrastructure planning is increasingly influenced by broader global risks. Recent international 

assessments, including the World Economic Forum Global Risks Report 2026, highlight the growing impact of 

extreme weather events, biodiversity loss and ecosystem degradation, critical changes to Earth systems and 

natural-resource scarcity. In addition, emerging risks such as cyber insecurity, misinformation and 

disinformation, and adverse outcomes of artificial intelligence are expected to play a growing role in the 

https://transport.ec.europa.eu/transport-themes/infrastructure-and-investment/trans-european-transport-network-ten-t_en
https://transport.ec.europa.eu/transport-themes/infrastructure-and-investment/trans-european-transport-network-ten-t_en
https://www.consilium.europa.eu/en/policies/strategic-compass/
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://climate.ec.europa.eu/eu-action/european-climate-law_en
https://www.consilium.europa.eu/en/policies/fit-for-55/
https://www.consilium.europa.eu/en/policies/fit-for-55/
https://climate.ec.europa.eu/eu-action/adaptation-and-resilience-climate-change/eu-adaptation-strategy_en
https://commission.europa.eu/topics/competitiveness/clean-industrial-deal_en
https://climate.ec.europa.eu/eu-action/carbon-markets/ets2-buildings-road-transport-and-additional-sectors_en
https://transport.ec.europa.eu/transport-themes/mobility-strategy_en
https://transport.ec.europa.eu/transport-themes/mobility-strategy_en
https://digital-strategy.ec.europa.eu/en/policies/data-act
https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai
https://reports.weforum.org/docs/WEF_Global_Risks_Report_2026.pdf
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performance and reliability of critical infrastructure systems. These trends reinforce the need for climate-

resilient, secure and adaptable infrastructure capable of operating in an increasingly uncertain environment. 

This is further strengthened by the Critical Entities Resilience (CER) Directive (Directive (EU) 2022/2557), 

which establishes a common framework to enhance the resilience of critical entities across the Union. It 

introduces requirements for Member States and operators to carry out risk assessments, implement 

resilience-enhancing measures, ensure incident reporting and strengthen preparedness against both natural 

and man-made disruptions, including hybrid and cyber threats. In doing so, it provides a key regulatory driver 

for the implementation of resilience strategies in transport infrastructure systems. 

Another key dimension is the growing relevance of dual-use infrastructure and civil–defence synergies. The 

integration of civil and defence considerations in infrastructure planning is becoming increasingly important, 

not only in terms of security but also as a driver of technological innovation. Military-driven technological 

developments, temporary and modular infrastructure solutions and accelerated deployment approaches can 

provide valuable opportunities for civilian infrastructure planning, renovation and reconstruction. At the 

same time, the increasing complexity of infrastructure systems requires new competencies, combining civil 

engineering, digital technologies, data management and artificial intelligence. Workforce transformation, 

upskilling and organisational readiness therefore become essential enablers of the sector’s transition. 

Despite the significant progress achieved in recent years, the infrastructure and mobility sector still faces a 

number of structural challenges that hinder the large-scale deployment of resilient, digitalised and 

decarbonised solutions. The most relevant challenges identified by the I&M Committee include: 

• Adapting infrastructure to new mobility behaviours and increasing system complexity. Responding 

to remote-work patterns, the growth of e-commerce, the rapid deployment of electric vehicles and 

the emergence of autonomous mobility, while ensuring multimodal integration and infrastructure 

capable of supporting connected, cooperative and automated transport systems at scale. 

• Delivering resilient and climate-proof infrastructure under escalating environmental risks. 

Designing and upgrading infrastructure to withstand extreme weather events, ecosystem 

degradation, critical Earth-system changes and resource scarcity, while integrating nature-based 

solutions, robust design standards and lifecycle climate-adaptation strategies. 

• Achieving full-spectrum sustainability across infrastructure lifecycles. Reducing emissions through 

decarbonisation and low-carbon materials, embedding circular-economy principles, improving 

resource efficiency and balancing environmental, social and economic sustainability within long-term 

European and national infrastructure planning. 

• Addressing infrastructure degradation and ensuring long-term asset performance. Tackling ageing 

infrastructure across Europe through improved methodologies for condition assessment, 

quantitative performance indicators, advanced monitoring systems, more durable materials and 

research-based planning and design models. 

• Ensuring secure, interoperable and data-driven infrastructure systems. Overcoming fragmentation 

in digital platforms and standards, enabling cross-border interoperability and real-time data 

exchange, and integrating digital twins and artificial intelligence into operational infrastructure 

management beyond pilot projects. 

• Managing cybersecurity, AI-related risks and trust in digital systems. Protecting critical 

infrastructure from cyber threats, addressing potential adverse outcomes of artificial intelligence 

technologies and ensuring the reliability and transparency of intelligent software systems used in 

infrastructure operation and management. 

• Navigating regulatory constraints while enabling technological deployment. Bridging the gap 

between innovation and regulation, addressing data-protection and liability challenges, avoiding 

https://ec.europa.eu/commission/presscorner/detail/it/ip_23_3992
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reputational and financial risks for infrastructure operators and ensuring that Europe remains 

competitive in the global deployment of advanced infrastructure technologies. 

• Strengthening supply-chain resilience and strategic autonomy. Reducing vulnerabilities linked to 

geopolitical tensions, trade disruptions and resource shortages, while ensuring the availability of 

critical materials and technologies required for infrastructure development, renovation and 

maintenance. 

• Leveraging dual-use synergies for resilience and rapid deployment. Translating civil-defence 

innovations, modular infrastructure solutions and accelerated reconstruction approaches into 

civilian infrastructure planning, renovation and monitoring systems. 

• Fostering interdisciplinary approaches and workforce transformation. Bridging civil engineering, 

digital technologies and artificial-intelligence expertise, enabling cross-sector collaboration and 

ensuring that the workforce is equipped to manage increasingly complex and technology-driven 

infrastructure systems.  

Scope and Approach 

The Infrastructure and Mobility (I&M) Committee recognises the need to extend its focus beyond traditional 

transport networks and energy infrastructure to a wider, integrated, sustainable, resilient, and digitalised 

infrastructure system, ultimately contributing to carbon-neutral, safe, and climate-resilient European 

mobility and infrastructure networks. This approach enables the identification and deployment of 

technological, industrial, and systemic solutions required to meet Europe’s climate, energy, security, and 

societal objectives by 2030 and 2050. 

This Position Paper aims to provide an overview of the research, innovation, and operational pathways that 

the I&M Committee recommends in order to tackle the challenges outlined in the previous section and 

accelerate the decarbonisation, digitalisation, and resilience of Europe’s infrastructure and mobility systems. 

To elaborate these recommendations and to discuss the current context, key challenges, new high-level 

objectives, as well as research and innovation priorities, two working sessions were organised with the 

Executive Board of the I&M Committee, followed by a collaborative drafting process. 

This Position Paper seeks to: 

• Identify research and innovation needs to advance the social, environmental, economic, and 

strategic impact of infrastructure and mobility systems on European research and innovation 

agendas. 

• Focus on future innovations and technologies that enable low-carbon, resilient, safe, digitalised, and 

multimodal infrastructure and mobility solutions. 

• Raise awareness and communicate priorities to strategic stakeholders, including policymakers, 

industry, operators, and investors. 

• Promote translation of research into practice, ensuring evidence-informed policies and the smooth 

implementation of innovative infrastructure and mobility solutions. 

• Support research-funding proposals and partnerships to accelerate industrial and market 

deployment of decarbonised, digital, and resilient infrastructure systems. 

• Advocate and share knowledge within and beyond the ECTP, fostering systemic collaboration and 

scaling up best practices across Europe. 

High-level objectives formalised by the Infrastructure & Mobility Committee 

Considering the context and challenges outlined in the previous section, the Infrastructure & Mobility (I&M) 

Committee has identified six high-level objectives that are critical to accelerating the transition towards a 
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resilient, sustainable, climate-neutral, and technologically advanced infrastructure and mobility system in 

Europe. 

These objectives reflect the need to address the transformation of infrastructure and mobility through a 

systemic approach that integrates digitalisation, construction and operational technologies, lifecycle asset 

management, resilience, dual-use capabilities, and user-centric mobility solutions. They also aim to ensure 

that research and innovation priorities are aligned with European policy objectives for 2030 and 2050, while 

supporting the competitiveness, safety, and sustainability of the European infrastructure and mobility 

ecosystem. 

The six high-level objectives identified by the I&M Committee are the following: 

• Objective 1: Advancing Construction Technologies for Safer and More Cost-Effective Delivery  

• Objective 2: Addressing Ageing Infrastructure through Modernisation and Smart Asset 

Management  

• Objective 3: Improving Sustainability, Climate Neutrality and Resilience  

• Objective 4: Strengthening the Defence Dimension and Dual-Use Capabilities  

• Objective 5: Enabling Experimentation, Data-Driven Research and Technology Scaling  

• Objective 6: Meeting New Mobility Practices and User Requirements  

For each of these objectives, a set of research, innovation, and operational priority areas has been identified 

to guide future activities across Europe’s infrastructure and mobility sector. These priority areas are directly 

linked to the challenges highlighted in this Position Paper and are complemented by focused research and 

innovation topics addressing digitalisation, low-carbon technologies, resilience, dual-use integration, and 

new mobility behaviours. 

The following diagram provides an overview of the priority areas associated with each objective. The next 

sections of this Position Paper present in detail the six objectives, the related priority areas, and the proposed 

research, innovation, and operational topics. 

 

 

FIGURE 1: High-level objectives formalised by the Infrastructure & Mobility committee, and related 
priority areas for research and innovation. 
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1. Objective 1: Advancing Construction Technologies for Safer and 
More Cost-Effective Delivery 

Europe’s capacity to deliver transport and mobility infrastructure safely, on time and within budget is 

increasingly challenged by rising costs, labour shortages, climate pressures and growing technical complexity. 

Objective 1 focuses on modernising construction technologies, processes and skills to improve productivity 

while simultaneously increasing safety, quality and resilience. The objective is not simply to introduce new 

tools, but to transform how infrastructure is designed, built and delivered, ensuring scalability across 

Member States and applicability to both large contractors and SMEs (Small and Medium Enterprises). 

