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The urgent demand for sustainability, efficiency, and resilience is initiating a transformational shift in the built environment. Building Information Modelling (BIM) is leading a transformation in architecture and construction. In examining the differences between traditional and modern building methods, it is fair to claim that BIM has started to take a prominent position. BIM facilitates the visualization of both the physical and functional characteristics of sites, allowing all stakeholders to easily ascertain the required tasks, timelines, and methodologies. This provides cost-effective solutions for improved outcomes, in addition to enabling all individuals to create, collaborate on, and manage construction processes (DDC Solutions, 2024a). BIM enhances informed decision-making in sustainable design and construction. By simulating many design choices, architects and engineers may evaluate factors such as environmental impact, energy efficiency, and life cycle costs (AIA Contract Documents, 2023). BIM software can be employed to facilitate the administration of building utilities and systems after construction has been completed. Models provide a wealth of digital recordings that can be evaluated and implemented for the purposes of asset maintenance, space management, and maintenance planning. By providing a comprehensive digital representation of buildings, BIM enhances the quality, safety, and sustainability of the construction process. BIM also facilitates the efficient management of facilities following construction, thereby ensuring the optimal performance and maintenance of building systems.  
The current Civic Centre can be accurately represented in a 3D model by utilizing BIM, which depicts its current condition and layout. This is particularly advantageous for older structures that lack comprehensive or outdated documentation. BIM facilitates the simulation of a variety of retrofit scenarios prior to the commencement of evident work. This aids in the identification of cost-effective solutions for upgrades, such as the repurposing of internal spaces or the improvement of energy efficiency (e.g., new HVAC systems, thermal insulation). Through clash detection in BIM, revisions and associated costs are minimized by preventing errors between systems (e.g., electrical and sewer) (CCE, 2023). There is a new opportunity to incorporate smart building technologies into the Civic Centre via digital transformation. IoT-enabled sensors can monitor energy usage, indoor air quality, lighting, and occupancy levels. These insights may enable automatic energy-saving measures (e.g., adjusting lighting according to daylight availability) and provide data to underpin future investments in sustainable enhancements (Industrial Build News, 2025). A developing technology, digital twins are virtual clones of genuine assets that are continuously updated with real-time data. They are a representation of the future of what is possible. By simulating the performance of the facility, evaluating the consequences of potential upgrades, and making use of digital replicas, facility managers can make informed decisions about the management and maintenance of energy resources (O’Gorman, 2023). 
This research examines the integration of digital technology into the design, risk management, and retrofitting of the Civic Centre. The Civic Centre may transform into a more sustainable, efficient, and future-ready facility via the use of BIM, smart systems, digital twins, and 3D scanning. The next sections will examine the distinct benefits of these technologies, their applications in current building management, and a strategic plan for upgrading the Civic Centre to meet present regulations and expectations.
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	BIM encourages a reevaluation of IT's function in the management and supervision of the facility's lifecycle. The stakeholders in the facility lifecycle include real estate, ownership, financing, all domains of architecture, engineering, and construction (AEC), manufacturing and fabrication, facility maintenance, operations, planning, regulatory compliance, management, sustainment, and disposal (Eastman et al., 2011). This enables the effective execution of projects and the sustained management of assets via the use of digital technology. These measures not only enable the shift to sustainable, intelligent infrastructure but also ensure the judicious use of public funding for public sector projects like the Swansea Civic Centre. 
Key Benefits: 
· Collaboration among project teams is substantially improved by BIM.   The centralized database of the shared BIM model enables real-time collaboration and assists stakeholders in conflict resolution and coordination. This level of connectivity improves the overall efficacy of the project, minimizes rework, and reduces the number of errors (AIA Contract Documents, 2023).
· The program simulates and visualizes building processes.   This helps detect construction safety issues and reduce accidents.   BIM models increase construction planning and coordination, improving the result.  They may also be used for quality control to ensure construction components and systems meet requirements (CCE, 2023).
· Implementing BIM in projects allows stakeholders to detect possible clashes and proceed with their resolution.   Solutions are offered in accordance with the details of these disputes to guarantee the project's continuance (DDC Solutions, 2024a).

