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1) 
1
2

2) Summary 

County Hall; Civic Centre, Swansea (CHCCS) (Fig.1) is a functional building, that must adapt to evolving standards in sustainability, digital innovation and operational efficiency. This report examines how the integration of BIM, smart systems, artificial intelligence (AI) and digital twins can transform CHCCS into a modern, smart building. The use of advanced digital technologies and data driven maintenance strategies has the potential to significantly improve CHCCS’s performance, reduce energy usage and extend asset lifespan. This report will explore key retrofit processes and will provide a lifecycle evaluation and technology driven solutions to make the building operate effective and efficiently throughout its lifecycle.
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Figure 1 - County Hall; Civic Centre, Swansea

3) Introduction

CHCCS is a prominent landmark on Swansea’s waterfront, the Maritime Quarter. It currently serves as a central hub for public services and has done so since the early 1980s. Whilst it has served its purpose in accommodating administration offices and the city library, CHCCS now faces challenges in meeting modern expectations regarding energy efficiency, environmental impact and integrated technological systems. Aging mechanical and electrical systems, outdated operational procedures and high maintenance costs emphasise the need for retrofitting.


Modernisation allows not only an aesthetic upgrade, it also enables the adoption of intelligent systems that enhance building performance. Through the implementation of BIM, AI and smart building technologies, CHCCS can shift from a conventional administrative building to a connected, efficient and sustainable smart building. This report analyses the application of these technologies across construction planning, maintenance and lifecycle management.

4) The Use of BIM and Modern Technologies for Construction Planning and Risk Mitigation

3.1)	BIM as a Planning Framework
BIM revolutionises the design, construction and operational phases of a building by creating a comprehensive digital model that encompasses the physical and functional characteristics of the structure. In the case of CHCCS, BIM will serve as the central platform for visualising, simulating and coordinating all design elements – structural, mechanical, electrical and plumbing (MEP) systems. By integrating data from various disciplines into a single repository, BIM not only facilities smoother communication between stakeholders, but also enables real time updates, making it easier to implement changes and track progress (Designing Buildings, 2023).
CHCCS can utilise BIM to create highly accurate virtual models of the building before any physical work beings. These models can simulate how different building systems interact, including potential retrofitting solutions. As such, stakeholders can identify optimal pathways for integrating new technologies and systems, ensuring that the building’s existing architecture can support these enhancements without major disruptions. For example, simulations can help assess how new energy efficient HVAC systems may affect existing thermal dynamics within the building. The current concrete stairs (Fig. 2, overleaf) allows for heat absorption which is gradually released over time, making it energy efficient (Pro-Mix Concrete, 2023). The building still has scope to improve upon its current building operation rating of D (Department for Levelling Up, Housing and Communities, 2021).
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Figure 2 - concrete stairs




3.2)	Risk Reduction Through Early Detection and Integrated Planning
A key advantage of BIM is its ability to detect design conflicts and inefficiencies early on. This process, known as clash detection, identifies any overlaps or misalignments between different building components, such as structural elements, MEP systems and fire safety equipment. In the case of CHCCS, this technology can ensure that the integration of new smart systems does not disrupt the existing infrastructure. By identifying issues before construction begins, BIM minimises costly delays and corrections during the retrofit process, leading to smoother execution and minimising the risk of going over budget (RICS, 2023).
Furthermore, BIM’s 4D and 5D capabilities enable teams to incorporate time and cost constraints into their models, providing a complete picture of the construction schedule and expenses. This integration allows project managers to make informed decisions regarding resource allocation, timeline adjustments and financial forecasting, ultimately reducing the likelihood of overruns and delays.

3.3)	Integration with Artificial Intelligence (AI) and Smart Data Analytics
The integration of AI with BIM enhances its predictive capabilities, making it possible to forecast potential issues before they arise. Through machine learning and data analytics, AI algorithms can analyse historical project data and real time sensor information to identify patterns that may indicate future problems, such as structural weaknesses, inefficiencies in energy use, or system failures. These insights allow project managers to proactively address issues, adjust timelines or recalibrate designs to ensure project success (Designing Buildings, 2022).
For example, AI powered predictive analytics can analyse data collected by sensors within the building’s system to detect signs of wear in critical infrastructure components such as HVAC units or electrical circuits. This ability to predict system failures before they occur can significantly improve the long term operational efficiency of CHCCS, while minimising downtime.

