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Introduction

Overall context and challenges

The built environment is entering a decisive phase in the transition towards a digital, resilient and competitive
European economy. Buildings and infrastructures are no longer isolated physical assets but increasingly form
part of an interconnected digital ecosystem where data, artificial intelligence, automation and smart systems
are becoming essential to design, construction, operation and maintenance. In this context, the work of the
Digital Built Environment (DBE) Committee for 2026 is framed by a dual imperative: accelerating the digital
transformation of buildings and infrastructures while ensuring that this transition supports affordability,
competitiveness and resilience across the European construction ecosystem.

The transformation of the built environment is taking place at a moment when Europe must simultaneously
address a growing demand for housing and the need to modernise critical infrastructures. Delivering new
construction and deep renovation at scale is becoming a strategic priority, while ensuring that housing
remains affordable and of high quality and energy performance. At the same time, infrastructures such as
energy systems, mobility networks and utilities are becoming increasingly interconnected, shifting the focus
from individual buildings towards district-level and system-level approaches. Digitalisation therefore plays a
central role not only in improving efficiency and performance, but also in enabling the integration of
buildings, infrastructures and services into coherent and intelligent urban systems.

This transformation is also closely linked to broader geopolitical and economic developments. Security of
supply, strategic autonomy and resilience are becoming central priorities for the European Union, and the
built environment is increasingly recognised as critical infrastructure that must remain operational under
adverse conditions. In this perspective, resilient, secure and adaptable buildings and infrastructures are
expected not only to serve civilian needs but also to support broader societal resilience and defence
preparedness. At the same time, the competitiveness of the European construction sector depends on its
ability to modernise production systems, increase productivity and scale up innovation through
prefabrication, automation, robotics and digital tools.

Recent European policies and strategic initiatives strongly emphasise the importance of this digital transition.
The Artificial Intelligence (Al) Act establishes the regulatory framework for the development and deployment
of Al systems, including those used in construction, buildings and digital twins (DT). In parallel, the European
Strategy for Data, the European Data Governance Act and the European Data Act aim to create a single
market for data in Europe and to enable secure and trustworthy data sharing across sectors, including
construction, energy and mobility. In addition, initiatives such as the Common European Data Spaces and the
Digital Europe Programme provide the technical infrastructure, funding and digital capacities needed to
accelerate the deployment of data-driven solutions across the built environment.

At the same time, the digital transformation of the construction ecosystem is closely connected to Europe’s
industrial and competitiveness agenda. The Clean Industrial Deal highlights the need to strengthen EU
competitiveness while accelerating industrial decarbonisation and clean technology deployment, and it
explicitly supports the development and adoption of digital technologies such as data platforms, automation
and artificial intelligence. In parallel, the Transition Pathway for Construction developed by the European
Commission (DG GROW), as well as recent sectoral initiatives such as the FIEC position paper on Artificial
Intelligence in the European Construction Sector, underline the need for a strategic, responsible and sector-
specific approach to the deployment of digital technologies, ensuring that innovation contributes both to
sustainability and to industrial leadership in Europe.
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https://digital-strategy.ec.europa.eu/en/policies/regulatory-framework-ai
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https://digital-strategy.ec.europa.eu/en/policies/data-spaces
https://digital-strategy.ec.europa.eu/en/activities/digital-programme
https://commission.europa.eu/topics/competitiveness/clean-industrial-deal_en
https://ec.europa.eu/docsroom/documents/53854
https://www.fiec.eu/fiec-opinions/position-papers-pl/artificial-intelligence-european-construction-sector-strategic-adoption-responsible-use-and-sectoral-leadership
https://www.fiec.eu/fiec-opinions/position-papers-pl/artificial-intelligence-european-construction-sector-strategic-adoption-responsible-use-and-sectoral-leadership

In this evolving context, the transition towards a digital built environment is not limited to the introduction
of new technologies. It requires a systemic transformation of the way buildings and infrastructures are
designed, constructed, operated and maintained. Smart and user-centric buildings, connected and intelligent
infrastructures, digital twins, data-driven decision-making, automation and industrialised construction
processes are becoming key enabling elements for a more efficient, resilient and competitive built
environment. At the same time, this transition must remain human-centred, ensuring accessibility, safety,
health, comfort and trust in digital technologies.

Despite the significant progress achieved in recent years, the sector still faces a number of structural
challenges that hinder the large-scale deployment of digital solutions across the built environment. These
challenges affect both buildings and infrastructures, while a number of cross-cutting issues must be
addressed at system level. The most relevant challenges identified by the DBE Committee are grouped into
three main categories:

Buildings-related challenges

e Supporting the transition towards smart and user-centric buildings. How to accelerate the
deployment of smart and smart-ready buildings that are truly centred on users’ needs, including
accessibility for people with disabilities and the elderly, as well as improved health, comfort and well-
being.

¢ Ensuring system integration at building level. How to achieve effective interoperability between
building components and systems and ensure seamless integration with energy systems, mobility
networks and district-level infrastructures.

e Moving towards performance-based and circular buildings. How to implement lifecycle
performance approaches and integrate circularity into building design, construction and renovation
as a foundation for long-term sustainability and resilience.

¢ Improving safety, productivity and modernised construction processes. How to strengthen health
and safety on construction sites while increasing productivity through industrialised, digitalised and
modernised building processes.

Infrastructure-related challenges

e Accelerating the digital and industrialised delivery of infrastructures. How to scale up the
digitalisation of construction and delivery processes, including the adoption of off-site construction,
prefabrication, automation and robotics to improve productivity and competitiveness.

¢ Developing connected and intelligent infrastructures. How to support the deployment of digital
infrastructure-based services and ensure effective integration with connected and automated
mobility systems.

¢ Enabling human-centred deployment of advanced technologies. How to ensure safe and effective
human-robot collaboration and support the responsible deployment of digital tools across
infrastructure construction and maintenance processes.

¢ Developing affordable and scalable infrastructure solutions. How to promote innovation capable of
modernising production systems, reducing costs and supporting the large-scale implementation of
European housing and infrastructure strategies.

Common cross-cutting challenges

e Strengthening resilience across buildings, infrastructures and cities. How to improve real-time
monitoring, early-warning systems and crisis-response capabilities, including in situations where
electricity or standard communication networks are disrupted.
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¢ Ensuring trustworthy data, artificial intelligence and digital trust. How to address data availability,
quality, interoperability and secure sharing, while enabling data-driven operation and maintenance
(O&M) and the responsible deployment of trustworthy and ethical Al, including generative Al.

¢ Reinforcing cybersecurity and technological sovereignty. How to protect digital systems and data
while strengthening European digital and IT (Information Technology) solutions in an increasingly
complex geopolitical context.

¢ Bridging the productivity gap through digitalisation. How to improve the efficiency of construction
processes, reduce administrative burdens and accelerate project delivery through digital solutions,
including the implementation of Digital Building Permits and streamlined permitting workflows.

e Addressing skills, labour shortages and accessibility challenges. How to close digital skills gaps in
the construction workforce while ensuring that digital tools remain accessible and usable for all
stakeholders.

¢ Managing regulatory complexity and ensuring effective implementation. How to align digital, data,
Al and construction-related regulations and ensure that existing European policies are effectively
implemented in practice across the built environment.

Scope and Approach

The Digital Built Environment (DBE) Committee recognises the need to extend its focus beyond individual
digital tools or smart buildings towards a wider, integrated and human-centric digital built environment,
ultimately contributing to connected, resilient and competitive districts and cities. This approach makes it
possible to identify and promote the technological, digital, industrial and systemic solutions required to
support Europe’s digital, industrial and sustainability objectives for 2030 and 2050.

This Position Paper aims to provide an overview of the research and innovation pathways that the DBE
Committee recommends in order to address the challenges outlined in the previous section and accelerate
the digital transformation of the built environment.

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 DBE Committee, followed by a collaborative drafting process.

This Position Paper seeks to:

¢ |dentify research needs to support the digital transformation of buildings, infrastructures and the
wider construction ecosystem, strengthening the social, environmental and economic impact of the
built environment on European research and innovation agendas.

e Focus on future innovations and technologies that enable smart, connected, data-driven, resilient
and human-centric buildings and infrastructures.

e Raise awareness and communicate priorities to strategic stakeholders, including policymakers,
industry, research organisations and investors.

e Promote the translation of research into practice, ensuring evidence-informed policies and the
effective implementation of digital and data-driven solutions across the built environment.

e Support research-funding proposals and partnerships that can accelerate the industrial and market
deployment of digital technologies and innovative construction processes.

e Advocate and share knowledge within and beyond the ECTP, fostering systemic collaboration and
scaling up digital best practices across Europe.

High-level objectives formalised by the Digital Built Environment Committee

Considering the context and challenges outlined in the previous section, the DBE Committee has identified
eight high-level objectives that are critical to accelerating the transition towards a digital, resilient and
competitive built environment in Europe. These objectives reflect the need to address the digital
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transformation of buildings and infrastructures through a systemic approach that integrates the twin
transition, data and artificial intelligence, industrial modernisation, resilience, and human-centric innovation.
They also aim to ensure that research and innovation (R&I) priorities are aligned with European policy
objectives for 2030 and 2050, while supporting the competitiveness, technological sovereignty and long-term
sustainability of the European construction ecosystem.

The eight high-level objectives identified by the DBE Committee are the following:

¢ Objective 1: Twin transition for a lifecycle approach with value-chain integration

¢ Objective 2: Artificial intelligence as a strategic enabler

¢ Objective 3: Toward climate change adaptation and resilience

¢ Objective 4: Data governance, data access and data security

e Objective 5: Digitalised construction and renovation processes

¢ Objective 6: Smart operation, maintenance and upgrading of buildings and infrastructures

e Objective 7: Supporting people-centric approaches

¢ Objective 8: Integration to the urban environment, the energy grid and broader built and natural
territories

For each of these objectives, a set of R&lI priority areas has been identified to guide future research and
innovation activities across the built environment sector. These priority areas are directly linked to the
challenges identified in this Position Paper and are complemented by a set of focused R&I topics.

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 eight objectives, the related priority areas, and the
proposed R&I topics.

From BIM to Asset Lifecycle Information loT-enabled Digital Twins for whole-lifecycle Integrated multi-criteria performance

Modelling (ALIM) management assessment
R&I Priority areas
" . Digital integration of advanced and ultra-high Accessible and deployable digital solutions for
Regulatory compliance and investment support p
performance materials and components SMEs
R&I Priority areas R&| Priority areas R&l Priority areas R&I Priority areas R&I Priority areas

Climate Change Risk and Vulnerability
Assessment of buildings and the built
environment

Trustworthy, ethic & environmental

B : 3 Interoperability and data governance
impact of Al in construction sector P ty g

for specific needs

Interoperability and standardisation EVEEE pust! CICTIRIETE
adoption

European Al ecosystem Planning towards climate adaptation
and resilience of buildings and the

built environment

Maintenance, upgrading and

BIM-driven performance operation based on DT & Al

Legal and ic val f dat:
€gal and economic value o data management for buildings lifecycles

Next generation Al models for
specific needs of construction sector:
foundational model, knowledge
platform

_ Regulation: SRl and other schemes
Catalogue of adaptation measures Robotic and automation: logistics and

Ea=sait industrialised approaches

Help people to understand and

" Engagement with users
respond to climate change

Large scale Al pilots and testbeds
Smart deconstruction: inventory,

Skill training

Real-time detection and early Digital Logbook

warning systems
Co-creation with digital solutions and data
R&I Priority areas
Ongoing enhancement of workforce skills
City Twins and BIM-GIS Integration
R&I Priority areas

Local Energy Communities

Health, comfort, indoor air-quality &

mapping, tools, DPP and robotics
REIE safety

Inclusive design and implementation powered
by digital solutions data

Fair and just digitalisation

Building Interactions with the Energy Grid

Support to Urban Regeneration

FIGURE 1: High-level objectives formalised by the Digital Built Environment committee, and related
priority areas for research and innovation.
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1. Objective 1: Twin transition for life-cycle approach with value
chain integration

The construction sector remains one of the least digitised industries in Europe, characterised by a highly
fragmented ecosystem composed of up to 95% SMEs and by value chains that usually operate in silos. Design
and construction, facility management, portfolio and building stock management, manufacturing and
production, and logistics, for example, represent interconnected segments of the value chain that rely on
separate tools, processes and data models, with limited interoperability between them. Collaboration across
these domains is constrained by incompatible workflows, divergent data standards, and a lack of shared
digital infrastructure. This structural fragmentation represents a fundamental barrier to achieving a truly
sustainable and competitive built environment.