[bookmark: _Toc197378892]Risk Mitigation during Construction

	Cost overruns, delays, safety concerns, and site coordination are inherent hazards that are associated with the construction phase of any project, particularly a retrofit of an existing public structure like the Swansea Civic Centre. Construction in or near inhabited buildings increases the risks, which requires the reduction of disruptions to public services and accessibility. 
BIM integrates the project schedule (Gantt charts or construction timelines) with the 3D model, thereby enabling the visualisation of construction operations over time. This allows project teams to: 
· Proactively identify potential sequencing issues by simulating construction phasing.
· It is particularly crucial to establish a strategy for temporary structures, such as scaffolding, hoarding, and provisional access points, in an active urban environment.
· Assess the impact of delays on subsequent tasks, enabling adaptive rescheduling in response to unforeseen changes.
Site Utilization Planning includes several information models used to visualize both permanent and temporary facilities on-site throughout the different phases of the development process. The 4D schedule may be integrated with the model to convey spatial and sequencing needs on site. Furthermore, details about the positioning of equipment, supplies, and personnel resources, including additionally supplies (Poland, 2017). 
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Considering the growing popularity of digital transformation and technological advancements, many building owners are increasingly using BIM for Facility Management (BIM for FM) to enhance their maintenance and operational strategies.   BIM provides facility managers with several advantages. 
Facility management is based on the ideas of data precision and administration.   BIM users may easily monitor data related to the building, including its physical elements and components.   The accuracy of data is especially vital for the enduring administration of infrastructure.   Over time, a structure experiences deterioration, stress, and many alterations.   BIM facilitates the oversight of these alterations to ensure that construction experts implement all necessary adjustments promptly and that the structure is properly preserved throughout time.
  The incorporation of BIM into the existing facility management system facilitates the tracking of asset information over the whole lifespan of a structure.   This facilitates the optimization of workflow management, the reduction of operating expenses, and the extension of warranty durations (RevitGods, 2024). 
BIM models generated during the design and construction phases may serve as a digital asset registry after project completion (Volk, Stengel and Schultmann, 2014).  These models include comprehensive, organized data regarding:
· Construction elements (doors, windows, insulation, etc.)
· Mechanical and electrical systems (heating, ventilation, and air conditioning; illumination; alarm systems)
· Warranties, manufacturer requirements, and maintenance protocols
This information may facilitate daily decision-making, minimizing the time required to locate manuals or check system specifications (Volk, Stengel and Schultmann, 2014).
Life cycle costing (LCC) is a methodology utilized to evaluate the cost efficiency of construction projects. Its primary aim is to aid clients in decision-making when presented with multiple alternatives that fulfil their objectives, although with differing initial costs and ongoing operational expenses. It facilitates the systematic comparison of these options. LCC accounts for all relevant expenses incurred within a designated timeframe. Conversely, Whole life costing (WLC) encompasses not only the client's expenses but also any revenues or costs related to the provision of construction services, offering a more holistic perspective than LCC. Professionals from fields outside of construction, such as accountants and valuers, may be necessary to provide insights for WLC's residual value and income forecasting requirements (RICS, 2023). The Swansea Civic Centre might use performance data to guide choices on the upgrade to a heat pump system, the installation of solar panels, or the incorporation of low-carbon materials in future refurbishments, rather than relying solely on assumptions.
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Revitalizing historic structures like Swansea Civic Centre isn't without its difficulties and chance for success. Meeting modern functionality criteria inside an outdated framework is no easy tasks, and there are other unknowns, such as out-of-date documentation and hidden structural problems. But there's a chance to transform an inefficient asset into a sustainable, high-performing, digitally enabled masterpiece. The use of digital technologies like BIM, three-dimensional scanning (3D), and digital twins is crucial for overcoming these challenges and achieving desirable retrofit results.
