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I. Introduction 

1.1.  Overall context and challenges 

The built cultural heritage refers to the built assets inherited from past generations, which people and society 

identify with and value as an expression of their traditions and cultural identity, independently of its formal 

level of protection1.  

Finding the suitable ways to integrate such heritage into contemporary times and the evolving environment 

is a major challenge. 

Based on data from the EU Building Stock Observatory (BSO) 2  and aligned with the objectives of the 

European Commission’s Renovation Wave strategy 3 , historic buildings constitute a strategic industrial 

segment of the European construction market. While around 35 % of the EU building stock is over 50 years 

old, only an estimated 20–30 % of this share can be considered “historic” in the technical or legal sense, 

meaning that approximately 7–10 % of the total EU building stock qualifies as historic buildings in the strict 

sense. This corresponds to a large, permanent and non-relocatable renovation market embedded in 

European cities and territories. Far from being marginal assets, around 90 % of historic buildings are in active 

residential or tertiary use, making them a core component of the functional building stock and a priority 

target for renovation and upgrading activities. The conservation, rehabilitation and adaptive reuse of historic 

buildings are highly labour-intensive, SME-driven and knowledge-based processes, generating strong local 

value chains while avoiding the embodied carbon costs associated with demolition and new construction. In 

economic terms, a top-down estimation indicates that the annual turnover of the historic building 

conservation, restoration and rehabilitation market in the European Union is in the order of EUR 50–80 

billion, with a central estimate of around EUR 65 billion per year4, underlining its relevance within the EU 

construction and renovation economy. 

However, despite its scale and strategic importance, this market remains structurally constrained by 

fragmented regulatory frameworks, predominantly defined at national level, and by the lack of harmonised 

European standards, which hinder innovation uptake, industrial scalability and the cross-border replication 

of renovation solutions. Strengthening regulatory coherence, performance-based standards and dedicated 

European normalisation frameworks for historic buildings is therefore essential to unlock their full 

contribution to competitiveness, climate neutrality, skills development and industrial innovation within the 

European construction ecosystem. 

Historic buildings should therefore be recognised not as exemptions within EU construction policy, but as a 

distinct and innovation-intensive renovation market requiring dedicated regulatory and standardisation 

pathways. 

 

 

1 EN16883:2017 (currently under revision) 

2  European Commission – EU Building Stock Observatory (BSO) – Factsheets and Data: 

https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/eu-building-stock-

observatory_en 

3 European Commission (COM (2020) 662 final): A Renovation Wave for Europe – Greening our buildings, creating jobs, 

improving lives 

4  Business Research Insights (2025). Restoration of Historic Buildings Market Size, Share and Growth Analysis. 

Global market size estimated at USD 316 billion (2025), with Europe identified as the largest regional market. 

https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/eu-building-stock-observatory_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/eu-building-stock-observatory_en
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Cultural heritage is exposed to significant threats and challenges: 

▪ The lack of financing leads to insufficient maintenance, skills, and knowledge to preserve the assets, 

which makes it critical to develop efficient maintenance strategies and tools. 

▪ Restoration remains the primary consideration in ensuring heritage sustainability, leading to a 

limited understanding of innovation to support its legacy down to future generations. 

▪ The effect of climate change impacts more particularly the cultural heritage as it is more prone to 

deterioration and structural damage.  

▪ The built cultural heritage remains a primary target for human attacks, as symbol of our culture and 

way of life.  

▪ A holistic approach is lacking in strategic planning and regeneration strategies: historical assets are 

too often considered at the building unit scale only, and new usages are rarely envisaged. 

▪ Larger restrictions defined at local level to preserve historical or cultural value 

▪ Long intervention processes due to extra monitoring from conservation offices 

▪ Performance issues of traditional materials such as high moisture sensitivity 

▪ Reduced compatibility of traditional materials and techniques with modern solutions to reduce 

environmental impact  

▪ Rural heritage is particularly vulnerable to neglect and decay due to lack of formal protection and 

changes in demographics and lifestyles. 

 

But also, opportunities are at hand: 

▪ Digitalisation constitutes a major driver to improve the preservation, maintenance, retrofitting, 

access, and promotion of cultural heritage. 

▪ New materials and technologies can help improve the reliability and durability of assets, defending 

them from the threats posed by environment (including climate change) and humans and 

transmitting them to future generations. 

▪ Built cultural heritage has a significant potential to reduce its carbon footprint (through improving 

energy efficiency) and overall, in some cases reducing the need to construct new buildings and 

providing more compact cities. 

▪ Collaborative governance initiatives are developing and shall change the manner regeneration 

strategies are designed and implemented. 

▪ Cultural Heritage is often perceived as a collective property, therefore intervening on this asset 

constitutes an important opportunity for showcasing innovation to the entire society. 

▪ New business and financing models from other sectors show replicability for cultural heritage.  

▪ Cultural heritage is and will remain a strong tool of understanding between communities, towards 

peace and respect. 

▪ Vernacular architecture offers cost-effective ways to enhance comfort and efficiency in existing 

buildings that can be widely adopted. 

 

As stated by the EC European Framework for Action on Cultural Heritage5, the European built cultural 

heritage must therefore evolve towards more sustainability, resilience and inclusiveness, through 

innovation and collaboration. 

 

Since the publication of the original ECTP Heritage & Regeneration Position Paper in 2022, the European 

policy landscape has evolved significantly. The European Green Deal, the Clean Industrial Deal, the 

Renovation Wave Strategy, the recast Energy Performance of Buildings Directive (Directive (EU) 2024/1275), 

 

5 European Framework for Action on Cultural Heritage, Commission Staff Working Document, 2018 

https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://commission.europa.eu/topics/competitiveness/clean-industrial-deal_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/renovation-wave_en
https://energy.ec.europa.eu/topics/energy-efficiency/energy-performance-buildings/energy-performance-buildings-directive_en
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the new Construction Products Regulation, and the New European Bauhaus initiative have reshaped the 

approach to sustainable development and urban regeneration. Additionally, since 2022, regulatory and 

standardisation frameworks for the conservation, restoration and renovation of historic buildings in the EU 

have remained insufficient, as they continue to be fragmented across Member States, poorly aligned with 

the specific physical and cultural characteristics of historic buildings, and largely lacking binding European 

standards and integrated approaches to heritage conservation, climate resilience and energy efficiency.  

