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Figure 1 – The Dylan Thomas Centre
Introduction
The effective management, maintenance, and refurbishment of existing public buildings present increasing challenges in the context of ageing assets, regulatory pressures, and the need to reduce operational carbon. The Dylan Thomas Centre (DTC) exemplifies these issues as a multifunctional cultural and heritage asset that must balance preservation of historic character with modern performance expectations. Originally constructed in 1829 as Swansea’s Guildhall and later remodelled, the Grade II listed building has undergone numerous changes in use before reopening in 1995 as the Dylan Thomas Centre. Today it accommodates exhibition space, educational facilities, public events, and university functions, creating complex and variable operational demands within a historic fabric.
Such buildings are frequently affected by outdated services, fabric degradation, and fragmented asset information, which contribute to inefficiencies and increased lifecycle costs. Guidance from CIBSE highlights how these factors contribute to the performance gap between intended and actual energy use in existing buildings (CIBSE, 2021). At the same time, heritage constraints limit the feasibility of intrusive upgrades, requiring alternative approaches that improve performance without compromising architectural integrity.
Advances in digital construction and asset management methodologies offer a structured response to these challenges. ISO 19650 defines a framework for managing asset information through Building Information Modelling (BIM) within a Common Data Environment, enabling reliable data across the asset lifecycle (ISO 19650, 2018). The Centre for Digital Built Britain emphasises the value of digital twins and connected data in improving operational decision making (CDBB, 2019), while CIBSE advocates the use of digital tools to enhance energy performance and whole life management.
This report critically reviews how the DTC could integrate BIM-enabled digital twins, IoT monitoring, and smart building technologies through sensitive retrofit. It evaluates how these tools can mitigate risk, improve energy performance, and support more effective facilities management while respecting the constraints of a listed heritage building.
Challenge
As the Dylan Thomas Centre is a listed building, the introduction of technologies to monitor performance and address existing issues presents several challenges, ranging from cost implications to the risk of intrusive interventions to the historic fabric. This report therefore considers a range of options with these constraints in mind, focusing on high impact, cost effective solutions that can be implemented with minimal disruption and without adverse effects on the building’s architectural integrity.
Technological Solutions
Window / Doors Sensors – Uncontrolled ventilation from open windows and doors is a recognised cause of avoidable heat loss in existing buildings, particularly where heritage constraints restrict fabric upgrades. At the Dylan Thomas Centre (DTC), replacing original windows and doors with modern high performance units may be inappropriate and uneconomical. Guidance from the CIBSE notes that occupant behaviour and unmanaged openings can significantly undermine heating efficiency and contribute to the performance gap between intended and actual energy use (CIBSE, 2021).
A low invasive alternative is the installation of discreet contact sensors which can be linked to the building’s digital twin and facilities management system. In line with ISO 19650, real time status data from these sensors can be managed within a ommon Data Environment, allowing facilities teams to visualise which openings are compromising thermal performance and receive alerts when windows or doors remain open beyond set thresholds. The Centre for Digital Built Britain highlights how such IoT inputs enhance the operational value of digital twins by providing actionable performance data (CDBB, 2019).
This approach aligns with ISO 55000 principles by enabling timely operational intervention without altering historic fabric. Over time, collected data can inform user behaviour strategies and operational policies, reducing unnecessary heat loss while respecting conservation and budgetary constraints.
Smart Thermostatic Radiator Valves – Inefficient space heating is a common source of energy waste in older buildings where the original fabric performance and heating layouts limit effective zoning. At the Dylan Thomas Centre (DTC), diverse occupancy patterns create highly variable heating demands that are difficult to manage through a centrally controlled system. The CIBSE notes that poor zoning and limited local control frequently contribute to the performance gap and unnecessary energy consumption in existing buildings (CIBSE, 2021).
While best practice would involve reconfiguring the heating system into zones, this would be disruptive and costly within the DTC. A less invasive option is the use of smart thermostatic radiator valves (TRVs), enabling room level temperature control without altering pipework. In line with ISO 19650, these devices can be integrated into a digital twin, allowing facilities managers to monitor temperatures, set schedules, and respond to occupancy patterns (ISO19650, 2018). 
This approach supports ISO 55000 principles by improving operational efficiency and reducing energy waste without invasive retrofit (ISO 55000, 2014).
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Figure 2 – Smart Enabled TRV
Air Quality Monitors - Maintaining stable internal environmental conditions is essential in all buildings, but especially multi use heritage buildings where occupant comfort must be balanced with the protection of sensitive artefacts. At the Dylan Thomas Centre (DTC), exhibition spaces, offices, teaching areas, and public zones create variable internal environments that can affect temperature, humidity, and pollutant levels. Guidance from CIBSE highlights the importance of monitoring indoor environmental quality (IEQ) factors such as temperature, relative humidity, CO₂, and volatile organic compounds (VOCs) to support occupant wellbeing and effective building operation.
Discreet air quality monitors can be installed throughout the building with minimal visual impact which can continuously collect environmental data. In accordance with ISO 19650, this data can be integrated into a digital twin allowing analysis of trends across different seasons and occupancy patterns.
Using air quality data with inputs from window and door sensors allows managers to understand the environmental impact of uncontrolled openings and assess whether ventilation strategies require adjustment. This data led approach supports proactive environmental control while respecting the building’s character.
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Figure 3 – Air Quality Monitor and Dashboard example
Smart Lighting – Lighting presents a significant opportunity for low impact energy saving in existing buildings, particularly where a mixture of traditional fittings and newer installations coexist. At the Dylan Thomas Centre (DTC), varied activities require different lighting levels, Guidance from CIBSE emphasises that appropriate lighting control, occupancy sensing, and the use of high-efficiency LED sources can substantially reduce energy consumption while maintaining visual comfort and appropriate lux levels (CIBSE, 2018).
A practical strategy is the introduction of smart lighting controls, including occupancy sensors, daylight sensors, and remote switching, combined with LED lamps which are compatible with existing fixtures. This approach enables lighting to respond dynamically to occupancy and available daylight, reducing unnecessary use. Lighting asset data and sensor feedback can be integrated into a digital twin allowing facilities managers to monitor usage patterns and optimise settings. The Centre for Digital Built Britain highlights how such IoT-enabled feedback enhances operational decision-making within digital twins (CDBB, 2019).
This strategy improves user experience through appropriate illuminance while delivering measurable energy savings without compromising the building’s historic character.
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Figure 4 – Smart lighting while preserving the architectural integrity
Occupancy Sensors – At the Dylan Thomas Centre (DTC), exhibitions, offices, teaching areas, and public spaces experience varying occupancy throughout the day, and room booking systems provide little insight into real time occupancy. Guidance from the CIBSE highlights that occupancy driven control is a key mechanism for reducing energy waste and improving operational performance in existing buildings (CIBSE, 2021). 
The installation of discreet occupancy sensors enables accurate, real time measurement of occupancy which can be integrated into a digital twin allowing visualisation of patterns of within the BIM model. 
When linked to other smart systems including lighting controls, window and door sensors, and smart thermostatic radiator valves occupancy data enables automated responses, lights can be dimmed or switched off, heating output reduced, and alerts triggered where windows and doors are open while the heating is on thus having a negative impact on energy performance. This integrated approach aligns services with actual demand, improving energy efficiency while supporting responsive facilities management.
Digital Twin – The Centre for Digital Built Britain describes digital twins as connected digital representations that support improved decision-making through live performance data (CDBB, 2019).
A digital twin of the Dylan Thomas Centre (DTC) would create a single, visual platform where sensor data is integrated into the BIM model, allowing facilities managers to view environmental conditions, occupancy patterns, and system performance in real time. In accordance with ISO 19650, the BIM model operates within a Common Data Environment (CDE), enabling live data from IoT devices to be spatially mapped across the building for clear, interactive monitoring and management.
A digital twin enables automated alerts, trend analysis, and evidence based adjustments to heating, lighting, and ventilation strategies. Guidance from the CIBSE emphasises that such performance monitoring is essential to reducing the operational performance gap and improving energy efficiency in use (CIBSE, 2021).
Aligned with ISO 55000 principles, the digital twin supports proactive facilities management, predictive maintenance, and whole life asset optimisation without intrusive alterations to the historic building fabric.
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Figure 5 – Representation of a Digital Twin Model 
Integrated facilities management software – An Integrated Facilities Management (IFM) software could provide an interface through which data from a digital twin can be translated into visual actions for maintenance and management activities at the Dylan Thomas Centre (DTC). While sensors, smart controls, and monitoring devices generate valuable performance data, IFM platforms enable this information to be organised into live work orders, maintenance schedules, asset records, and performance dashboards. Information from the BIM model can be linked directly to facilities management workflows.
The Centre for Digital Built Britain highlights that digital twins achieve practical value when operational data informs day to day asset management decisions (CDBB, 2019). IFM software enables this by converting real time alerts such as open windows, temperature fluctuations and occupancy patterns into actionable responses for maintenance teams. 
For the DTC, this integration enables efficient coordination between digital monitoring and practical facilities management while respecting the constraints of a heritage building.
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Figure 6 – A Facilities management dashboard
Evaluation of Proposed Technological Solutions
The proposed interventions for the Dylan Thomas Centre present a well-balanced strategy that aligns the constraints of a listed heritage building with modern asset management. By prioritising low impact, data led technologies rather than intrusive fabric upgrades, the approach reflects current guidance from CIBSE on addressing the performance gap through improved monitoring, control, and user responsive systems in existing buildings. Measures such as window and door sensors, smart thermostatic radiator valves, air quality monitors, smart lighting, and occupancy sensors may each provide only modest gains on their own, but their collective value is significantly enhanced when integrated through a BIM enabled digital twin. This integration allows data streams to become meaningful intelligence, supporting proactive facilities management. The linking of this digital twin to Integrated Facilities Management (IFM) software further reflects the principles of ISO 55000, translating performance data into planned maintenance, evidence-based decision making, and lifecycle optimisation. The overall strategy is therefore cost effective, minimally invasive, and scalable, with its primary strength lying in the creation of an interconnected management system rather than reliance on individual devices.
However, the effectiveness of these technologies is influenced by several practical limitations typical of heritage environments. Many sensor-based solutions depend partly on occupant response and behavioural change rather than full automation, which may reduce the reliability of predicted energy savings. In exhibition and event spaces, irregular occupancy patterns can generate misleading data and excessive alerts, creating conflicting information rather than giving clarity. Wireless devices introduce ongoing maintenance requirements through battery replacement, recalibration, and potential signal issues within thick masonry walls. Smart lighting controls may be constrained by the need to retain heritage fittings and adhere to conservation lux levels, limiting opportunities for dynamic control. Furthermore, the success of a digital twin and IFM platform relies heavily on the accuracy of the BIM model, robust data governance, staff training, and sustained organisational commitment. Without careful management, these systems risk becoming underutilised visual tools or producing excessive data that obscures maintenance priorities, potentially diminishing their intended operational value.
While in theory the solutions present an effective technological solution, expectations needs to be managed with onsite conditions and a robust implementation and buy in from facilities managers and their colleagues. 