By integrating new machinery, software, or structural systems, retrofits improve the facility. Changing out all the windows, installing energy-saving light bulbs, or replacing the old furnace with a new, more efficient one are all examples of what may be considered minor renovations. Retrofits are often undertaken by property owners to meet the requirements of new regulations or insurance policies (Holtzer, 2023).
One of the first tasks in retrofitting an existing structure is to get an accurate depiction of its present physical condition. Traditional surveying methods are labour intensive and unreliable. Errors and oversights may arise if conventional surveying methods do not adequately capture the building's overall intricate designs and complexities. by acquiring comprehensive data on the present circumstances via the use of 3D laser scanning, The laser scanners create a point cloud, a dense aggregation of data points that accurately describe the dimensions and attributes of the structure. To provide a robust foundation for the project, the data from the point clouds is converted into an accurate and detailed BIM model (DDC Solutions, 2024b). 
Consequently, the Civic Centre is assured:
· Real-time locational data, irrespective of the condition of the initial plans
· Improvements in accessibility, fire safety, and structural alterations should be more effectively strategized.
· Identifying anomalies, misalignments, or deformities at the outset
A digital twin of the Swansea Civic Centre can be used for the following when the renovations are finished:
· Real-time monitoring of energy consumption
· Monitor occupancy patterns to pinpoint areas that are not being utilized
· Provide a simulation of the building's response to potential future modifications.
The twin facilitates adaptive reuse, informed maintenance, and energy optimization over time by integrating historical and live data.  This method transforms retrofitting from a one-time intervention into a continuous improvement process.
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The incorporation of smart technology into building infrastructure is rapidly becoming standard for eco-friendly, adaptive, and energy-efficient constructions. Incorporating smart technology into the Swansea Civic Centre's retrofitting initiative is a logical decision that will provide benefits in the form of improved building performance, increased tenant satisfaction, and diminished running expenses over time.
The Internet of Things (IoT) technology, which consists of interconnected sensors and devices, is employed by smart building systems to collect, process, and respond to data in real time (Llansó, 2024). These devices can monitor a variety of building parameters, including:
· Temperature, humidity, and air quality are climate factors that contribute to the creation of healthful interior environments. 
· By taking occupancy levels into account, it is possible to optimize energy demand and space utilization. 
· Ambient light levels are among the factors that affect the operation of artificial lighting systems. 
· Energy and water consumption (to identify inefficient practices and implement conservation strategies)
Due to advancements in smart technology, building management systems (BMS) may adapt to their surroundings, gain knowledge from experience, and gradually improve a building's efficiency. Here are a few examples: 
· Automated temperature control systems that learn from their users' habits
· Minimizing solar gain and cooling demand with automated blinds
· Automatically increasing airflow in response to demand
· By lowering operational costs and carbon emissions, these systems help improve energy efficiency by regulating energy use to meet actual demand.
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The Swansea Civic Centre is a public structure that is a landmark in the city, situated on the waterfront (The Twentieth Century Society, 2023). The facility, which was constructed in the late twentieth century, is presently outdated in terms of digital capacity, energy efficiency, and space utilization. The Civic Centre is an optimal location for a well-considered digital renovation, which could potentially alleviate the increasing demand for government carbon emissions reduction, enhance service quality, and increase public benefit. The objective of this multi-phase retrofit project, which is led by technology, is to transform the Civic Centre into a future-ready, energy-efficient, and intelligent public building. 