While cultural heritage is increasingly acknowledged as a strategic asset, its integration into regulatory and 

financial frameworks remains limited. 

 

The transition to a climate-neutral, inclusive, and resilient Europe demands a new paradigm in heritage 

management—one that values the role of heritage not only as a cultural legacy but as a key enabler of 

sustainability, social cohesion, and innovation. This updated Position Paper reflects the current policy 

context and recommends a strategic shift in research, innovation, and policy priorities to ensure that cultural 

heritage is fully embedded in the EU’s sustainability transition. 

1.2. Scope and Approach 

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

Committee on Heritage and Regeneration recommends by 2026 to address the evolving challenges in 

heritage and regeneration. It builds on the original 2022 document, incorporating insights from the 

Comparative Policy Gap Analysis 2026, stakeholder consultations, and the latest scientific and policy 

developments. 

The recommendations are structured around three high-level objectives, with a focus on resilience, digital 
transformation, and socio-economic value, and are aligned with Horizon Europe priorities. 

This Position Paper looks to:  

▪ Identify research needs to drive the social, environmental, and economic impact of the cultural 

heritage to the forefront of European research and innovation agendas. 

▪ Focus on future innovations and technologies to improve restoration, access, innovative reuse, and 

preservation of cultural heritage. 

▪ Raise awareness and communicate priorities to strategic stakeholders (public and private). 

▪ Promote science translation of research results, ensuring the smooth implementation of up-to-date, 

evidence-informed policies and practices. 

▪ Support research-funding proposals and partnerships. 

▪ Advocate and share knowledge within and beyond the ECTP. 

1.3. High-level objectives formalised by the Heritage and Regeneration committee 

Considering the outlined challenges, the H&R Committee has identified three high-level objectives that are 

critical to the cultural built heritage, namely: 

▪ Objective 1: Integrated Risk Protection, Sustainability and Resilience of Cultural Heritage 

▪ Objective 2: Digital built heritage for preservation and inclusiveness 

▪ Objective 3: Cultural built heritage as economic and social catalyser 

For each of these objectives, a set of priority areas are identified for the future research and innovation 

activities of the sector: they each correspond to specific challenges and are complemented by a list of focused 

R&I topics. The next diagram provides an overview of the priority areas identified for each objective. The 

next sections of this Position Paper detail these objectives, R&I priority areas and topics. 

 

https://single-market-economy.ec.europa.eu/sectors/construction/construction-products-regulation-cpr_en
https://new-european-bauhaus.europa.eu/about/about-initiative_en
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FIGURE 1: HIGH-level objectives formalised by the Heritage & Regeneration committee, and related priority 
areas for research and innovation. In yellow, highly ICT-related priorities. 
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II. Objective 1: Integrated Risk Protection, Sustainability and 
Resilience of Cultural Heritage 

Cultural heritage is particularly vulnerable to destruction and decay due to several factors: climate change 

leads to more severe and frequent extreme events (e.g., heavy rains, floods, earthquakes) but also evolving 

‘standard’ conditions (e.g. higher temperatures); threats related to human actions, whether deliberate or 

unintentional, remain as real as ever (e.g. fire); and the lack of competences can lead to failed restoration or 

maintenance. At the same time, cultural assets also have their part to play towards the EU target of carbon 

neutral Europe, i.e., reduce their carbon footprint on the energy and circularity aspects. 

 

The broad range of possibilities offered by new technologies, in particular ICT and materials, needs to be 

transferred and implemented to the cultural heritage context, with its specificities. 

Based on these considerations, three R&I priority areas are identified to reach the overall objective of a more 

sustainable and resilient cultural built heritage: 

▪ Resilience to climate change and man-made threats. 

▪ Raising the quality and efficiency of physical conservation, restoration, and maintenance processes. 

▪ Climate neutrality (net-zero-emissions target). 

These three R&I priority areas are detailed in the next sections. Note that the overall digitalisation process 

of the cultural built heritage is more specifically addressed in the high-level objective 2. 

Cultural heritage is particularly vulnerable to a wide range of risks that can be broadly categorised into safety 

and security challenges. On the one hand, safety relates to protection against unintentional threats, including 

climate change impacts (e.g. extreme weather events, temperature variations), natural hazards, material 

degradation processes, and unintended human actions such as fire or inadequate maintenance. On the other 

hand, security addresses protection against deliberate threats, including vandalism, theft, illicit trafficking, 

and targeted attacks, as cultural heritage often represents symbolic values and identities. 

 

Addressing these risks requires an integrated and holistic approach that combines prevention, monitoring, 

mitigation, and recovery strategies. At the same time, cultural heritage must contribute to broader European 

objectives, particularly the transition towards climate neutrality, through reducing its carbon footprint and 

enhancing circularity. 

 

The broad range of possibilities offered by new technologies (especially ICT, advanced materials, and data-

driven approaches) must therefore be effectively adapted and implemented within the specific context of 

cultural heritage, taking into account its physical, cultural, and regulatory constraints. 

2.1. Resilience to climate change and man-made threats 

Climate change poses increasing risks to cultural heritage, including extreme weather events, rising 

temperatures, and sea-level rise. It is also very exposed to human actions, either intentional or involuntary. 

The 2022 Position Paper emphasised preventive conservation, but the updated analysis calls for a more 

proactive approach integrating resilience into the core of heritage management. Moreover, the impact of 

climate change extends to the occupants, as historic structures were originally designed for different 

environmental conditions, resulting in discomfort, increased energy consumption, and potential health 

concerns. 

There is a need to better predict and assess the wider impacts of climate change on cultural built heritage, 

and to develop protection and adaptation strategies. Risk management strategies are required to strengthen 
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the potential of resistance and recovery of cultural assets: from anticipation and preparation to mitigation 

and recovery measures. ICT technologies and new materials can contribute to this objective, as well as 

upgraded workflows. 

Research topics in this area include: 

▪ Risk management strategies to protect vulnerable historic cities and sites against extreme 
hazards. 

▪ Improvement of structural resilience in case of extreme events (earthquakes, storms, fire, etc) 
or strong deterioration. 