5) Modern Technologies for Maintenance, Retrofit, Repair and Refurbishment

4.1)	Smart Building Systems and Automation
[image: A ceiling with a skylight]Modernising CHCCS with smart building technologies can drastically improve its energy efficiency and operational effectiveness.  By incorporating IoT enabled devices and automation systems, and the building’s environmental conditions including temperature, lighting and humidity can be automatically adjusted in real time based on occupancy and external weather conditions. For example, an advanced smart HVAC system would optimise heating and cooling cycles by detecting changes in room occupancy and adjusting temperature settings accordingly, reducing energy waste (Newton, 2025). Likewise, the use of self-cleaning glass that utilises a photocatalytic process to breakdown and remove dirt, combined with IoT sensors would maximise ambient temperature and minimise maintenance associated with cleaning (Pilkington, 2025). It is important to recognise the importance of staff training, as the current smart window / skylight system (Fig. 3) has been problematic since installation. See section 6.3 for further details.
                                                                                        (Figure 3 - skylight system)
Similarly, smart lighting systems equipped with occupancy sensors ensure that lights are only on when needed, further reducing energy consumption. These intelligent systems can be controlled via centralised building management software which integrates data from multiple systems to provide a holistic view of the building’s performance. Real time adjustments based on senor feedback improve overall efficiency and provide a comfortable environment for building occupants.

4.2)	Real time Insight Via Digital Twins
Digital twins create an accurate, up-to-date virtual replica of the physical assets within the CHCCS which are linked to real time data. These digital models provide facilities managers with an ongoing simulation of the building’s operational state, enabling them to track energy consumption, equipment performance and system health in real time. With this continuous flow of data, digital twins offer the opportunity for more precise decision making and scenario planning (RICS, 2025).
For example, a digital twin can simulate effects of different retrofitting strategies such as installing new insultation or optimising the lighting systems on the building’s energy consumption. These simulations allow CHCCS’s management team to evaluate the most effective interventions before implementing them, ensuring that upgrades are both cost effective and environmentally sustainable.

4.3)	Predictive Maintenance and Data Driven Repairs
Through IoT enabled sensors placed throughout the building, the CHCCS can transition to predictive maintenance, moving away from reactive, time based repair strategies. These sensors continuously monitor equipment performance – tracking parameters like temperature, vibration and pressure and then use machine algorithms to detect any deviations from normal operating conditions. When anomalies are detected, predictive analytics can identify the potential for future failures and trigger maintenance alerts (Forehlich, 2024).
This data driven approach to repairs allows for timely interventions, preventing costly and disruptive breakdowns. Furthermore, predictive maintenance can extend the lifespan of equipment and reduce maintenance costs by addressing issues before they require expensive fixes. For instance, HVAC systems can be monitored for efficiency, with maintenance prompted based on sensor data rather than a fixed schedule, optimising both energy use and system longevity.

6) Evaluation of Whole Life Performance and Improved Facility and Asset Management

5.1)	Measuring Whole Life Energy and Operational Performance
The lifecycle of a building is not solely defined by its construction costs, it also encompasses the long term performance of building systems, including energy consumption, maintenance costs and operational costs. BIM plays a pivotal role in this evaluation by maintaining a detailed, dynamic database of asset performance over time. By incorporating real time data from energy meters and building systems, BIM can be used to calculate total cost of ownership and energy efficiency gains across the entire building lifecycle (CIOB, 2021).
AI and machine learning can further enhance these evaluations by continuously optimising energy consumption patterns based on historical trends, weather forecasts and real time operational data. For instance, AI algorithms can learn from occupancy data to optimise lighting schedules, adjusting for changing work patterns or seasonal shifts thereby minimising energy waste while maximising operational efficiency.

5.2)	Return on Investment (ROI) and Space Optimisation
The integration of smart technologies and IoT into CHCCS promises ROI both in direct financial terms and through enhanced operational performance. One of the key sources of ROI comes from energy savings generated by smart systems that minimise waste. Additionally, space optimisation powered by BIM and smart analytics can unlock further value. For example, sensors can identify underutilised spaces, allowing for their repurposing or efficient redesign to accommodate changing operational needs (Forehlich, 2024).Furthermore, AI powered space planning can automatically adjust the allocation of space, based on real time demand, such as reallocating meeting rooms or office areas as needed, thus ensuring maximum utilisation without the need for costly renovations.