[bookmark: _Toc197378845]Table 1: Summary of Retrofit Strategy
	Phase
	Key Tools & Actions
	Benefits

	1. Survey & Modelling
	3D Scanning + BIM
	Accurate planning, risk reduction

	2. Energy & Smart Design
	Simulation + IoT system planning
	Energy savings, smart control

	3. Spatial Redesign
	BIM simulations, stakeholder input
	Better use of space, inclusivity

	4. Construction
	4D BIM, health & safety modelling
	Disruption minimised

	5. Digital Twin
	IoT integration, live monitoring
	Real-time optimisation



1. [bookmark: _Toc197378897]Survey and Modelling

Prior to the commencement of any substantial work, a comprehensive survey of the building is performed via 3D laser scanning technology. A 3D laser scanner can precisely capture the size and state of an existing building. This method guarantees precise documentation of a building's as-built state. This detailed data enables design and construction teams to understand the actual circumstances before initiating any refurbishment work (Prajapati, 2024).
2. [bookmark: _Toc197378898]Energy and Smart Design 
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Once the baseline BIM has been established, sustainability experts and smart building engineers can: 
· Perform energy simulations to identify inefficiencies, such as inadequate insulation and obsolete glazing.
· Create intelligent systems that are driven by the Internet of Things (IoT), including HVAC, illumination, and occupancy surveillance.
Suggestions for improvement include:
· Heat generators are installed. 
· The systems of LED illumination are equipped with daylight sensors.
· Temperature and ventilation regulation automation systems
Intelligent sensors and IoT devices are the foundational components of these systems, which collect real-time data on occupant behaviour, temperature fluctuations, illumination conditions, and equipment utilisation. This data is integrated with central building management systems (BMS) that employ predictive analytics to anticipate requirements and adjust building systems accordingly (Industrial Build News, 2025).
3. [bookmark: _Toc197378899]Spatial Redesign 

One of the most significant yet frequently disregarded opportunities in the retrofit strategy is the reevaluation of the utilization of interior spaces. The Swansea Civic Centre, like many ageing government structures, is likely to contain areas that are either inflexible or no longer suitable for the contemporary requirements of the public and council staff. Space reconfiguration, which is facilitated by data and digital modelling, provides a method to extract additional value from the current footprint without the need for extensive new construction (Petrusky, 2023).
4. [bookmark: _Toc197378900]Construction 

Building information modelling facilitates the design of retrofit projects aimed at avoiding service disruption and enhancing access safety for employees and the public. This section consists of:
· Service aggregation or provisional relocations 
· Risk assessment and management frameworks throughout the whole construction process
· Ongoing monitoring of updates using an electronic dashboard
5. [bookmark: _Toc197378901]Digital Twin 

Upon completion of retrofitting, the BIM model may be transformed into a digital twin.  This action will: 
· Facilitate real-time performance surveillance
· Facilitate predictive maintenance with IoT data
· Monitor spatial utilization, energy patterns, and atmospheric quality
 Ultimately, this will enhance the Civic Centre's functionality, guide future enhancements, and enable the structure to accommodate new uses or policy changes (O’Gorman, 2023).

[bookmark: _Toc197378902]Conclusion

The Swansea Civic Centre presents an ideal chance to integrate digital technologies that enhance sustainability, performance, and long-term value via its refit. The Civic Centre may be converted into a contemporary, efficient and versatile public facility through the implementation of smart building technologies, 3D scanning, digital replicas, and Building Information Modelling (BIM). BIM is crucial in improving planning, coordination, and risk management during the retrofit process. It offers a collaborative platform for stakeholders, facilitating design analysis and enabling precise modelling of existing circumstances. The implementation of 3D laser scanning enhances this process by delivering high-precision as-built data, thereby reducing mistakes and uncertainties.
The integration of smart technology, such as IoT sensors and automated systems, enables real-time monitoring and optimization of energy use, space utilization, and indoor comfort. These tools boost operating efficiency and facilitate the achievement of environmental objectives. The building's lifespan and value are enhanced by the establishment of a digital twin post-construction, enabling ongoing performance assessment and predictive maintenance. To ensure that the Civic Centre meets the needs of users both now and in the future while making the best use of the existing space, the strategy must include space reconfiguration based on occupancy statistics.
[bookmark: _Toc197378903]
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