The upcoming R&I activities should focus on the following priority areas: 

1. Digitalisation and BIM-based Collaboration 

2. Off-site manufacturing, automation and robotics 

3. Dynamic Scheduling 

4. Construction processes 

5. Maintenance and retrofitting processes 

6. Supply chains 

7. Zero-accidents Safety 

8. Worker skills 

9. Lifecycle perspective 

10. Innovation and construction sites 

11. Cost and delivery time reduction (transversal) 

12. Quality and resilience (transversal) 

1.1 Digitalisation and BIM-based Collaboration 

Digitalisation is widely recognised as a key lever for improving construction performance, yet its 

implementation across Europe remains uneven. While Building Information Modelling (BIM) is increasingly 

mandated or encouraged in public projects, its use is often limited to design stages and rarely exploited as a 

collaborative backbone throughout construction and delivery. Fragmentation persists due to proprietary 

software ecosystems, lack of shared data standards and insufficient integration between design, construction 

and operations. For SMEs, the cost and complexity of BIM adoption remain significant barriers, while at the 

same time the increasing digitalisation of projects raises concerns around cybersecurity and data governance. 

Research should prioritise the consolidation of open and interoperable BIM standards tailored to 

infrastructure projects, including roads, bridges, railways and tunnels. These standards should be 

complemented by shared digital libraries of infrastructure components and construction methods, enabling 

reuse, comparability and cross‑border collaboration. Beyond static modelling, greater emphasis is needed 

on 3D simulation and immersive technologies, such as Three-dimensional (3D) or Virtual and Augmented 

Reality (VR/AR), to support constructability analysis, safety‑by‑design and early stakeholder engagement. 

A key research frontier lies in the deployment of digital twins for construction, understood not as abstract 

concepts but as operational systems that integrate BIM models with real‑time data from sensors, drones and 

scheduling tools. Such systems require advances in data integration, edge/cloud architectures and 

cybersecurity frameworks aligned with EU regulations. 
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Widespread adoption of open, collaborative digital workflows will reduce errors, rework and disputes, 

directly lowering costs and shortening delivery times. Improved visualisation and simulation will enhance 

safety and build quality from early stages. In the longer term, digital continuity between construction and 

operation will support lifecycle optimisation and resilience, while strengthening digital skills across the 

sector. 

Research topics in this area include: 

▪ Open BIM standards and libraries for transport infrastructure (roads, bridges, rail), building on 

Industry Foundation Classes (IFC, ISO 16739-1:2024) and EU data spaces. 

▪ 3D/VR/AR for constructability review, safety-by-design, and stakeholder alignment. 

▪ Construction Digital Twins integrating BIM, IoT (Internet of Things), drones, and schedules, with 

strong cybersecurity and data governance, towards a lifecycle Digital Twin encompassing also 

operation and maintenance until the end of life. 

▪ Interoperable Common Data Environments and fair data practices. EU guidance and incentives for 

BIM‑enabled procurement. 

For further information on digitalisation, data-driven approaches and interoperability across the built 

environment, please refer to the Digital Built Environment (DBE) Position Paper. 

1.2 Off-site manufacturing, automation and robotics 

The industrialisation of construction through off‑site manufacturing and automation offers a structural 

response to Europe’s productivity gap and workforce shortages. Moving critical activities from exposed 

construction sites to controlled factory environments improves safety, quality and predictability. However, 

adoption remains limited by logistical constraints, fragmented standards, high upfront investment and the 

need to rethink design practices. Construction robotics is progressing, but many solutions are still at pilot or 

demonstration level. 

Large‑scale 3D printing of structures has attracted significant attention, yet its applicability to mainstream 

transport infrastructure remains uncertain due to questions around speed, structural performance, 

certification and cost. 

Research should focus on off‑site prefabrication and modular construction, including 

Design‑for‑Manufacture‑and‑Assembly (DfMA), lightweight components and interoperable interfaces. 

Robotics research should prioritise tasks with high safety risk or repetitiveness, such as reinforcement 

placement, welding, inspection and demolition, and ensure seamless integration with digital design data. 

Advanced surveying technologies—combining drones, Light Detection and Ranging (LiDAR) and autonomous 

ground systems—should be further developed to provide accurate, real‑time feedback on construction 

progress and quality. 

Regarding 3D printing, a critical and pragmatic approach is required. Research should concentrate on niche 

applications where the technology provides clear added value, such as complex geometries, formwork, repair 

elements or hybrid prefabricated components, while advancing material science, certification pathways and 

cost benchmarking. 

Industrialised construction will significantly reduce on‑site safety risks and increase productivity, leading to 

faster and more predictable delivery. Factory‑controlled processes will enhance quality and reduce waste. 

Over time, automation and robotics will shift employment towards higher-skill roles, improving the 

attractiveness and resilience of the construction workforce. Achieving this transition will require targeted 

investment in education, vocational training, reskilling and upskilling programmes to equip workers with the 

digital, manufacturing and operational skills needed for industrialised construction environments. 

https://www.iso.org/standard/84123.html
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Research topics in this area include: 

▪ Off‑site prefabrication and modularity (DfMA), lightweight components, and interoperable 

interfaces. 

▪ Construction robotics (rebar, welding, inspection) integrated with BIM guidance and exoskeletons 

for ergonomics. 

▪ Advanced surveying (drones, LiDAR, autonomous rovers) with real‑time analytics. 

▪ 3D printing: Focus on niches (complex components, formwork, repairs), hybrid methods, standards 

readiness, and cost/quality validation. 

▪ Physical AI (Embodied Artificial Intelligence): Safe human–machine collaboration and 

semi‑autonomous equipment. 

▪ Skills and workforce development: Reskilling and upskilling programmes, vocational education, 

XR/VR-based training (Extended Reality / Virtual Reality-based training), and digital learning 

environments to support the adoption of DfMA, robotics, automation, BIM and AI-enabled 

construction processes. 

1.3 Dynamic Scheduling 

Traditional construction planning methods rely on static schedules that are poorly suited to the dynamic and 

uncertain nature of large infrastructure projects. Delays due to weather, supply disruptions or unforeseen 

site conditions often propagate through the project, generating inefficiencies and cost overruns. While digital 

planning tools exist, they rarely integrate real‑time site data or support adaptive decision‑making. 

Research is needed to integrate real‑time monitoring technologies—such as IoT sensors, connected 

equipment and advanced surveying—into construction planning systems. Building on this data, AI‑based 

planning and optimisation tools should be developed to continuously reassess schedules, resource allocation 

and sequencing in response to changing conditions. These tools must remain transparent and usable for site 

managers, supporting decisions rather than replacing human judgement. 

Dynamic scheduling will reduce idle time, improve resource utilisation and enhance schedule reliability. By 

enabling earlier detection of risks and faster recovery from disruptions, it will increase project resilience and 

reduce indirect costs. Better sequencing will also contribute to safer working conditions and lower 

environmental impact. 

Research topics in this area include: 

▪ IoT‑enabled monitoring of progress, resources, and conditions. 

▪ AI‑based adaptive planning linked to BIM/Digital Twins for real‑time resequencing. 

▪ Predictive analytics for early risk detection; intuitive decision dashboards. 

1.4 Construction processes 

Technology alone does not deliver productivity gains unless construction processes themselves evolve. 

Current practices remain fragmented, with limited integration between planning, execution and control. 

Expertise in advanced process engineering for construction is scarce, and best practices are not systematically 

captured or shared across projects. 

Research should address holistic process redesign, combining lean construction principles with digital tools, 

automation and real‑time data. Living laboratories on active construction sites can be used to test new 

workflows under controlled conditions. Process mining and data analytics should be applied to identify 

bottlenecks and quantify performance improvements. In parallel, new standards and training pathways are 

required to build expertise in advanced construction process management. 
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Improved processes will reduce waste, rework and variability, directly enhancing cost efficiency and quality. 

Safer, more predictable workflows will increase resilience to disruptions and foster a culture of continuous 

improvement across the sector. 

Research topics in this area include: 

▪ Integrated process models combining lean construction with real‑time data. 

▪ Living labs on active sites to test process innovations safely. 

▪ Process automation (approvals, ordering) and process mining. 

▪ Skills and standards for advanced construction process management. 

▪ Human-centric performance assessment integrating occupant, worker and stakeholder feedback 

mechanisms with process monitoring to assess disruption, safety, comfort and operational impacts, 

supporting continuous process improvement. 

1.5 Maintenance and retrofitting processes 

Construction decisions strongly influence long‑term maintenance costs and asset performance, yet 

maintenance considerations are often insufficiently integrated into construction planning. Europe’s ageing 

infrastructure and increasing climate stresses highlight the need for more efficient and safer retrofitting 

processes. 

Research should promote design‑for‑maintenance approaches, supported by lifecycle cost analysis tools 

used during construction decision‑making. Robotics and automation should be extended to inspection and 

repair activities, reducing exposure of workers to hazardous environments. Digital twins and sensor systems 

should support predictive maintenance strategies, while innovative materials and modular retrofit solutions 

should minimise service disruptions. 

Improved maintenance and retrofitting processes will extend asset lifetimes, reduce lifecycle costs and 

enhance infrastructure reliability. Safer inspection and repair methods will protect workers, while better 

planning will reduce user disruption and environmental impact. 

Research topics in this area include: 

▪ Design‑for‑maintenance and lifecycle cost tools at project inception. 

▪ Robotic inspection and repair (drones, crawlers), automated coatings and patching. 

▪ Predictive maintenance via sensors and digital twins. 

▪ Rapid retrofit kits and low‑disruption methods, durable and self‑healing materials. 

▪ Data continuity from construction to asset management. 

1.6 Supply chains 

Construction supply chains are highly fragmented and vulnerable to disruptions, as demonstrated by recent 

global crises. Limited visibility, inefficient logistics and weak coordination contribute to delays, cost increases 

and waste. 

Research should focus on digitally integrated supply chains, enabling real‑time tracking of materials, better 

coordination with construction schedules and improved risk management. AI‑based logistics optimisation 

can help balance just‑in‑time delivery with resilience through strategic stockpiling. Circular supply chains, 

including reuse of materials and local sourcing, should be further developed and standardised. 

More efficient and resilient supply chains will reduce delays and cost volatility, lower emissions associated 

with transport and waste, and increase Europe’s strategic autonomy in infrastructure delivery. 
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Research topics in this area include: 

▪ Digital supply‑chain platforms with real‑time tracking and SME access. 

▪ AI logistics optimisation for stockpiling vs. resilience trade‑offs. 

▪ Innovative procurement (early supplier involvement; risk plans). 

▪ Circular materials and strategic stockpiling methods. 

▪ EU data standards for interoperability. 