▪ Novel solutions at territorial/city level to mitigate the effects of extreme hazards in cultural built 
heritage. 

▪ Promote adaptive strategies that combine traditional knowledge with modern engineering 
solutions 

▪ Integrate climate risk assessment into heritage site management plans 
▪ New tracking mechanisms to prevent vandalism and illicit trade of cultural assets. 
▪ Risk management platform relying on HBIM, IoT and data management tools. 
▪ Development of innovative materials, solutions and technologies able to protect heritage assets 

from deterioration and climate change.  
▪ Advocate for the inclusion of heritage in national and local climate adaptation strategies 
▪ Promotion of nature-based solutions for the increase of resilience and the protection of 

vernacular heritage. 

2.2. Preventive conservation, maintenance and restoration 

Maintaining, preserving, and retrofitting built cultural heritage remains a challenge, due to several factors:  

▪ The lack of knowledge on deterioration processes and evolution over time, and therefore on the relevant 

intervention strategies, maintenance plans and their potential impact, particularly in a context of climate 

change and higher frequency of extreme events. 

▪ The lack of skilled workforce, including craftspeople, that needs a high degree of specialisation to reach 

the targeted performances in retrofitting (comfort, energy efficiency, compliance with aesthetics 

criteria, non-degradation of the asset). 

▪ The unique situation of each site, that prevents from easily replicable solutions. 

▪ The shortage of supply for some specific materials, or lack of adequate solutions to retrofit in a 

sustainable manner. 

▪ The lack of understanding of the role of maintenance in the whole life cycle of historic buildings, both in 

financial and environmental terms. This also translates in a lack of policies that encourages and 

subsidises preventive maintenance. 

The real-time monitoring of parameters, and the resulting new possibilities to model the degradation 

processes and the impact of new solutions, is a potential game changer for restoration and maintenance – 

however turning this into practice is still ahead of us. Also, new, reused and bio-based materials will provide 

new paths for more sustainable retrofit. 

 

While preventive conservation remains essential, the analysis highlights a growing need to shift from reactive 

to proactive and systemic maintenance. This includes long-term planning, risk monitoring, and the use of 

digital tools for early detection of deterioration. 

Research topics in this area include: 

Onsite interventions 

▪ Learn from traditional techniques and materials towards the use of nature-based concepts. 
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▪ Develop solutions to reach energy efficiency through non-intrusive solutions, especially starting from 

the optimization of the historic building potentialities in mitigating outdoor conditions (passive 

behaviour of the building fabric). 

▪ Develop a particular tailored technical inspection for condition assessment and planning of interventions 

of the built heritage (including certification and standardization). 

▪ Improve relief and non-intrusive techniques for the characterization of the building fabric as well as its 

deterioration. 

▪ Elaborate low-disruption and retrofitting processes using alternative BIM solutions that consider costs, 

energy performance and disruption for users, as well as prefabrication. 

Materials 

▪ Develop innovative materials able to transmit a non-endangered heritage to future generations 

(compatible, reversible, re-processable, nature-based and nature-inspired materials, etc.), including the 

co-design of new solutions between researchers and conservators for a quicker uptake of these 

solutions.  

▪ Address the contradiction between ensuring the procurement of original or substituting materials and 

preserving nature.  

▪ Explore the potential of natural materials, like lime, adobe and biobased aggregates, and vernacular 

maintenance practices in preventive conservation and efficient use of structures. 

Modelling, monitoring and maintenance 

▪ Test traditional materials to include them in energy simulations and to simulate compatibilities with new 

materials that can last over time. 

▪ Develop new accurate deterioration models to predict service life of materials (also innovative materials) 

and structures under different conditions. 

▪ Use continuous monitoring and modelling/forecasting to understand deterioration as well to assess 

materials/technologies conservation and prevent critical potential situations or promptly solve critical 

conditions already occurred. 

▪ Scale up the implementation of continuous feedback with real time data and the use of machine learning 

and data science techniques in cultural heritage buildings, including museums. Maintenance needs 

continuous monitoring (not only thermal but also lighting as well as material moisture, salts, particulates, 

VOC, etc.) and non-destructive or minimally invasive testing to understand deterioration for preventive 

conservation.  

▪ Develop and demonstrate new maintenance solutions and approaches (monitoring, sensors, smart 

solutions, protocols, new professionalism), ensuring higher economic sustainability, better conservation 

of cultural heritage and stronger resilience. 

▪ Develop indicator-based and pathology-oriented risk assessment frameworks that structure 

heterogeneous monitoring data into normalised, interpretable risk indicators and prioritisation logic, 

including the integration of time thresholds for conservation practices. 

▪ Develop sustainable decision-making tools on interventions based on monitoring, modelling, 

forecasting, digital twins, and AI algorithm for diagnostics, considering the whole life cycle. 

▪ Adapt the Digital Twin platform to the cultural asset’s context, with different data layers dedicated to 

different stakeholders. 

2.3. Circularity and net-zero-emissions cultural built heritage 

Cultural heritage offers large potential to drive climate action and support a transition to a climate neutral 

Europe by 2050, mainly on two dimensions: improvements in energy efficiency and integration of renewable 

energy; and circularity of its supply chains. 
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Achieving zero emissions is a core EU goal. However, in the revised EPBD the focus shifted from sole energy 

efficiency only towards including also the embodied carbon of historic buildings. The original paper 

addressed energy performance, but the updated version must emphasize whole-life cycle carbon (WLCC) – 

aligning also with the revised EPBD-and the role of adaptive reuse in reducing emissions. 

Research topics in this area include: 

Energy 

▪ Develop energy efficiency solutions compatible with cultural heritage.  Energy efficiency solutions should 

target both the efficiency of the building-plant system and the efficiency of the building operation, e.g., 

through smart and AI management methods. 

▪ Design new energy planning strategies for the use of renewable energies (e.g., photovoltaic panels, 

geothermal systems, Fuel Cell technologies for the use of green hydrogen, etc) in historic buildings, 

centres, and cities. 

▪ Transform heritage buildings from energy consumers into prosumers 

▪ Investigate integrated RES solutions that improve compatibility with traditional materials, reduce 

efficiency losses, expand design options, lower production costs and enhance durability and 

maintenance 

▪ Field testing and case studies: conduct more real-world case studies and field testing in heritage building 

renovations to provide valuable insights into the actual performance and integration challenges of 

innovative technologies, helping refine them for future use in heritage contexts. 