Case Study: Technology Enabled Heritage Preservation at Kenwood House
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Figure 7 - Kenwood House.
Introduction
Kenwood House, a Grade I listed property built in the 18th century in Hampstead Heath, London. It is a nationally significant heritage asset managed by English Heritage (Historic England, 2019). It has an internationally renowned art collection and historic interior which require careful conservation alongside contemporary building uses and environmental demands. In recent years, the estate has piloted technological solutions to support preventative conservation, environmental management, facilities management, and risk mitigation, reflecting trends toward data-driven preservation (Historic England, 2019). This data driven approach is the identified approach to the improvements identified for the Dylan Thomas Centre. 
Context and Challenges
Like the Dylan Thomas Centre Kenwood House was constructed long before modern infrastructure and building management systems existed, making them vulnerable to mechanical breakdowns, environmental damage and inefficient energy usage when retrofitted with modern services such as water, electricity and heating (Historic England, 2019). These vulnerabilities can compromise both the historic fabric of the building and the safety of its collections and can generate high maintenance costs compared with modern structures.
To address the challenges, English Heritage, in collaboration with Ecclesiastical Insurance and technology partner Shepherd, initiated a pilot programme to deploy advanced sensing technologies within Kenwood House for live monitoring of environmental and building systems. This represents a shift away from reactive maintenance toward proactive preservation informed by continuous data streams (Historic England, 2019).
Technologies Used and Their Benefits
	Technology
	Function
	Benefits