Objective 1 positions digitalisation at the crossroads of these disconnected value chains, enabling their
progressive integration through a twin green and digital transition across the full asset lifecycle. Rather than
treating digitalisation as a “single-sector transition”, this objective envisions it as a systemic connector, a
shared language and infrastructure through which design teams, contractors, facility managers, asset
portfolio managers, manufacturers, and logistics stakeholders can collaborate seamlessly and exchange
structured, interoperable data at every stage of a building or infrastructure asset lifecycle.

To achieve this, the objective advances the technologies underpinning the digital transition, from Building
Information Modelling (BIM) and its evolution towards Asset Lifecycle Information Modelling (ALIM), to loT-
enabled digital twins that embed Al and machine learning capabilities (cf. Objective 2), as shared enablers of
collaborative, data-driven and performance-based approaches across all lifecycle stages. Special attention is
given to ensuring that these technologies are accessible and deployable by SMEs, which form the backbone
of the European construction sector.

Beyond technology, this objective promotes comprehensive assessment capabilities covering cost-
effectiveness, environmental impact, energy performance and social value. It also addresses compliance with
the Energy Performance of Buildings Directive (EPBD), EU taxonomy and many other certification schemes,
while supporting the development and adoption of ultra-high performance materials and components, in
connection with broader priorities on materials sustainability and circularity. Together, these priority areas
form an integrated framework for connecting fragmented value chains and placing European construction at
the forefront of sustainable innovation.

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

From BIM to Asset Lifecycle Information Modelling: structured data continuity across the value chain
loT-enabled Digital Twins for whole-lifecycle management

Integrated multi-criteria performance assessment: cost, environment, energy and social value
Regulatory compliance and investment support

Digital integration of advanced and ultra-high performance materials and components

Accessible and deployable digital solutions for SMEs

ok wWNE

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

1.1. From BIM to Asset Lifecycle Information Modelling: structured data continuity
across the value chain

Evolving beyond static 3D geometry, this priority area focuses on establishing a semantic, machine-readable
and interoperable data backbone connecting all value chain actors from design to decommissioning.
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Research topics in this area include:

=  From BIM to Semantic Digital Twins: it should develop ontologies that cover the full asset lifecycle
(design, construction, operation, maintenance, renovation, and deconstruction), establishing
persistent mappings between BIM/IFC, operational ontologies, and IoT/BMS data streams to support
machine-readable, interoperable data exchange across stakeholders. It should positions digital twins
as shared enablers of collaborative, data-driven, and performance-based approaches across all
lifecycle stages.

= Field BIM and real-time synchronisation: development of edge-computing technologies and
wearable AR/VR interfaces enabling on-site workers to interact with live BIM/ALIM models, ensuring
that construction progress, quality issues and as-built conditions are instantly reflected in the digital
record.

= Digital governance across the value chain: research into data ownership, access rights and
contractual frameworks that enable a continuous, auditable digital thread from design intent to
operational reality across designers, contractors, facility managers and asset owners.

1.2. loT-enabled Digital Twins for whole-lifecycle management

By integrating real-time loT data streams with semantic digital models, building and infrastructure twins
become living representations supporting continuous, data-driven decision-making across all lifecycle stages.

Research topics in this area include:

= Semantic Web of Things for Built Asset Monitoring: development of loT-driven semantic digital twin
architectures that integrate heterogeneous sensor data (energy, structural, environmental,
occupancy) through open ontologies, enabling real-time monitoring and automated anomaly
detection across building and infrastructure portfolios.

= Federated Digital Twins and Secure Multi-Stakeholder Data Sharing: research into federated twin
architectures that allow distributed asset owners and operators to share relevant data securely
across organisational boundaries, without centralising sensitive operational data, in compliance with
the Data Act and Data Governance Act.

= Human in the Digital Twin Loop: research into interfaces and interaction models that keep human
experts in control of automated digital twin processes, ensuring that Al-driven recommendations
remain interpretable, contestable and aligned with professional judgement across lifecycle decisions,
especially when the safety and resilience of infrastructures are concerned.

1.3. Integrated multi-criteria performance assessment: cost, environment, energy
and social value

Digitalisation unlocks holistic assessment capabilities, enabling simultaneous evaluation of cost-
effectiveness, carbon footprint, energy performance and social value throughout the asset lifecycle.

Research topics in this area include:

= |ntegrating Digital and Green Performance Metrics: Research and innovation should explore how
digitalisation can accelerate decarbonisation through real-time performance feedback and scenario
analysis, enabling better-informed decisions across the asset lifecycle.

=  QOccupant Behaviour and Social Value Integration: integrating real-time occupant feedback,
behavioural data, and social performance metrics into digital twin platforms, enabling buildings and
infrastructure that respond to both technical and human needs. Further recommendations on this
topic can be found on the Built4Life (B4L) Position Paper.
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= Lifecycle Cost and Carbon Co-optimisation Tools: development of simulation and optimisation tools
that simultaneously model lifecycle costs (LCC) and whole-life carbon emissions (LCA), enabling
designers, owners and investors to identify renovation and upgrade strategies that deliver co-
benefits across economic and environmental dimensions.

= Urban Building Energy Models (UBEM) as a scalable, data-driven approach to whole-stock
performance assessment, enabling the simultaneous evaluation of energy, carbon, cost and social
equity dimensions of renovation pathways at neighbourhood, city and national scales (providing the
evidence base for sectoral decarbonisation roadmaps and National Renovation Plans).

1.4. Regulatory compliance and investment support: EPBD, Building Renovation
Passport, EU Taxonomy and certification schemes

Digital tools transform regulatory obligations into opportunities, automating compliance workflows and
connecting performance data directly to green finance instruments and investment decision-making.

Research topics in this area include:

= Digital Building Logbooks and Certification Automation: standardised data schemas aligned with
EPBD requirements for building renovation, automated certification workflows that extract evidence
directly from digital twins, and integration with investment decision-support tools that use
compliance data to de-risk and accelerate sustainable investment.

= Building Renovation Passport integration with Digital Building Logbooks: standardised data schemas
and interoperability protocols that align Building Renovation Passports (EPBD recast, Article 10) with
Digital Building Logbooks, enabling a single, persistent digital record to serve simultaneously as a
renovation planning tool, a compliance instrument and a green finance enabler.

= Automated Digital Building Permit Workflows: development of EU-wide frameworks for the
harmonisation and automation of digital building permit processes, extracting compliance evidence
directly from BIM and digital twin models to reduce administrative burden, increase transparency
and accelerate project delivery.

1.5. Digital integration of advanced and ultra-high performance materials and
components

Digitally tracking the properties, provenance and lifecycle behaviour of advanced materials enables their
seamless integration into performance-based design, renovation and circular economy workflows.

Research topics in this area include:

= Digital Product Passport (DPP) for Construction Materials: interoperable DPP frameworks for
advanced construction materials and components, enabling the tracking of provenance,
composition, environmental impact and end-of-life options across the full supply chain, in alighment
with the Ecodesign for Sustainable Products Regulation and circular economy objectives.

= Material Performance Simulation and Digital Certification: research into Al-augmented simulation
tools that model the long-term structural, thermal and environmental behaviour of ultra-high
performance and novel materials (including bio-based and recycled content materials), supporting
faster digital certification pathways and reducing reliance on physical testing.

=  Circular Material Passports and Deconstruction Planning: integration of material passport data into
digital twin platforms to enable predictive deconstruction planning, identifying reuse and recycling
opportunities at design stage and supporting material recovery at end-of-life in alignment with the
Circular Economy Action Plan.

For a broader perspective, please refer to the Materials and Sustainability (M&S) Position Paper.
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1.6. Accessible and deployable digital solutions for SMEs

Given that SMEs represent up to 95% of the European construction sector, digital solutions must be tailored,
affordable and supported by open standards and dedicated capacity-building mechanisms.

Research topics in this area include:

= Digital Twins for Autonomous Decision-Making and Multi-Stakeholder Collaboration: Research
should investigate how knowledge graphs can be integrated as cognitive cores to enable deeper
reasoning and context-aware decision-making. Meanwhile, research and innovation should explore
federated digital twins that enable secure and interoperable data sharing across stakeholders.

= Digital Twin Maturity Models and Performance Benchmarking: This topic develops a multi-level
maturity framework based on value realisation. The empirical benchmarks should be established
through longitudinal case studies across building types, infrastructure classes, and geographic
contexts.

=  European Digital Innovation Hubs (EDIHs) as construction sector gateways: further implementation
of EDIHs and sectoral DIHs as access points for SMEs to test, validate and scale digital construction
technologies, including Al, digital twins and BIM, with dedicated construction sector programmes
covering testing facilities, skills development and investment readiness advisory services.

= |ncentives and policy support for market uptake of digital solutions: SMEs often face resource
constraints when adopting digital technologies. Research and innovation should define EU-level
incentives and policies through best practices, knowledge sharing, capacity and skills building, and
business model design to enable the digital transformation at AEC industry.
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2. Objective 2: Al as a strategic enabler

Artificial intelligence is one of the key drivers for digital transformation in the construction and built
environment sector, to enhance productivity, sustainability, safety, and lifecycle performance. However, it
also requires a strategic, coordinated approach that addresses not only technological development but also
the ecosystem conditions, workforce readiness, and trust frameworks necessary for responsible adoption.
This objective focuses on positioning Al as a strategic enabler by advancing next-generation Al solutions
tailored to the specific needs of construction. It encompasses the development of trustworthy, ethical, and
environmentally sustainable Al solutions aligned with EU regulatory priorities; the deployment of large-scale
pilots and testbeds to validate Al applications across the full infrastructure lifecycle; and a comprehensive
approach to skill development and training that equips the diverse range of enterprises—from micro-
enterprises to large contractors—with the capabilities to embrace Al and integrate it into their processes.
Together, these strands ensure that Al becomes not merely a technological addition but a strategic enabler
of a more resilient, sustainable, and competitive European construction sector.

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

1. Trustworthy, ethical and environmental impact of Al in the construction sector

2. European Al ecosystem

3. Next generation Al models for specific needs of construction sector: foundational model and
knowledge platform

4. Large scale Al pilots and testbeds

5. Skill training

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

2.1. Trustworthy, ethical and environmental impact of Al in the construction sector

Integrating artificial intelligence into the architecture, engineering, construction, and operations (AECO)
sectors, and more broadly into the construction industry, presents transformative opportunities for
enhancing productivity, sustainability, and safety. While Al offers significant efficiency gains, concerns around
algorithmic bias, information privacy, workforce displacement, and the carbon footprint of Al systems
themselves should be addressed to ensure responsible deployment. The EU’s Al Act (Regulation (EU)
2024/1689), which establishes a comprehensive regulatory framework for trustworthy Al, makes it crucial
that the AECO sector aligns its research and innovation priorities with the Act’s risk-based approach. This
objective focuses on developing and upscaling the innovative solutions and best practices that embed
trustworthiness and ethical considerations into Al systems to align with EU strategic priorities, including the
Al Act, Green Deal, and digital sovereignty.
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FIGURE 2: THE “Al ACT” DEFINES 4 LEVELS OF RISK FOR Al SYSTEMS. SOURCE: EUROPEAN COMMISSION

Research topics in this area include:

=  Facial recognition using computer vision: Increasingly, cameras are being installed across streets and
within buildings. Research should examine how these cameras can be used appropriately and for
what purposes, ensuring ethical and privacy-compliant deployment.

= High-risk Al systems in the construction sector that comply with the Al Act’s requirements (i.e. “Al
safety components in critical infrastructures (e.g. transport), the failure of which could put the life
and health of citizens at risk”), in line with the Guidance for Risk Management of Artificial Intelligence
systems by the European Data Protection Supervisor.

= Regulatory compliance and trustworthy Al assurance: Developing sector-specific assessment
methodologies and certification frameworks for Al systems in construction under the EU Al Act. This
includes risk-based classification protocols for Al applications in the AEC sector (e.g. design and
compliance checking, safety monitoring, autonomous equipment, structural assessment, smart
deconstruction, and building material upcycling), as well as continuous monitoring solutions for post-
deployment validation, bias detection, and human oversight.

= Ethical data governance and human-Al collaboration: Developing and testing innovative solutions for
ethical data collection and governance along the lifecycle of the built environment, balancing Al
benefits with human privacy (including workers on construction sites and occupants/users of the
built environment), consent, and well-being under GDPR (General Data Protection Regulation) and
emerging digital rights frameworks. This includes privacy-preserving site monitoring technologies
(e.g. on-device processing and anonymisation-by-design), organisational models for human-Al
collaboration that augment rather than displace skilled workers, and governance structures
addressing the impact of algorithmic management on human autonomy and mental health.

