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1.0 Executive Summary

This report presents a critical review of the Dylan Thomas Centre, focusing on how advanced construction technologies can enhance its performance, efficiency and long-term management. As a heritage building, the Centre faces challenges typical of ageing infrastructure, including energy inefficiency, limited integration of modern building services and increasing maintenance demands. These issues are further complicated by the need to preserve the building’s historic fabric, which restricts the extent of physical intervention.
2.0 Terms of Reference

2.1 The principal focus are:

2.1.1 Critique the application of the processes and procedures involved in the design and production of complex construction projects;
2.1.2 Appreciate and recognise whole-life performance of buildings and civil engineering infrastructure, their care and management.
2.1.3 The report is due by the 24th of April 2026
3.0 Procedure

This section identifies the research sources used.

3.1 The research included sources on the subject of blended learning in education from websites and text books set out in the references and bibliography.
3.2 Notes taken in class also provided background to the research.
4.0 Findings

1. The Dylan Thomas Centre 
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Figure 1: Dylan Thomas Centre, Swansea

(Source: National Lottery Heritage Fund, 2013)

Today, the Dylan Thomas Centre serves a number of important functions, including acting as a museum, archive, exhibition space, venue for cultural events and it’s a part of the UWTSD. Its permanent exhibition provides visitors with an insight into Thomas’s life, works and his connection to Swansea, while the archive supports academic research through its collection of manuscripts, photographs and other historical materials (Visit Wales, 2022). As a result, the Centre plays a key role in preserving and promoting Welsh literary heritage.
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Figure 2: Interior exhibition at the Dylan Thomas Centre, Swansea (Source: DylanThomas.com, 2021)

Figure 3: Location of the Dylan Thomas Centre, Swansea

(Source: Bing Maps, 2026)

However, like many older public buildings, the Centre faces several challenges related to ageing infrastructure, energy inefficiency and ongoing maintenance requirements. These issues are common in heritage buildings that were not designed with modern construction technologies or digital asset management systems in mind (Historic England, 2019). In addition, the need to retain the building’s historic character can limit the extent of physical alterations, making upgrades more complex.

2. BIM and Digital Planning for Risk Mitigation and Lifecycle Management
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Figure 4: BIM workflow/process diagram (Source: Anand, 2023)

Building Information Modelling (BIM) represents a shift from traditional 2D drawings to integrated, data-rich digital environments that support decision-making across the building lifecycle. For the Dylan Thomas Centre, constructed prior to BIM adoption, the absence of a coordinated digital model limits efficient facilities management and informed retrofit planning.

This limitation can be addressed through the development of an as-built BIM model using Scan-to-BIM techniques, combining laser scanning data with existing documentation. While this improves data accuracy, heritage buildings present challenges due to irregular geometry and undocumented alterations, increasing time and cost (Eastman et al., 2011). Consequently, the justification for BIM must be critically assessed, particularly within publicly funded projects where financial constraints are significant.

BIM enhances interdisciplinary coordination through a shared model, enabling early identification of design conflicts. Clash detection is particularly valuable in retrofit contexts, where spatial constraints and uncertain service routes increase risk. However, its effectiveness is dependent on model accuracy; incomplete or unreliable data may undermine decision-making and lead to further complications during construction.

Overall, BIM offers significant potential to improve planning, delivery and lifecycle management. However, its implementation in heritage settings is constrained by cost, data reliability and resource availability. A phased and targeted adoption is therefore more appropriate, prioritising areas where BIM can deliver measurable value.
3. Smart Technologies and Digital Innovations

In recent years, digital technologies have become more important in the way buildings are managed and operated. For a building such as the Dylan Thomas Centre, these technologies could help improve efficiency, reduce energy use and support better long-term maintenance.

One of the main developments is the use of digital twins. A digital twin can be understood as a digital version of a physical building that is continuously updated using real-time data from sensors and systems. This allows building performance to be monitored more accurately and in real time. For example, energy use, temperature and system performance can all be tracked and analysed. Digital twins also allow different scenarios to be tested virtually, which reduces risk before making physical changes. Over time, they can support predictive maintenance by identifying potential issues early (Fuller et al., 2019; Deng et al., 2021).

