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[bookmark: _Toc227935070]Introduction
The construction industry has undergone a substantial transformation over recent decades, driven by the integration of digital technologies aimed at improving efficiency, coordination and whole-life performance. Historically, the industry has been characterised by fragmented workflows, poor information exchange and reactive maintenance practices, resulting in inefficiencies, increased operational costs and reduced building performance (Eastman et al., 2011). These issues are particularly prominent during the operational phase of buildings, where a lack of accurate asset information can lead to ineffective maintenance strategies, increased energy consumption and reduced lifecycle efficiency.
In response, digital technologies such as Building Information Modelling (BIM), Internet of Things (IoT)-enabled smart systems, digital twins and artificial intelligence (AI) have emerged as key tools in addressing these challenges. These technologies support a transition towards integrated, data-driven asset management strategies, enabling more efficient planning, predictive maintenance and improved building performance (Bolton et al., 2018). This shift aligns with international standards such as ISO 19650, which promotes structured information management across the lifecycle of built assets (ISO, 2018), and guidance such as CIBSE TM54, which highlights the discrepancy between predicted and actual building performance (CIBSE, 2021).
The Dylan Thomas Centre (DTC) in Swansea provides an appropriate case study to explore the application of these technologies in an existing building context. Originally constructed as a nineteenth-century warehouse and converted into a cultural centre in 1995, the building now operates as a museum, exhibition space and events venue. While adaptive reuse offers environmental benefits through the retention of embodied carbon and reduction of demolition waste (UKGBC, 2020), such buildings often present challenges related to energy performance, outdated services and limited digital infrastructure (Plevoets and Van Cleempoel, 2019).
This report critically evaluates the potential application of modern digital technologies to improve the performance and facilities management of the Dylan Thomas Centre. It assesses the benefits and limitations of BIM, smart technologies, digital twins and AI, and proposes a phased retrofit strategy that balances technological innovation with financial viability and heritage conservation requirements.

[bookmark: _Toc227935071]Overview of the Dylan Thomas Centre
The Dylan Thomas Centre is located within Swansea’s Maritime Quarter and forms part of the wider regeneration of former dockland areas. Its conversion from an industrial warehouse into a cultural facility represents a successful example of adaptive reuse, contributing to sustainability through the retention of existing structures and reduction in embodied carbon emissions.
However, despite these benefits, the building is likely to exhibit performance limitations typical of historic structures. The original construction would not have been designed to meet contemporary standards for thermal efficiency, airtightness or environmental control, resulting in increased heat loss and energy demand (Historic England, 2017). Additionally, the 1995 conversion may not have incorporated advanced building services systems or energy-efficient technologies now expected in modern facilities.
The functional requirements of the building further complicate its management. As a museum and exhibition space, the Dylan Thomas Centre must maintain stable environmental conditions to preserve artefacts, particularly with regard to temperature and relative humidity. Fluctuations in these conditions can lead to deterioration of materials, placing significant demands on building services systems (CIBSE, 2015). Simultaneously, its role as an events venue introduces variable occupancy patterns, creating fluctuating energy demands and operational complexity.
Another critical issue is the likely absence of comprehensive digital asset information. Buildings of this age often rely on incomplete or outdated documentation, making it difficult for facilities managers to locate and maintain building systems efficiently (Volk et al., 2014). This results in reactive maintenance practices, increased downtime and higher lifecycle costs.
Furthermore, the heritage value of the building imposes constraints on intervention strategies. Any retrofit solutions must be sensitive to the existing architectural character, limiting the extent of physical modifications. This creates a need for non-invasive, reversible solutions that improve performance while preserving the building’s historic integrity.

[bookmark: _Toc227935072]Building Information Modelling (BIM) for Planning and Lifecycle Management
Building Information Modelling (BIM) is a digital process that enables the creation and management of detailed building information throughout the lifecycle of an asset. Unlike traditional two-dimensional drawings, BIM provides a data-rich, three-dimensional model that integrates architectural, structural and services information within a single environment.
The primary advantage of BIM lies in its ability to improve coordination and reduce risk during the design and construction phases. Through clash detection and model integration, potential conflicts between building systems can be identified and resolved before construction begins, reducing costly errors and delays. This is particularly valuable in complex projects involving multiple stakeholders.
In the context of existing buildings such as the Dylan Thomas Centre, BIM can be implemented through scan-to-BIM processes. Laser scanning technologies capture detailed geometric data, which is then converted into a digital model. This enables accurate representation of the building’s structure and systems, providing a valuable tool for refurbishment planning and asset management.
[image: ]BIM also supports lifecycle management by providing facilities managers with access to detailed information regarding building components, maintenance schedules and operational requirements. This facilitates preventative maintenance strategies, reducing the likelihood of system failures and extending asset lifespan.
However, BIM implementation is not without challenges. The creation of accurate models for existing buildings can be time-consuming and costly, with scan-to-BIM costs typically ranging from £10–£25/m² depending on complexity. Additionally, BIM models require continuous updating to remain effective, and poor information management can result in outdated or incomplete data.
Critically, BIM should not be viewed as a standalone solution. Its effectiveness is dependent on integration with other digital systems and alignment with organisational processes. Without proper governance, BIM models risk becoming underutilised, limiting their potential benefits.