= Sustainable Al for the built environment: Developing and standardising comprehensive
methodologies to measure and minimise the carbon footprint of Al deployments across the
lifecycle—including data centre energy consumption, model training emissions, hardware
manufacturing and disposal, and ongoing operational energy use. This includes energy-aware model
selection frameworks that balance accuracy against computational intensity, as well as decision-
support tools in line with Green Al guidelines.

2.2. European Al ecosystem

The global Al landscape is dominated by United States- and China-based technology giants, creating strategic
dependencies that challenge European data sovereignty, digital infrastructure control, and regulatory
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alignment. The construction sector—characterised by fragmented supply chains, SME dominance, and
regionally specific practices—requires a dedicated European Al ecosystem to foster homegrown innovation,
ensure competitiveness, and establish leadership in the development of trustworthy Al for the built
environment. The European Commission has adopted the Al Continent Action Plan, which serves as a
strategic framework designed to establish Europe as a global leader in artificial intelligence. Launched in April
2025, this initiative outlines a comprehensive set of actions to accelerate the development, deployment, and
adoption of trustworthy Al across the EU. Building on the foundation of the Al Act, the plan establishes a risk-
based approach to ensure safety, fundamental rights, and innovation.

The Action Plan is structured around five key areas: i) building large-scale Al data and computing
infrastructures; ii) high-quality data for Al; iii) development of Al algorithms and leveraging their adoption in
the EU’s strategic sectors; iv) upskilling the workforce; and v) ensuring regulatory compliance with the Al Act.
These domains are aligned with the EU’s broader goals of digital sovereignty, a green transition, and
economic resilience.

Computing
infrastructure

Regulatory /- N—
simplification |0|0 Skills
oo &
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FIGURE 3: KEY DOMAINS. “THE Al CONTINENT ACTION PLAN". SOURCE: EUROPEAN COMMISSION.

Research topics in this area include:

= European Digital Innovation Hubs - working group on construction. The major Al companies are
predominantly based in the United States or China, highlighting the need to strengthen a European
Al ecosystem capable of competing globally. Innovative solutions should incorporate high-
performance computing, construction-specific datasets, and sectoral expertise to accelerate the
development of foundational Al models alignhed with European AECO practices and sustainability
goals. This approach also encompasses open-source business models that enable European firms to
build upon shared foundations while maintaining competitiveness, as well as benchmarking
frameworks to assess performance, security, and energy efficiency compared with non-European
alternatives.

= Leveraging Europe’s distinctive advantages: European Al solutions can capitalise on sustainability
regulatory alignment (the Green Deal, revised European Performance of Buildings Directive — EPBD),
strong data protection standards, and human-centric design to achieve global differentiation through
international standardisation, export promotion, and ‘Made in Europe’ certification schemes.

= European Digital Living lab of all living labs for information and knowledge sharing. Significant
investments have already been made in Living Labs across Europe for circularity, resilience, Zero
Emission Buildings (ZEB), etc. Many data are collected, and digital twins, Al tools and other innovative
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digital tools are being developed. However, there is currently no overarching European Digital Living
Lab connecting these initiatives, facilitating knowledge exchange and enabling the sharing of data,
tools and best practices. Establishing such a platform would create a European digital living lab built
on existing physical Living Labs and their corresponding data, information and tools, providing a
testbed and knowledge-sharing platform to support the achievement of common European
objectives.

2.3. Next generation Al models for the specific needs of the construction sector:
foundational model and knowledge platform

Looking beyond the current Al landscape, the construction sector must prepare for transformative paradigms
that will emerge over the next decade and beyond—including embedded Al, artificial general intelligence
(AGI), autonomous construction ecosystems, and self-evolving digital twins. These next-generation models
will move beyond narrow task automation toward systems capable of reasoning, continuous learning, and
operating with minimal human supervision across the entire building lifecycle and infrastructure operations.
This objective focuses on foundational research and breakthrough innovations that will define the future of
Al in construction over the next ten-plus years.

Research topics in this area include:

=  Construction-Specific Large Language Models (LLMs): LLMs specifically adapted to the language,
semantics, and workflows of the construction sector. These models should be capable of
understanding and reasoning over construction corpora, such as BIM object semantics,
specifications, standards, contracts, site records, maintenance logs, and product documentation.

o Al models for regulatory compliance checks that help construction projects meet local
regulations. This automation will cut the time taken to process building permits by more than
half.

o Al agents for lifecycle management and decision making, including coordination agents for
planning, design and engineering; site agents for execution, safety and progress control;
agent-based digital twin operation; and agents for renovation and circularity.

= Embedded and ubiquitous Al for autonomous construction environments: Develop and test the
solutions in which Al is embedded at the material, component, and system level—enabling
structures, equipment, and construction resources to sense, reason, and act autonomously. This
includes research into distributed intelligence across swarms of construction robots, self-sensing
materials with integrated processing capabilities, edge Al operating in disconnected site conditions,
and autonomous coordination systems that manage complex construction workflows without
centralised control. The goal is to move toward construction environments that are self-aware, self-
adaptive, and capable of autonomous execution.

= Artificial general intelligence and advanced reasoning for the built environment: Exploring pathways
toward AGI systems capable of human-like word modelling, reasoning, cross-domain knowledge
transfer, and creative problem-solving across the construction lifecycle.

= Self-evolving knowledge platforms and lifelong learning systems: Developing next-generation
knowledge platforms that continuously learn and evolve over decades-long building lifecycles,
accumulating experience from millions of projects to create compounding intelligence.

= Agentic Al architectures for the built environment: Developing multi-agent systems capable of
autonomous planning, reasoning, negotiation and coordination across heterogeneous data sources,
digital twins, BIM environments, simulation platforms and operational systems. Research should
address distributed intelligence, orchestration mechanisms, memory architectures, explainability
and human-in-the-loop supervision.

= Knowledge-driven and trustworthy agentic Al: Developing agentic systems that combine foundation
models with formal knowledge representations, ontologies, knowledge graphs and symbolic
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reasoning to provide reliable, explainable and auditable decision-making. Research should address
uncertainty management, traceability, regulatory alignment, verification and validation of
autonomous Al behaviours, and compliance with the Al Act.

2.4. Large scale Al pilots and testbeds

The transition of Al from laboratory research to real-world construction and infrastructure deployment
requires large-scale, representative test environments in which technologies can be validated, refined, and
scaled. This objective focuses on establishing pan-European pilot projects and living testbeds that span the
entire infrastructure lifecycle—from design through construction, operation, maintenance, and
decommissioning—enabling collaborative innovation across public and private stakeholders while
generating the evidence base needed for widespread adoption.

Research topics in this area include:

= Public pilot living labs/pilots covering the entire infrastructure lifecycle, categorised by type of
infrastructure, and applying Al across the various stages, from design through to operation,
maintenance, renovation and end-of-life. These pilots are open to collaboration among diverse
stakeholders through joint initiatives. Pilots serve as living laboratories to validate technical
performance, quantify lifecycle cost and carbon benefits, and generate replicable methodologies for
scaling across Europe.

= Collaborative multi-stakeholder testbed frameworks: Developing and testing governance models and
operational solutions for testbeds that enable collaboration between diverse stakeholders—
including public authorities, asset owners, contractors, technology developers, researchers, and end-
users.

= Validation methodologies and scaling pathways: Research on robust validation protocols to establish
trustin Al systems for safety-critical infrastructure applications, including benchmarking frameworks,
performance metrics, certification pathways, and cost-benefit assessment methodologies.

= Al sandbox: Research on the solutions for the construction sector that synergistically integrates
generative design, reinforcement learning for dynamic scheduling, and large language model (LLM)-
based automated compliance checking within a risk-free digital twin environment.

Further recommendations on digitalisation and Al applications for infrastructure can be found in the
Infrastructure & Mobility (1&M) Position Paper.

2.5. Skill training

The successful adoption of Al across the construction sector depends not only on technological advancement
but also on the readiness of the workforce. The sector faces a dual challenge: a significant digital skills gap
and the need to reskill existing workers while attracting new talent. This objective focuses on developing
comprehensive skill training frameworks, learning pathways, and organisational roadmaps enabling
companies of all sizes—from micro-enterprises to large contractors—to embrace Al and integrate it
effectively into their processes.

Research topics in this area include:

= Al adoption roadmaps for diverse enterprise types: Creating structured roadmaps to guide
enterprises across the construction ecosystem—including micro-enterprises, SMEs, specialised
subcontractors, engineering firms, and large contractors—through phased Al adoption. This includes
research into maturity models that help companies assess their current digital capabilities, culture
building, phased integration strategies aligned with investment capacity and risk tolerance, sector-
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specific guidance on selecting appropriate Al applications, and change management frameworks
addressing organisational culture, leadership engagement, and workforce transition.

= Learning pathways for Al in construction: Developing sector-wide competence frameworks that
define the Al-related knowledge, skills, and attitudes required across different roles—from on-site
trades to design professionals, facility managers, and organisational leadership. This includes
research into modular learning pathways tailored to diverse learner profiles that enable flexible
upskilling, and methodologies for mapping existing skills against future requirements to identify gaps
and priority areas.

= Collaborative learning ecosystems and knowledge transfer: Investigating models for building
collaborative learning ecosystems that accelerate Al skill development across the sector. This
includes research and innovation into public-private partnerships for training delivery, industry-
academia collaboration mechanisms that ensure curricula reflect real-world needs, peer learning
networks that enable knowledge exchange among practitioners, and digital learning platforms that
provide accessible, scalable training resources, with special emphasis on engaging SMEs and the
existing workforce, who may have limited time, resources, or prior digital experience.

For a broader perspective on skills, reskilling and people-centred transformation, please refer to the B4L
Position Paper.
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3. Objective 3: Toward climate change adaptation and resilience

Climate change is increasingly threatening Europe's built environment, exposing buildings, infrastructure and
people to a growing range of hazards. Extreme heat, flooding, wildfires and rising sea levels are intensifying
across Europe, placing homes, cities and critical infrastructure under unprecedented stress. Europe is the
fastest-warming continent in the world, and the impacts of this warming are already being felt in the form of
structural damage, energy disruption and rising human health risks. Buildings that were designed under
historical climate assumptions are proving increasingly inadequate to cope with the new reality, leaving
millions of people — particularly the most vulnerable — exposed to dangerous conditions. The financial
consequences are equally alarming, with insurance markets under strain and public finances facing mounting
pressure from climate-related disasters. Urgent action is needed to retrofit existing buildings and
neighbourhoods, update construction standards, and embed climate resilience at the heart of urban planning
and infrastructure policy across Europe.

Fluvial and coastal flooding, heatwaves and wildfires are considered the main categories of climate-related
hazards that emerge as principal threats to buildings and the built environment, as mentioned in the
European Climate Risk Assessment: Executive Summary (EEA Report No. 01/2024) by the European
Environment Agency.

Pluvial and fluvial flooding are already creating substantial risks for the built environment and population
across Europe, as evidenced by various highly destructive floods in recent years. Further increases in flood
risk are projected for the future, and urgent action is needed to ensure that long-lived infrastructure is
climate resilient. Although coastal flood risks have been successfully managed in Europe overall, with no
major destruction or loss of life during the last 50 years, the accelerating pace of sea-level rise and the
resulting exponential increase in flood risks require further action now.

Extreme heat temperatures and heat waves have a demonstrated impact on human wellbeing and health.
Across much Europe, the existing built environment — from individual homes to street layouts, public
squares and urban infrastructure — was designed for a cooler climate, making it structurally ill-equipped to
handle increasingly frequent and intense heat events. Poorly insulated buildings, unshaded glazing, heat-
absorbing dark surface materials, lack of street trees, absence of water features and the near-total sealing of
urban soils combine to create environments where heat accumulates and persists long after temperatures
begin to drop. The urban heat island effect amplifies this dramatically, pushing city temperatures several
degrees above surrounding rural areas and transforming entire neighbourhoods — particularly dense, low-
income areas with little green or blue infrastructure — into thermal traps where residents have nowhere
cool to go.

Spatial planning, building standards, street design, urban greening and the provision of accessible cool public
spaces are front-line policy instruments in the fight to protect human health and wellbeing from extreme
heat.

The urban-forest interface (often called WUI, or Wildland-Urban Interface) is a hazardous zone where human
development meets undeveloped wilderness. Because these areas blend natural vegetation with human-
made structures, not only does wildfire risk increase, but so does its impact on the built environment.