1.7 Zero-accidents Safety 

Despite improvements, construction remains one of Europe’s most hazardous sectors. Emerging 

technologies such as wearables, IoT systems and AI‑based monitoring offer new opportunities, but raise 

concerns related to privacy, ethics and regulatory compliance. 

Research should prioritise privacy‑by‑design safety technologies, including smart PPE, proximity warning 

systems and AI‑based hazard detection processed locally on site. Human‑centred design, social acceptance 

and alignment with EU regulations (General Data Protection Regulation - GDPR, AI Act) are essential. 

Regulatory sandboxes can support controlled deployment and validation. 

A combination of technological and organisational measures can significantly reduce accidents and 

occupational health risks. Ethical and compliant deployment will strengthen trust and position Europe as a 

leader in responsible construction safety innovation. 

Research topics in this area include: 

▪ Smart Personal Protective Equipment (PPE) and IoT safety systems with automatic safeguards. 

▪ AI vision (privacy‑by‑design): Edge processing, anonymisation, robust accuracy. 

▪ Human factors and alert management to avoid fatigue. 

▪ Regulatory sandboxes and certification for compliant deployment. 

1.8 Worker skills 

The transformation of construction requires new skills in digital tools, automation and data‑driven 

decision‑making. Current training systems are not fully aligned with these needs, and SMEs face particular 

challenges in upskilling their workforce. 

A European framework for construction skills should be developed, supported by innovative training 

methods such as XR (Extended Reality)‑based simulations and on‑site micro‑learning. New professional 

profiles and certifications must be recognised across Member States, while research into human‑technology 

interaction will ensure tools genuinely support workers. 

A skilled and adaptable workforce will enable effective technology adoption, improve safety and productivity, 

and enhance the sector’s attractiveness, supporting long‑term competitiveness. 

Research topics in this area include: 

▪ EU construction digital skills framework aligned with Pact for Skills. 

▪ XR‑based training and simulators, on‑site micro‑learning. 

▪ New certifications (e.g. Digital Construction Manager). 

▪ Human–tech ergonomics and change management. 

▪ Attraction strategies for youth and diversity. 

Skills development is addressed as a cross-cutting priority across several ECTP Position Papers. 

 

https://gdpr-info.eu/
https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai
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1.9 Lifecycle perspective 

Infrastructure procurement often prioritises lowest initial cost rather than long‑term value, leading to higher 

maintenance costs and reduced resilience. 

Research should strengthen lifecycle cost and carbon assessment tools and embed them in procurement 

practices. Performance‑based and integrated contract models should be evaluated and scaled where 

appropriate. Digital continuity from construction to operation must be ensured through persistent digital 

twins. 

A lifecycle perspective will reduce total ownership costs, improve sustainability and resilience, and drive 

innovation aligned with long‑term public value. 

Research topics in this area include: 

▪ Lifecycle cost and carbon tools embedded in procurement. 

▪ Performance‑based contracts (DBOM — Design-Build-Operate-Maintain/alliancing) where 

appropriate. 

▪ Persistent digital twins for operations. 

▪ Durable, adaptable designs and client decision support. 

For further information on lifecycle approaches, sustainability and circularity considerations, please refer to 

the Materials and Sustainability (M&S) Position Paper. 

1.10 Innovation and construction sites 

Innovation is difficult to introduce on live construction sites due to risk aversion, contractual rigidity and 

limited mechanisms for experimentation. Construction sites are typically conservative environments where 

changes are implemented gradually due to risk and schedule pressure. However, to keep improving, 

construction sites should become structured spaces for innovation, where new methods and technologies 

can be safely tested and adopted during live projects. 

Structured approaches to on‑site experimentation, supported by regulatory flexibility and systematic 

knowledge sharing, are required. Collaboration between large contractors, SMEs and research organisations 

should be facilitated through innovation‑friendly procurement models. 

Accelerated innovation uptake will translate research results into real productivity, safety and quality gains, 

strengthening Europe’s construction ecosystem. 

Research topics in this area include: 

▪ Structured on‑site experimentation with safeguards. 

▪ Regulatory sandboxes for methods and materials. 

▪ Knowledge sharing of site‑level results. 

▪ SME–contractor collaboration models. 

▪ Managing innovation cycles in ongoing construction sites. 

▪ Innovation adoption and change management, including guidelines, training approaches and 

organisational strategies to support workforce engagement, compliance and the effective 

integration of innovative methods and technologies into ongoing construction activities. 

1.11 Cost and delivery time reduction (transversal) 

Persistent cost overruns and delays undermine public confidence and investment capacity. Reducing costs 

and delivery times is a cross-cutting objective that ties together all previous sections. The challenge is that 
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infrastructure projects in Europe have consistently faced cost and schedule overruns (due to complexity, 

unforeseen issues, etc.), which in turn strain public finances and delay benefits to citizens. 

However, systematic cost and time reduction requires more than incremental improvement; it calls for new 

delivery paradigms and continuous-improvement practices. Lean construction, digital automation, 

standardisation and collaborative contracting models should be jointly addressed. Data‑driven learning from 

past projects must inform future planning and risk management. 

Improved predictability, faster delivery and reduced costs will increase infrastructure investment efficiency 

without compromising quality. 

Research topics in this area include: 

▪ Lean construction at scale with digital enablement. 

▪ Design/process standardisation where beneficial. 

▪ Automation in planning and permitting. 

▪ Collaborative contracting and dispute reduction. 

▪ Data‑driven lessons learned and predictive risk tools. 

1.12 Quality and resilience (transversal) 

Ensuring consistent quality and resilience under climate and operational stress remains a major challenge, 

particularly under increasing time and cost pressures. High-quality and resilient infrastructure is essential to 

ensure long-term performance, reliability and public trust, while reducing maintenance needs and lifecycle 

costs. As infrastructure systems face growing exposure to extreme weather events, evolving user demands 

and ageing assets, quality and resilience must be embedded throughout planning, design, construction, 

operation and maintenance processes rather than treated as secondary considerations. 

Automated quality control can avoid manual inspections which can miss or catch issues late, resilient 

materials, digital compliance checking and performance‑based metrics should be further developed and 

standardised. 

Higher quality, durability and more resilient infrastructure, with fewer defects at handover will reduce 

lifecycle costs by reducing early-life failures or needed fixes, improve safety and strengthen public trust in 

Europe’s infrastructure systems. 

Research topics in this area include: 

▪ Automated QA (Quality Assurance) (AI inspections, embedded sensors). 

▪ Digital compliance checking against standards. 

▪ Resilient design and materials, nature‑based solutions. 

▪ Performance metrics beyond cost/time. 
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2. Objective 2: Addressing Ageing Infrastructure through 
Modernisation and Smart Asset Management 

Transport infrastructure across the European Union is ageing, with many assets approaching or exceeding 

their intended design life. This trend is increasing risks to safety, reliability, and economic continuity. In this 

context, modernisation through smart asset management, advanced decision support systems, and 

predictive performance modelling is essential to ensure resilient and sustainable transport systems.  

The upcoming R&I activities should focus on the following priority areas: 

1. Infrastructure modernisation 

2. Decision support systems 

3. Prediction of performance 

The central position is that data-driven and AI-enabled asset management must be embedded into European 

transport governance frameworks to address ageing infrastructure effectively. These R&I priority areas are 

detailed in the next sections. 

2.1 Infrastructure Modernisation (Manufacturing Equivalent) 

Smart infrastructure modernisation is emerging as a transformative enabler for data-driven management, 

large-scale monitoring, and lifecycle optimisation of ageing transport assets across the European Union. 

Although many infrastructure systems were originally designed as static and passive assets, the integration 

of sensing technologies, digital twins, and connected data platforms enables their evolution into intelligent, 

adaptive systems. These technologies provide unprecedented capabilities to address challenges associated 

with ageing infrastructure, including structural degradation, increasing operational demand, and 

environmental stressors. Integrating modernisation technologies into infrastructure systems will improve 

resilience, extend asset lifespan, and support efficient, sustainable operation across their lifecycle. 

Smart sensing and monitoring enable continuous assessment of asset condition through embedded sensors, 

IoT networks, and remote inspection technologies. Digital twins allow the simulation of infrastructure 

behaviour under varying operational and environmental conditions, supporting optimisation of maintenance 

strategies and long-term investment planning. Advanced data platforms enable the integration of 

heterogeneous data sources, creating unified environments for asset management. In parallel, automation 

and robotics enhance inspection accuracy and reduce operational risks, improving efficiency in maintenance 

processes. 

To harness these opportunities, the sector must invest in scalable monitoring systems, interoperable digital 

infrastructures, and retrofitting strategies for legacy assets. Standardisation of data models and integration 

frameworks will be essential to ensure consistency across European systems. Early deployment of pilot 

projects and demonstrators will accelerate adoption and enable the development of robust, scalable 

modernisation solutions aligned with future infrastructure needs. 

Research topics in this area include: 

▪ Development of integrated smart asset monitoring systems combining IoT sensors, remote 

inspection technologies, and real-time data platforms for continuous infrastructure assessment. 

▪ Development of modular, scalable digital twin architectures with embedded AI and real-time data 

feeds for legacy infrastructure.  

▪ Design of AI-optimised sensor placement strategies using reinforcement learning and uncertainty 

quantification.  
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▪ Development and deployment of low-cost, modular sensing units for widespread deployment in 

ageing infrastructure.  

▪ Development of resource-efficient retrofitting strategies combining digitalisation with 

decarbonisation (e.g., low-carbon materials, energy harvesting sensors). 

▪ Creation of open, EU-wide data models and ontologies for digital twins and asset monitoring 

▪ Design and implementation of digital twin frameworks for lifecycle simulation (including LCA – Life 

Cycle Assessment), condition-state analysis, maintenance optimisation, and resilience analysis of 

infrastructure assets. 

▪ Development of automated inspection and robotic systems for high-precision, safe, and scalable 

infrastructure monitoring. 

▪ Creation of interoperable data architectures enabling integration of heterogeneous data sources 

across infrastructure systems. 

▪ Retrofitting strategies for legacy infrastructure, including cost-effective deployment of sensing and 

monitoring technologies. 

For complementary perspectives on renovation, resource efficiency and sustainable transformation of the 

built environment, please refer to the M&S Position Paper. 

2.2 Decision support systems 

Advanced Decision Support Systems (DSS) are emerging as a critical enabler for data-driven governance, 

strategic planning, and operational optimisation of ageing transport infrastructure in Europe. As 

infrastructure systems become increasingly complex and interconnected, traditional decision-making 

approaches are insufficient to manage competing priorities related to cost, risk, performance, and 

sustainability. Data-driven DSS, integrating artificial intelligence, analytics, and multi-criteria optimisation, 

provide enhanced capabilities to support high-impact decision-making across infrastructure lifecycles. 