▪ At strategic planning level (simulation), demonstrate the cost-efficiency of operation and maintenance 

processes while maintaining energy efficiency, wellbeing, and preservation. 

▪ Develop the interconnection of traditional/historic buildings with new buildings in terms of energy 

trading and district heating.  

▪ Foster closer collaboration between technology developers and heritage conservation experts to ensure 

an interdisciplinary approach that ensures innovative solutions align with both energy efficiency goals 

and conservation principles 

▪ Develop methodologies to include traditional/historic buildings in the Energy Performance Certificates, 

including broad default values. Education of occupants to specifics of historic buildings for energy 

efficiency and preservation, including using smart solutions and dashboards. 

▪ Boost customization options that can be tailored to the unique structural and aesthetic characteristics 

of historic buildings. 

Circularity 

▪ Promote use of local, green, and sustainable materials in built heritage restoration. 

▪ Develop the use of recycled materials for alternative or new conservation products. This should include 

materials resulting from demolitions (Management of end-of-life waste). 

▪ Develop carbon accounting frameworks tailored to heritage buildings 

▪ Encourage the development of heritage-based circular economy models. 

▪ Promote regenerative renovation that preserves material and cultural value  

▪ Advocate for the recognition of heritage-led conservation as a climate mitigation strategy. 

▪ Develop new low-carbon materials and components grounded in vernacular knowledge, local resources, 

and nature-based solutions. 

▪ Investigate bio-based insulation systems compatible with heritage buildings, boost their standardization, 

field trials and cost reduction 
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III. Objective 2: Digital built heritage for preservation and 
inclusiveness 

Digital technologies are transforming the management, preservation, and accessibility of cultural heritage. 

Building on the original 2022 Position Paper, this updated objective integrates emerging innovations—such 

as Artificial Intelligence (AI), automation, robotics, emerging sensing technologies (such as quantum-based 

sensors currently under development), and advanced data analytics—to enable smarter, more resilient, and 

inclusive heritage conservation. 

 

It is proposed to organise the required R&I activities along five priority areas: 

• Multidimensional digitisation: develop interoperable, multi-layered digital ecosystems integrating 

heterogeneous heritage data across scales and domains to enable integrated conservation and 

sustainable management.  

• Advanced diagnostics and non-invasive monitoring: enhance preventive conservation through AI-

enabled analytics and minimally invasive monitoring for early detection of deterioration and risks. 

• Automation and robotics for inspection and maintenance: apply robotic and automated systems to 

improve the safety, efficiency and precision of heritage inspection and maintenance processes. 

• Digital preservation and remote access: ensure long-term integrity, interoperability and accessibility 

of digital heritage assets through robust preservation frameworks and open platforms. 

• Digital interpretation and engagement: use immersive and interactive digital tools to increase 

accessibility, participation and inclusive engagement with cultural heritage. 

They are detailed in the next sections. 

3.1. Multidimensional digitisation 

Digital technologies are increasingly recognised as strategic enablers for the preservation, resilience, 

sustainability, and socio-economic valorisation of cultural heritage within Europe’s built environment. Within 

this framework, HBIM and Digital Twins should no longer be framed as emerging research domains, but as 

consolidated digital infrastructures already integrated into professional practice across the architecture, 

engineering, construction, and heritage sectors. AI-driven simulation, pre-diagnosis, and assessment 

platforms that combine architectural, materials, environmental, structural, usage, and security data are 

progressively becoming standard components of lifecycle-based asset management and performance-

oriented intervention strategies. Consequently, the primary research and innovation challenge is not the 

basic deployment of these technologies, but their systemic enhancement, advancing interoperability across 

platforms and standards, semantic harmonisation, integration within European data spaces, cybersecurity, 

long-term data stewardship, and alignment with open, scalable, and future-proof digital frameworks. 

Multidimensional digitisation operates across scales (from material-level diagnostics to building, district, 

territorial, and landscape systems) and across domains, integrating heterogeneous data types (geometric, 

material, environmental, structural, archival, socio-economic, behavioural), multiple interoperable formats 

(BIM objects, 3D models, sensor streams, historical documentation, technical reports, geospatial datasets, 

AI-generated data), and a wide spectrum of stakeholders (public authorities, industry, research 

organisations, financial actors, communities, and end-users). Such an approach demands cross-sectoral 

integration between construction technologies, advanced materials, digital infrastructures, environmental 

engineering, circular economy models, and governance innovation. 

 

Crucially, the structuring, sharing, use/reuse and control of heritage-related data become strategic assets in 

themselves, influencing not only technical optimisation but also circularity pathways, climate adaptation 
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strategies, new business and financing models, skills development, citizen engagement, and the 

competitiveness of Europe’s construction value chain. In this perspective, digital heritage is positioned as a 

systemic innovation domain that contributes to industrial transformation, resilience, and long-term socio-

economic impact, rather than as a niche or isolated technological application.  

Research topics in this area include: 

▪ Extend the use of Digital Twins for heritage monitoring operation and management towards 

sustainability, preventive conservation and inclusiveness 

▪ Advance high-performance data analytics and AI-based modelling frameworks to enable reliable, out-
of-laboratory degradation assessment, predictive maintenance, and lifecycle-oriented conservation 
strategies for the adaptive reuse of built heritage assets. 

▪ Develop interoperable Digital Twin frameworks tailored to heritage-compatible modular and off-site 
renovation systems, supporting sustainable refurbishment pathways, improved indoor environmental 
quality, occupant wellbeing, and long-term performance optimisation. 

▪ Design and implement open, federated, and interoperable heritage data ecosystems, aligned with 
European data space initiatives, ensuring secure access, semantic harmonisation, long-term 
preservation, and responsible data governance. 

▪ Enable systemic integration between Digital Twins and advanced energy performance and 
environmental simulation models, supporting climate-neutral renovation strategies, carbon footprint 
optimisation, and resilience planning for heritage buildings. 

▪ Develop and integrate smart, adaptive, and non-invasive technological solutions that enhance 
conservation while fully respecting heritage assets. 

