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Buildings such as the Dylan Thomas Centre (DTC) are required to maintain their cultural identity in addition to addressing concerns such as deficient energy use, deteriorating infrastructure, and rising running costs.  The utilisation of reactive maintenance approaches, which are becoming increasingly unsustainable from both an economic and environmental point of view, is frequently required as a result of the competing demands that are being experienced. 

There are a number of developing digital construction technologies that provide revolutionary prospects for more efficient asset management.  Some of these technologies include building information modelling (BIM), artificial intelligence (AI), digital twins, and smart building systems.  These advances in technology make it possible to establish proactive maintenance regimens, increase energy efficiency, and boost asset optimisation for the entirety of their lifecycle (Eastman et al. 2018).  

On the other hand, although the fact that the theoretical benefits have been thoroughly established, the implementation of such advantages within historical settings continues to be hampered by legislative, financial, and technical restrictions.  This paper takes a careful look at the potential uses of these forms of technology to the DTC and conducts an analysis of such applications.  Additionally, the usefulness of these forms of technology in the larger context of rejuvenating historic structures in Wales is evaluated and contrasted with other historical efforts.  In the wider context of upgrading historic properties in Wales, the practicality of these technologies needs to be considered.

[bookmark: _Toc227935731]2. Building Overview and Context
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[bookmark: _Toc227935732]2.1 Principal Obstacles to Overcome
· Alterations to the structure and the materials are restricted due to preservation considerations. 
Ageing building fabric and legacy building services are two examples.
· Poor thermal performance, which is common in buildings older than thirty years.
· The necessity of ensuring the relaxation, accessibility, and security of visitors at all times. 
As opposed to new build constructions, heritage buildings need modifications that are both non-invasive and reversible.  This severely restricts the possibilities for traditional renovation procedures. The necessity of precise planning and decision making that is driven by data is increased as a result of this limitation, which is an area in which digital technologies have the potential to bring great value (Historic England, 2020).
Importantly, it is probable that the DTC works with fragmented building data, which restricts its capacity to properly adopt plans for long term asset management.
The Dylan Thomas Centre (DTC) is housed within a Grade II listed building located in Swansea’s Maritime Quarter. The facility operates as both an educational and exhibition space dedicated to Dylan Thomas, attracting visitors from the local community as well as an international audience.

[bookmark: _Toc227935733]3. Age-Related Defects and Heritage Constraints
[bookmark: _Toc227935734]3.1 Common Defects in Historic Buildings
Typical defects in structures of this kind include:
· Dampness and Condensation: Prevalent due to traditional solid wall construction, lack of insulation, and high humidity levels in Wales. It is often exacerbated by failed, blocked, or missing rainwater goods (gutters/downpipes).
· Failed Pointing and Masonry Decay: Use of modern cement mortar instead of traditional lime mortar traps moisture in stone or brick walls, leading to accelerated decay and water penetration.
· Roofing Issues: Slipping slates, broken roof tiles, and decaying timber roof structures (rafters/purlins), particularly in older buildings where roofs have not been recently refurbished.
· Timber Decay: Woodworm and rot (wet/dry) are common in structural beams, floors, and window frames due to sustained moisture issues.
· Structural Movement: Bowing walls, cracking, and cracking ceilings often result from shallow foundations, environmental changes, or improper alterations.
· Metal Failures: Corrosion of iron rainwater goods and failure of lead flashing due to thermal movement, causing leaks.
· Subfloor Damp: Blocked airbricks and insufficient ventilation can cause moisture buildup underground floors.
· Thermal bridging: which is considered to be a contributor to energy loss and condensation problems.
· There may be mechanical and electrical systems that have become obsolete, which leads to inefficiency (Cadw,2021).
One of the most significant limitations of traditional inspection methods is their inability to discover hidden or growing faults.  These problems have the potential to evolve into serious failures if they are not addressed at an early stage (Volk et al. 2014).
[bookmark: _Toc227935735]3.2 Maintenance Challenges
Here are the common maintenance challenges in Grade II listed buildings in Wales:
[bookmark: _Toc227935736]3.2.1 Moisture, Damp, and Ventilation 
· Rising and Penetrating Damp: Many historic buildings in Wales are constructed with solid stone or rubble walls, which are designed to breathe.  Modern impervious cement renders or hard paints can trap moisture inside walls, causing dampness and decay.
· Failed Damp-Proofing: Older properties often lack effective damp-proof courses.  However, introducing modern chemical damp proof courses can sometimes worsen issues by forcing water elsewhere.
· Condensation: Inadequate ventilation in roofs or rooms can lead to mould and damage to historic fabric. 
[bookmark: _Toc227935737]3.2.2 Traditional Materials and Craftsmanship
· Specialist Repairs: Repairs often require specialised, traditional materials like lime mortar and lime render.  Finding skilled craftsmen (stonemasons, lime plasterers) is a major challenge.
· Material Compatibility: Using modern, non-porous materials like cement mortar instead of traditional lime can lead to the deterioration of original, often softer, building stone or brick.
· Timber Preservation: Historic sash windows and wooden features are often deemed beyond repair by untrained individuals, whereas skilled contractors can often salvage the original timber rather than replacing it with inferior modern wood. 
[bookmark: _Toc227935738]3.2.3 Listed Building Consent and Regulations
· Strict Controls: Any alterations including internal ones like removing doors or walls, changing fireplaces, or changing finishes often require listed building consent (LBC).
· Replacement Restrictions: Replacing windows, doors, or roofing materials usually requires matching the original exactly, making routine, low cost maintenance difficult.
· Illegal Work Risks: Unauthorised work is a criminal offence, and owners can be required to undo changes at their own cost. 
[bookmark: _Toc227935739]3.2.4 Energy Efficiency and Sustainability
· Retaining Historic Features vs. Efficiency: Improving energy efficiency (e.g., adding insulation or upgrading windows) is tricky because alterations must not obscure the building’s special interest.
· Breathability: Any insulation or draught-proofing must allow the building to continue breathing, meaning standard modern methods (like standard expanding foam) are usually unsuitable, as they can cause timber decay. 