Data-driven DSS enable the integration of real-time monitoring data, historical performance records, 

environmental conditions, and economic constraints into unified analytical frameworks. These systems 

support advanced risk assessment, maintenance prioritisation, and long-term investment planning, allowing 

infrastructure managers to optimise resource allocation under uncertainty. Multi-criteria decision-making 

techniques enable the evaluation of trade-offs between safety, cost efficiency, and environmental impact, 

while scenario modelling supports the exploration of alternative strategies under varying future conditions. 

In the European context, DSS facilitate coordination across governance levels and support alignment with 

policy frameworks led by institutions such as the European Commission. 

To fully realise these capabilities, investment is required in interoperable data platforms, standardised data-

sharing protocols, and explainable AI frameworks to ensure transparency and trust. Cross-disciplinary 

collaboration between engineers, data scientists, and policymakers will be essential. Early implementation 

of DSS demonstrators will enable validation of methodologies and support scaling across European 

infrastructure systems. 

Research topics in this area include: 

▪ Development of low-cost Structural Health Monitoring (SHM) systems (uniting IoT, AI and 

distributed computation) to support decision-making within ageing infrastructure. 

▪ Development of advanced decision-support systems integrating real-time data, predictive analytics 

and multi-criteria optimisation for infrastructure management, including coordination across 

national, regional and local governance levels. 

▪ Application of AI-driven risk assessment and integration of real-time risk assessment tools into DSS, 

including uncertainty quantification methods for maintenance prioritisation and investment 

planning. 
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▪ Design of advanced climate-resilient, scenario-based simulation tools for evaluating long-term 

infrastructure strategies under varying operational and environmental conditions. 

▪ Development of interoperable data-sharing frameworks and standardised data models for cross-

border infrastructure management. 

▪ Implementation and development of explainable AI (XAI) approaches, including tools tailored for 

non-technical stakeholders (e.g. policymakers, public authorities), to ensure transparency, 

accountability and trust in decision-making processes. 

▪ Development of multi-criteria decision-making frameworks that explicitly incorporate equity, 

accessibility and age-inclusivity in infrastructure planning and management. 

▪ Development of decision-support systems for Public-Private Partnerships (PPPs) and hybrid 

governance models, supporting risk-sharing mechanisms and performance-based contracts. 

▪ Human-centric and inclusive DSS, incorporating accessibility, demographic trends, user behaviour 

and societal impacts into infrastructure planning and investment decisions 

For further insights into data-driven decision-making and digital tools supporting the built environment, 

please refer to the DBE Position Paper. 

2.3 Prediction of performance 

Predictive performance modelling is emerging as a transformative enabler for proactive maintenance, 

resilience enhancement, and lifecycle optimisation of ageing transport infrastructure. By leveraging advances 

in artificial intelligence, machine learning, and hybrid modelling techniques, predictive systems provide 

unprecedented capabilities to anticipate degradation, detect anomalies, and forecast future asset conditions. 

These capabilities address limitations of reactive and preventive maintenance approaches, enabling more 

efficient and reliable infrastructure management. 

Data-driven models enable the analysis of large-scale datasets generated by monitoring systems, supporting 

early detection of anomalies and identification of degradation patterns. Physics-based models provide 

insights into material behaviour, structural dynamics, and environmental interactions, enabling accurate 

representation of underlying processes. Hybrid modelling approaches combine these methods to improve 

predictive accuracy and robustness. Remaining Useful Life (RUL) estimation provides critical information for 

maintenance scheduling and resource optimisation, reducing unnecessary interventions and minimising the 

risk of failure. Incorporating climate-related variables into predictive models further enhances system 

resilience by accounting for long-term environmental impacts. 

To harness these opportunities, the sector must invest in high-quality data acquisition systems, scalable 

analytics platforms, and advanced modelling frameworks. Standardisation of predictive methodologies and 

validation procedures will be essential to ensure reliability and comparability across applications. Early 

adoption of predictive maintenance pilots and digital twin integration will support the development of 

scalable, trustworthy solutions aligned with future European infrastructure requirements. 

Research topics in this area include: 

▪ Development of Machine Learning (ML) models for anomaly detection, degradation analysis and 

predictive maintenance in infrastructure systems, including early detection of micro-damage and 

fatigue in materials (e.g. concrete, steel). 

▪ Design of hybrid modelling approaches combining data-driven and physics-based methods for 

accurate performance prediction, including the use of hybrid physical–AI models (ML, DL -Deep 

Learning- and Gen-AI) to improve condition-state prediction and corrective actions. 

▪ Development of structural health monitoring (SHM) workflows integrating hybrid physical and AI 

models to enhance condition-state assessment and predictive maintenance strategies. 
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▪ Development of Remaining Useful Life (RUL) estimation techniques with uncertainty quantification 

for maintenance optimisation. 

▪ Integration of predictive models into digital twin environments for real-time performance simulation 

and decision support, including closed-loop workflows linking prediction and system response. 

▪ Incorporation of climate projections and environmental variables, including extreme weather events, 

into predictive frameworks to enhance infrastructure resilience. 

▪ Exploration of generative AI (Gen-AI) for synthetic data generation, anomaly detection and predictive 

simulation in data-scarce environments. 

Further recommendations can be found in the DBE Position Paper. 
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3. Objective 3: Improving Sustainability, Climate Neutrality and 
Resilience 

Transport infrastructure and mobility systems are central to Europe’s transition towards a climate-neutral, 

resource-efficient and resilient future, forming the backbone of EU economies and societies. This 

transformation is shaped by ambitious policy frameworks, rapid technological innovation and increasing 

societal expectations for sustainable and inclusive mobility. Achieving these goals requires a clear 

identification of needs and a stronger alignment between technological advancements and investment 

strategies. 

Environmental and social considerations are now embedded across the full lifecycle of infrastructure and 

mobility systems, while growing pressure on raw materials and supply chains is accelerating the shift towards 

circular economy models. At the same time, the increasing frequency and intensity of extreme weather 

events are exposing vulnerabilities in transport networks, reinforcing the need for digitalisation and data-

driven management, where advanced technologies enable optimisation of infrastructure performance, 

predictive maintenance and improved decision-making. The need for integrated and multimodal mobility 

systems is also becoming increasingly important to ensure connectivity across transport modes and better 

integration with energy and urban systems. 

A systemic approach that addresses sustainability, circularity and resilience as interconnected pillars is 

therefore essential. The following sections explore each of these dimensions, outlining key directions, 

recommendations and research priorities. 

The upcoming R&I activities should focus on the following priority areas: 

1. Resilience 

2. Sustainability 

3. Circularity 

For a comprehensive perspective on sustainability, climate neutrality and circular approaches in the built 

environment, please refer to the M&S Position Paper. 

3.1 Resilience 

Resilience is becoming a central concern as transport infrastructure and mobility systems face increasing 

exposure to climate change impacts, including extreme weather events such as floods and heatwaves, as well 

as major man-made threats and crises linked to geopolitical instability. A key shift is required from reactive 

approaches towards proactive and adaptive resilience planning, incorporating uncertainty, long-term climate 

scenarios and system interdependencies. 

There is also growing recognition of the importance of multi-scale resilience, ensuring that transport systems 

can maintain functionality through redundancy, flexibility and multimodality at asset, network, regional and 

national levels. At the same time, rapid digitalisation is unlocking significant capabilities for predictive 

maintenance, real-time monitoring and data-driven risk management through technologies such as sensors, 

artificial intelligence and digital twins. Nature-based solutions are also gaining traction as cost-effective and 

sustainable approaches to enhancing resilience. 

In parallel, resilience is increasingly being integrated into policy, governance and investment decision-

making, requiring the development of robust quantitative methodologies to support implementation and 

improve the prioritisation of interventions. 
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Research topics in this area include: 

▪ Development of future-proof infrastructure design frameworks integrating climate projections and 

multi-hazard scenarios to ensure long-term operational continuity and asset bankability. 

▪ Deployment of integrated multi-hazard assessment models to quantify infrastructure vulnerability 

and performance under extreme events through standardized resilience metrics. 

▪ Implementation of digital twin-based simulation environments combining multi-hazard modelling 

and AI-enabled predictive maintenance to anticipate failures and optimize decisions. 

▪ Deployment of real-time monitoring ecosystems integrating IoT, sensors and remote sensing into 

centralized platforms for dynamic risk tracking and asset condition awareness. 

▪ Design of multi-scale resilience strategies addressing asset, network and regional levels while 

managing interdependencies and cascading risks. 

▪ Development of structured preparedness and recovery frameworks to minimize downtime and 

ensure rapid restoration of critical infrastructure services. 

▪ Quantification of socio-economic impacts of disruptions, including losses and downtime, to support 

investment justification, resilience planning and the creation of consistent business cases. 

▪ Integration of resilience into governance and financing frameworks, including adaptive regulation, 

PPP schemes and risk-sharing mechanisms. 

▪ Application of data-driven methodologies and KPIs to assess resilience and prioritize investments at 

asset and portfolio level. 

▪ Integration of nature-based and hybrid solutions to enhance adaptive capacity and improve long-

term sustainability of infrastructure systems. 

▪ Upgrade of standards, guidelines and lifecycle approaches embedding resilience across design, 

construction, operation and maintenance phases. 

3.2 Sustainability 

Sustainability in transport infrastructure and mobility is increasingly understood as a multi-dimensional, 

lifecycle-based concept encompassing environmental performance, economic efficiency and social equity. 

The integration of sustainability considerations into early planning and design stages, supported by advanced 

assessment tools, enables improved optimisation of infrastructure solutions before significant investments 

are made. 

There is also growing emphasis on low-impact construction and operation, including energy-efficient 

infrastructure, reduced emissions and the minimisation of land use and ecosystem disruption. From a social 

perspective, sustainability increasingly addresses accessibility, inclusiveness and affordability, ensuring that 

mobility systems serve diverse user groups and contribute to reducing inequalities. Digital technologies 

further enable continuous monitoring and performance assessment, supporting adaptive management and 

evidence-based policymaking. 

Research topics in this area include: 

▪ Development of lifecycle sustainability assessment frameworks (environmental, social and 

economic), including integrated sustainability and resilience assessment frameworks for transport 

systems. 

