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1.0 Executive Summary
This report critically reviews the Swansea City Civic Centre and how it can be retrofitted to incorporate state-of-the-art technologies that’s fundamentally reshaping how buildings are being designed, constructed, operated and maintained. Starting with the introduction of Building Information Modelling (BIM) and the benefits, the report will discuss the impact of clash detection for mitigating risks to simulating real-world conditions in Revizto for retrofits, repairs and refurbishment. Furthermore, the report will examine modern technologies such as smart buildings, Internet of Things (IoT), Artificial Intelligence (AI) and digital twins, accompanied by relevant case studies. This’ll enhance the management of maintenance and energy consumption, along with assessing the whole life performance and optimising facility and asset management. The report will culminate in an analysis of these processes and their indispensable influence on modernising the Swansea Civic Centre. 
2.0 Research
2.1 BIM & Beyond [image: ]Source: (Lodplanner, 2020)
At its core, BIM is a collaborative process that’s used to coordinate multi-disciplinary data and exchange vast amounts of information, from planning and design to construction and operations. BIM acts as comprehensive source of information that can be used throughout the whole life cycle of a building. As a part of this coordinated process, concordant technology such as Revit can be used as an interactive, information-rich 3D digital model that integrates structured information through BIM’s international ISO 19650 series of standards. Considered by many as the most significant breakthrough in construction technology, we’ll be taking a look at how it can effectively plan, mitigate risks at the construction phase to effectively managing maintenance and retrofitting. (Davis, 2023) (Hamil, 2021) 







2.2 BIM Software: Planning and Risk Management
[image: ]
Source: (The BIM Center, 2022)
For the Swansea City Civic Centre, BIM could facilitate streamlined communication throughout the multi-disciplinary teams by interreacting with a virtual prototype of the project. For designers, BIM is immensely proactive in identifying potential problems before they surface with estimated cost savings of £13,132.76 ($17,000) per detected clash. For instance, the architects design may conflict with the structural framework of the Civic Centre but, clash detection will highlight that different models occupy the same space (as demonstrated above). (The BIM Center, 2022)
This is achieved by BIM interoperability which essentially means that BIM data can be shared, accessed and compatibly used for information workflows on different software and systems. For example, Revit and Tekla which both constitute an entire workflow and process can be combined for metadata enriched information throughout the building’s lifecycle. This can include optimising the Civic Centre design by proactively testing a range of different materials and configuring technological installations in order to refine the design before construction commences. (TS Academy, 2025) (Autodesk, 2025)


2.3 Simulating Real-World Conditions
[image: ]Source: (Frew, 2023)
[image: ]Source: (Frew, 2023)
This is an efficient, cost-effective way to testing designs and decreasing uncertainty for clients by visualising how spaces will be used (spatial organisation) and simulating how people will move through spaces (traffic flows) by harnessing Revizto’s predictive analytic tools (as seen above).  Essentially, the Revit model is extracted and then imported into Revizto software for an immersive Augmented Reality (AR). These simulations and “what if” scenarios can pre-emptively detect early actionable risks in the design and planning phase by quickly resolving and reducing potential delays further in the project’s lifecycle. However, the Revizto’s model can display inconsistencies and inaccuracies. Consequently, AI and machine learning can be combined with IoT proximity sensors to anticipate future human interventions, systems and components by forecasting failures and analysing patterns for enhanced accuracy and previsibility. (Frew, 2023) (IBM, 2024)
Furthermore, through standardised, interoperable BIM data formats like IFC (ISO 16739), construction teams may easily access and retrieve the necessary information and data since BIM provides a detailed, accurate representation of the as-built structure and systems. By evaluating various upgrades prior to construction using the latest and most recent data, BIM's precise modelling of the current structure enables precise and accurate planning for renovations, retrofits and repairs. By depicting how new systems will work with the existing building plan, this dramatically simplifies and improves the specificity of ongoing maintenance. Alongside this, 5D BIM software can generate a new layer of metadata for QSs and clients in pricing materials and expenses to MC’s and SC’s checking off project milestones and sequencing construction (for more information on the construction phase, see Appendix 4, and Appendix 5 for the integration of AR/VR and drones, with supporting case studies). (Building SMART, 2025) (Browne, 2020) (Autodesk, 2025)

