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[bookmark: _Toc227338547]1.0 Executive Summary 
The transformation of the Dylan Thomas Centre ‘DTC’, from a perspective and reactive heritage site to a future thought cultural asset relies on bridging the gap between the early 1800’s classic architecture and modern technology. By introducing heritage BIM (HBIM), the centre moves away from outdated paper records coordinating a single source of files. This will allow the facilities management team to utilize clash detection and virtually simulate the installation of a modern HVAC and / or fire systems to ensure no irreversible damage to the heritage structure occurs. 
This digital foundation enables asset tagging – this is where every structural element is tracked for any decay, shifting all maintenance from emergency to planned, data driven maintenance and/or repairs. 
A digital twin model, a live replica fed by sensors, allows for on the move dynamic management of the building, it can sensor humidity levels and UV rays in real time. Triggering immediate HVAC adjustments to acclimate and protect the many delicate artwork and heritage items. 
Additionally, AI algorithms can analyse occupancy levels and ‘rush hour’ patterns, taking into account local weather conditions which all feed to optimizing the temperature and humidity levels within the building to maximise comfort levels for all in use of the building. This ‘soft’ strategy utilizes LORAWAN sensors to provide data without damaging heritage the building fabric. All of the information gathered can feed a common data environment (CDE) which allows facilities management teams to use augmented reality to see hidden utilises within the building, which drastically reduces maintenance costs and time. 
All in all, the DTC evolves into a high-performance asset where a whole life performance approach is maximised the buildings structural life cycle is guarded by a continuous digital ‘heartbeat’. 
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[bookmark: _Toc227338548]2.0 Introduction 
The DTC, originally built in 1829 as Swansea’s Guildhall, now stands as an exceptional example encompassing neoclassical and civic architecture. Although its primary function as a building has shifted from governance to a museum like focussing on literacy, housing the ‘love the words’ exhibition, its structural core remains cemented within the 19th century. 
This demanded legacy of the building and its local infrastructure creates a ‘heritage paradox’, the requirement to preserve the aesthetic and structural integrity of the building all the while upgrading to meet industry standards for operational efficiency. In a time period focussing on reducing energy consumption, costs and the UK’s ‘Net Zero’ carbon targets, the DTC faces a critical challenge here of upgrading the thermal performance without compromising the beating heart of what makes the museum so special. 
This report will evaluation how the centre can resolve this paradox issue by transitioning from traditional responsive facilities management to a digitally integrated asset management approach. Utilising BIM, AI and digital twins the DTC can evolve into a far more proactive, high performing asset. The objective today is to outline a map the ensures this is possible, to what extent and how to minimise ‘tangible’ changes to the building which could reduce its cultural landmark status. 
Historic England (2017).  Swansea Council (2023). 

[bookmark: _Toc227338549]3.0 BIM & Risk Mitigation 
Modernising the DTC requires moving beyond traditional AutoCAD assistance. Even though 2D CAD provides a flat, geometric representations, HBIM introduces a 3D environment. Unlike standard BIM, HBIM is specifically designed to handle the irregular geometries of 19th century architecture such as battered, weathered masonry and settling foundations. This shift allows the DTC to store not just lines and shapes, but critical data regarding material degradation, historical significance, and repair specifications within every digital component.
[bookmark: _Toc227338550]3.1 Risk Mitigation through 4D & 5D Simulation
The integration of additional dimension into the digital models transforms the centres refurbishment goals from guesswork to precise measurements. 
By linking the construction schedule to the 3D model, facility managers can virtually practise the sequencing of repairs required due to age. This is vital for the museum as it allows for the scheduling of high impact work during the off-peak hours or closure periods.
Simulation tools such as 5D provide automated highly accurate quantity take offs. Heritage conservation requires specialised materials such as lime mortar and hand built bespoke stonework. Having an automatic tool to find exactly what is needed will reduce any monetary risk by eliminating any chance of over ordering. Also allows for very accurate cost projections. 