▪ Integration of sustainability into early-stage planning and design tools. 

▪ Low-impact and energy-efficient methodologies and strategies for infrastructure and operations. 

▪ Sustainable mobility planning and multimodal integration. 

▪ Smart mobility and AI-driven traffic optimisation to reduce emissions and improve operational 

efficiency. 

▪ Accessibility, inclusiveness and social equity in mobility systems. 

▪ Nature-based solutions and environmental integration. 
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▪ Electrification, alternative fuels and Intelligent Transport Systems (ITS) for the decarbonisation of 

transport. 

▪ Digital tools (e.g. digital twins) for sustainability monitoring and decision support. 

▪ Integration of real-time tools (e.g. structural health monitoring systems) with sustainability tools and 

decision-making processes. 

▪ Sustainable procurement and governance models. 

▪ Policy integration of sustainability and climate-neutrality goals, including alignment with the 

European Green Deal. 

3.3 Circularity 

The adoption of circular design principles is crucial to ensuring that infrastructure components are durable, 

repairable, reusable and recyclable. This requires a fundamental rethinking of materials, construction 

techniques and design standards based on circularity principles. The use of secondary and recycled materials 

(e.g. recycled aggregates, reclaimed asphalt and industrial by-products) must be expanded, supported by 

advances in material science and quality assurance processes. 

A key priority is the implementation of material flow tracking and digital material passports, enabling more 

efficient management of resources throughout the infrastructure lifecycle. In addition, new business and 

governance models are needed to support the large-scale deployment of circular solutions, alongside the 

update of standardisation and quality-control frameworks to ensure performance, reliability and economic 

viability. 

Research topics in this area include: 

▪ Development of circular economy models for transport infrastructure, including extended reuse, 

repair and remanufacturing of components. 

▪ Integration of renewable energy (e.g. solar, hydrogen) into transport infrastructure to support 

decarbonisation and resilience. 

▪ Material flow analysis and resource-efficiency assessment, including circular design of infrastructure 

materials and systems to reduce dependency on virgin resources. 

▪ Digital material passports and tracking systems. 

▪ Digital platforms for material traceability, quality assurance and circular supply-chain management. 

▪ Circular business models and procurement strategies. 

▪ Lifecycle cost–benefit analysis of circular solutions. 

▪ Standardisation and certification of circular materials and practices. 

▪ Integration of circularity into infrastructure asset management. 

▪ Policy and governance frameworks to incentivise circular procurement and investment in circular 

infrastructure. 
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4. Objective 4: Strengthening the Defence Dimension and Dual-
Use Capabilities                 

The current geopolitical context, marked by the return of high-intensity warfare to the European continent 

and increasing global instability, calls for a decisive strengthening of European technological and defence 

autonomy. The European Union has formally acknowledged this need through the Strategic Compass for 

Security and Defence, which explicitly links technological leadership, industrial capacity and security 

resilience as prerequisites for strategic autonomy. Recent developments, including Russia’s war of aggression 

against Ukraine and ongoing conflicts in the Middle East, illustrate that technological dependence—

particularly in critical construction materials, digital systems, energy technologies and defence-related 

infrastructure—constitutes a major strategic vulnerability. Strengthening European construction, 

engineering and technological capacities is therefore not only an economic imperative, but also a core 

component of Europe’s ability to act independently, safeguard its citizens and support allied security efforts. 

Recent armed conflicts have demonstrated that infrastructure has become a deliberate and systematic target 

of military operations, significantly amplifying civilian harm and economic disruption. In Ukraine, large-scale 

and coordinated attacks on energy production, transport nodes, water systems and urban infrastructure 

have caused cascading failures affecting heating, healthcare, communications and industrial activity, with 

damage expected to take years to repair. Similarly, conflicts in the Middle East have shown how long-range 

missile and drone capabilities are increasingly used to threaten or disrupt power plants, ports, transport hubs 

and industrial facilities, underlining the vulnerability of interconnected infrastructure systems. These 

developments confirm that infrastructure security and resilience must be treated as a strategic priority for 

Europe, encompassing both civil protection and security policy dimensions. 

Against this backdrop, Europe must substantially enhance its capabilities across the entire risk and crisis 

management cycle: pre-event, intra-event and post-event phases. These technical capacities must be 

embedded within a coherent European governance framework, aligned with the EU Civil Protection 

Mechanism, the European Disaster Resilience Goals and allied coordination structures, in order to ensure 

interoperability, solidarity and the efficient mobilisation of resources across borders. 

The upcoming R&I activities should focus on the following priority areas: 

1. Pre-event: analysis of infrastructure vulnerability and risks 

2. Intra-event: real-time monitoring and rapid response 

3. Post-event: innovative, adaptive reconstruction processes 

4. Governance: harmonising infrastructure standards across regions 

These R&I priority areas are detailed in the next sections. 

4.1 Pre-event: analysis of infrastructure vulnerability and risks 

Developing robust pre-event capabilities requires a step change in advanced vulnerability analysis, risk 

assessment and scenario modelling that explicitly represent interdependencies and cascading impacts across 

infrastructure networks (including energy, transport, water, ICT -Information and Communication 

Technology- and the built environment). These needs align with EU priorities to anticipate complex, cross-

border and multi-sector risks by strengthening risk assessment, analytical tools and risk-informed planning, 

as reflected in the European Disaster Resilience Goals and the Union Civil Protection Mechanism. 

Research topics in this area include: 

▪ Hazard characterisation, including uncertainty quantification and exposure mapping for 

infrastructure assets. 

https://www.consilium.europa.eu/en/policies/strategic-compass/
https://www.consilium.europa.eu/en/policies/strategic-compass/
https://civil-protection-humanitarian-aid.ec.europa.eu/what/civil-protection/eu-civil-protection-mechanism_en
https://civil-protection-humanitarian-aid.ec.europa.eu/what/civil-protection/eu-civil-protection-mechanism_en
https://civil-protection-humanitarian-aid.ec.europa.eu/what/civil-protection/european-disaster-risk-management/european-disaster-resilience-goals_en
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▪ Vulnerability assessment using probabilistic, AI-based and physics-informed models, as well as 

systemic vulnerability metrics for assets and networks. 

▪ Assessment of dual-use technology vulnerabilities (e.g. artificial intelligence, space systems) in 

critical infrastructure and their potential misuse. 

▪ Multi-hazard risk analysis methods capturing hazard interactions, compounding effects and cross-

sector dependencies to support risk-informed planning. 

▪ Dual-use risk assessment frameworks integrating civil and military threat scenarios (e.g. hybrid 

warfare and cyber-physical attacks). 

▪ Stress testing and scenario simulation (including disruption, degradation and recovery trajectories) 

to support operational planning and prioritisation of mitigation actions. 

▪ Cascading impact analysis and modelling of failure propagation across sectors to quantify service 

loss, criticality and resilience interventions. 

▪ Predictive models for cascading failures in interconnected infrastructure under hybrid threats 

(cyber, kinetic and environmental). 

▪ Integration of artificial intelligence and digital twins for real-time simulation of infrastructure 

vulnerability under evolving threat conditions. 

4.2 Intra-event: real-time monitoring and rapid response 

Strengthening intra-event capabilities requires integrated solutions for real-time monitoring, rapid damage 

assessment, adaptive construction measures and emergency repair technologies, underpinned by secure and 

interoperable information flows that support coordinated response operations across sectors and borders. 

These needs are consistent with EU priorities to enhance response capacity and ensure robust civil-protection 

systems that remain operational during crises. They are further reinforced by recent conflict experience, 

where sustained attacks on critical infrastructure have generated fast-moving, cascading service disruptions 

requiring rapid engineering decisions and restoration actions. 

Research topics in this area include: 

▪ Secure information flows to enable coordinated multi-agency response under disrupted conditions. 

▪ Situational awareness tools and digital twins for operational decision support, including real-time 

state estimation across infrastructure systems and networks. 

▪ Dual-use monitoring systems (e.g. civilian satellite data, IoT sensors) for real-time threat detection 

and damage assessment in conflict zones. 

▪ Real-time monitoring systems integrating multi-source sensing (e.g. satellite, UAS -Unmanned 

Aircraft System-, IoT) to maintain situational awareness and continuously update common 

operational pictures during crises. 

▪ Integration of AI-driven anomaly detection in infrastructure monitoring to identify early signs of 

sabotage or cyber-physical attacks. 

▪ Structural health monitoring systems to detect damage progression, residual capacity and safety 

thresholds under ongoing hazard exposure and degraded service conditions. 

▪ Rapid damage assessment pipelines (including automated inspection, prioritisation and safety 

assessment) to accelerate infrastructure evaluation (e.g. bridges, buildings, utilities and transport 

corridors). 

▪ Integration of real-time digital twins to support adaptive response planning during ongoing 

disruptive events. 

▪ Rapid construction solutions (including modular solutions, portable structures, temporary works, 

and fast-deployment logistics) to restore minimum viable functionality of critical services and access 

routes. 

▪ Emergency repair technologies for critical infrastructure to reduce downtime and limit cascading 

failures.  
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4.3 Post-event: innovative, adaptive reconstruction processes 

Post-event capabilities must enable accelerated reconstruction, resilient rebuilding and a rapid return to 

normal socio-economic activity by restoring essential services, repairing and upgrading damaged assets, and 

reducing long-term disruption through risk-informed recovery planning. This aligns with EU disaster risk-

management priorities, which emphasise the continuity of essential systems and a strengthened capacity to 

withstand and recover from major crises, including disruptions affecting infrastructure. 

Research topics in this area include: 

▪ Accelerated reconstruction systems (industrialised, modular and digitally enabled delivery models) 

to shorten end-to-end recovery timelines while maintaining safety, quality and compliance with 

standards. 

▪ Post-event recovery simulation tools to model long-term socio-economic impacts and support policy 

and investment decision-making. 

▪ Dual-use reconstruction models that support both civilian recovery and military logistics (e.g. 

temporary infrastructure for deployment and emergency operations). 

▪ AI-optimised reconstruction planning for the prioritisation of critical infrastructure restoration. 

▪ Resilient rebuilding approaches, including risk-informed design, advanced materials and upgraded 

standards to reduce future vulnerability and improve the robustness of assets and services. 

▪ Development of resilient rebuilding standards incorporating climate adaptation and hybrid-threat 

resilience. 

▪ Integration of circular economy principles into post-event reconstruction (e.g. reuse of damaged 

materials and modular design for adaptability). 

▪ Digital platforms to track reconstruction progress, resource allocation and cross-border 

coordination. 