Artificial Intelligence (AI) can further improve building performance by analysing the large amounts of data collected by IoT systems. AI can identify patterns and predict when equipment may fail, allowing maintenance to be planned in advance rather than reacting to breakdowns. It can also automatically adjust systems such as heating, ventilation and lighting based on occupancy or weather conditions, which helps improve efficiency and reduce energy consumption (Ma et al., 2025).

Finally, smart energy management systems combine technologies such as renewable energy sources, smart meters and automated controls. These systems allow buildings to respond to energy demand in real time, helping to reduce energy consumption and lower carbon emissions. Overall, the integration of these technologies can significantly improve building performance and support more sustainable facilities management.

4. Whole-Life Performance and Sustainability

Whole-life performance is an important factor when considering the long-term sustainability and efficiency of buildings. For a building such as the Dylan Thomas Centre, modern technologies can support a better understanding of how the building performs over time. This includes looking at embodied carbon, which relates to emissions from construction materials, as well as operational energy use during the building’s lifespan. In addition, digital tools can help forecast future maintenance costs, allowing building managers to plan ahead more effectively. Digital twins are particularly useful in this area, as they allow different retrofit options to be tested virtually. This makes it easier to identify solutions that are both cost-effective and environmentally sustainable (Boje et al., 2020).

Another key development is the shift from reactive to predictive maintenance. Traditionally, maintenance only takes place once something has gone wrong, which can lead to unexpected costs and disruption. However, by using technologies such as Artificial Intelligence (AI) and the Internet of Things (IoT), building systems can be monitored continuously. Sensors can detect early signs of faults in systems such as heating and ventilation, allowing maintenance to be carried out before failures occur. This proactive approach helps to reduce downtime and avoid major repair costs. For public buildings like the Dylan Thomas Centre, this is particularly important as it ensures the building remains accessible and functional for visitors (Lee et al., 2019).
5. Retrofitting the Dylan Thomas Centre

Retrofitting heritage buildings can be challenging, as there is a need to improve performance while also protecting historical features. In the case of the Dylan Thomas Centre, this is particularly important due to its cultural value and age. Unlike modern buildings, it was not originally designed to accommodate current technologies such as advanced building services or energy-efficient systems. This makes any form of upgrade more complicated and requires careful planning.

Another issue is the limited space available for new building services. Older buildings were not designed with modern systems in mind, so there is often little room for installing ductwork, cabling or pipework. This can make it difficult to integrate technologies such as improved heating, ventilation or smart systems. In addition, structural constraints must be considered, as the existing building may not be able to support additional loads from new equipment. This means that detailed assessments are required before any work is carried out (Douglas, 2006).

Despite these challenges, modern technologies allow for less invasive retrofit approaches. For example, wireless systems reduce the need for extensive alterations, while laser scanning and Building Information Modelling (BIM) can be used to better understand the building before work begins. This helps reduce risk and ensures that improvements can be made while still maintaining the building’s historical significance (Eastman et al., 2011).

6. Proposed Retrofit Strategy

A structured retrofit strategy is essential to improve the performance and long-term management of the Dylan Thomas Centre while maintaining its historic value. The first step in this process would involve reality capture and the creation of an accurate BIM model. This would typically include carrying out a laser scanning survey to capture the building’s geometry in detail. The collected data can then be used to develop a detailed as-built BIM model, which includes both physical characteristics and asset information. Existing drawings and historical records can also be incorporated, creating a reliable digital foundation for future improvements (Eastman et al., 2011).

The second stage would involve the development of a digital twin. This can be achieved by linking the BIM model to real-time data collected from sensors installed throughout the building. These sensors can monitor conditions such as temperature, humidity and energy use. By creating a live digital model, facilities managers are able to monitor performance continuously and identify areas for improvement. This approach supports better decision-making and allows building systems to be optimised over time (Boje et al., 2020).