2.4 BIM Interoperability: Maintenace, Retrofit, Repair and Refurbishment 
[image: ]Source: (Avsatthi, 2024)


Lifecycle Management – IoT, Sensors and Digital Twin, AI
As mentioned, BIM can be used throughout the project’s lifecycle. Once the retrofit is complete, BIM models can continue to play an ongoing role in 7D (facility management and operations) as facility managers can modify BIM data. This data can now continuously track the conditions of the building to optimise scheduled maintenance and predict when systems (like HVAC or electrical systems) require replacements or repairs. By combining BIM with IoT smart sensors and devices, predictive maintenance can be achieved by monitoring the operations and performance of a building in real time by collecting physical and observable data. (Biba, 2024)
This can be converted into BIM’s digital twin (with AI and digital scanning) for a virtual replica of the physical building to effortlessly plan, simulate, monitor and optimise building systems throughout the building’s lifecycle. For the Swansea Civic Centre, the ability to model the building based on previous data and current conditions to forecasting the future energy needs of the Civic Centre. This might reveal that the building could benefit from replacing the existing lighting (see Appendix 7) with low energy alternatives (like LED lights) for reduced energy consumption as it contributes to the Civic Centre’s sustainability goals (see Appenidx 8 for justification).  (Browne, 2020) (ThoughtWire, 2024)
From a facility and asset management perspective, Swansea’s Civic Centre might want to use BIM’s digital twin to track major systems in real-time building conditions (like automatically adjusting HVAC systems based on temperature fluctuations) to proactively predicting when assets (e.g. generators) require maintenance based on sensored data as it prevents costly breakdowns and extends the asset’s lifecycle. Therefore, this state-of-the-art technology allows facility managers to base inform decisions on how to smart-enable the building’s performance to optimise the energy usage, identify inefficiencies and determine where maintenance is required through data-driven decision-making. (ThoughtWire, 2024)
Please see Appendix 9 to see how AI could’ve impacted the existing use of the building, turning from reactive maintenance to predictive maintenance for future operations of the Civic Centre for improved facility and asset management. Furthermore, refer to Appendix 10 for the BREEAM whole life performance strategy, as well as the benefits of smart buildings for the Civic Centre. Lastly, refer to Appendix 11 for supporting case studies from The Crystal, The Al Bahar Towers and The Edge which highlight recommended technologies, along with the justification for the selected technology for the Civic Centre.
2.5 Quantum Computing: Taking Smart Buildings to the Next Level 
[image: ]Source: (Skyrme, 2024)
By transcending the limitations of BIM workflows with 8D BIM, quantum computing hones the potential to revolutionise and enhance the technologies and systems through simulations and complex calculations that were once considered impractical. However, in the complex environment of the Civic Centre, optimising these systems will pose a major challenge. (Avsatthi, 2024)
Therefore, quantum computing’s advanced data analysis can be used to solve the site’s complex problems such as optimising energy efficient retrofits, predictive maintenance, security, lighting layouts and HVAC systems by conducting advanced quantum simulations that can model the building performance under various conditions in real time. These simulations consider a wide range of variables such as energy prices, occupancy levels, outdoor temperatures and thermodynamics for next generational decision making. (Construction Placements, 2024)
Furthermore, quantum computing unparalleled processing power can accelerate the development of smart building technologies such as AI-driven energy management systems and machine learning. It can also contribute to the discovery of advanced materials like self-healing concrete which has displayed an expectational resilience and longevity even in marine environments which’ll be an excellent fit for Swansea’s maritime quarter. Despite costing roughly twice as much as standard concrete due to self-healing mechanisms, a study in Norway examined self-healing properties of cracked concrete beams after 25 years of marine exposure and found that cracks less than 0.2mm wide healed over time due to calcium carbonate precipitation. Essentially, the synergy of quantum computing working alongside pioneering innovative materials with the integration of emerging technologies renders the Civic Centre as future-proofed with clear, distinct long-term benefits. It’s a promising future simply, why resist change when the benefits are so evident? (Construction Placements, 2024) (Pollock, 2024) (MDPI, 2019)
Moreover, early end-users are already constructing real-world use-cases for this multi-billion-dollar investment to yield long-term benefits as many early adopters are securing an almost instant competitive advantage over classical computing (as supported in the table above). (Skyrme, 2024)
Ultimately, quantum computing can dynamically adapt to the user’s needs and environmental conditions in real time, creating a smarter and more sustainable building that’ll remain relevant in the years to come. While it’s still an emerging technology, its applications promise to push the boundaries of what smart buildings can achieve and for many, the risk of missing out is too high to ignore. Overall, the reoccurring themes of ‘optimisation and complex simulation problems’ is a killer application for quantum computing. (Construction Placements, 2024) (Skyrme, 2024)