▪ Rapid return to normal socio-economic activity supported by coordinated recovery governance and 

cross-sector planning frameworks. 

4.4 Governance: harmonising infrastructure standards across regions 

A stronger Europe requires harmonised infrastructure standards and governance mechanisms that reduce 

friction in cross-border military mobility (road, rail, ports and logistics nodes), while also delivering dual-use 

benefits for civilian mobility, as highlighted in the European Parliament briefing on military mobility. Today, 

inconsistent national rules and uneven infrastructure performance can significantly slow the rapid movement 

of troops and heavy equipment. EU initiatives on military mobility therefore emphasise regulatory 

harmonisation, aligned design standards and corridor-based investments under the Trans-European 

Transport Network (TEN-T), coordinated with NATO (North Atlantic Treaty Organization), to enable 

predictable and scalable cross-border deployment. 

Research topics in this area include: 

▪ Addressing the main bottlenecks in cross-border military mobility (e.g. bridge load limits, rail gauge 

differences) through corridor critical area mapping (including tunnel ratings, axle loads, loading 

gauge, electrification and signalling interoperability) and targeted upgrades on priority routes. 

▪ Developing interoperable EU- and NATO-aligned frameworks for permits and clearances, customs, 

escorts, and digital permissions, including standardised data models and shared geospatial layers to 

accelerate approvals and reduce administrative delays. 

▪ Strengthening cooperation across NATO members through permanent coordination mechanisms 

that align EU dual‑use investments with NATO planning requirements. 

 

chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.europarl.europa.eu/RegData/etudes/BRIE/2025/775860/EPRS_BRI%282025%29775860_EN.pdf
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5. Objective 5: Enabling Experimentation, Data-Driven Research 
and Technology Scaling 

The integration of data-driven methodologies, artificial intelligence and advanced digital technologies is 

transforming infrastructure construction and smart mobility systems. In infrastructure construction, the 

adoption of digital twins, IoT and real-time monitoring enables more effective planning, safer operations and 

improved lifecycle management. In smart mobility, data-driven approaches are reshaping transport systems 

through predictive analytics, connected vehicles and intelligent traffic management. 

Despite significant progress, challenges remain in data integration, interoperability, scalability and real-world 

deployment. Bridging the gap between research and practical implementation requires interdisciplinary 

collaboration, policy innovation and strong stakeholder engagement. 

This objective focuses on enabling experimentation, advancing data-driven research and scaling up 

technologies across infrastructure construction and smart mobility systems, in order to support resilient, 

sustainable and user-centric environments. 

The upcoming R&I activities should focus on the following priority areas: 

1. Data integration and interoperability 

2. Diagnostic analytics and reliability 

3. Scalability assessment 

4. Standard updates for standardised pathways 

5. Supervised learning approaches/hybrid models 

6. Quantum Technologies for Infrastructure & Mobility 

These R&I priority areas are detailed in the next sections. 

For a broader perspective, please refer to the DBE Position Paper. 

5.1 Data integration and interoperability 

Data integration and interoperability are foundational to the advancement of infrastructure construction and 

smart mobility systems. The increasing complexity and diversity of data sources—from IoT sensors, 

construction site monitoring systems, vehicle telematics and urban planning databases—require robust 

frameworks that enable seamless data exchange across platforms, organisations and transport modes. 

In infrastructure construction, digital twins and BIM are increasingly integrated with real-time sensor data to 

support dynamic monitoring and decision-making. In smart mobility, interoperable data systems enable 

seamless connectivity between vehicles, traffic signals and urban infrastructure. 

Open standards, semantic ontologies and FAIR (Findable, Accessible, Interoperable, Reusable) principles are 

critical to ensuring reproducibility and machine-actionable data across domains. Digital twin architectures, 

which simulate construction and mobility systems in real time, require standardised data models and 

interoperable communication protocols to ensure scalability, stability and adaptability. 

Open-source platforms and data fabric architectures, leveraging semantic web technologies, can automate 

data harmonisation and support integrated ecosystems, helping to overcome siloed data structures. 

However, significant challenges remain due to proprietary system lock-in, inconsistent standards and 

organisational barriers. Successful integration also depends on collaborative efforts across technical, 

organisational and economic domains, with increasing emphasis on user-centric and participatory 

approaches in infrastructure planning. 
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Research topics in this area include: 

▪ Development of scalable semantic ontologies and FAIR-compliant data models for heterogeneous 

construction and mobility data. 

▪ Design and implementation of digital twin architectures with standardised data interfaces and 

interoperability protocols. 

▪ Application of federated learning to enable privacy-preserving data sharing across construction firms, 

municipalities, and transport operators. 

▪ Creation of mobility and construction data hubs that consolidate data across transport modes, 

construction phases, and stakeholders. 

▪ Use of natural language processing (NLP) and AI to extract insights from unstructured data sources 

such as incident reports, social media, and construction logs. 

▪ Development of open-source platforms and cloud-based data infrastructures to support real-time 

analytics and decision-making. 

▪ Policy and governance frameworks to promote open data sharing, interoperability, and equitable 

access to construction and mobility data. 

5.2 Diagnostic analytics and reliability 

Diagnostic analytics and reliability assessment are critical components of modern infrastructure construction 

and smart mobility systems, enabling early failure detection, predictive maintenance and enhanced safety. 

The integration of artificial intelligence and machine learning has significantly advanced diagnostic 

capabilities, particularly in transport systems. 

In infrastructure construction, automated monitoring systems equipped with low-cost onboard monitoring 

(OBM) devices collect real-time data on structural health, vibration and environmental conditions, enabling 

predictive maintenance and performance forecasting of infrastructure assets. Structural Health Monitoring 

(SHM) systems combine statistical models, finite element models and hybrid AI approaches incorporating 

physical knowledge, together with big data analytics, to assess the condition of engineering structures. 

However, challenges remain in real-world deployment, scalability and real-time analytics. 

The convergence of artificial intelligence, IoT and big data analytics enables the development of intelligent 

systems for accident detection, eco-driving recommendations and urban safety risk forecasting. However, 

issues related to data quality, model interpretability and scalability in operational environments persist. 

Future research should focus on improving diagnostic reliability through uncertainty quantification 

techniques and on integrating expert domain knowledge into predictive models to enhance robustness and 

trustworthiness. 

Research topics in this area include: 

▪ Development of AI-based diagnostic models for real-time fault detection in construction equipment 

and transportation systems. 

▪ Application of machine learning and deep learning for predictive maintenance in construction and 

mobility networks. 

▪ Integration of SHM data with probabilistic models to enhance maintenance scheduling and reduce 

uncertainty. 

▪ Use of digital twins and simulation tools for virtual testing of infrastructure health and failure 

scenarios. 

▪ Development of explainable AI (XAI) techniques to improve transparency and trust in diagnostic 

systems. 

▪ Implementation of real-time data processing frameworks for rapid incident detection and response. 
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▪ Use of sensor fusion and multi-modal data integration to improve diagnostic accuracy and reliability. 

▪ Investigation of uncertainty quantification methods, including Bayesian approaches and Gaussian 

process regression. 

▪ Development of standards and benchmarks for evaluating diagnostic analytics performance in real-

world settings. 

5.3 Scalability assessment 

Scalability assessment in data-driven research for infrastructure construction and smart mobility is a 

multifaceted challenge, particularly as the volume, velocity and variety of data continue to grow. The 

increasing complexity of urban systems, including connected and automated mobility (CCAM) and 

multimodal transport systems (MTS), requires scalable frameworks capable of handling large-scale, real-time 

data processing while maintaining performance, reliability and robustness. 

Big data processing frameworks, including indexing, data partitioning and query optimisation techniques, are 

essential for managing large spatial-temporal mobility datasets. Cloud-based infrastructures, featuring load 

balancing, auto-scaling and microservices architectures, play a key role in enabling flexible and responsive 

data processing at scale. However, scalability remains a challenge due to high computational complexity, 

data limitations and resource constraints, particularly in smaller municipalities and regional authorities. 

Artificial intelligence and machine learning models, while highly effective for congestion prediction and 

mobility optimisation, face significant scalability challenges in large-scale, networked environments. 

Distributed systems and federated learning approaches further increase system complexity, requiring 

advanced algorithms capable of managing large, heterogeneous and dynamic infrastructures. 

Future research should focus on real-time analytics, hybrid modelling approaches and scalable frameworks 

that integrate artificial intelligence, IoT and digital twins. In addition, sustainability and equity considerations 

should be embedded in scalability assessments to ensure that technological advancements benefit all 

societal groups, particularly vulnerable populations. Addressing these challenges requires interdisciplinary 

collaboration, policy innovation and the development of robust, user-centric solutions. 

Research topics in this area include: 

▪ Development of scalable big data processing frameworks for spatial-temporal mobility and 

construction analytics. 

▪ Design of cloud-based and edge computing architectures for real-time data processing and analytics. 

▪ Investigation of distributed learning algorithms for large-scale networked systems and real-time 

decision-making. 

▪ Integration of digital twins and real-time analytics for dynamic monitoring and simulation of mobility 

and construction systems. 

▪ Development of scalable methods for assessing walkability, cyclability, and smart city concepts 

across different urban contexts. 

▪ Use of hybrid AI models and real-time analytics to improve system responsiveness and adaptability. 

▪ Evaluation of computational complexity and data limitations in large-scale infrastructure systems. 

▪ Development of policy and governance frameworks to support scalable, equitable, and sustainable 

mobility ecosystems. 

5.4 Standard updates for standardised pathways 

Standardisation is a critical enabler for the widespread adoption of data-driven technologies in infrastructure 

construction and smart mobility systems. The lack of comprehensive standards for structural health 

monitoring (SHM) processes, data management and technology integration remains a significant barrier to 
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large-scale implementation. Current efforts focus on updating and harmonising standards to support 

interoperability, security and scalability across heterogeneous systems. 

The adoption of Internet of Things (IoT) and Web of Things (WoT) standards enhances interoperability and 

scalability, while cloud-based platforms enable secure, scalable and interoperable data management for SHM 

applications. However, significant standardisation gaps persist, particularly in areas such as cybersecurity, 

data sharing and integrated technology frameworks. 

The development of unified cybersecurity frameworks, including those aligned with NIST (National Institute 

of Standards and Technology) guidelines and SecDevOps practices, is essential for protecting smart transport 

and infrastructure systems from cyber threats. Cross-border integration and multi-level governance are 

crucial for aligning standards across regions and ensuring seamless interoperability within the European 

context. 