[bookmark: _Toc227935073]Smart Building Technologies and Energy Management
Smart building technologies represent a significant advancement in the operational management of buildings, shifting facilities management from reactive and schedule-based practices toward data-driven, performance-led optimisation. At the core of this transformation is the integration of Internet of Things (IoT) sensors, automated building management systems (BMS) and advanced data analytics, which collectively enable real-time monitoring and dynamic control of building services.
Within the context of the Dylan Thomas Centre, the application of IoT-enabled systems offers a particularly valuable opportunity to address the performance limitations associated with historic buildings. Sensors capable of monitoring temperature, relative humidity, occupancy levels and energy consumption could be deployed throughout the building with minimal physical intervention. This is especially critical in a heritage environment, where intrusive retrofit solutions are often restricted. By leveraging wireless sensor networks, facilities managers can obtain granular performance data without compromising the architectural integrity of the building (Historic England, 2017).
The operational benefits of such systems are well established. Real-time environmental monitoring allows building services to respond dynamically to fluctuating occupancy patterns, which is highly relevant for a mixed-use cultural facility such as the Dylan Thomas Centre. For instance, during periods of low occupancy, heating and ventilation systems can be automatically reduced, while peak visitor periods can trigger increased environmental control to maintain comfort and preserve artefacts. Empirical studies suggest that the implementation of smart control systems can reduce energy consumption in existing buildings by approximately 10–25%, depending on system integration and user behaviour (CIBSE, 2021). In addition, automated lighting systems utilising occupancy and daylight sensors can achieve energy savings of up to 40% compared to conventional lighting strategies.
However, while the potential benefits are significant, the effectiveness of smart building technologies is highly dependent on the quality of data and the capability of facilities management teams to interpret and act upon this information. A common limitation observed in practice is the underutilisation of building management systems, where large volumes of data are generated but not effectively analysed or integrated into decision-making processes. This “data-rich but insight-poor” condition can result in limited performance improvement despite substantial capital investment (Bolton et al., 2018). Consequently, the successful implementation of smart technologies at the Dylan Thomas Centre would require not only technological upgrades but also organisational changes, including staff training and the development of data management protocols.
Artificial intelligence (AI) further enhances the capabilities of smart building systems by enabling predictive analytics and automated optimisation. AI-driven algorithms can analyse historical performance data to identify inefficiencies and predict equipment failures before they occur. For example, deviations in energy consumption patterns or abnormal fluctuations in environmental conditions can signal potential faults in HVAC systems. Predictive maintenance strategies informed by AI can reduce maintenance costs by approximately 20–30% and minimise operational disruptions, representing a substantial improvement over traditional reactive maintenance approaches (Lu et al., 2020).
Despite these advantages, the integration of AI and advanced analytics within an existing heritage building presents both technical and economic challenges. The initial cost of implementing smart infrastructure, including sensors, communication networks and data platforms, can be significant. While long-term operational savings may offset these costs, the return on investment is often realised over an extended period, which may not align with the budget constraints of publicly funded cultural facilities. Furthermore, cybersecurity risks associated with connected building systems must be carefully managed, particularly where systems are integrated with public networks (HM Government, 2016).
[image: The Essential Technologies That Make a Building Smart]A critical evaluation also suggests that the implementation of smart building technologies should be proportionate to the scale and operational complexity of the asset. While highly sophisticated systems, such as those deployed in flagship projects like the Edge Building in Amsterdam, demonstrate the upper limits of smart building performance, such approaches may represent technological over-specification for a building such as the Dylan Thomas Centre. Instead, a targeted strategy focusing on key performance areas—such as environmental control for exhibition spaces and energy monitoring for major plant systems—would likely provide a more cost-effective and context-appropriate solution.
In summary, smart building technologies offer a highly effective means of improving the operational performance of the Dylan Thomas Centre, particularly in relation to energy efficiency, environmental control and maintenance optimisation. However, their successful implementation is contingent upon a balanced approach that considers not only technological capability but also organisational readiness, financial viability and the specific constraints associated with heritage buildings. A carefully scoped deployment, prioritising high-impact interventions, is therefore essential to maximise benefits while minimising unnecessary complexity and cost.