[bookmark: _Toc227338551]3.2 Clash Detection 
The biggest risk with modernising the look of the centre is the installation of infrastructure which could drastically impact or clash with what is there existing. BIM’s clash detection features will allow for any new proposal to be ran in the simulation and identify any and all issues that could be raised if fitted. For example, a new duct going straight through a structural support, therefore weaking the capable load, BIM would recognise this and render it unavailable. 
[bookmark: _Toc227338552]3.3 ISO19650
Due to the sheer size of this project, a ‘Golden Thread’ of information is maintained through the ISO 19650 standards. The CDE, a centralized digital hub where architects & contractors collaborate to ensure everyone is working from the same accurate real time data. This will drastically reduce errors caused by the usage of outdated drawings.
BSI (2018). Eastman, C., et al. (2018). Pocobelli, D. P., et al. (2018). 

[bookmark: _Toc227338553]4.0 Smart Technologies & Life Performance 
[bookmark: _Toc227338554]4.1 The Digital Twin Concept
A digital twin acts as a live model, a virtual replica which represents the buildings current state in real time. It establishes a data flow between the centre and its digital counterpart. Facility managers can monitor the immediate impact of weather conditions or occupancy levels, transforming the building into a responsive and intelligent being. 
[bookmark: _Toc227338555]4.2 IoT & Environmental Monitoring
‘Internet of things’ is a vital tool for the conservation of the centre’s treasures; its integration is a must have when it comes to preserving papers and alike. 
Wireless systems can be deployed throughout the ‘love the words’ exhibition to provide monitoring of the humidity and temp. In this instance, within the archives, even a minor fluctuation can lead to parchment degradation or mould growth. The virtual digital twin provides immediate alerts if the conditions differ. 
Sensor controlled lighting systems can be programmed to reduce UV & infrared exposure. Tracking any movement and ambient daylight throughout. This system ensures that delicate manuscripts are only lit up when absolutely necessary, significantly extending their life spans and all the while reducing energy costs.
[bookmark: _Toc227338556]4.3 AI-Driven Energy Management
The centres architecture more conveniently characterised by its high ceilings and large spaces provide a significant heating challenge in the winter months. 
AI can analyse historical data, occupancy schedules and weather forecasts to predict thermal demand ahead of time. Rather than constantly keeping a steady level of ‘warm/comfortable’ temperature throughout, the AI autonomously adjusts the levels to either pre-heat spaces or cool only when needed. Managing the ‘thermal inertia’ of thick 19th century thick stone walls. 
Whole life performance (WLP), the DTC can conduct a whole life carbon assessment using the previously mentioned digital twin to harvest data regarding the building. This allows stakeholders to justify the costs of carbon while preserving the 19th century building. They could do this by demonstrating virtually its operational efficiency and how it can rival that of any modern facility. 
[bookmark: _Toc227338557]4.4 Scanning & Structural Health
LiDAR (light detection and ranging) and photogrammetry provide a baseline of the buildings condition. Occasional re-scanning allows AI algorithms to perform a comparative identification process which can outline any slight structural movements, rising damp or catch early onset of salt crystallisation in the stonework. This will allow for almost surgical grade approach to repairs, identifying and targeting only the areas of which are in immediate distress and allow for the perseveration of the maximum possible amount of the original fabric. 
Grieves, M., & Vickers, J. (2017). Batty, M. (2018). Royal Institution of Chartered Surveyors (RICS) (2020).

[bookmark: _Toc227338558]5.0 Retrofitting & Facility Management 
[bookmark: _Toc227338559]5.1 The "Soft" Retrofit Strategy
Retrofitting any grade listed building requires a sensitive technology approach that adheres to Cadw and Welsh heritage guidelines. Rather than traditional retrofitting which will likely damage the historic integrity and values. A soft approach prioritises the installing of digital layers, to include sensors and smart controllers, these are both not destructive and completely reversible. 