▪ Establish robust impact assessment and cost-benefit evaluation frameworks to demonstrate the 
economic, environmental, and societal value of digitalisation in cultural heritage, including lifecycle cost 
analysis and return-on-investment models. 

▪ Develop semantic and data structuring models within HBIM-Digital Twin ecosystems to encode and 
operationalise Cultural Significance parameters. This includes transforming qualitative heritage values 
into structured, analysable, and simulation-compatible data without compromising their interpretative 
complexity. 

▪ Advance interoperability research between HBIM and Digital Twin environments, including semantic 
alignment, ontology development, data exchange standards, and cross-platform integration within open 
and scalable digital infrastructures. 

▪ Design multi-criteria evaluation and decision-support models, enabling integrated assessment of 
proposed interventions based on technical performance, budgetary constraints, planning requirements, 
environmental impact, risk exposure, and their implications for the conservation of identified features 
of cultural significance. 

3.2. Advanced diagnostics and non-invasive monitoring 

Sensing technologies—such as quantum sensors, hyperspectral imaging, low-cost IoT networks, and non-

destructive testing—allow for precise, real-time monitoring of material degradation, moisture levels, salt 

migration, VOCs, and structural and usage stress. AI and machine learning algorithms can analyse this data 

to detect early signs of deterioration, enabling preventive conservation and reducing the need for invasive 

interventions. 

Research topics in this area include: 

▪ Use high performance data analytics to create accurate out-of-the-lab degradation and risk assessment 

models and algorithms for proper conservation and (re)use of the built heritage.  

▪ Develop AI-driven predictive models using real-time data from emerging sensing technologies to detect 

early-stage pathologies in the built heritage. Integrate low-cost IoT networks with machine learning to 
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enable continuous, non-invasive monitoring of moisture, salt migration, and VOC levels in historic 

buildings. 

▪ Apply deep learning algorithms to analyse hyperspectral and infrared data for identifying hidden 

deterioration patterns in masonry, wood, and decorative finishes. 

▪ Create hybrid monitoring platforms combining digital twins, IoT, and AI to simulate and predict structural 

stress and environmental impacts on heritage assets. 

▪ Use machine learning to interpret multi-source sensor data (e.g., humidity, temperature, vibrations) for 

early warning systems in heritage buildings. 

▪ Develop non-invasive diagnostic tools based on quantum and advanced sensing technologies to assess 

material integrity without or minimal physical contact. 

▪ Establish data fusion frameworks that combine IoT, remote sensing, and AI to enhance the accuracy of 

deterioration assessment in cultural heritage. 

▪ Implement real-time monitoring systems using edge computing to enable rapid response to 

environmental threats in heritage sites. 

▪ Use AI to correlate environmental data with historical degradation records for improved preventive 

conservation planning. 

3.3. Automation and robotics for inspection and maintenance 

Robotic systems equipped with advanced imaging, non-destructive sensing, spatial scanning, and 

environmental monitoring technologies can access difficult, confined, or hazardous areas in historic 

buildings, performing precise and repeatable inspections. 

Automated drones and mobile robots enhance monitoring efficiency and safety, especially in fragile or 

inaccessible heritage sites. These tools support continuous feedback loops and enable proactive 

maintenance. 

Research topics in this area include: 

▪ Develop autonomous mobile robots equipped with advanced sensors for high-precision 

inspection of historic buildings, facades and roof structures. 

▪ Design AI-powered drone systems capable of real-time detection of material degradation, 

moisture ingress, and biological growth in inaccessible heritage buildings. 

▪ Create modular robotic platforms that integrate 3D scanning, imaging, and non-destructive 

testing tools for automated condition assessment of cultural heritage sites. 

▪ Implement robotic systems with vision-based navigation and machine learning to autonomously 

monitor structural health and environmental impacts in historic interiors. 

▪ Develop a swarm robotics approach for coordinated inspection of large-scale heritage 

complexes, enabling rapid data collection and continuous monitoring. 

▪ Design robotic systems with adaptive sensors to assess microclimatic conditions and predict 

deterioration in sensitive heritage environments. 

3.4. Digital preservation, remote access and digital interpretation and engagement 

3.4.1. Digital preservation and remote access 

Digital preservation ensures long-term accessibility and resilience of heritage data. Advanced digitisation 

techniques, including intelligent data reduction and multi-scale modelling, allow for efficient storage and 

retrieval of high-fidelity digital records. Cloud-based platforms and open-access repositories promote the 

sharing of heritage data across institutions and disciplines. 
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The Charter on the Preservation of Digital Heritage of UNESCO defines digital heritage as embracing "cultural, 

educational, scientific and administrative resources, as well as technical, legal, medical and other kinds of 

information created digitally, or converted into digital form from existing analogue resources". Digital 

preservation is therefore the set of processes aimed at ensuring the continued accessibility of digital or 

digitalised materials. 

 

FIGURE 2: COMPLETE RECORDING OF CULTURAL HERITAGE, SOURCE: TSIAFAKI ET AL. (2017) 

 

3D technology (using laser scanning, photogrammetry, unmanned aerial vehicles (UAV) and unmanned 

ground vehicles (UGV)), coupled with Virtual Reality (VR), Augmented Reality (AR) and Mixed Reality (MR), 

offers innovative ways to provide tailored access to heritage for education, tourism, research and 

entertainment by e.g., recreating spaces, decorations and configurations from the past or future. However, 

3D digitisation of architectural heritage is a very specific digitisation process in which objectives, size, budget, 

and applicability are key factors in choosing an appropriate method, and where there is not an all-in-one 

digitisation solution6. 

Research topics in this area include: 

▪ Develop multi-approach digitisation techniques to ensure user-centric and online accessibility to the 

built heritage. 

▪ Digitisation technologies for cultural heritage to be used for multi-scale modelling. 

▪ Promotion and recognition of EU vernacular architecture. 

▪ Develop intelligent data reduction algorithms for multi-scale digital models of cultural heritage to enable 

efficient storage and retrieval of high-fidelity records. 

▪ Design cloud-based digital preservation platforms with interoperable data standards to ensure long-

term accessibility and cross-institutional sharing of heritage data. 

▪ Integrate sensor data and real-time monitoring into digital twins to enable dynamic, lifecycle-based 

digital preservation of built heritage. 