2.6 Retrofitting to Incorporate these Technologies
Unlike new builds (like The Edge and The Crystal), retrofitting and adapting to an existing structure to accommodate modern technologies can be constrained by material choices, design and previous systems. With diligent planning and the application of specified technologies, the Swansea Civic Centre can be transformed into a highly efficient modernised building, capable of achieving the demands of today’s occupants and future standards.
Phase 1: Performance Assessment and Energy Audit
Firstly, analysing the current energy usage of HVAC systems, lighting and insulation through conducting a comprehensive performance assessment and energy audit for pinpointing energy wastage and long-term financial savings. In order to evaluate the building’s performance and suggest areas of improvement within the structure, advance tools such as 3D scanning, energy modelling software and thermal imaging/inspections (with aerial surveying, see Appendix 5) will be used. This is to ensure the development complies with regularly standards (e.g. EPCs), extends the project’s whole life cycle, evaluates whole life performance, promotes environmentally responsibility and satisfy regulatory compliance requirements. (E.ON, 2025) (U.S. Department of Energy, 2022)
Phase 2: Embedding Smart Technology into the Building’s Design
Upon audit completion, integrating smart building technologies such as occupancy sensors and smart HVAC systems with renewable energy sources like photovoltaic panels and LEDs can be integrated into the building’s design. Older buildings are inherently less efficient than new buildings (see Appendix 14), requiring intensive energy consumption and more industrial or heavy-duty systems to provide comfort (see Appendix 15 for the metrics). Consequently, the design will address these challenges, proceeding to step 3. (Financial Times, 2024)
Phase 3: Implementing BIM and Digital Twin Technologies
Synchronously with the integration of smart systems, BIM and digital twin technologies will be used to concurrently amplify and augment the retrofit process. BIM’s digital model of the Civic Centre will be served as a blueprint for the retrofit work. Meanwhile, a digital twin of the model will be used to assess real-time monitoring of the building’s processes. Combined, this strategy will optimise energy consumption and future maintenance schedule. (Twinview, 2023)