5.3)	Enhancing Sustainability and Regulatory Compliance
Sustainability is a core component of modern facility management and integrating smart technologies into CHCCS offers a powerful tool for achieving environmental goals. Data collected from IoT sensors and smart systems can be used to monitor and reduce CHCCS’s carbon footprint, enabling the building to comply with sustainability regulations and targets more effectively. Automation of energy reporting, coupled with real time tracking of energy consumption ensures that sustainability efforts are continuously aligned with evolving regulatory standards (RICS, 2023). Moreover, BIM can facilitate the design of adaptive reuse strategies, ensuring that the materials and systems used in the retrofit are recyclable, modular and designed for future disassembly. This approach enhances CHCCS’s overall sustainability, reducing waste and ensuring that the building is prepared for future changes.

7) Retrofitting the Civic Centre

6.1	Initial Assessment and Digital Modelling
The first step in the retrofit process involves an in-depth digital survey of CHCCS to capture its current state. This can be done using advanced technologies such as laser scanning and photogrammetry, which provide highly accurate 3D models of the building’s physical structure. This data is then incorporated into the creation of a comprehensive BIM model, which will serve as the digital foundation for all subsequent design and planning activities.
The digital model should include detailed information on the building’s structural elements, MEP systems, historical maintenance data and occupancy patterns. Having this accurate representation of the building’s current condition allows for more precise planning of retrofitting interventions, reducing risks and unexpected costs.

6.2)	Integration of Smart Infrastructure
The integration of smart infrastructure is a crucial step in modernising CHCCS. This includes the installation of IoT enabled device such as smart HVAC systems, energy-efficient lighting, intelligent security systems and advanced water conservation technologies. Each of these systems will be interoperable with the building’s central BIM model, ensuring seamless communication and data exchange across the building’s systems (Designing Buildings, 2024). For example, IoT sensors in HVAC systems can continuously monitor air quality, temperature and humidity, adjusting the system’s operation based on real time conditions. Installing this would also meet one of the high priority DEC recommendations related to air conditioning systems in accordance with CIBSE TM 44 (Department for Levelling Up, Housing and Communities, 2021). Similarly, smart lighting will only operate when needed, further enhancing the building’s energy efficiency.

6.3)	Staff Training and Change Management
Integrating new technologies into CHCCS requires a commitment to staff training and change management. The success of any retrofit project depends not only on the technology itself but also on how effectively the building’s staff can operate and manage these new systems. Training programs should focus on teaching staff how to navigate new digital platforms, interpret data from smart systems and conduct proactive maintenance based on predictive analytics. 
Additionally, a robust change management framework should be in place to help staff transition to new workflows. This can involve hands on workshops, digital manuals and the introduction of live dashboards that display real time data, helping staff stay engaged with the technology and ensuring they can respond to emerging challenges effectively (Burroughs, 2025).
6.4)	Retrofit Process Flow Chart
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This structured approach minimises disruption during the retrofit, ensuring that CHCCS remains operational throughout the process.  Additionally, it maximises the return on investment by focussing on cost-effective, efficient technology adoption while reducing risk at every stage.

8) Conclusion

The modernisation of CHCCS through the integration of BIM, smart technologies, AI and digital twins represents a significant opportunity to improve building performance, energy efficiency and sustainability. By adopting these advanced tools, CHCCS can transition from an aging building to a state of the art facility that supports the evolving needs of the city and its occupants.
The strategic use of BIM enhances planning and risk mitigation, enabling a seamless approach to retrofitting, while AI and smart systems improve operational efficiency and reduce energy consumption. Digital twins provide a dynamic platform for ongoing facilities management, facilitating predictive maintenance and proactive decision making that extends the life of the building’s infrastructure.
Furthermore, the integration of IoT systems and the emphasis on staff training ensure that the technology is effectively used, enhancing the overall functionality of the building and supporting a smooth transition. The proposed retrofit process is structured to minimise disruption, maximise ROI and ensure that CHCCS remains a valuable resources for years to come.
This transformation aligns with broader goals of sustainability, cost effectiveness and innovation in public infrastructure, making CHCCS a model for how the public sector  can modernise their facilities to meet the challenges of the future. With the right technological tools, training and management strategies in place, CHCCS is set to become a beacon of smart building design and operation.
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Figure 1 – County Hall; Civi Centre, Swansea (taken from CBHC, RCAHMW Coflein, Site Record)

Figure 2 -  Staircase (author’s own photograph)

Figure 3 -  Skylight (author’s own photograph)
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