[bookmark: _Toc227338560]5.2 Overcoming Structural Barriers for Connectivity
The main challenge with proposing solution for this building is the thick solid stone walls. This is an issue as it drastically acts as a barrier for WI FI signals. To fit a good connection, a cable is required. Unable to core out, the centre will benefit from a wide area network such as LoraWAN and/or Zigbee. These work off of frequencies and are specifically designed to penetrate dense masonry and operate over long ranges with minimal power consumption. The fact that this is a wireless system is also beneficial as it could provide a seamless transmission of data from sensors hidden behind panels or attic spaces. 
[bookmark: _Toc227338561]5.3 The role of augmented reality in building maintenance. 
The use of augmented reality (AR) will be one of the most transformative tools in the upgrades. By overlaying the BIM model onto a manager’s device or headset, they will be able to walk through and see through the 19th century timber panels or stone flooring to locate hidden pipes, wiring and structural supports. This means that the buildings fabric will only ever be damaged/disturbed when absolutely necessary.
Webb, R. (2017). Sustainable Traditional Buildings Alliance (STBA) (2016). BSI (2012).
[bookmark: _Toc227338562]6. Critical Analysis & Limitations 
[bookmark: _Toc227338563]6.1 Cost vs. Heritage Value
The financial feasibility of carrying out upgrades to digitise the DTC requires a point of view shift accounting a different perspective. The initial capital expenditure (CAPEX) for LiDAR scanning and the creation of a HBIM Model is undeniably high compared to the usual traditional surveying methods. However, these costs must be weighed against the long-term operational expenditure savings. A digital twin pays for itself by preventing emergency structural failures and optimizing energy consumption. Additionally, the ‘heritage value’ is preserved through non-invasive maintenance, in my opinion, the cost of losing any of the original 1829 building fabric and/or museum items due to a preventable disaster such as a flood or fire, greatly outweigh the costs of producing a digital twin.
[bookmark: _Toc227338564]6.2 Skill Gap
A large physical barrier to utilizing the full ability of a digital management system is user error. The facility management team operating this are likely experts in physical building work and mechanical systems, their skill level may drop when referencing digital literacy ability especially when it comes to navigating complex BIM or AI systems. A robust training strategy would need to be in place to ensure no human error occurs rendering the system and its upgrades useless in a feasibility study. 
6.3 [bookmark: _Toc227338565]Data Security
As the DTC becomes a smart building, it will become vulnerable to new categories of risk, in terms of cyber-attacks. A digital twin that controls HVAC systems and relevant security is a high value target for attackers. Protecting this building and public asset will require a strict adherence to the national cyber security centre (NCSC) guidelines. Information will have to be managed within a secure CDE with robust data encryption and tier access control. This will ensure data integrity is not just a technical requirement but a legal one. 
National Cyber Security Centre (2021) Cabinet Office (2021)









[bookmark: _Toc227338566]7. Conclusion 
[bookmark: _Toc227338567]7.1 Immediate Action Plan
To transition from the current reactive state to a proactive model, the below phases are recommended for immediate action. 
Phase 1 – Commission a comprehensive BIM scan survey using high performance LiDAR scanner. This will provide the accuracy required for a baseline creation and for all future conservation and retrofitting work.
Phase 2 – Install a wireless LoraWAN sensor network. This pilot will monitor the humidity and temperature fluctuations providing immediate archival data and protection all the while demonstrating the feasibility of the soft retrofit approach. I recommend this sensor is fitted to the ‘love the words’ exhibit to maximise data collection for its main usage. 
Phase 3 – Establish a CDE to centralise any and all historical records, maintenance logs and sensor feeds. This will allow for the creation of a fully functional digital twin. 
[bookmark: _Toc227338568]7.2 Final Statement
The DTC stands at a tangible crossroads between its classic architecture and the grade listing heritage guidelines and a fully digital maintenance future. This report demonstrates that heritage preservation and technological innovation are not a mutual coerce-meant.  By utilizing the digital modern tools, the museum can successfully resolve the previously mentioned heritage paradox and be able to prove that a 19th century building can thrive as a 21st century smart building. While doing so, it will also ensure that the building remains a resilient and sustainable masterpiece of architecture and sanctuary for one of Wales’s greatest poets.
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