The European property and insurance markets are also facing substantial risks from climate change.
Intensifying climate impacts can further increase insurance premia, widen the existing protection gap,
amplify economic losses, and exacerbate vulnerability among low-income households and other
disadvantaged groups.
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Buildings and built environments are vulnerable to flooding, landslides, extreme heat (especially in poorly
adapted buildings), and wildfires, and building regulations, local and regional plans must be urgently updated
to incorporate future climate scenarios.

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

Climate Change Risk and Vulnerability Assessment of buildings and the built environment
Planning towards climate adaptation and resilience of buildings and the built environment
Catalogue of adaptation measures

Help people to understand and respond to climate change

Real-time detection and early warning systems
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These R&lI priority areas are detailed in the next sections.

3.1. Climate Change Risk and Vulnerability Assessment of buildings and the built
environment

Europe is experiencing increasing climate hazards such as heatwaves, flooding, droughts, wildfires, and sea-
level rise, all of which directly threaten buildings, infrastructure, and urban systems. Climate risks are not
determined only by hazards themselves, but by the interaction between hazards, exposure, and vulnerability.
Thus, Risk and Vulnerability Assessment (RVA) tools and methods are essential for understanding how
climate change affects buildings and the built environment. These tools and methods are used to provide a
structured way to identify, analyse, and prioritise climate-related threats.

RVAs methods and tools should help policy makers, decision makers and planners to move from general
climate projections to practical knowledge about which assets, systems, and communities are most at risk,
why they are vulnerable, and what adaptation actions are needed.

Research topics in this area include:

= Geospatial tools and standards (INSPIRE) to collect, process and show information about climate
threats, hazards, vulnerabilities, exposures, risks, impacts.

= Remote sensing in built ecosystems monitoring (Copernicus)

= Al to improve classification, modelling and simulation of how climate change influences the built
environment (i.e. durability), especially the extreme weather.

= UBEM tools integrated into climate adaptation planning workflows to assess the combined effect of
heat stress, increased cooling demand and renovation strategies at neighbourhood and district scale,
supporting the development of locally calibrated, evidence-based adaptation action plans.

=  RVA approaches to support evidence-based adaptation planning

= RVAtools to better understand cascading and systemic risks, affecting built environments.

= Integrated ontologies and modelling frameworks, BIM, GIS (Geographic Information System), etc.

3.2. Planning towards climate adaptation and resilience of buildings and the built
environment

The severity of climate impacts is determined not only by the hazards themselves, but by how prepared
communities and their built environments are to absorb them. Buildings, neighbourhoods, urban
infrastructure and local economies are all on the front line, as well as the most vulnerable populations. With
36 major climate risks identified across Europe — including extreme heat, flooding and wildfires already
reaching critical levels in many regions — local and regional authorities face a fundamental responsibility to
understand their specific exposure and act accordingly.
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The assessment of local climate risks and vulnerabilities is therefore not a technical formality, but the
essential foundation upon which effective, targeted and socially just adaptation action plans must be built.

Translating that evidence into concrete policies and plans will require support, particularly for authorities
sometimes with limited resources or early in their adaptation journey. A growing European ecosystem of
instruments, methods and tools is still needed to help local and regional authorities in the preparation of
structured pathways from climate risk assessment to concrete action.

Some initiatives already exist (see some examples), the Regional Adaptation Support Tool (RAST), developed
by the European Commission and the European Environment Agency, guides authorities through the full
adaptation planning cycle. The EU Mission on Adaptation to Climate Change mobilises funding, knowledge
networks and peer learning across European regions and cities. Also, the Covenant of Mayors provides a
voluntary framework through which thousands of local governments have committed to developing
Sustainable Energy and Climate Action Plans (SECAPs) as integrated planning instruments.

Despite these significant efforts and valuable frameworks already in place, there remains a need to better
understand and identify the scale of local climate risks as well as a substantial capacity gap among local and
regional authorities to design and implement effective adaptation measures. Many municipalities and
regions — particularly those with limited technical resources, smaller administrations or lower levels of
institutional experience — still lack the practical tools, granular data and sector-specific guidance needed to
translate broad risk assessments into concrete, well-targeted action plans.

Research topics in this area include:

= Continued research into developing accessible, context-sensitive instruments that support
policymakers in identifying, prioritising and deploying adaptation measures across all relevant
sectors — from buildings and urban infrastructure to public health, ecosystems and local economies.

= Modelling tools to evaluate the impact of adaptation action at specific locations, in reducing risks,
vulnerabilities or exposures

= (Citizen engagement and participation in decision-making processes.

Further recommendations on people-centred approaches, social inclusion and citizen engagement can be
found in the B4L Position Paper.

3.3. Catalogue of adaptation measures

For authorities, knowing that climate risks exist is only the first step. The real challenge lies in identifying
what to do about them in a way that is appropriate, affordable and effective given the specific characteristics
of a particular territory and the social, regulatory and financial constraints.

A well-structured catalogue of climate adaptation measures would provide the bridge between risk diagnosis
and policy action, offering policymakers a curated, evidence-based menu of options organised by hazard
type, sector, scale of intervention, cost, implementation complexity and co-benefits.

Rather than starting from scratch, municipalities could navigate existing catalogues and best practices to
identify measures that have been already tested and proven effective in comparable contexts — whether
that means green roofs and urban tree canopies to combat heat stress, sustainable urban drainage systems
to manage pluvial flooding, or nature-based coastal buffers to reduce erosion and storm surge risk.

However, to better adapt and customize existing projects and measures, also to evaluate accurately the
impact of such implementation, better interfaces and advanced modelling and simulation tools able to
integrate data and information from multiple sources are required.
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Research topics in this area include:

= Advanced modelling and simulation tools able to integrate data and information from multiple
sources and domains.

= Advanced interfaces based on extended reality to represent natural and urban environments, and
the effect of climate change in a specific area.

For a broader perspective, please refer to the Built Environment Decarbonisation (BED) and M&S Position
Papers.

3.4. Help people to understand and respond to climate change

Climate change will affect, or is already affecting, humanity as a whole; however, it is mostly communicated,
through scientific reports, risk maps and statistical projections, which often fail to connect with the people
whose lives, homes and communities it most directly affects.

By transforming abstract data into lived, embodied experiences — walking through a flooded street, feeling
the suffocating heat of an unshaded urban square, or witnessing a hillside community threatened by wildfire
— these technologies build a deeper, more intuitive and more personal understanding of climate risk that no
report or map can replicate.

Making adaptation measures visible, desirable and trustworthy before the actual works starts may engage
and encourage people and authorities to invest in these actions. When people can see the need and
experience the solution in a transparent and scientifically grounded way, trust grows, and people become
more engaged in the effective climate action on which communities ultimately depend.

In this sense, new approaches to close the information, tools and decisions to people are needed.
Technologies like immersive and extended reality, including virtual reality (VR), augmented reality (AR) and
mixed reality (MR), offer a fundamentally different approach, one that places people closer to climate
experiences by allowing them to see, feel and navigate future climate scenarios in their own neighbourhoods,
streets and buildings. Especially if it is offered through web technology, which currently enables access to
almost everyone.

Research topics in this area include:

= Advanced Immersive Web (WebXR) technologies, digital twins, embodied Al and virtual worlds to
help citizens and policy makers to understand the differences between implementing adaptation
actions and inaction in local built environments.

3.5. Real-time detection and early warning systems

Real-time hazards detection and early warning systems are critical tools for reducing the impacts of climate
change as these systems allow governments, communities, infrastructure operators and, especially,
individuals to anticipate hazards before they become disasters. Rather than preventing climate change itself,
these systems reduce exposure, vulnerability, and damage by improving preparedness, response, and
resilience.

Europe is already experiencing more frequent and severe heatwaves, floods and wildfire hazards. Early
warning and monitoring systems are therefore becoming essential components of climate adaptation and
disaster risk reduction.

Real-time systems reduce impacts by enabling shutdown of vulnerable systems, protection of critical assets,
operational adjustments, and rapid emergency interventions.
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Research topics in this area include:

=  Provision of advance notice before extreme events occur. Real-time detection systems continuously
monitor environmental conditions using satellites, weather radars, sensors, remote sensing, loT
(Internet of Things) devices, hydrological gauges, and climate data platforms.

=  Real-time monitoring of flooding, landslides, wildfires and extreme temperatures.

= Structural monitoring systems can detect infrastructure failures during extreme weather.

= Real-time monitoring systems customized to warn populations about hazards and protect
vulnerable groups such as children and older adults.
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4. Objective 4: Data governance, data access and security

Data is the foundation of digitalization in the built environment and every other sector. In fact, data is crucial
for interaction with other sectors, giving rise to federated data spaces. Without data, most of the
technologies addressed in the other objectives would not be possible.

However, it is not enough to simply acquire or manage large amounts of data; data must be properly
governed to fully realise its potential. Data governance involves many activities, including legal and ethical
considerations. From a technical perspective, the following activities must be considered:

¢ Define and maintain a common business vocabulary

¢ Identify and catalogue available data, including its meaning and storage location
e Classify data to determine appropriate governance rules

¢ Define and maintain data access and security policies

¢ Define and maintain data privacy policies

e Detect and correct data quality issues

e Enforce compliance with governance and regulatory policies

* Manage master data governance

¢ Implement data lifecycle management

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

Interoperability and standardisation
Legal and economic value of data
Cybersecurity

Digital Logbook
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These R&lI priority areas are detailed in the next sections.

4.1. Interoperability and standardisation

Interoperability is a key aspect of data usage. Often, data is available but cannot be used because it is not
interoperable with existing digital systems. Interoperability must take into account not only syntactic or
grammatical aspects, but also format and, very importantly, semantic aspects.

To achieve interoperability across all levels, it is necessary to define standards that cover all these aspects
and are followed and respected by organisations in their governance.

The Data Governance Act (Regulation (EU) 2022/868) establishes the foundational legal framework for
trustworthy data sharing and reuse across sectors in Europe, and its provisions are directly relevant to the
built environment. The Act introduces rules for the reuse of public sector data, creates a framework for data
intermediaries (organisations that facilitate data sharing between holders and users on a neutral basis) and
supports the development of common European data spaces. For the construction and built environment

sector, these provisions have significant implications: data intermediaries operating within construction data
ecosystems must comply with neutrality, transparency and non-discrimination requirements, while data
altruism organisations enabling voluntary data sharing for public interest purposes (such as urban planning,
climate adaptation or building stock research) must register under the Act's oversight framework.

The Data Governance Act and the Common European Data Spaces work in direct complementarity with the
technical interoperability standards addressed in this section. Achieving semantic interoperability through
shared ontologies and DCAT-AP extensions for the built environment is a necessary condition for
operationalising the data sharing mechanisms introduced by the Act. Without sector-specific semantic
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standards and interoperable data catalogues, the legal framework established by the Data Governance Act
cannot be effectively implemented in practice across the fragmented construction ecosystem.

Research topics in this area include:

= Built environment ontology: Semantic interoperability is necessary to ensure that all organisations
understand the meaning of each piece of data. Ontologies are defined for this purpose. The built
environment is a domain that encompasses a vast number and variety of concepts because, in
addition to all concepts related to infrastructure and buildings, it is necessary to account for all
concepts pertaining to the processes involved in the various stages of their lifecycle. There are many
ontologies that cover different concepts (Brick, ifcOWL, SAREF, BOT, CityGML, ...), but none that
covers them all.

= Data Catalogue: A data catalogue allows you to describe the metadata of the data. In other words,
in addition to the meaning of the data described in the ontology, it can describe aspects such as type,
format, location, quality, etc., which are important for data management. The recognised standard
for defining data catalogue is DCAT (Data Catalogue Vocabulary). This standard supports the creation
of sector-specific catalogues through the DCAT-AP (Data Catalogue Vocabulary — Application Profile)
specification. Defining a DCAT extension for the built environment is crucial.

= Governance models for neutral data intermediaries operating within construction and built
environment data ecosystems, including certification frameworks, accountability mechanisms and
operational standards aligned with the Data Governance Act requirements.

=  Methods for implementing data altruism schemes in the built environment, enabling voluntary
sharing of building performance data, occupancy data and environmental monitoring data for public
interest purposes, including urban planning, decarbonisation monitoring and climate adaptation.

= Technical architectures for construction data spaces that operationalise the Data Governance Act
provisions, ensuring sovereignty, neutrality and cross-border interoperability in line with the
Common European Data Spaces initiative.