[bookmark: _Toc227935740]3.2.5 Specific Structural and Site Challenges
· Defective Guttering: Blocked or broken gutters and downpipes are one of the most common causes of significant dampness.
· High Ground Levels: Older buildings often face issues with external ground levels that have risen over time, sloping towards the building and causing water to enter.
· Old Foundations: Structures may face subsidence or movement due to aging foundations, which are not designed to modern standards. 
[bookmark: _Toc227935741]3.2.6 Cost of Maintenance
· Specialised Costs: Repairs are generally more expensive due to the need for specialist, high-quality materials and skilled labour.
· Planning Costs: While LBC applications are free in Wales, the cost of hiring agents to prepare the necessary, detailed heritage impact statements can be high. 
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[bookmark: _Toc227935743]4.1 BIM for Heritage Buildings
Building information modelling (BIM) provides a structure based digital representation of the physical and functional properties of a building.  The significance of this tool rests in its capacity to combine a variety of information into a single coordinated model, which is particularly useful in heritage situations. 
For the DTC, BIM may make it possible to:
· Develop an exhaustive digital asset register from scratch.
· Incorporated historical, structural, and operational data all into the system. 
Before any physical intervention is performed, simulation of retrofit scenarios is performed. 
When dealing with unusual historic geometries, the utilisation of scan to BIM methods guarantees a high level of accuracy, which is very crucial.
[bookmark: _Toc227935744]4.2 Risk Mitigation Through BIM
Project risks are considerably reduced with BIM by: 
· Determining whether or not new and current systems are incompatible with one another. 
· Making allowances for the testing of interventions virtually. 
· Increasing the cooperation across different disciplines. 
On the other hand, it is essential to acknowledge that the adoption of BIM calls for a substantial initial investment as well as the employment of experienced staff, which may pose challenges for historical organisations that are on a smaller scale.


[bookmark: _Toc227935745]4.3 Lifecycle and Asset Management
Whole life asset management is supported by BIM through the following:
· Scheduling intervals for preventative maintenance.
· Monitoring the condition of the assets.
· Study of the lifecycle costs. 
In accordance with the standards established by ISO 19650, which encourage organised information management throughout the asset lifespan (ISO, 2018), this makes sense. 
When it comes to the most important benefits of implementing BIM, one of the most significant advantages is the change from reactive maintenance to predictive maintenance.
[bookmark: _Toc227935746]4.4 Integration with CAFM Systems
When used in conjunction with CAFM systems, BIM makes it possible to:
· Complete tasks that are automated for maintenance. 
· Track assets in real time.
· Make decisions that are informed by data.
 A reduction in operational inefficiencies and an improvement in service dependability might be achieved through this integration for the DTC.  A successful deployment, on the other hand, is dependent on the correctness of the data and the continuing administration of the system, both of which are frequently overestimated.

[bookmark: _Toc227935747]5. Smart Technologies, AI and Digital Twins
[bookmark: _Toc227935748]5.1 Smart Building Systems
In order to improve the efficiency of a building, smart systems make use of Internet of Things sensors and automation. 
Among the applications that could be used in the DTC are: 
· The HVAC system being controlled based on occupancy. 
· Automated lighting systems which work on occupancy sensors.
· Environmental monitoring for the sake of artefact preservation.
However, in order to avoid having an effect on the historic fabric, the installation of these technologies must be properly handled. These technologies have the potential to dramatically cut energy usage.