Future research should focus on developing context-sensitive standards that balance stability and 

adaptability, particularly for emerging digital twin architectures and AI-enabled infrastructure systems. In 

addition, policy innovation and governance models tailored to local and regional contexts are needed to 

support the effective adoption of standardised frameworks. 

Addressing these challenges requires close collaboration among researchers, industry stakeholders and 

policymakers to establish a coherent and resilient standardisation ecosystem. 

Research topics in this area include: 

▪ Development of comprehensive standards for SHM processes, data management, and technology 

integration. 

▪ Adoption and harmonisation of IoT and WoT standards for interoperability and scalability. 

▪ Creation of unified cybersecurity frameworks for heterogeneous IoT systems and smart transport 

infrastructure. 

▪ Creation of a unified resiliency scorecard for transport infrastructures considering physical, cyber, 

and natural threats. 

▪ Development of policy and governance frameworks to support cross-border integration and 

multilevel governance. 

▪ Investigation of context-specific standards for digital twin architectures and data sharing ecosystems. 

5.5 Supervised learning approaches/hybrid models 

Supervised learning and hybrid models are at the forefront of data-driven research in infrastructure 

construction and smart mobility systems, offering powerful tools for predictive analytics and decision-

making. Machine learning algorithms provide robust and, in some cases, interpretable predictions, 

particularly under conditions of sparse inspection data. These models are increasingly used for congestion 

prediction, maintenance scheduling and failure detection in transport systems. 

Hybrid models that combine supervised learning with physics-based approaches, such as mechanistic models 

for specific degradation processes (e.g. carbonation-induced corrosion), offer enhanced reliability and 

accuracy. Hierarchical Bayesian models incorporate expert knowledge and group similar assets for multi-

state deterioration prediction, thereby improving the robustness of predictive analytics. Federated learning 

approaches enable artificial intelligence models to perform effectively with limited data, making them 

suitable for embedded systems and privacy-sensitive applications. 

Despite these advancements, practical adoption is still hindered by standardisation gaps, funding constraints 

and workforce shortages. Future research should focus on developing hybrid models that integrate artificial 

intelligence with domain-specific knowledge, improving uncertainty quantification and enhancing real-time 
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analytics capabilities. In addition, the development of explainable AI (XAI) techniques will be essential to 

improve transparency, interpretability and trust in predictive models. 

Research topics in this area include: 

▪ Development of supervised learning models for predictive maintenance and congestion prediction. 

▪ Integration of physical models with machine learning for enhanced reliability and accuracy in 

deterioration prediction. 

▪ Application of hierarchical Bayesian models to incorporate expert knowledge and group similar 

assets for multi-state prediction. 

▪ Use of federated learning for privacy-preserving analytics in heterogeneous data environments. 

▪ Development of hybrid models that combine AI with domain-specific knowledge for improved 

predictive performance. 

▪ Development of explainable AI (XAI) techniques to improve transparency and trust in predictive 

models. 

5.6 Quantum Technologies for Infrastructure and Mobility 

Quantum technologies are emerging as a transformative enabler for data-driven research, large-scale 

experimentation and technology scaling in infrastructure construction and mobility systems. Although still at 

an early stage of maturity, quantum computing, quantum communication and quantum-enhanced artificial 

intelligence offer unprecedented computational capabilities to address challenges that exceed the limits of 

classical approaches. These include large-scale optimisation, complex material simulation, real-time 

diagnostic analytics and cybersecurity for critical infrastructure systems. Integrating quantum technologies 

into infrastructure and mobility research will accelerate innovation, enhance system resilience and support 

high-impact decision-making across the full lifecycle of assets. 

Quantum-enhanced optimisation enables advanced resource allocation, scheduling, logistics and multimodal 

mobility planning, addressing NP-hard (non-deterministic polynomial-time hard) problems that are central 

to efficient construction and transport operations. Quantum simulation enables the modelling of material 

behaviour, corrosion mechanisms and ageing processes at molecular scale, supporting the development of 

more durable, sustainable and high-performance materials. Quantum machine learning provides powerful 

tools for analysing complex datasets from IoT networks, structural health monitoring systems and connected 

mobility infrastructures, improving fault detection, predictive maintenance and real-time system 

responsiveness. 

In parallel, quantum-safe cryptography and quantum communication protocols provide a robust foundation 

for securing data exchange across interconnected construction and mobility ecosystems, ensuring resilience 

against emerging cyber threats. To fully realise these opportunities, the sector must invest in hybrid classical–

quantum workflows, interoperable testbeds, standardisation efforts and cross-disciplinary collaboration. 

Early-stage pilots and demonstrators will be essential to support the development of scalable, secure and 

trustworthy solutions aligned with future European infrastructure and mobility needs. 

Research topics in this area include: 

▪ Development of quantum augmented data harmonization and semantic search pipelines integrated 

into BIM/digital twin workflows. 

▪ Application of quantum machine learning and quantum assisted Bayesian inference for early 

anomaly detection, calibrated uncertainty, and real time model updating in SHM/IoT systems.  

▪ Design and benchmarking of hybrid optimisation and simulation workflows (Quantum Approximate 

Optimisation Algorithm -QAOA-/annealing, Variational Quantum Eigensolver -VQE-/Estimator) for 

large scale logistics, molecular level materials ageing, and real time digital twin updates, supported 

by domain testbeds.  
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▪ Development of quantum enhanced supervised and hybrid mechanistic–quantum models for 

predictive maintenance, coupled with federated quantum learning and explainable quantum AI to 

ensure privacy and transparency in safety critical decisions.  

▪ Deployment of quantum safe cybersecurity architectures across IoT, mobility networks, and digital 

twins, including Post-Quantum Cryptography (PQC) based protocols, operator level interoperability 

testing, and continuous quantum risk modelling and mitigation. 
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6. Objective 6: Meeting New Mobility Practices and User 
Requirements 

The global mobility landscape is undergoing a radical transformation, driven by technological innovation, 

environmental imperatives, and changing user expectations. Mobility is no longer simply about moving from 

one place to another; it now encompasses accessibility, sustainability, personalisation, and seamless 

integration across modes and contexts. This evolution is reshaping not only the transport modes themselves 

but also the supporting infrastructure, as well as the policies and business models that govern mobility 

ecosystems. 

New mobility practices and user requirements are situated within four contexts:  

1. Long-distance 

2. Rural 

3. Peri-urban 

4. Urban 

Each context requires tailored solutions that address local needs, leverage appropriate technologies, and are 

supported by adaptive infrastructure and policies. Research must be interdisciplinary, user-centred, and 

focused on real-world implementation to ensure that new mobility practices are sustainable, equitable, and 

effective. 

6.1 Long-distance mobility 

Long-distance mobility, encompassing intercity and international travel, is undergoing a profound 

transformation. Traditionally dominated by private cars, airplanes, and long-distance trains, this sector is now 

being reshaped by investments in high-speed rail expansion, the development of electric and autonomous 

long-haul vehicles, and digital platforms that enable seamless multimodal journeys. Significant challenges 

remain in infrastructure, regulation, and user adoption. 

The integration of high-speed rail (HSR) with regional and local transport is fundamental and can be 

facilitated by multimodal hubs that enable seamless urban access. Many cities struggle with last-mile 

connectivity, leading to continued reliance on private cars or taxis. User acceptance can be supported by 

extended public transport passes that include regional trains, making multimodal travel more affordable and 

accessible. International collaboration and cross-border coordination require harmonised regulations, 

ticketing, and infrastructure standards. 

Environmental targets and technological advancements are driving the electrification of long-haul transport, 

as well as the development of autonomous vehicles (AVs) and ride-hailing services. The potential for AVs to 

improve safety and efficiency requires regulatory and infrastructure support. 

Mobility-as-a-Service (MaaS) platforms integrate long-distance options, allowing users to book trains, flights, 

and rental cars through a single-entry point. Cross-border data sharing and payment standardisation are 

increasingly critical. Digital platforms are essential for managing complex, multimodal journeys, with AI used 

to predict demand, optimise routes, and personalise travel recommendations. 

Smart infrastructure with vehicle-to-everything (V2X) technology supports the integration of autonomous 

and electric vehicles into long-distance transport networks. 
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Research topics in this area include: 

▪ Integration of high-speed rail and air travel, including optimisation of infrastructure to create 

seamless multimodal networks, and best practices for integrating HSR with urban and regional 

transport systems to reduce reliance on private cars. 

▪ Development of safety, regulatory, and infrastructure requirements for widespread adoption of 

autonomous long-haul freight transportation. 

▪ Integration of autonomous freight with existing logistics networks and multimodal hubs. 

▪ Development of a standardised cross-border MaaS for data sharing, payment systems, and user 

interfaces. 

▪ Factors influencing user behaviour and choices between rail, air, and road for long-distance trips. 

▪ Development of digital tools and MaaS platforms to better meet the needs of business and leisure 

travellers. 

▪ Implementation of decarbonisation measures through electrification, alternative fuels, and demand 

and regulatory management (carbon pricing, incentives, and behavioural nudges to shift traveller 

preferences towards lower-emission modes) . 

6.2 Rural mobility 

Rural mobility is characterised by low population density, limited public transport, and long travel distances. 

Private cars remain the dominant mode, but this reliance is unsustainable and exclusionary for those without 

access to a vehicle. New mobility services, such as demand-responsive transport (DRT) and shared mobility, 

are emerging as potential solutions. However, significant challenges remain in infrastructure support, 

funding, and digital connectivity. 

DRT is gaining attention as a flexible, cost-effective alternative to public transport in rural areas, where 

demand is dispersed and unpredictable. If integrated with existing transport services, DRT can improve 

accessibility and reduce car dependency but it requires careful planning, dynamic routing and fleet 

management, and community engagement. Many rural areas lack the digital infrastructure to support real-

time booking and routing. Shared mobility services (e.g. carpooling, bike-sharing) are rare in rural areas but 

could be expanded with digital platforms and incentives. These services should focus on elderly and low-

income residents. Walking and cycling are less practical for long rural distances but can be promoted for short 

trips and as part of multimodal journeys, if supported by appropriate infrastructure. Electric bikes and 

scooters can extend the practical range of active mobility but require safe infrastructure and charging points. 

IoT technologies can optimise rural transport networks, enabling real-time tracking, dynamic routing, and 

demand forecasting. Digital platforms must be designed with rural users in mind, offering simple, accessible 

interfaces and offline functionality. 