4.2. Legal and economic value of data

The Data Act is a key EU regulation designed to promote fair access to, and use of, data across all sectors. It
establishes a comprehensive framework to empower users — both consumers and businesses — by giving
them greater control over the data they generate.

The Data Act introduces new measures to strengthen the data economy, including clear rules on data use
and sharing to increase legal certainty. The Data Act mitigates contractual imbalances by prohibiting unfair
terms that restrict data access, thereby ensuring fair competition and innovation.

It also enables public sector bodies to access private sector data for specific public interest purposes, such as
emergency response, in line with the European Commission’s Guidance on private sector data sharing, and
supports users in switching between cloud service providers, thereby fostering competition and
interoperability.

The Data Act and the Common European Data Spaces work together to create a powerful synergy: the Data
Act provides the legal basis for fair access to and sharing of data, while the data spaces provide the practical
infrastructure needed to implement these rules in real-world contexts.

Data Space Business Models generate value through collaborative ecosystems in which data providers,
consumers, infrastructure operators, and intermediaries co-create benefits. Unlike traditional models, value
arises not from data ownership but from the secure and sovereign exchange of data, enabling joint
innovation and operational efficiency. A key enabler of this is data sovereignty, which allows organisations
to retain control while enabling secure access. Value is created by aligning incentives across stakeholders to
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ensure mutual and sustained benefit. These models thrive on network effects — each new participant
increases value for all, as highlighted in the International Data Spaces Association (IDSA) position paper on
Data Spaces Business Models and in GAIA-X analyses on business models, types and examples.

(&)

Secure and
sovereign data
sharing for value
creation

O ©

FIGURE 4: The different roles in a data space. “Data Spaces Business Models”. Source: IDSA.

Research topics in this area include:

= Data Spaces: Evolution from the Common Data Environments towards data spaces for construction
industry data sharing, building on solutions such as Digital TER-X, a technology platform for the
construction and real estate sectors specifically designed to address sectoral data-sharing and
interoperability challenges.

=  GDPR: Implications of GDPR implementation for data governance in processes related to the Built
Environment.

4.3. Cybersecurity

Cybersecurity in the built environment is critical, as security breaches can impact the operation of physical
assets. In addition to the risks stemming from data sharing and privacy—which have already been addressed
in the section on the legal and economic value of data—the most significant cybersecurity risks arise from
the integration of 10T into all processes throughout the built environment’s lifecycle. Historically, the sector
had low loT penetration and cybersecurity was therefore not a primary concern; however, as adoption
increases, so do the associated risks.

Research topics in this area include:

= OT systems design: Traditionally isolated OT (Operational Technology) systems are now connected
to IT networks and the internet. In general, OT systems were not designed with security in mind, so
there is a vast attack surface.

= |oT insecure devices: Many low-cost devices are designed for easy installation but lack security. This
includes default credentials, outdated firmware, lack of encryption, etc.

= |dentity and Access Management (IAM): With the convergence of OT, IT, and loT, different types of
systems with varying access control and identity management mechanisms are being integrated. This
presents numerous integration challenges that are difficult to identify initially and resolve later.
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4.4. Digital Logbook

The Digital Building Logbook (DBL) aims to consolidate all relevant information about a building or
infrastructure throughout its lifecycle. Achieving this goal encompasses all other objectives, as it must
address interoperability, cybersecurity, and the economic and legal aspects of the data. In addition, it
involves managing all this data throughout the lifecycle, including defining data flows and addressing
obsolescence issues.

Research topics in this area include:

A) Lifecycle Information Management

e Automated data handover: Developing and testing methods for seamless transfer of asset
information from construction BIM models or other information (e.g. drawings, reports, etc.) to
operational Digital Building Logbooks without data loss or manual re-entry.

e Validation and certification for building information: Effective and efficient approaches to maintain
tamper-evident records of all changes, upgrades, and maintenance activities throughout a building's
life.

e Cybersecurity for Digital Building Logbooks: Developing and testing innovative methods to manage
the unique risks of DBLs, which contain sensitive information about physical infrastructure and
occupant behaviour patterns.

B) Value creation

e Economic value of Digital Building Logbooks: Quantifying the financial benefits of DBL adoption
across property value enhancement, operational cost reduction, insurance premium reductions, and
transaction efficiency; as well as creating business models to support market uptake.

e DBLs as enablers of construction decarbonisation: Innovative use of DBLs to maintain a verifiable
chain of custody that can facilitate repurposing, renovation, deconstruction, material reuse and
recycling at end-of-life rather than demolition, including embodied carbon data to support carbon
accounting and net-zero commitments.

’ " DIGITAL BUILT ENVIRONMENT 29/47
AN COMMITTEE



5. Objective 5: Digitalised construction & renovation processes

The construction sector is at a critical turning point, facing the challenge of balancing a growing demand for
infrastructure and housing with the urgent need to drastically reduce its environmental footprint. Despite its
systemic importance, the sector has historically shown stagnant productivity growth compared to the
manufacturing industry. Value chain fragmentation, low research and development (R&D) investment, and
a heavy reliance on manual on-site processes have hindered efficiency. However, the 2026-2034 horizon
presents an unprecedented opportunity: the convergence of mature technologies such as BIM with
disruptive innovations like Al, 10T, and advanced robotics.

The fundamental goal of Objective 5 is the digital industrialisation of the built environment. This does not
merely involve digitising isolated tools, but rather redesigning construction and renovation processes to
make them predictable, repeatable, and highly efficient. At the heart of this vision lies the "digital thread"
concept, which ensures that information generated during the design phase flows seamlessly to the
construction site and, ultimately, to asset management and future deconstruction.

Furthermore, digitalisation is an indispensable enabler for the circular economy. Without precise data
regarding materials, their properties, and their location (enabled by Digital Product Passports), it is impossible
to implement deep renovation or selective deconstruction processes at scale. Likewise, this objective
addresses the human dimension: digitalisation and automation must serve to improve occupational safety,
attract new young talent to the sector, and mitigate the shortage of skilled labour through the support of
intelligent and robotic systems. Ultimately, this objective seeks to consolidate a European construction
ecosystem that leads in technological sovereignty, sustainability, and operational efficiency.

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

1. Activities to push forward BIM adoption
BIM-driven performance management for buildings lifecycles

3. Robotics and automation: logistics and industrialised approaches (Differentiate robotics in
construction from those used in other sectors)

4. Smart deconstruction: inventory, mapping, tools, DPP and robotics

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

5.1. Activities to push forward BIM adoption

Current BIM deployment across Europe remains highly fragmented, often confined to the design phase while
the construction and execution stages continue to suffer from a significant data disconnect. To overcome
these barriers, this priority focuses on evolving from "first-generation" BIM—mainly centred on 3D
geometry—toward a more sophisticated management of semantic, dynamic, and linked data. This transition
is crucial to transform BIM from a static design repository into a living ALIM system. By leveraging Linked
Data and intelligent Common Data Environments (CDE), the sector can ensure that information is not merely
stored in silos but effectively utilised to support complex decision-making throughout the entire asset
lifecycle. This involves moving towards a paradigm where data is updated in real-time from the field, allowing
the "as-built" model to be a precise, high-fidelity reflection of the physical asset, which is fundamental for
long-term operational efficiency and predictive maintenance.

Research topics in this area include:

= Asset Lifecycle Information Management (ALIM): Methodologies to integrate and govern non-
geospatial data (costs, schedules, maintenance logs, and real-time sensor data) into dynamic digital
models that evolve with the asset.

’ " DIGITAL BUILT ENVIRONMENT 30/47
AN COMMITTEE



= Semantic Interoperability and Open Standards: Development of advanced ontologies and knowledge
graphs that allow diverse systems (BIM, GIS, ERP - Enterprise Resource Planning, and loT) to
exchange information autonomously using open standards (e.g., IFC - Industry Foundation Classes,
Linked Data), eliminating the risks of manual data entry and vendor lock-in.

= Field BIM and Real-Time Synchronisation: Development of robust edge-computing technologies and
wearable interfaces (AR/VR) that enable on-site workers to interact with the BIM model in real-time,
ensuring that construction progress and quality issues are instantly reflected in the Digital Twin.

5.2. BIM-driven performance management for buildings lifecycles

Construction projects frequently face delays, disputes, and budget overruns due to poor coordination and
misaligned incentives among stakeholders. Digitalisation offers a unique opportunity to transform these
contractual and operational relationships by moving from traditional task-based models to outcome-
oriented frameworks. This priority seeks to establish digital platforms as a "single source of truth" that aligns
the interests of architects, contractors, and owners from day one. By integrating performance monitoring
and sustainability metrics into the digital workflow, the sector can foster a more transparent and
collaborative ecosystem. This includes the use of data-driven insights to guide the procurement process,
ensuring that building assets are not just delivered at the lowest initial cost, but are optimised for long-term
energy performance, carbon footprint reduction, and overall lifecycle value.

Research topics in this area include:

= Al-based Decision Support Systems (DSS): Advanced generative design algorithms and Al models
that can simulate and analyse thousands of construction sequences and material combinations to
recommend the optimal path for minimizing embodied carbon and total cost of ownership.

= Smart Contracts and Data Governance: Implementation of Blockchain and distributed ledger
technologies (DLT) to create trust-based environments where work certification, multi-party
payments, and liability management are automated based on verified digital milestones.

= Value-Based Digital Procurement Models: Development of digital frameworks for public and private
administrations to evaluate tenders based on "Life Cycle Value" (LCV), using BIM-based evidence to
guarantee energy efficiency and circularity goals.

= Building Renovation Passport (BRP) Integration with digital workflows: Developing standardised data
schemas and digital tools to implement Building Renovation Passports (EPBD recast, Article 10) as
dynamic, machine-readable documents embedded within BIM and Common Data Environments
(CDE). This includes defining the data flows between the BRP and the Digital Building Logbook (DBL)
to ensure continuity of renovation planning information across the full lifecycle of the asset.

= Alignment between Building Renovation Passports and EU Taxonomy Requirements: Research into
interoperable data models that simultaneously satisfy the requirements of Building Renovation
Passports (EPBD recast, Article 10), Energy Performance Certificates (Articles 19-22), and EU
Taxonomy criteria for sustainable finance.

Further recommendations on built environment decarbonisation, energy performance and carbon reduction
can be found in the BED Position Paper.

5.3. Robotics and automation: logistics and industrialised approaches (Differentiate
robotics in construction from those used in other sectors)

Achieving true industrialisation in construction requires transferring the efficiency, precision, and
predictability of the factory floor to the construction site. However, unlike controlled manufacturing
environments, a construction site is an unstructured, hazardous, and constantly evolving workspace.
Therefore, research under this priority must focus on developing mobile, autonomous systems and
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collaborative robots (Cobots) specifically engineered for these complex settings. The objective is to
industrialise the assembly process through improved logistics and the automation of high-risk, repetitive
tasks. This shift will not only increase operational speed and precision but also address the sector's social
challenges by reducing the physical burden on the workforce, attracting a more diverse pool of talent, and
significantly improving health and safety standards through the removal of workers from dangerous
environments.

Research topics in this area include:

= Collaborative Robots and Human-Robot Interaction (HRI): Development of intuitive, easy-to-deploy
cobots and exoskeletons that assist workers in strenuous tasks (e.g., heavy lifting, overhead drilling,
or material finishing) without requiring complex programming.

= Automated Site Logistics and Fleet Management: Intelligent navigation systems for autonomous
ground vehicles (AGVs) and drones to manage the just-in-time delivery of components and monitor
site inventory through real-time vision-based Al.

= Large-Scale Additive Manufacturing and Off-site Industrialisation: Research into high-performance
3D printing (concrete, metal, polymers) for in-situ structural elements and the digital optimisation
of modular, off-site prefabrication processes to minimize waste.

5.4. Smart deconstruction: inventory, mapping, tools, DPP and robotics

With the vast majority of Europe’s 2050 building stock already in existence, the focus of the digital transition
must shift toward the efficient management, renovation, and eventual recovery of these existing assets. This
priority addresses the urgent need for "Urban Mining" technologies that can accurately scan, map, and
inventory materials in older buildings—many of which lack original digital documentation. By establishing a
robust digital record through Digital Product Passports (DPP), the sector can transform traditional,
destructive demolition into smart, selective deconstruction. This approach ensures that every brick, beam,
and glass pane is identified, certified for its residual performance, and kept within the economic loop. The
ultimate goal is to turn the built environment into a sustainable, digitally-documented reservoir of resources,
drastically reducing the extraction of raw materials and the generation of construction waste. Furthermore,
robots will be trained to perform deconstruction through detailed building information modelling and pre-
auditing.