▪ Create open-access repositories for digital heritage assets that support metadata interoperability and 

multi-user access across disciplines. 

▪ Apply AI-driven tools to enhance the accuracy and usability of 3D digitised heritage data for remote 

research and education. 

▪ Integrate advanced, automated and continuous pathology assessment and monitoring in Heritage 

Management Systems (HMS). 

▪ Develop secure, scalable digital preservation frameworks that combine blockchain and cloud 

technologies to ensure data integrity and resilience. 

 

6 See Preservation of Architectural Heritage Through 3D Digitization, Tsiafaki et al., 2017 
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3.4.2. Digital interpretation and engagement 

Digital tools must also enhance public access and participation. AI-powered apps, augmented reality (AR), 

virtual reality (VR) and mixed reality (MR) experiences make heritage more accessible to diverse audiences, 

including people with disabilities and remote communities. Interactive platforms enable co-creation of 

narratives, fostering community engagement and social inclusion. 

Interpretation means to add meaning to experiences, whether this comes from feelings or thoughts: how we 

interpret the built heritage is critical for the way we shape our common future7. Heritage interpretation can 

be defined as an approach to non-formal learning that aims to establish a link between visitors and what they 

can discover at heritage sites.  

 
FIGURE 3: THE INTERPRETATION TRIANGLE, SOURCE: THORSTEN (2018) 

Storytelling techniques and information and communication technologies offer new opportunities to enrich 

this interpretation process, especially through virtual, augmented, and mixed reality. A prerequisite to 

successful onsite visitor experience is of course to ensure easy access and a safe exit to the sites. 

Research topics in this area include: 

ICT for enhanced user experience 

▪ Adapt tools for Augmented Reality and Mixed Reality for enhanced user experience to the context 

of cultural heritage (e.g., several steps of information by QR-codes or apps; visit to cultural heritage 

sites: provision of actual plans, 3D sketches and descriptions with access to certain important 

publication, etc.; visualisation of missing or unvisitable parts of the building…). 

▪ Develop game-based learning and educational design models ensuring social and educational 

inclusion in museums and cultural services, through digital and enabling technologies. 

▪ Develop virtual "drone flights" solutions for disabled people. 

▪ Apply AI-based techniques for storytelling and concept creation in the cultural and creative 

industries, ensuring correct content and coherence with the historical and social value of the 

heritage. 

▪ Apply cognitive computing to improve the user's sensitive and interpretive experience.  

▪ Ensure interoperability between Digital Twin platform used for the management of CH assets and 

VR/AR/MR tools for valorisation.   

Improved onsite accessibility 

▪ Ensure accessible routes of urban and rural heritage and accessible fast evacuation routes of heritage 

assets in case of danger, respecting and overcoming the heritage barriers. 

 

7 See https://interpret-europe.net/about-heritage-interpretation/  

https://interpret-europe.net/about-heritage-interpretation/
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▪ Develop apps to guide on which element of historic cities are accessible for wheelchair access, how 

to go there etc.  

▪ Define evacuation plan + develop tools to help disabled people. 

▪ Integrate accessibility modules into heritage digital twins including pathways and KPIs 

Stakeholders’ engagement 

▪ Replicate the approach called “visiteering” that includes elements of ‘visiting’ and ‘volunteering’ 

activities, as adopted in the UK. 

▪ Develop programming (and storytelling) to enhance visitors’ experience and engagement. 

(particularly the youths). Programming is about structuring the activities that take place at heritage 

properties. Storytelling helps providing more engaging experiences. 
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IV. Objective 3: Cultural built heritage as economic and social 
catalyser 

Cultural heritage is a driver for the dynamism and attractiveness not only of cities, but also of rural areas, 

bringing economic and social benefits. A holistic approach is required to identify synergies between urban 

and territorial planning, sustainable tourism strategies and the local cultural and creative sectors.  

This objective is therefore broken down in four priority areas: 

▪ Regeneration strategies, including the topics of adaptive re-use of historical buildings and 

participatory governance. 

▪ Economic and financing models, with questions related to PPPs and specific insurance issues. 

▪ Policy Integration, Standardisation and Professional Frameworks 

▪ Cultural economic value chains as economic catalysers. 

They are detailed in the next sections. 

4.1. Regeneration strategies 

Cultural heritage buildings such as historic buildings (including industrial heritage like warehouses and 

factories), if restored and maintained properly, have the potential to foster the attractiveness of cities, both 

for their inhabitants and tourists. 

The appropriate re-use and adaptation of historical buildings to the requirements of modern society —

including occupants’ wellbeing, accessibility, energy efficiency, climate resilience, circular use of materials, 

cultural significance, and long-term economic viability can bring economic and social dynamism while 

reducing unsustainable urban sprawl.  

The involvement of private actors or civil society organisations in the whole process of decision making, 

planning and implementation increases the accountability, transparency, and impact of public investments 

in the built cultural heritage. Implementing participatory governance models reinforces stakeholders’ 

perception and appreciation of heritage buildings and ensures the sustainability of adaptive re-use plans: it 

is therefore an efficient way to boost the potential of cultural heritage as a resource for local economic and 

social development.8  

Adaptive reuse is a key strategy for sustainable urban development. The original paper promoted 

regeneration at multiple scales, but the updated analysis calls for a stronger integration of heritage-led 

regeneration into climate and energy policies. 

Research topics in this area include: 

▪ Promote the use and reuse of the historical building stock as a priority over demolition and new 

construction  

▪ Develop new participatory tools (APP + platform) based on AI technologies for maintenance of cultural 

heritage, including Heritage at risk/danger. 

▪ Advocate for the recognition of heritage-led regeneration as a core strategy in the Renovation Wave and 

Green Deal. 

 

8 Fatemeh Vafaie, Hilde Remøy, Vincent Gruis (2023): Adaptive reuse of heritage buildings; a systematic literature 

review of success factors, Habitat International, Volume 142, 102926, 

https://doi.org/10.1016/j.habitatint.2023.102926. 

https://doi.org/10.1016/j.habitatint.2023.102926
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▪ Implement participatory governance models that incorporate digital tools and stakeholder input into 

heritage planning and decision-making processes. 