The third step focuses on integrating smart building systems. Environmental control is particularly important in the Dylan Thomas Centre due to the presence of archive materials that require stable conditions. Smart HVAC systems can help regulate temperature and humidity more effectively. Lighting systems can also be upgraded to energy-efficient LED systems with occupancy sensors, ensuring energy is not wasted. In addition, energy management systems, such as smart meters and digital dashboards, can be introduced to monitor and reduce energy consumption. Where possible, renewable energy technologies could also be considered to improve sustainability (Carbon Trust, 2021).

The fourth stage involves the use of Artificial Intelligence (AI) to further improve building performance. AI systems can analyse data from sensors and automatically adjust systems such as heating, ventilation and lighting. They can also predict when equipment may fail, allowing maintenance to be planned in advance. This helps reduce operational costs and improves reliability (Lee et al., 2019).

Finally, integrating facilities management systems is essential. By linking the BIM model and digital twin to Computer-Aided Facilities Management (CAFM) systems, building assets can be tracked in real time and maintenance processes can be automated. This provides facilities managers with a clearer understanding of building performance and supports more efficient long-term management (Sacks et al., 2020).

7. Benefits of the Proposed Approach

The implementation of modern digital technologies within the Dylan Thomas Centre would provide a range of benefits across operational efficiency, user experience, sustainability and risk management. These improvements are particularly important for older buildings, where performance is often limited by outdated systems and infrastructure.

One of the main advantages is improved operational efficiency. By integrating systems such as BIM, digital twins and smart energy management, the building can operate more effectively on a day-to-day basis. Energy consumption can be reduced through better monitoring and control, while building performance can be optimised using real-time data. In addition, predictive maintenance strategies help to lower maintenance costs by identifying issues early and preventing major system failures (Eastman et al., 2011; Boje et al., 2020).

Another key benefit is the enhancement of user experience. Visitors to the Dylan Thomas Centre would benefit from improved thermal comfort, as smart HVAC systems can maintain more consistent indoor conditions. Lighting quality can also be improved through the use of smart LED systems that adjust based on occupancy and natural light levels. Furthermore, the introduction of digital technologies could support more interactive and engaging exhibitions, helping to improve the overall visitor experience (Carbon Trust, 2021).

Sustainability is also a major advantage of the proposed approach. By improving energy efficiency and reducing unnecessary energy use, the building’s operational carbon emissions can be significantly lowered. The use of smart systems and potential integration of renewable energy sources can also support wider environmental targets, such as achieving net-zero carbon emissions in the future (UK Green Building Council, 2020).

Finally, the use of BIM and other digital tools helps to reduce risk throughout the lifecycle of the building. Better planning and coordination can be achieved during refurbishment projects, while real-time monitoring allows for early detection of potential issues. This reduces uncertainty, particularly in complex retrofit projects, and leads to more reliable and cost-effective outcomes (Sacks et al., 2020).

8. Critical Evaluation

While advanced digital technologies offer clear potential to enhance the performance of the Dylan Thomas Centre, their implementation is constrained by technical, economic and conservation challenges, particularly within a heritage context.

A fundamental issue lies in the building’s existing physical performance. Poor thermal efficiency, typical of early nineteenth-century construction, results from solid masonry walls, single glazing and uninsulated roof elements, leading to high heat loss and increased energy demand. However, improving thermal performance is inherently complex, as insulation measures may compromise the building’s historic fabric.

Similarly, the HVAC system is likely to be outdated and inefficient, lacking zoning and advanced controls. This results in inconsistent internal conditions, reduced occupant comfort and unsuitable environments for archive materials. Air leakage further exacerbates inefficiency, with uncontrolled infiltration reducing heating effectiveness. While draught-proofing offers potential improvements, interventions must remain sensitive to historic features. Lighting inefficiencies also persist, as outdated systems and the absence of occupancy or daylight controls contribute to unnecessary energy consumption.

Beyond physical limitations, the adoption of digital technologies introduces significant constraints. High initial costs associated with BIM development, digital twin integration and supporting infrastructure present a major barrier, particularly for publicly funded buildings where return on investment may be uncertain (Eastman et al., 2011; Boje et al., 2020).

Heritage conservation requirements further restrict implementation, limiting the feasibility of invasive technologies such as extensive cabling or ductwork (Historic England, 2019). While wireless solutions provide less intrusive alternatives, they may offer reduced performance, highlighting the tension between technological optimisation and preservation.