Research topics in this area include:

= Automated Material Audits and Al-based Mapping: Deployment of computer vision, LiDAR (Light
Detection and Ranging), and hyperspectral sensors to automatically identify the chemical
composition and structural integrity of materials in existing buildings prior to renovation or
dismantling.

= Digital Product Passports (DPP) and Resource Management Platforms: Creation of a cross-border,
interoperable data infrastructure that tracks the "pedigree" of construction products, documenting
their origin, maintenance history, and potential for second-life applications.

= Digital Deconstruction Engineering and Simulation: Advanced simulation tools to plan and validate
the safe and efficient disassembly of complex structures, maximizing the salvage of high-value
components for direct reuse over downcycling.

= Robotics to handling the deconstruction: Advanced robotics to perform deconstruction and
disassembly with fewer mistakes and greater efficiency.

For a broader perspective on circularity, material reuse and resource efficiency, please refer to the M&S
Position Paper.
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6. Objective 6: Smart operation, maintenance and upgrading of
buildings and infrastructures

The smart operation, maintenance and upgrading of buildings and infrastructures is a fundamental pillar of
Europe’s transition towards a resilient, low-carbon and digitally enabled built environment. As buildings and
infrastructures become increasingly complex, interconnected, and long-lived, their effective management
requires new approaches that leverage data, intelligence and automation across their entire lifecycle. Digital
technologies, ranging from advanced sensing and real-time monitoring to Al-driven decision support, digital
twins, and predictive maintenance, offer powerful opportunities to improve performance, safety,
sustainability, and user value while optimising costs and extending asset longevity.

Smart operation, maintenance and upgrading enables continuous, data-centric asset management; seamless
integration between physical and digital systems; and more proactive strategies for upgrading and renovating
existing building stock and infrastructure. These capabilities are essential for addressing Europe’s major
challenges, including climate adaptation and mitigation, resource efficiency, circularity, improved quality of
life, and the need to modernise ageing assets at scale.

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

1. Interoperability and data governance for specific needs (long-term)
Maintenance, upgrading and operation based on DT & Al, including layered upgrading (structure,
components, etc.) and geographical differences

3. Regulation: SRl and other schemes

4. Engagement with users

5. Health, comfort, indoor air-quality, and safety

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

6.1. Interoperability and data governance for specific needs (long-term)

Smart operation and maintenance of buildings and infrastructures rely on the integration of diverse data
streams, ranging from the BMS (Building Management Systems) sensor outputs and geospatial datasets to
BIM models, maintenance histories, safety assessments, and energy performance metrics. However, these
data are typically locked in proprietary formats or isolated systems that do not interoperate. This
fragmentation severely constrains predictive maintenance, lifecycle optimisation, and digital twin-enabled
asset management. To address this, interoperability and data governance must be treated as foundational
requirements.

Although significant progress has been made through open standards such as IFC (ISO 16739-1:2024),
CityGML, and interoperable loT protocols, as well as through the adoption of common data environments
that facilitate information exchange, important gaps remain: systems continue to face challenges in seamless
communication; data quality, continuity, and traceability remain inconsistent; and governance frameworks
for security, ownership, and ethical use are underdeveloped.

Research topics in this area include:

= Novel methodologies to ensure seamless preservation of operational and historical data as systems are
phased out and replaced by heterogeneous smart technologies during renovations.

= Adaptive middleware to maintain interoperability in environments where legacy devices and next-
generation loT systems coexist.

= New semantic mapping and ontology generation techniques to automatically translate data from
different building and infrastructure systems and devices.
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= Llifelong data integrity models for multi-decade asset updates, technology shifts, and stakeholder
changes.

= Standardised lifecycle data management models covering data collection, validation, versioning, and
long-term preservation.

=  Federated multi-stakeholder governance for real-time operation and management data ecosystems.

= Data fusion techniques for real-time digital twin evolution during upgrades.

6.2. Maintenance, upgrading and operation based on DT & Al, including layered
upgrading (structure, components, etc.) and geographical differences

While digital twins provide dynamic, real-time virtual replicas of physical assets that integrate sensor data,
operational records, and engineering models, offering a unified environment for monitoring performance,
diagnosing issues, and evaluating upgrade scenarios, Al enhances these capabilities by analysing large,
heterogeneous datasets to detect anomalies, predict failures, optimise energy use, and support decision-
making across the asset lifecycle. Combining DT and Al enables continuous and comprehensive building and
infrastructure assessment, streamlined maintenance planning, and scenario-based evaluation of renovation
or repurposing options. Although significant progress has been made in the use of DT and Al, such as real-
time data integration, important gaps remain, such as limited scalability and inconsistent data quality.

Research topics in this area include:

= The combination of digital twins and Al agents that enable simulations to optimise, prioritise, and
schedule maintenance activities and, above all, long-term upgrades.

= Model Predictive Control (MPC)and predictive control: Development of predictive control strategies
leveraging real-time and forecasted data to optimise building and infrastructure operation, energy
performance and occupant comfort, while adapting to changing operational, environmental and grid
conditions.

= |Interoperable and scalable DT and Al architectures that enable real-time data integration, multi-
stakeholder use, and support for operation, maintenance, and upgrading.

= Geographical-adaptive Al models for infrastructure operation and upgrading: Developing transfer-
learning technologies that allow the maintenance algorithms trained in Northern Europe (cold climates)
to be effectively adapted for Southern EU without full retraining.

= Edge Al for efficient component diagnostics: Deploying lightweight Al models on edge devices to enable
real-time fault detection and early warning in remote or geographically dispersed assets (e.g., bridges,
wind turbines) where cloud connectivity is unreliable.

= Integrating DT and Al systems with robotics to perform routine checks and minor repairs with minimal
human intervention, increasing efficiency and enhancing safety by reducing workers’ exposure to
hazardous environments.

= DTand Al systems that are resilient to missing or degraded data streams, and that autonomously update
their structure, data models, and parameters as buildings or infrastructures undergo wear, upgrades, or
functional changes.

=  Multi-Asset Federated Digital Twins ecosystems that coordinate operation, maintenance, and upgrades
across multiple interconnected assets.

=  Human-in-the-loop DTs combining Al recommendations, DT estimations, and human expertise to
support operation and upgrading decisions.

= Integrating loT and robot for regular and extra monitoring, reporting and updating of status of built
environment.

Further recommendations on the application of digital technologies to infrastructure operation, maintenance
and upgrading can be found in the I1&M Position Paper.
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6.3. Regulation: SRI and other schemes

Regulatory frameworks such as the EU’s Smart Readiness Indicator (SRI) are increasingly shaping how
buildings and infrastructure are operated, maintained, and upgraded. Complementary schemes within the
EPBD, such as mandatory energy performance certificates, on-site energy audits (supported by CEN CENELEC
standards), and national SRI audit procedures provide additional regulatory tools to guide operational
improvements and ensure verifiable assessments of smart-ready services. These frameworks promote the
integration of digital technologies, automation, and data-driven approaches into maintenance, upgrading,
and operation practices, while addressing long-standing challenges in energy performance, interoperability,
and lifecycle-based asset optimisation.

Research topics in this area include:

= |Incorporation of SRI into compliance with both building and renovation regulations, including the
standardisation, simplification, and automation of its calculation.

= Approaches to move from static SRI audits to continuous or periodic, data-driven assessments
connected to building automation and loT systems.

= |Integrating SRl with Building Renovation Passports and investigating how SRl scoring can guide
renovation trajectories and maintenance obligations.

= Creating methods to evaluate a building’s interoperability readiness as part of the SRI or complementary
scheme.

6.4. Engagement with users

User engagement is essential for effective operation, maintenance, and upgrading of buildings and
infrastructure. Recent advances, particularly through occupant-centric controls and regulatory schemes,
have strengthened the role of users in day-to-day system optimisation. These developments have improved
transparency and enabled more responsive, comfortable environments. However, engagement remains
limited. Current tools are often fragmented, reliant on proprietary platforms, and insufficiently integrated
into long-term maintenance or renovation processes. As a result, despite clear progress, user participation
in the lifecycle management of built assets is still underdeveloped, with behavioural insights and user-
generated data largely untapped.

Research topics in this area include:

= Chatbots to support day-to-day operational and energy management across buildings and infrastructure
types.

= |nteractive platforms that allow occupants, facility managers, and community stakeholders to co-
evaluate upgrade options within digital simulations.

= Hybrid control architectures that integrate automated optimisation with user input loops.

= Al models that integrate occupant feedback, usage patterns, and comfort data into maintenance
diagnostics and prioritisation.

= Developing engagement processes that are inclusive, accessible, and fair across demographic groups.

= Novel approaches for capturing occupant feedback and behavioural signals while ensuring compliance
with privacy, data minimisation, and ethical requirements.

=  Promoting user and operator adoption of emerging smart technologies for operation, maintenance, and
upgrading.

Further recommendations on people-centred approaches, user engagement and social inclusion can be found
in the B4L Position Paper.
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6.5. Health, comfort, indoor air-quality, and safety

Health, comfort, indoor air-quality (IAQ), and safety are essential pillars in the operation, maintenance, and
upgrading of buildings and infrastructure, as they directly shape occupant well-being and long-term asset
performance. Safety considerations, including structural reliability and fire protection, require continuous
operational oversight and timely maintenance. Although digital technologies such as real-time sensing and
smart controls increasingly support early detection of air quality issues or comfort deviations, significant gaps
remain in integrating these data streams into maintenance workflows and renovation planning, limiting the
ability to proactively align upgrades with health, comfort, and safety objectives.

Research topics in this area include:

= Sensor integration into the design of the built environment to support the optimisation of comfort
conditions.

= Pathogen risk mitigation in built environments: modelling aerosol dispersion and optimising ventilation
strategies to reduce the risk of airborne disease transmission (e.g., COVID-19, influenza) in public spaces
like schools or hospitals.

= Continuous commissioning that fuses occupant health/comfort feedback with operational data to
dynamically adjust Heating, Ventilation and Air Conditioning (HVAC) controls and maintenance
schedules.

= New strategies for maintaining safe IAQ and acceptable comfort levels during extreme events
(heatwaves, wildfires, power outages).

= Al decision-support systems that fuse structural health monitoring, fire safety data, and environmental
conditions with O&M schedules to prioritise actions based on risk to occupants.

= New models capturing the combined effects of multiple pollutants (PM2.5, VOCs, CO,, humidity) and
their dynamic interactions with building materials and systems to inform smarter ventilation and
filtration strategies.

= Novel control algorithms that adjust ventilation, temperature, and airflow at microzones.

Please refer to the B4L Position Paper for a broader perspective on people-centred approaches, user
engagement and social inclusion.
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7. Objective 7: Support people-centric approaches

Digitalisation has the potential to fundamentally transform the real estate and construction sector by
improving productivity, sustainability, safety, resilience, and long-term asset performance. Digital tools such
as BIM, Digital Twins, Al-supported design and planning, automation, robotics, loT-based monitoring, and
data-driven operation enable better decision-making across the full lifecycle of buildings and infrastructure.
When applied effectively, these technologies can reduce construction and operating costs, shorten project
timelines, enhance energy performance, support circularity, and improve health, comfort, and safety
outcomes.

Digitalisation can, for example, unlock sustainability, efficiency, and quality-of-life improvements in the built
environment, but only when smart solutions are understood and adopted by end users. Many solutions
remain technology-driven and neglect occupants’ behaviours, expectations, and ICT-related concerns. At the
same time, new digital technologies and applications require skills that are currently scarce across blue- and
white-collar roles; renewing curricula and ensuring continuous upskilling are prerequisites for their uptake.

However, despite these clear benefits, digitalisation in the construction and real estate sector remains
uneven and slower than in many other industries. A key reason is that digital solutions are too often
developed and deployed using a technology-driven approach, with insufficient attention to the people who
must design, use, operate, maintain, and accept them. Without a strong people-centric foundation,
digitalisation risks remaining fragmented, under-utilised, or actively resisted. Supporting people-centric
approaches means placing users, workers, operators, and communities at the centre of digital
transformation. From an industry perspective, this is not a “soft” or secondary concern, but a prerequisite
for successful implementation at scale.

First, user acceptance and trust are critical. Smart buildings, Al-supported functionalities and data-driven
services require occupants, owners, and operators to trust that technologies improve comfort, health,
affordability, and safety, rather than adding complexity or surveillance. If users do not understand or accept
smart systems, their benefits, such as energy flexibility or adaptive comfort, remain unrealised.