▪ Promote mixed-use adaptive reuse that supports social inclusion and economic vitality.  

▪ Creation of a platform/infrastructure at European level to guarantee common approaches and best 

possible standards. 

▪ Develop education and training on conservation, non-destructive testing (NDT) and monitoring for 

experts and craftsmen. 

▪ Develop new solutions to make historic buildings and centres/districts more attractive for living 

(improvement of indoor comfort, accessibility, safety in case of earthquake, etc.). This should be tackled 

with a multidisciplinary approach (technical, economic, cultural, social, and legislative). It is particularly 

challenging for industrial, 20th Century and dissonant heritage.  

▪ New strategies for the use of cultural heritage as a vehicle to increase attractiveness of rural areas. 

4.2. Economic, environmental and social management models 

Despite growing interest in heritage, many projects struggle to secure funding due to the lack of recognition 

of non-market values. The updated paper should call for heritage-adjusted evaluation frameworks aligned 

with EU funding instruments. 

The recent practice demonstrates the successful cooperation between public and private actors in the 

renovation of cultural heritage assets. There is today a series of successful approaches for private-public 

partnerships (PPPs)9, but they are still pending to be made really functional and replicated. 

Crowdfunding, as an innovative approach for securing funds for restoration often serves other purposes 

beyond finance, such as community engagement.  

Research topics in this area include: 

▪ Develop economic models and legal instruments for private participation in heritage management 

and use adaptation. 

▪ Develop social value indicators to assess the impact of heritage projects.  

▪ Promote blended finance models that combine public, private, and community funding.  

▪ Support the creation of heritage investment funds and impact bonds. 

▪ European promotion of better financing of research on the built heritage digitisation, innovation, 

and sustainability.  

▪ Create operational best practices and guidelines for the management (asset management, energy 

management etc.) of CH building (especially public ones). 

▪ Develop solutions to facilitate the lowering of high-cost insurance policy to solve insurance problem 

(e.g., fire): insurance not available or very expensive.  

▪ Design integrated management strategies of natural and cultural assets of a territory. 

▪ Develop a 4P (Public-Private-Participative (or People)-Partnerships) system of indicators and 

monitoring of actions on the built heritage to support objective criterion, decision-making and 

replicability.  

▪ Give consideration to heritage in sustainable tourism development policies to preserve heritage, 

satisfy visitor expectations, improve inhabitants’ quality of life and support the local economy.  

 

9  
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4.3. Policy integration, standardisation and professional frameworks 

To maximise impact, digital heritage tools must be systematically embedded not only in policy frameworks 

and governance systems, but also within European professional standards, regulatory instruments, and 

technical normalisation processes. AI-based decision-support tools can assess the sustainability, cultural 

significance, technical feasibility, and socio-economic impact of interventions, thereby enabling transparent, 

traceable, and evidence-based planning across different territorial contexts. 

Beyond their operational value, these technologies should contribute to the development of harmonised 

European technical guidelines, certification schemes, and conservation protocols, supporting the work of 

architects, engineers, conservators, heritage managers, and public authorities under shared methodological 

frameworks. In this respect, stronger alignment with European standardisation bodies (e.g., CEN/CENELEC) 

and the development of EU-wide technical reference frameworks for digital heritage workflows will be 

essential (including interoperability, data governance, and performance assessment criteria). 

Positioned within the broader context of the Renovation Wave and the European Green Deal, digital heritage 

infrastructures should therefore act not only as technological enablers, but as drivers of professional 

upskilling, regulatory convergence, market transparency, and long-term competitiveness within the 

European construction and heritage ecosystem. 

Research topics in this area include: 

• Develop AI-based decision-support tools that integrate sustainability, cultural value, and socio-

economic impact to inform evidence-based heritage interventions. 

• Design policy-relevant digital platforms that enable real-time monitoring and forecasting of heritage 

building performance within EU energy and climate frameworks. 

• Create interoperable data models to embed heritage-specific indicators into mainstream building 

regulations and renovation policies. 

• Develop shared European testing methods, material databases, digital libraries, and compatibility 

assessment protocols for traditional, reused, bio-based, and hybrid materials in heritage contexts. 

• Establish frameworks for translating research findings into actionable policy guidance for adaptive 

reuse and heritage-compatible retrofitting. 

• Develop standardised metrics for assessing the social, cultural, and environmental value of heritage 

interventions in policy evaluation. 

• Advocate for clear regulations and incentives that support the adoption of innovative technologies 

in heritage buildings to encourage their integration and drive further research. 

• Develop EU-wide normative frameworks, in collaboration with CEN/CENELEC, to standardise digital 

heritage methodologies and enable their integration into European building regulations and 

certification systems. 

4.4. Cultural economic value chains as economic catalysers 

Cultural heritage is not only a reflection of the past but also a driver of diverse economic value chains. One 

key area is restoration and renovation, where historic and vernacular buildings embody long-term knowledge 

about how to build with local resources, respond to climate conditions, and ensure durability through repair 

and maintenance. This knowledge can be mobilised to develop new low-carbon materials and components 

for both renovation and new construction, combining traditional techniques, nature-based solutions, and 

modern manufacturing processes. As climate change reshapes environmental conditions, vernacular 

architecture also offers transferable design intelligence, enabling adaptive approaches that reinterpret 

proven construction principles across regions while respecting local contexts. 



 

22/24 

Digital value chains are increasingly significant, as heritage assets are digitised and studied in greater depth. 

Beyond access and virtual experiences, digital tools can support the analysis and characterisation of historic 

materials, structures, and maintenance cycles. This contributes to better understanding their physical, 

environmental, and structural behaviour, and improves their compatibility with retrofit solutions, renewable 

energy systems, and circular construction practices. 

Creative value chains build on cultural heritage by inspiring artists, designers, and cultural industries. At the 

same time, the values that justify heritage conservation—identity, beauty, memory, and craftsmanship—

should inform innovation in the built environment. In line with the principles of the New European Bauhaus, 

new materials and construction approaches should not only address performance and carbon reduction, but 

also emphasise aesthetic quality, cultural meaning, repairability, and public acceptance. 