[bookmark: _Toc227935074]Digital Twins and Laser Scanning Technologies
Digital twins represent an advanced application of digital technology within the built environment. A digital twin is a virtual replica of a physical building that is continuously updated using real-time data from sensors and monitoring systems. This digital model allows building managers to visualise building performance, simulate operational scenarios and optimise maintenance strategies.
[image: ]The use of digital twins is becoming increasingly common in large infrastructure projects. For example, Heathrow Terminal 5 has used digital twin technology to monitor building performance and improve facilities management. By integrating data from building systems into a digital model, facilities managers can quickly identify issues and test different operational strategies before implementing them in the physical building.
Laser scanning and LiDAR technologies play a crucial role in creating accurate digital models of existing buildings. These technologies use laser beams to capture detailed measurements of building geometry, producing highly accurate three-dimensional point cloud models. These models can then be converted into BIM models or digital twin environments. 
For heritage buildings such as the Dylan Thomas Centre, scanning technologies provide a non-invasive method of capturing detailed structural information. This is particularly useful when planning refurbishment works, as designers can analyse building geometry and structural conditions without physically altering the building fabric.
However, digital twin technology also presents certain limitations. Implementing a fully functional digital twin requires extensive sensor networks and data management systems. Organisations must also develop the capability to interpret and analyse large volumes of data generated by these systems. Despite these challenges, digital twins have the potential to significantly improve facilities management and lifecycle performance.

[bookmark: _Toc227935075]Retrofitting the Dylan Thomas Centre with Digital Technologies
Retrofitting modern digital technologies into the Dylan Thomas Centre could significantly improve the building’s operational efficiency and long-term sustainability. The first step in this process would involve developing a comprehensive digital model of the building using laser scanning and scan-to-BIM techniques. This model would provide facilities managers with detailed information about the building’s structure, services and materials.
Once a BIM model has been established, smart sensors could be installed throughout the building to monitor environmental conditions and energy use. Data collected from these sensors could be integrated into a building management system, allowing automated control of heating, ventilation and lighting systems. This would help reduce energy consumption while maintaining appropriate environmental conditions for exhibitions and visitors.
Lighting systems within the building could also be upgraded to energy-efficient LED systems with automated controls. Smart lighting systems can adjust brightness levels based on occupancy and daylight availability, reducing electricity consumption while improving visitor comfort.
[image: 3D Laser Scanning – Excelsior BIM]Another potential improvement would involve developing a digital twin of the building by integrating sensor data with the BIM model. This would allow facilities managers to monitor building performance in real time and simulate different maintenance or operational scenarios. Predictive maintenance systems could also be implemented to monitor mechanical equipment and identify potential failures before they occur.
Importantly, these technologies could be implemented with minimal physical alterations to the building’s historic fabric. Wireless sensors and non-invasive scanning technologies allow digital upgrades to be installed without significant structural modifications. This ensures that the architectural character of the Dylan Thomas Centre is preserved while improving its operational efficiency.

[bookmark: _Toc227935076]Conclusion 
The Dylan Thomas Centre exemplifies the challenges associated with managing and maintaining historic buildings within a modern operational context. While its adaptive reuse represents a sustainable approach to development, the building continues to face limitations in energy efficiency, asset visibility and maintenance management. This report has demonstrated that modern digital technologies—including BIM, smart building systems and digital twins—offer a structured pathway to address these challenges.
However, a critical evaluation indicates that the adoption of such technologies must be proportionate, strategically aligned and economically justified. While BIM provides a strong foundation for lifecycle asset management, and smart technologies enable measurable improvements in operational performance, more advanced systems such as digital twins may offer diminishing returns relative to their cost in this context. As such, a hybrid and phased implementation strategy represents the most effective approach.
Ultimately, the successful integration of digital technologies within the Dylan Thomas Centre is not solely a technical challenge, but also an organisational one. The effectiveness of these systems depends on data management, staff capability and long-term commitment to digital processes. By adopting a balanced, evidence-based approach, the Dylan Thomas Centre can enhance its operational performance, reduce lifecycle costs and serve as a model for the sustainable management of heritage buildings in the digital age.
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