Second, people-centric design improves safety, productivity, and workforce attractiveness. Automation,
robotics, and Al are increasingly present on construction sites and in building operation, but their benefits
depend on human-centred design that supports safe human-machine collaboration, reduces physical and
cognitive workload, and accommodates diverse user needs. Inclusive digitalisation helps ensure that
technologies are accessible and usable across different ages, abilities, and roles, while supporting healthier
working environments and more attractive careers in construction and building services.

Third, skills and competencies are a decisive bottleneck for sectorial digitalisation. Without targeted
upskilling, re-training and new professional profiles, even mature technologies cannot be effectively
deployed. People-centric digitalisation explicitly links technology development with education, training,
immersive learning environments, and continuous skills development across the value chain from design and
construction to operation and asset management.

Finally, people-centric approaches are essential for long-term value creation and competitiveness.
Digitalisation that improves usability, safety, inclusion, and trust can lead to better-performing assets, higher
occupant satisfaction, and a stronger societal licence to operate, which are key factors for investors,
developers, and public authorities alike.

Objective 7 puts people in the centre, including professionals working in construction-related roles, as well
as users and occupants of buildings and, more broadly, the built environment. Special attention is given to
users whose ability to safely, effectively, or equitably interact with buildings, infrastructure, construction
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processes, or digital systems may be limited by personal characteristics, situational factors, or environmental
and technological design choices.

The upcoming R&I activities will focus on the following four priority areas, which are described in the next
sections:

Co-creation with digital solutions and data

Inclusive design and implementation powered by digital solutions and data
Ongoing enhancement of workforce skills

Fair and just digitalisation

PwbNPR

7.1. Co-creation with digital solutions and data

This priority area focuses on strengthening co-creation across the full lifecycle of the built environment by
leveraging digital solutions and data to systematically involve users, workers, and stakeholders in design,
delivery, and operation. Digital tools such as BIM, Digital Twins, data analytics platforms, and Al-enabled
systems enable early and continuous integration of end-users into the design loop, supporting participatory
design approaches and integrated design and delivery solutions that align technical, functional, and user
requirements from the outset.

Beyond buildings, digital co-design approaches support the development of healthy, active, and inclusive
public spaces and infrastructure, enabling scenario-based planning and testing with diverse user groups. At
the same time, data analytics, digital platforms, and Al offer significant potential to improve procurement
and tendering processes across the lifecycle, increasing transparency, efficiency, and quality while enabling
earlier stakeholder involvement. Co-creation is equally critical in improving occupational safety and health in
construction, where digital tools, data-driven insights, and user-friendly interfaces can be co-designed and
tested with workers to ensure safe, usable, and trusted deployment.

Innovative digital procurement and contracting models, such as automated evaluation, micro-payments,
smart contracts, and blockchain-based platforms, can further support collaborative working, fair risk-sharing,
and performance-based delivery, creating the institutional conditions for user-centred, data-driven, and
co-created built environment solutions. All this requires trust between the parties, which legislation can
support but cannot create on its own.

Research topics in this area include:

= Developing and validating digital solutions for co-creation throughout the lifecycle, enabled by BIM,
Digital Twins and participatory platforms, covering design, delivery, and operation.
= Co-designing, testing and deploying friendly interfaces, interaction models, and customised
information systems to improve user experience and foster the use of user-centred tools.
= Co-designing and testing scenarios for healthy and active lives in public spaces and infrastructure.
= Co-designing and testing innovative solutions to promote occupational safety and health among
construction workers .
= Living lab frameworks and citizen science methodologies integrated with digital monitoring systems,
treating citizens as active contributors to data collection, analysis and decision-making.
= Promoting the use of data analytics and digital platforms to facilitate tendering, construction
processes, and whole-life-cycle management:
o Developing new approaches to improve the performance of public procurement processes,
for instance by using Al for evaluation and increasing efficiency, quality, and speed.
o Demonstrating how digital innovation can support procurement and contracts.
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7.2. Inclusive design and implementation powered by digital solutions and data

Digital technologies enable new forms of interaction between users and the built environment, supporting
an improved quality of life and more effective operation of buildings and infrastructure. To maximise these
effects, an iterative, human-centred approach must be employed to understand the global challenges faced
by society and the new end-users’ behaviours (e.g. how people live, work, and play) and to better engage
with them and provide services meeting their expectations. Such an approach will help foster deployment
and facilitate the market uptake of digital tools in the building sector.

Research topics in this area include:

= Defining, combining, and applying new methods and tools to design and deliver smart building
systems, ensuring the alignment between occupant-user needs and industry's perception of
occupant-user needs.

= Promoting open and interoperable solutions to enable people to live independently in their own
environment and remain physically and mentally active as they age.

=  Building the next level of perception, visualisation, and interaction between smart buildings and
occupants to enable users to take full advantage of the benefits that technology can offer, regardless
of their age, gender, abilities, or other characteristics.

= Integrating solutions within building systems to collect human feedback on comfort perception
throughout the occupation phases in a non-disruptive manner.

= Developing and upgrading tools and processes to collect data on occupants’ well-being: from non-
intrusive sensors to smartphones and wearables, and an upgraded post-occupancy evaluation
framework.

= Tackling human and data biases (e.g. related to gender, age, disability, or socio-economic context) in
Al technologies applied to smart buildings.

= Deploying innovative systems to reduce power asymmetries in data management and strengthen
citizen empowerment.

For a broader perspective, see also the B4L Position Paper.

7.3. Ongoing enhancement of workforce skills

A lack of digital qualifications among the workforce impedes the uptake of digital technologies in the sector:
there is a strong need to renew the entire educational and professional pathway within the building sector,
also to tackle the shortage of blue-collar workers in construction while attracting scientific and technical
profiles. Solutions include making these professions safer and more attractive to young people and women,
which potentially could reduce youth unemployment and inequality at the same time.

Digital capabilities must be strengthened, and curricula and training techniques must be renewed, including
state-of-the-art ICT tools (e.g. visualisation, modelling). Life-cycle thinking and asset management must be
integrated into curricula through a cross-disciplinary approach. Beyond capacity building, all processes within
the industry must initiate their transition towards more participative processes to retain workers and
increase their commitment to quality and performance targets. Certification and accreditation schemes
across the EU also need to recognise digital design leadership and encourage wide-ranging training for the
design and construction workforce, to ensure that even the smallest design consultancies integrate such
roles.

Research topics in this area include:

= Updating or reinforcing existing training schemes and platforms to take account of technical
developments and innovations in the construction sector, including digitalisation.
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= Developing new curricula with specific skills to tackle cybersecurity and data privacy challenges.
= Upgrading academic curricula in content (performance-based approach, new technologies for
energy, health, resilience, LCA approach, asset management, BIM, smart construction, smart built
environment, integrated approach to problem-solving).
= Upgrading academic curricula in format, by integrating ICT tools (e.g. virtual reality to simulate
situations and work on problem-solving).
= Developing digital tools for self-learning and continuous professional development. For instance:
o Developing virtual training environment for emergency response relying on DT-based hazard
simulation and cascade effects.
o Digitalisation of construction processes through data and Al can generate and leverage
historical data to increase efficiency and inform decision-making on new construction sites.
o Developing immersive training using AR/VR tools to upskill blue-collar workers, support
workforce training, and improve safety.
= Developing Al-based generative design solutions to reduce design time and support the development
of projects based on industrialised systems.

7.4. Fair and just digitalisation

Fair and just digitalisation in the real estate and construction sector requires an integrated research and
innovation agenda that simultaneously addresses technology, governance, skills, and value creation. As data,
Al, automation, and smart building technologies become embedded across the built environment lifecycle,
it is essential to ensure transparent and bias-aware use of data, privacy-preserving and explainable Al, and
governance models that balance the interests of owners, users, workers, and service providers. Digital
solutions must be inclusive and accessible, support affordable and high-quality housing, and enhance safety,
skills development, and job attractiveness in construction and building services. Ethical deployment of
advanced technologies, combined with participatory approaches and fair procurement and business models,
is crucial to build trust, ensure equitable distribution of benefits, and enable digitalisation that strengthens
competitiveness, resilience, and social sustainability in the built environment.

Research topics in this area include:

= Defining fair governance models for buildings and building services, clarifying who benefits from
data, who controls it, and under what conditions (e.g. housing portfolios, districts, public buildings).

= Analysing the non-technical (legal and ethical) implications of integrating ICT technologies into smart
home environments.

= Developing ethics-by-design frameworks for digital buildings, construction sites, and infrastructure.

= Developing privacy-preserving data processing methods for indoor environments (e.g. edge Al,
anonymisation, federated learning).

= Defining boundaries between monitoring for safety, efficiency and intrusive surveillance.

= Developing impact assessment methods for socio-ethical effects of digital technologies.

= Developing human-centred and explainable Al for building management, construction planning, and
asset optimisation.

= Detecting and mitigating biases in Al systems related, for example, to comfort, energy use, safety,
accessibility, age, gender, disability, or socio-economic context.

Related priorities on affordable, inclusive and high-quality housing are addressed in the B4L Position Paper.
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8. Obijective 8: Integration to the urban environment, the energy
grid and broader built and natural territories

The built environment does not exist in isolation. Buildings and infrastructures are embedded within broader
urban, territorial and natural systems, and their performance increasingly depends on how well they
integrate with the city fabric, the energy grid, and the ecological and social contexts in which they operate.
As European cities face mounting pressures from climate change, population dynamics, energy transition and
the urgent need for urban regeneration, the digital transformation of the built environment must extend
beyond the individual asset to address district, city and territorial scales.

Objective 8 positions the Digital Built Environment as a systemic enabler of sustainable urban development.
It recognises that the convergence of digital technologies, including city-scale digital twins, Building
Information Modelling, Geographic Information Systems, Internet of Things platforms and Al-driven
analytics, creates unprecedented opportunities to model, simulate, monitor and optimise the interactions
between buildings, urban infrastructure, energy networks and even natural environments. These capabilities
are essential not only for operational efficiency but also for long-term planning, climate adaptation and the
co-creation of more inclusive and liveable territories.

At the same time, this objective acknowledges that unlocking these opportunities requires addressing
significant challenges: the interoperability of data and systems across scales and disciplines, the governance
of shared digital infrastructure and access to their datasets, the active engagement of citizens and
communities, and the integration of energy flexibility at the level of local energy communities and smart
grids.

The five priority areas of this objective, covering city twins and BIM-GIS integration, local digital twins,
building interactions with the energy grid, local energy communities, and support to urban regeneration,
collectively define a research and innovation agenda that bridges the gap between individual assets and the
wider urban and natural territories in which they are embedded.

The upcoming R&I activities will focus on the following four priority areas, which are described in the next
sections:

City Twins and BIM-GIS Integration
Building Interactions with the Energy Grid
Local Energy Communities

Support to Urban Regeneration

Pwhpe

8.1. City Twins and BIM-GIS Integration

City-scale digital twins represent a transformative opportunity for urban planning, governance and
infrastructure management. They build on a well-established foundation of geospatial standards and
technologies. Open Geospatial Consortium (OGC) standards, including CityGML, OGC APl Features,
SensorThings API, and the Observations & Measurements model, have long provided the interoperability
backbone for urban data infrastructures. The INSPIRE Directive further mandates harmonised geospatial data
sharing across European Member States, providing a regulatory framework for cross-border spatial data
interoperability.

By combining the semantic richness of Building Information Modelling with the spatial and territorial
intelligence of Geographic Information Systems, city twins enable a continuous, data-driven representation
of the urban fabric across scales, from individual assets to entire metropolitan areas. However, the
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integration of BIM and GIS remains technically and semantically challenging, requiring advances in data
harmonisation, ontology alignment and multi-scale modelling.

The scalar continuum, from building-level digital twins through local and district twins to city-scale models,
requires coherent data architectures, shared ontologies and interoperability frameworks that allow
information to flow across levels without loss of semantic richness or spatial integrity.

Among others, at the European policy level, the EU Local Digital Twin (LDT) Toolbox, a flagship initiative of
the European Commission, provides cities and communities with a modular, standards-based and open-
source suite of tools to simulate, analyse and plan urban environments. Its components directly address built
environment challenges including neighbourhood energy demand forecasting, building environmental
footprint assessment, renovation strategies and citizen engagement, making it a reference infrastructure for
the research community. The LDT CitiVERSE EDIC, currently gathering fifteen Member States, further aims to
connect existing local digital twins across Europe into a federated, interoperable network forming the basis
of a shared European urban intelligence commons.

Research topics in this area include:

= Interoperable data models bridging BIM and GIS standards, including IFC, CityGML and IndoorGML,
across building, district and metropolitan scales.