Finally, sustainable materials value chains highlight the importance of traditional, local, and eco-friendly 

materials. Advancing these value chains requires stronger research, testing, certification, and skills 

development, as well as recognition of traditional crafts as a strategic resource. By integrating heritage 

knowledge with innovation, cultural heritage can play a central role in shaping a more sustainable, resilient, 

and culturally grounded construction sector. 

Research topics in this area include: 

▪ Develop sustainable value chain and quality assurance for conservation materials. 

▪ Standardisation and certification of heritage-compatible materials. 

▪ Circular construction solutions based on reuse, recycling, and low-impact sourcing. 

▪ Compatibility of traditional materials with modern energy and retrofit systems. 

▪ New training models linking craft skills with contemporary engineering and construction practices 

▪ Investigate how vernacular architecture can inform climate adaptation in other places, identifying 

transfer potential, limits, and protocols for local reinterpretation. 

▪ Facilitate the training and upskilling of the construction workforce in innovative methodology, circular 

approach, and advanced materials to undertake upgrading works to the historic building stock. 

Traditional techniques and materials should also be considered, and how to readapt them.  

▪ Study how the cultural, sensory, and aesthetic qualities of historic buildings can inform the design of 

new materials and components in line with the “beautiful” pillar of the New European Bauhaus. 

▪ Deepen the characterisation of historic building materials and assemblies, including their physical, 

chemical, hygrothermal, structural, and whole-life environmental performance, to support the energy 

transition. 

▪ Create demonstrators and living labs to co-design, test, and certify heritage-compatible materials and 

components under present and future climate conditions. 

▪ Strengthen sustainable local value chains and quality assurance frameworks for conservation materials 

and components, including sourcing, processing, repair, reuse, and maintenance. 

▪ Recognise traditional trades and crafts as key innovation actors in the future construction sector 

through new training pathways, apprenticeships, reskilling schemes, and hybrid craft-digital production 

models. 
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V. Conclusion 

Europe’s cultural built heritage is not a relic of the past—it is a living, productive, and strategically important 

asset at the heart of the continent’s sustainability transition. Representing an annual market of 

approximately EUR 65 billion and embedded in the daily lives of millions of Europeans, historic buildings 

demand a research and innovation agenda that is ambitious, coherent, and urgently implemented. The three 

interdependent objectives presented in this Position Paper reflect this integrated vision and provide a 

framework for aligning research, innovation and deployment efforts with Europe’s climate, digital and social 

ambitions. 

This Position Paper has set out three interdependent objectives to guide Horizon Europe 2026–2030 

investments in heritage and regeneration. Objective 1 calls for accelerated R&I in climate resilience, 

preventive conservation, and net-zero-emission strategies compatible with the physical and cultural 

constraints of historic buildings. Objective 2 positions digital technologies—from HBIM and Digital Twins to 

AI-driven diagnostics and immersive engagement tools—as indispensable infrastructure for the long-term 

preservation and accessibility of the built heritage. Objective 3 highlights the untapped potential of heritage-

led regeneration as a catalyst for local economies, sustainable materials, social cohesion, and innovative 

financing models. 

Realising this agenda requires a decisive shift in how Europe approaches heritage: from fragmented, 

nationally-defined regulations towards harmonised European frameworks; from reactive interventions 

towards proactive, data-driven conservation; and from niche investment towards mainstream recognition in 

EU climate, renovation, and industrial policy. The R&I priorities identified in this paper are designed to be 

implementable across short (2026–2027), medium (2028–2029), and long-term (2030) horizons, building 

progressively on foundational research, demonstration projects, and large-scale deployment. 

At the same time, the challenge facing Europe’s heritage sector is no longer solely one of innovation. Many 

of the diagnostic tools, digital technologies and conservation methodologies required to protect and valorise 

historic buildings already exist or are rapidly reaching maturity. The priority for the coming years must 

therefore be to accelerate their large-scale application, market uptake and replication across Europe’s 

diverse heritage contexts. This requires overcoming persistent barriers related to regulation, financing, skills, 

data governance and stakeholder engagement. Future research and innovation programmes should not only 

develop new solutions but also create the enabling conditions that allow proven approaches to protect, 

restore and regenerate heritage assets faster, more efficiently and at greater scale. 

The transition of Europe’s cultural built heritage must also be understood within a broader economic and 

social context. Heritage-led regeneration, sustainable material value chains, and traditional trades and crafts 

are becoming strategic assets for local economies, quality jobs, and community cohesion. Safeguarding 

traditional craft skills and reducing dependence on unsustainable materials and imported components is 

becoming a strategic priority for Europe. In parallel, climate resilience, digital preservation, and inclusive 

access to heritage must be embedded within future policies and investment strategies. Cultural built heritage 

can therefore play a central role in strengthening Europe’s cultural identity and social cohesion while 

delivering safe, accessible, and inspiring places for citizens. 

Across all three objectives, four cross-cutting themes consistently emerge as fundamental enablers of a 

successful transition. Digitalisation underpins the documentation, monitoring, diagnostics, and 

interpretation of cultural built heritage throughout its lifecycle. Circularity is essential to reducing embodied 

carbon, preserving traditional materials, and strengthening sustainable, local value chains. Skills are critical 

to ensuring that traditional trades, conservation professionals, and public authorities can effectively adopt 

new technologies and hybrid craft-digital production models. Finally, people-centricity remains at the heart 
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of the transition, ensuring that heritage protection and regeneration deliver tangible benefits in terms of 

accessibility, social cohesion, inclusion, and quality of life. 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 industrial policies, including 

the future Framework Programme, these priorities should be reflected in a coherent and ambitious agenda 

for cultural built heritage. The ECTP Heritage & Regeneration Committee calls on the European Commission, 

Member States, research communities, and industry partners to treat cultural built heritage not as an 

exemption within EU policy, but as a distinct, innovation-intensive sector deserving dedicated support. 

Through sustained investment, regulatory coherence, and cross-sectoral collaboration, Europe’s historic 

buildings can become model sites for the green, digital, and social transformation that lies at the heart of the 

European project. 

This Position Paper is one of the six complementary Position Papers developed by the ECTP Committees, 

covering digitalisation, infrastructure and mobility, heritage and regeneration, materials and sustainability, 

inclusiveness and accessibility, and the built environment. Together, they provide a holistic perspective on the 

challenges and opportunities shaping the future of Europe's built environment. 

 