[bookmark: _Toc227935749]5.2 Digital Twins
By combining real time operational data, digital twins improve the capabilities of building information modelling (BIM). 
Some advantages include:
· Monitoring of performance on an ongoing basis. In addition, capabilities for predictive maintenance. 
· The testing of different scenarios with the purpose of making operational improvements. 
Digital twins, despite their potential, require a solid data infrastructure and ongoing calibration, both of which might be difficult to provide in older structures.
[bookmark: _Toc227935750]5.3 Artificial Intelligence
Artificial intelligence improves building management by: 
· Predictive analytics. 
· The optimisation of electrical energy.
· Fault detection. 
Even if artificial intelligence (AI) delivers significant increases in efficiency, its efficacy is contingent on the quality of the data and the integration of the system, which highlights the need of having a solid digital foundation.
[bookmark: _Toc227935751]5.4 Whole Life Performance Evaluation
Comprehensive lifespan analysis is made possible by these technologies, which include the following: 
· The modelling of energy performance.
· The monitoring of organic carbon.
· Planning for preventative maintenance. 
Despite the fact that legacy restrictions may limit the degree of changes that are attainable, this helps ensure compliance with the net-zero objectives set by the United Kingdom (HM Government, 2021).

[bookmark: _Toc227935752]6. Case Study Comparisons
[bookmark: _Toc227935753]6.1 The National Library of Wales
At this project, sophisticated environmental monitoring systems have been developed and applied. 
Important takeaways:
· The protection of sensitive collections is ensured by continuous monitoring. 
· Maintenance that is driven by data helps to decrease risk.
· The use of digital technology in operational planning is beneficial. 
[bookmark: _Toc227935754]6.2 The British Museum
Refurbishment projects at the British Museum have included BIM into their workflow. 
Consequences:
· Enhancement of cooperation in contexts high in complexity.
· Construction hazards have been reduced. 
· Improvements to the encounters of guests. 
[bookmark: _Toc227935755]6.3 Cardiff Castle
Various technologies, including digital surveying and conservation, have been implemented. 
Perspectives:
· The precision of the restoration is improved by laser scanning. 
· Digital documentation guarantees conformity with regulations. 
· The public's participation is increased. 
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A trend toward data driven asset management is demonstrated by these case examples, which stands in contrast to the DTC's expected reliance on traditional approaches. 
On the other hand, larger institutions reap the benefits of:
· An increase in its financing.
· Access to in depth knowledge and experience.
· Developed and implemented a digital infrastructure. 
One of the most important limitations is brought to light by the scalability of digital solutions for smaller cultural sites.


[bookmark: _Toc227935757]7. Retrofitting Strategy for the Dylan Thomas Centre
A phased approach is recommended:
[bookmark: _Toc227935758]Phase 1: Digital Capture
· Laser scanning and BIM model creation. 
· Establishment of a Common Data Environment. 
[bookmark: _Toc227935759]Phase 2: Smart Integration
· IoT sensor installation. 
· HVAC and lighting upgrades. 

[bookmark: _Toc227935760]Phase 3: Digital Twin
· Real time data integration. 
· Predictive maintenance systems. 
[bookmark: _Toc227935761]Phase 4: Facilities Management
· CAFM integration. 
· Staff training. 
[bookmark: _Toc227935762]Critical Considerations
· Cost vs long term value. 
· Compliance with heritage regulations.
· Technical capability of staff.

[bookmark: _Toc227935763]8. Relevance to Historic Wales
This concept is applicable to a wide range of situations since Wales possesses a significant amount of cultural assets. 
It is emphasised by Cadw's guidance that:
· Intervention is kept minimal. 
· Changes are reversible. 
· Compatibility of the materials exists. 
This set of principles is supported by digital technology, which make it possible to conduct non-intrusive investigations and to plan with precision. 
The following are examples of obstacles:
· High initial expenditures. 
· Lack of available skills. 
· Opposition from the establishment. 
Although this is the case, there are significant long term benefits in terms of cost savings and sustainability.

[bookmark: _Toc227935764]9. Conclusion
In the context of contemporary building performance and sustainability expectations, the Dylan Thomas Centre highlights the inherent challenges associated with managing heritage assets.  Traditional maintenance approaches, which are largely reactive and fragmented, are increasingly inadequate in meeting modern requirements for energy efficiency, operational performance, and long term asset resilience.
The integration of Building Information Modelling (BIM), smart technologies, artificial intelligence, and digital twins presents a credible and transformative pathway towards more efficient and sustainable facilities management.  These technologies enable a shift from reactive to predictive maintenance, improve data driven decision making, and support whole life performance optimisation.  However, their implementation is not without limitations, particularly in relation to initial capital investment, digital skills gaps, and the constraints imposed by heritage conservation regulations, as governed by organisations such as Cadw.
Despite these challenges, the long term benefits including reduced lifecycle costs, improved energy performance, and enhanced asset longevity significantly outweigh the barriers to adoption.  Crucially, digital approaches align with conservation principles by enabling non-invasive investigation, precise planning, and reversible interventions.
If the Dylan Thomas Centre adopts a phased and strategically managed retrofit programme, it has the potential to act as a benchmark for digitally enabled heritage asset management across Wales.  Such an approach would not only enhance the operational performance of the building but also demonstrate how historic structures can be successfully adapted to meet the demands of a low carbon, data driven future.
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