=  Semantic enrichment of city models through automated data fusion from heterogeneous sources,
including cadastral data, sensor networks, remote sensing and building-level BIM models.

= Multi-scale digital twin architectures supporting simultaneous analysis at building, neighbourhood,
district and city levels, aligned with the EU LDT Toolbox standards and the CitiVERSE EDIC
interoperability framework.

= Methods for federated data sharing between building owners, municipalities and service providers
within local and city twin ecosystems, aligned with Common European Data Spaces and the European
Data Governance Act.

= |mplementing the buildings-as-sensors concept, whereby each building feeds contextualised energy,
occupancy, air quality and material data into a neighbourhood and city-scale urban digital twin.

=  Methods for continuous updating of city twins through real-time loT data streams, Al-driven change
detection and integration of building renovation monitoring data.

= Collaborative governance frameworks for shared city and local twin platforms involving public
authorities, utilities, developers, research institutions and citizens.

=  Decision-support tools for urban planning, permitting and regulatory compliance based on multi-
scale digital twin simulations, integrating Social Sciences and Humanities (SSH) approaches including
participatory design and citizen science methodologies.

= Urban Building Energy Modelling (UBEM) providing a critical bridge between individual building
performance simulation and city-scale energy planning. By aggregating georeferenced building stock
data with thermal, occupancy and energy system parameters, UBEM platforms enable municipalities
and national authorities to simulate renovation scenarios, quantify energy-saving potentials, and
prioritise intervention areas, directly supporting the preparation of National Building Renovation
Plans (NBRPs) as required under the EPBD recast.

=  Privacy-by-design and data sovereignty frameworks for local twin data collection, processing and
sharing in residential and mixed-use environments.

8.2. Building Interactions with the Energy Grid

Buildings are no longer passive consumers of energy. As the share of renewable energy sources grows and
grid flexibility becomes a critical operational requirement, buildings and infrastructure must evolve into
active nodes within the energy system, capable of storing, producing, adjusting and trading energy in
response to grid signals. This shift requires deep integration between building energy management systems,
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smart metering infrastructure and grid operators, underpinned by interoperable data exchanges,
standardised communication protocols and Al-driven control strategies.

The transition towards microgrid models and local energy communities with optimised energy management
further amplifies this need. Buildings and communities must be integrated as active parts of the energy
system to deliver flexibility, interoperability and resilience, in line with the evolving EU regulatory framework.
The challenge is to optimise the building energy system as a whole, encompassing minimised and balanced
energy use, on-site renewable energy sources and storage, and energy transactions covering all energy
forms, including electricity, heat, cooling and biofuels.

Local Digital Twin platforms play an enabling role in this context, providing the simulation, forecasting and
monitoring layer through which building-grid interactions can be modelled, optimised and evaluated at
neighbourhood scale. Neighbourhood energy demand forecasting, integrating occupant behaviour, weather
data and grid signals through Al models, is a critical capability connecting digital twin infrastructure with grid
management systems.

Building energy management systems must be integrated in a standardised, seamless and plug-and-play
manner with smart grids and district heating and cooling networks. Smart building applications enable
buildings to act as prosumers, actively participating in local energy markets and contributing to grid stability
and resilience.

Research topics in this area include:

=  Grid-responsive building control systems enabling demand-response, load-shifting and peak-shaving at
building and portfolio levels, compliant with EU smart readiness indicators and the EPBD framework.

= Digital interfaces and standardised protocols for real-time communication between building energy
management systems and grid operators, based on open and interoperable standards.

= Al-driven neighbourhood energy demand forecasting models combining occupant behaviour data,
weather forecasting, building stock characteristics and grid signals to optimise energy flexibility at
district scale, building on Local Digital Twin platform capabilities.

= |ntegration of on-site renewable generation, battery storage and electric vehicle charging within
building-grid interaction frameworks, supporting buildings as active prosumer nodes.

=  Multi-energy hub concepts connecting buildings with district heating and cooling networks, hydrogen-
based energy carriers carriers and smart grids, optimising cross-vector energy flows.

= Seamless and flexible integration of buildings into the energy grid enabling direct energy transactions
between prosumers, supported by blockchain and distributed ledger technologies for decentralised
energy trading and smart contracts.

= Standards and solutions for cybersecure plug-and-play integration of buildings with smart grids and
district heating and cooling infrastructure.

= Digital twin-based simulation tools for modelling and optimising building-grid interaction scenarios at
neighbourhood and district scale, interoperable with Local Digital Twin platforms and city-scale energy
models.

= Regulatory and contractual frameworks supporting buildings and communities as active flexibility
providers in energy markets, aligned with EU energy legislation and the Clean Energy for All Europeans
package.

Related R&I priorities are further explored in the BED and &M Position Papers.

8.3. Local Energy Communities

Local energy communities represent an increasingly important model for collective, citizen-driven energy
management at the neighbourhood or district scale. By enabling prosumers to share locally produced
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renewable energy, optimise collective consumption, and participate in energy markets, these communities
contribute to energy affordability, social cohesion and grid resilience. The Digital Built Environment plays a
central role in enabling the data infrastructure, governance tools and simulation capabilities that underpin
effective energy community management.

Research topics in this area include:

= Digital platforms for the real-time monitoring, optimisation and trading of shared energy resources
within local energy communities.

=  Simulation tools for the design and pre-assessment of energy community configurations, including
sizing of shared assets and financial modelling.

= Governance and decision-support frameworks enabling transparent and equitable participation of
diverse community members, including vulnerable households.

= |ntegration of local energy community management systems with city twin and grid interaction
platforms.

= Regulatory sandboxes and pilot frameworks for testing novel energy community models across
different European legislative contexts.

= |ndicators and monitoring methodologies for assessing the social, economic and environmental
performance of energy communities over time.

8.4. Support to Urban Regeneration

Urban regeneration is one of the most pressing challenges facing European cities and territories. Ageing
building stock, degraded public spaces, obsolete infrastructure and growing socioeconomic inequalities
demand coordinated, large-scale responses that go far beyond technical renovation. Meeting
decarbonisation targets, ensuring social inclusion, improving liveability and preserving cultural heritage all
require a new generation of integrated approaches, where digital tools and SSH approaches work in concert
rather than in isolation.

The Digital Built Environment has a central role to play in enabling data-driven, people-centred and scalable
urban regeneration strategies. Digital twins, life-cycle sustainability assessment frameworks, participatory
design platforms and Al-driven decision support tools can collectively support planners, municipalities,
developers and communities in designing, simulating, monitoring and evaluating regeneration interventions
across multiple scales, from individual buildings to neighbourhoods and districts.

Crucially, the effectiveness of digital tools in urban regeneration depends on their ability to engage citizens
as active participants rather than passive recipients. SSH approaches, including participatory design, living
labs, citizen science methodologies and co-creation processes, are essential to ensure that regeneration
strategies reflect the needs, behaviours and values of local communities. Digital platforms must be designed
to support these participatory processes, making complex data and scenarios accessible and meaningful to
non-expert stakeholders.

Research and innovation in this area must also address the replicability and scalability of successful local
regeneration models across diverse European urban contexts, accounting for differences in climate,
governance frameworks, social fabric and built environment typologies.

Research topics in this area include:

= Holistic digital assessment frameworks integrating building stock data, energy performance,
structural condition, environmental impact, social indicators and economic viability to prioritise and
design regeneration interventions at neighbourhood scale.

= Life cycle sustainability assessment methodologies extended to social and economic dimensions,
enabling a comprehensive evaluation of regeneration strategies beyond energy and carbon metrics.
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= Digital twin platforms for neighbourhood-scale monitoring, scenario simulation and evaluation of
regeneration interventions, combining loT data streams, remote sensing and building-level
information.

= Participatory digital tools supporting co-creation, co-design and co-evaluation of regeneration
strategies, enabling meaningful engagement of residents, local authorities, planners, and vulnerable
groups throughout the process.

= |ntegration of cultural heritage documentation and building pathology data into urban regeneration
planning workflows, leveraging digital twins and BIM to balance conservation and modernisation
objectives.

= Behavioural and social science approaches to understand and address barriers to change, including
occupant behaviours, community acceptance and equity concerns linked to the deployment of digital
regeneration tools.

= Replicability and scaling frameworks enabling successful local regeneration approaches to be
transferred and adapted across European cities and regions, supported by open data standards and
interoperable digital platforms.

= Governance and policy support tools assisting municipalities and urban planners in aligning
regeneration programmes with EU climate, social and urban policy objectives, including the EU
Mission on 100 Climate-Neutral and Smart Cities.

For a broader perspective on heritage-sensitive regeneration and the integration of cultural heritage into
urban transformation are addressed in the Heritage and Regeneration (H&R) Position Paper. In addition,
related R&lI priorities on life-cycle sustainability assessment and circular approaches are addressed in the M&S
Position Paper.
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9. Conclusion

The digital transformation of Europe’s built environment represents one of the most significant technological
and systemic transitions of the coming decades. Digitalisation is no longer limited to the adoption of
individual tools or technologies, but increasingly shapes how buildings, infrastructure and the wider
construction ecosystem are designed, delivered, operated, maintained and upgraded throughout their
lifecycle. Achieving Europe’s objectives for 2030 and 2050 will therefore require an integrated approach that
connects digital technologies, data, artificial intelligence, industrial processes, infrastructure, energy systems
and people. The eight high-level objectives presented in this Position Paper reflect this vision and provide a
framework for aligning research, innovation and deployment efforts with Europe’s digital, environmental,
industrial and societal ambitions.

At the same time, Europe’s challenge is increasingly one of implementation, integration and scaling rather
than technology development alone. Significant progress has already been made in areas such as Building
Information Modelling, digital twins, artificial intelligence, automation, data platforms, real-time monitoring
and digitalised construction processes. The priority for the coming years must therefore be to accelerate the
deployment, interoperability, replication and market uptake of these solutions across diverse European
contexts. This requires overcoming persistent barriers related to fragmented value chains, regulatory
complexity, data governance, interoperability, standardisation, cybersecurity, skills, financing and the
capacity of organisations, particularly SMEs, to adopt and implement new digital solutions. Future research
and innovation programmes should continue supporting technological advances while placing greater
emphasis on validation, large-scale demonstration and the enabling conditions required for widespread
adoption.

The digital transformation of the built environment must also be understood within a broader European
strategic context. Digitalisation, decarbonisation, resilience, competitiveness and technological sovereignty
are increasingly interconnected. Europe’s ability to manage and share data securely, develop trusted artificial
intelligence and digital technologies, and reduce dependencies on external digital infrastructures and
technologies will be critical to maintaining its industrial competitiveness and strategic autonomy. At the same
time, digital solutions should contribute to climate adaptation, resource efficiency, circularity and the
modernisation of buildings and infrastructure, while responding to the diverse needs of European territories
and communities. The digital built environment can therefore play a central role in strengthening Europe’s
resilience, innovation capacity and long-term competitiveness.

Across all eight objectives, four cross-cutting themes consistently emerge as fundamental enablers of this
transition. Digitalisation itself provides the technological foundation for connecting assets, processes,
organisations and territories throughout their lifecycle. Circularity requires reliable data and digital tools to
support resource efficiency, material traceability, reuse and more sustainable lifecycle decisions. Skills are
essential to ensure that workers, companies and public authorities can effectively adopt and implement
increasingly complex digital technologies and processes. Finally, people-centricity must remain at the heart
of digital transformation, ensuring that new technologies improve accessibility, inclusion, safety, health,
comfort and quality of life rather than creating new forms of exclusion. Together, these four dimensions
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 ambitious
European agenda for the digital built environment. The ECTP Digital Built Environment Committee calls on
the European Commission, Member States, industry and research stakeholders to strengthen cross-sectoral
collaboration, support interoperable and secure European digital ecosystems, accelerate the large-scale
deployment and replication of trusted digital solutions, and create the regulatory, financial and skills
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conditions necessary for their effective uptake. A coordinated and mission-oriented European approach will
be essential to ensure that digitalisation becomes a strategic enabler of a competitive, resilient, sustainable
and people-centred built environment. The decisions taken during the coming decade will be decisive in
determining whether Europe can fully harness digital transformation to strengthen its industrial leadership,
technological sovereignty and long-term prosperity.

This Position Paper is one of the six complementary Position Papers developed by the ECTP Committees,
covering the built environment, infrastructure and mobility, heritage and regeneration, materials and
sustainability, inclusiveness and accessibility, and digitalisation. Together, they provide a holistic perspective
on the challenges and opportunities shaping the future of Europe's built environment.
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