	Battery-operated environmental sensors
	Continuous monitoring of environmental variables
	· Early detection of issues.
· Reduced risk of irreversible damage.
· Enhanced data for conservation decisions.

	Automated real-time alerts
	Alerts for anomalies in building conditions
	· Faster response times to leaks, faults or environmental issues.

	Integration with building management
	Real time data for operational systems
	· Improved energy use.
· Cost savings, 
· Preventative maintenance planning 

	Data analytics and learning systems
	Baseline modelling of “normal” environmental status
	· Helps differentiate between typical and problematic conditions 



Technological Implementation
Similar to approaches identified for the Dylan Thomas Centre, at Kenwood House the use of battery-operated environmental sensors was key to collect real-time data on multiple parameters, including temperature, humidity and potential mechanical issues. These devices autonomously learn the standard environmental profile of the property, enabling automated detection of anomalies that may signal issues such as water leaks, electrical faults or inefficiencies in heating and ventilation. The sensors operate unobtrusively and integrate with any existing building management infrastructure (English Heritage & Ecclesiastical, 2021; Historic England, 2019).
Benefits and Outcomes
The deployment of sensor technology has enabled the estate team to:
· Detect early indicators of problems, such as subtle changes in environment conditions that precede mechanical failure or moisture ingress, allowing timely intervention before significant damage occurs (Historic England, 2019). 
· Optimise building services by identifying inefficiencies such as unnecessary boiler operation, reducing energy consumption while protecting sensitive interior environments (Historic England, 2019). 
· Reduce operational costs by an estimated 25 % through data-informed maintenance scheduling and energy management, enhancing financial sustainability for long-term conservation programmes (Historic England, 2019; English Heritage & Ecclesiastical, 2021). 
· Minimise threats to collections and structure, by providing alerts for events that might otherwise go unnoticed until damage is significant. 
These outcomes contribute directly to the primary objectives of preventative conservation by managing risk proactively and extending the lifespan of both the building fabric and the artefacts housed within (Historic England, 2019).
Conclusion
The Kenwood House case study highlights how digital monitoring technologies can be adapted for heritage conservation, even in buildings with complex historic fabric and significant cultural assets. By embracing real-time environmental sensing and data-driven decision-making, Kenwood House demonstrates a model for which the Dylan Thomas Centre can implement and improve upon, inline with the method identified to balance preservation with operational efficiency and sustainability.
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Facilities management dashboard highlighting organization power consumption

“This slide highlights the dashboardfor facilties management which includes HVAC, lighting, power, water, electricity, monthly consumption chart, occupancy rate, and senice requests.
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