Research topics in this area include: 

▪ Optimisation of DRT for rural areas, including vehicle routing, fleet sizing, and user interfaces tailored 

to rural needs. 

▪ Development of infrastructure and policy interventions needed to enable digital mobility solutions 

in rural areas. 

▪ Integration of shared mobility (including carpooling, bike-sharing, and other shared services), local 

businesses and community support to attract users in low-density regions. 

▪ Design and integration of fair and inclusive rural mobility solutions to serve all residents, including 

the elderly, disabled, and low-income groups. 

▪ Implementation of innovative funding and governance models that support sustainable rural 

mobility. 
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6.3 Peri-urban mobility 

Peri-urban areas, situated at the interface between urban and rural environments, face distinct mobility 

challenges. These areas are often characterised by sprawl, car dependency, and insufficient public transport. 

Innovative solutions that address both urban and rural mobility needs include DRT, shared mobility, and 

transit-oriented development (TOD). Peri-urban residents typically depend on private cars due to limited 

public transport options and lengthy commutes. This reliance results in congestion, pollution, and social 

exclusion for those without access to private vehicles. 

DRT offers a promising solution for peri-urban areas by providing flexible, on-demand services that 

complement fixed-route public transport. Shared mobility services, such as carpooling and bike-sharing, can 

address gaps in peri-urban transport but require careful integration with existing services and infrastructure. 

TOD can be adapted to peri-urban contexts by clustering services and housing around transport nodes, but 

this approach requires careful planning to ensure affordability and accessibility. Understanding the factors 

influencing peri-urban residents’ mode choices is essential for designing effective mobility solutions. 

Mobility hubs integrate multiple transport modes, such as buses, trams, bike-sharing, and car-sharing, and 

are often located at key transit points. Smart infrastructure employs sensors, IoT devices, and AI to optimise 

traffic flow, enhance safety, and reduce environmental impacts. Digital platforms must be intuitive and 

accessible to encourage peri-urban residents to use shared and public transport. 

Research topics in this area include: 

▪ Development of good practices for designing DRT networks and integrating DRT with public transport 

to connect to urban transit hubs. 

▪ Design and implementation of incentives and infrastructure to encourage carpooling and shared 

vehicle use in peri-urban areas. 

▪ Identification of key factors for adapting and successfully implementing TOD in peri-urban regions. 

▪ Determining the factors that influence peri-urban residents’ willingness to shift from private cars to 

shared or public transport. 

▪ Design of digital platforms and physical infrastructure to support seamless peri-urban mobility 

including good practices for integrating smart technologies into peri-urban transport systems. 

6.4 Urban mobility 

Global innovation in urban mobility is driven by the urgent need to address congestion, pollution, and social 

equity in densely populated areas. Cities worldwide are experimenting with diverse solutions, including 

MaaS, autonomous vehicles, micromobility, and smart infrastructure. The aim is to create seamless, 

sustainable, user-centred mobility ecosystems that reduce reliance on private cars and improve quality of 

life. 

MaaS platforms are rapidly evolving, integrating public transport, ride-hailing, bike-sharing, car-sharing, and 

micromobility options into single, user-friendly apps. MaaS promises to provide travellers with real-time 

information, seamless booking, and unified payment across multiple modes, making it easier to plan and 

undertake multimodal journeys. MaaS requires collaboration among public transport agencies, private 

operators, and technology providers, which can be hindered by competing interests and regulatory gaps. 

Platforms must offer clear value, such as cost savings, time efficiency, and convenience, to drive user 

adoption. 

Autonomous vehicles and electric vehicles (EVs) are expected to transform urban mobility, offering potential 

benefits in safety, efficiency, and sustainability. Active mobility – walking and cycling – and micromobility (e-

scooters, e-bikes) are increasingly popular for short urban trips, particularly for first- and last-mile 
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connections. Cities are creating dedicated lanes and parking hubs for micromobility and integrating these 

services into MaaS platforms to encourage multimodal trips. 

Smart infrastructure leverages digital technologies to optimise traffic flow, enhance safety, and improve the 

user experience. Vehicle-to-everything technology enables vehicles to communicate with each other and 

with infrastructure, improving safety and traffic efficiency. Understanding user behaviour is critical for 

designing effective urban mobility solutions. 

Mobility hubs integrate multiple transport modes, such as buses, trams, bike-sharing, and car-sharing, and 

are often located at key transit points to facilitate seamless transfers. Digital platforms are the backbone of 

modern urban mobility, enabling users to plan, book, and pay for multimodal trips. Smart infrastructure uses 

sensors, IoT devices, and AI to optimise traffic flow, enhance safety, and reduce environmental impacts. 

Research topics in this area include: 

▪ Identification of the key barriers to widespread MaaS adoption, and how cities can overcome them; 

good practices for integrating MaaS with existing public transport systems and new mobility services. 

▪ Integration of AVs into urban transport networks to complement public transport and the active 

mobility ecosystem. 

▪ Development of infrastructure and regulatory changes to support large-scale AV deployment. 

▪ Identification of the most effective infrastructure and policy interventions to support increased 

walking and cycling in cities. 

▪ Integration of micromobility with public transport to create seamless first- and last-mile connections. 

▪ Development of good practices for regulating and managing micromobility to ensure safety and 

accessibility. 

▪ Use of data and smart infrastructure to optimise mobility and reduce congestion. 

▪ Insights into the privacy and security implications of data-driven mobility systems, and how they can 

be addressed. 

▪ Use of AI and real-time analytics to improve traffic management, public transport operations, and 

user experiences. 

▪ Inclusive design of urban mobility solutions to serve all residents, ensuring that new mobility 

technologies are accessible and affordable for everyone. 

▪ Investigation of cities’ engagement with communities to co-design mobility solutions that meet local 

needs and preferences. 
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7. Conclusion 

Europe’s infrastructure and mobility systems are facing a period of profound transformation. Climate 

neutrality, resilience, security, digitalisation and evolving societal needs are reshaping the way infrastructure 

is planned, delivered, operated and renewed across its entire lifecycle. Meeting Europe’s objectives for 2030 

and 2050 will require much more than improvements to individual assets, transport modes or technologies. 

It demands a systemic approach that recognises infrastructure and mobility as interconnected ecosystems 

supporting economic competitiveness, territorial cohesion, social wellbeing and strategic autonomy. The six 

high-level objectives presented in this Position Paper reflect this integrated vision and provide a framework 

for aligning research, innovation and deployment efforts with Europe’s climate, industrial, mobility and 

security ambitions. 

At the same time, the challenge facing Europe is increasingly one of implementation, integration and scaling 

rather than technology development alone. Significant progress has already been achieved in areas such as 

advanced construction methods, smart asset management, monitoring systems, automation, data-driven 

decision-making and innovative mobility solutions. The priority for the coming years must therefore be to 

accelerate deployment, replication and market uptake across European infrastructure and mobility 

networks. This requires overcoming persistent barriers related to fragmented governance, regulatory 

complexity, procurement practices, financing mechanisms, data accessibility, interoperability and 

standardisation. Future research and innovation programmes should continue supporting technological 

advances while placing greater emphasis on validation, large-scale demonstration and the conditions 

necessary for widespread adoption. 

The transition of infrastructure and mobility systems must also be understood within a broader geopolitical, 

environmental and societal context. Climate adaptation, infrastructure resilience, resource efficiency, 

security and strategic autonomy are becoming increasingly interconnected priorities. Recent geopolitical 

developments, growing cyber and hybrid threats, ageing infrastructure assets and the increasing exposure 

of critical systems to extreme weather events have highlighted the need for infrastructure that is not only 

sustainable and efficient but also robust, adaptable and capable of operating under uncertain conditions. At 

the same time, mobility systems must evolve to respond to changing user expectations, demographic trends 

and territorial needs, ensuring accessible, inclusive and multimodal solutions across urban, peri-urban, rural 

and long-distance contexts. The growing convergence between sustainability, resilience, security and 

mobility represents one of the defining challenges for Europe’s future infrastructure agenda. 

Across all six objectives, several recurring research and innovation priorities emerge as fundamental enablers 

of this transition. Data integration and interoperability are essential to connect fragmented infrastructure 

and mobility systems, enabling seamless information flows across assets, operators and governance levels. 

Advanced analytics, monitoring technologies and decision-support systems are increasingly supporting more 

efficient, reliable and proactive management of infrastructure throughout its lifecycle. Standardisation and 

harmonised frameworks remain critical to ensuring scalability, cross-border compatibility and market uptake, 

while new learning models and capacity-building approaches are necessary to equip organisations and 

professionals with the competencies required to manage increasingly complex systems. These priorities are 

closely linked to four cross-cutting themes that consistently emerge throughout the Position Paper. 

Digitalisation underpins the optimisation, connectivity and management of infrastructure and mobility 

systems throughout their lifecycle. Circularity is essential to improving resource efficiency, extending asset 

lifetimes, reducing environmental impacts and strengthening European material resilience. Skills are critical 

to ensuring that workers, companies and public authorities can effectively adopt and implement new 

technologies, processes and operational models. Finally, people-centricity remains at the heart of the 

transition, ensuring that infrastructure and mobility systems deliver accessible, safe, inclusive and affordable 

services that respond to the needs of citizens, communities and territories. Together, these four dimensions 
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provide a common foundation across the priorities of the ECTP committees and should be recognised as 

strategic pathways for future European action. 

As the European Union prepares its next generation of research, innovation and investment programmes, 

including the future Framework Programme, these priorities should be reflected in a coherent and integrated 

agenda for infrastructure and mobility. The ECTP Infrastructure & Mobility Committee calls on the European 

Commission, Member States, industry and research stakeholders to support cross-sectoral collaboration, 

strengthen interoperable European ecosystems for infrastructure and mobility, accelerate large-scale 

deployment and replication of innovative solutions, and promote regulatory and governance frameworks 

that facilitate innovation uptake. A coordinated and mission-oriented European approach will be essential to 

deliver resilient, climate-neutral, secure and user-centred infrastructure and mobility systems. The decisions 

taken during the coming decade will be decisive in determining whether Europe can transform its 

infrastructure and mobility networks into a cornerstone of its competitiveness, strategic autonomy and 

sustainable future. 

This Position Paper is one of the six complementary Position Papers developed by the ECTP Committees, 

covering the built environment, digitalisation, heritage and regeneration, materials and sustainability, 

inclusiveness and accessibility, and infrastructure and mobility. Together, they provide a holistic perspective 

on the challenges and opportunities shaping the future of Europe's built environment. 

 