Moreover, the effectiveness of digital technologies is contingent on data quality. In retrofit contexts, incomplete or unreliable data can lead to discrepancies between digital models and physical conditions, reducing the reliability of BIM and digital twin outputs (Eastman et al., 2011). Similarly, AI-driven systems depend on continuous, high-quality data streams, which may be constrained by limited sensor deployment (Lee et al., 2019).

Despite these limitations, targeted and phased adoption remains viable. Selective implementation—such as BIM for asset management or IoT for environmental monitoring—can deliver measurable improvements without requiring full digital integration (Ahmadi, 2021). A context-sensitive approach is therefore essential, ensuring that technological interventions remain proportionate, feasible and compatible with the building’s heritage value.
9.0 Future Opportunities and Industry Implications

Looking ahead, the continued development of advanced construction technologies presents further opportunities to enhance the performance and management of heritage buildings such as the Dylan Thomas Centre. As digital tools become more accessible and cost-effective, their adoption within the public sector is expected to increase, enabling more data-driven and sustainable approaches to building operation.

One key opportunity lies in the wider integration of interoperable systems. Currently, many digital technologies operate in isolation; however, the future of building management is likely to depend on fully integrated platforms where BIM, digital twins, IoT devices and facilities management systems communicate seamlessly. This level of integration would allow for more efficient decision-making, as stakeholders can access real-time, centralised data relating to building performance, maintenance schedules and energy use (Boje et al., 2020; Sacks et al., 2020).

In addition, advancements in sensor technology are expected to improve both accuracy and affordability. Smaller, wireless and less intrusive sensors will be particularly beneficial for heritage buildings, where minimal intervention is required. These developments will enhance the reliability of data collected, addressing one of the key limitations identified in current digital applications .

Another emerging trend is the use of machine learning algorithms to optimise building performance over time. Unlike traditional AI systems, which rely on predefined rules, machine learning can continuously improve its predictions based on historical data. This has significant implications for energy management and maintenance planning, as systems become increasingly adaptive and efficient (Ma et al., 2025; Lee et al., 2019).

From an industry perspective, there is also a growing emphasis on upskilling professionals to effectively utilise these technologies. The successful implementation of BIM and digital systems requires not only technical infrastructure but also a workforce capable of managing and interpreting complex data. Therefore, investment in training and education will be essential to fully realise the benefits of digital transformation (Eastman et al., 2011).

Overall, while challenges remain, the trajectory of technological advancement suggests that heritage buildings can increasingly benefit from innovative solutions, provided that implementation remains sensitive, proportionate and aligned with conservation principles.

5.0
Conclusion
In conclusion, the Dylan Thomas Centre illustrates both the challenges and opportunities associated with applying advanced construction technologies to heritage buildings. As identified throughout this report, the Centre’s ageing infrastructure, energy inefficiency and reactive maintenance practices limit its operational performance and long-term sustainability. However, these limitations can be addressed through the strategic integration of digital technologies.

Building Information Modelling (BIM) provides a critical foundation for improving coordination, reducing risk and supporting lifecycle decision-making, particularly when enhanced through reality capture techniques. When extended into a digital twin environment and combined with IoT and AI systems, BIM enables real-time performance monitoring and predictive maintenance, facilitating a transition towards data-driven facilities management. This integrated approach offers clear benefits in terms of operational efficiency, user comfort and carbon reduction.

Despite these advantages, the implementation of such technologies is not without constraint. High initial costs, the complexity of data integration and the restrictions imposed by heritage conservation requirements present significant barriers. As such, a fully comprehensive digital transformation may not be immediately feasible. Instead, a targeted and phased approach is required to ensure that technological interventions remain proportionate, cost-effective and sensitive to the building’s historic fabric.

Ultimately, the long-term value of adopting advanced construction technologies within the Dylan Thomas Centre lies in their ability to support informed decision-making and optimise building performance over time. It is therefore concluded that a phased retrofit strategy—prioritising the development of an accurate BIM model, followed by the gradual integration of smart monitoring and management systems—offers the most viable pathway to enhancing performance while preserving the Centre’s cultural and architectural significance.
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