Phase 4:  Maintenance and Operations 
For sustained performance in the maintenance and operation phase, a Building Operating and Maintenance Manual will be provided as an as-built documentation for clients and facility managers for future reference as part of the handover document prior to certifying practical completion. This as-built model (as updated throughout construction) serves as precise and accurate documentation of the final as-built structure. An electric version of the building manual will be prepared along with the hard copy version will be left on the premises (see Appendix 16 for further information). (Marpal, 2025)
Subsequent to any future work or installations (see Appendix 17), the building handbook should be maintained and updated. Moreover, this building user guide should contain as-built drawings, specifications, maintenance schedules (preventive maintenance plans), warranties (e.g. for systems and equipment), building fabrics (materials and structural elements), performance tests (to meet efficiency standards) and certifications (e.g. BREEAM and LEED), along with an asset list that delineates what requires management, providing clarity and distinction regarding maintenance obligations. Inhouse or outsource maintenance teams might be instructed and designated to do maintenance tasks. These programs can transition from reactive maintenance to proactive operations, determine causes of detects and help prevent re-occurrence or repetition with continued compliance with statutory requirements (e.g. Part L of the Building Regulations, pertaining to the conservation of fuel and power) (see Appendix 18 for further recommendations). (Browne, 2020) (Avsatthi, 2024)
In conjunction with this, pursuant to the CDM Regulations 2015, a health and safety file will contain information required for workers executing future repairs, maintenance, construction or demolition activities to effectively plan and manage their work while safeguarding health and safety. (Marpal, 2025)




3.0 Recommendations and Conclusion
Much like many older structures, Swansea’s Civic Centre’s iconic building can significantly benefit from the integration of modern construction technologies such as BIM, smart building systems, IoT smart sensors, AI, digital twins, aerial surveying, Revizto, Revit, drones, AR and VR. This can substantially transform the efficiency and functionality of the building, especially from a facility and asset management perspective. For instance, Swansea’s Civic Centre might want to harness BIM-powered digital twin and AI to track major systems in real-time building conditions (like automatically adjusting HVAC systems based on temperature fluctuations) to proactively predicting when assets require maintenance based on sensored data. This preparatory approach prevents costly breakdowns and extends the asset’s lifecycle. Regardless, these technologies offer precise and effortless planning for construction and maintenance to the eventual demolition or repurposing of the building with a comprehensive building operating and maintenance manual (handover document) and health and safety file (aligned with CDM Regulations 2015) for compliance, safety and long-term functionality.
Moreover, smart technology can be paired with innovative materials and approaches such as self-healing concrete, photovoltaic solar panels and Al Bahar’s honeycomb intelligent facade that’ll complement the building’s environment. Furthermore, drawing inspirations from The Edge and The Crystal should set the scene for Outstanding BREEAM ratings and LEED platinum certification for the Civic Centre.
That said, to substantially supercharge performance, reduce operation costs, optimise predictive maintenance, energy efficient retrofits, improve sustainability and future-proof the technologies and systems within the smart building, 8D BIM, quantum computing can be integrated into the smart building for enhanced BIM’s capabilities. This’ll conduct advanced quantum simulations that can model the building’s performance under various conditions and variables in real time, tackling complex calculation and site-specific obstacles that were once considered impractical. While it’s still an emerging technology, its applications promise to push the boundaries of what smart buildings can achieve and for many, the risk of missing out is way too transformative to ignore.
Ultimately, this next generational decision-making empowers facility managers and clients to take the back seat for smooth operations and streamlined maintenance as the Civic Centre remains an efficient, sustainable and functional space that’ll remain relevant in years to come. This pre-emptively goes without saying, ‘you get what you pay for’, as the value far exceeds the initial investment in the whole lifecycle, along with the supporting comparative analysis (as critically supported in Appendix 24) which evidently data-backs the retrofit process as the best course of action based on proven statistics.
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5.0 Appendices 
5.1 Appendix 1
Benefits of BIM (along with the integration of new technologies) to plan, mitigate risk and manage maintenance can be illustrated in the image below, whether be from clash detection and facilities management to 4D simulation and augmented reality, BIM can be used to significantly benefit the Civic Centre.
[image: ]
Source: (Lodplanner, 2020)

5.2 Appendix 2
BIM Software - Planning and Risk Management
[image: ]
Source: (The BIM Center, 2022)









5.3 Appendix 3
[image: ]Source: (Frew, 2023)
[image: ]Source: (Frew, 2023)




5.4 Appendix 4
Benefits of BIM in the Construction Phase
More specifically to the Civic Centre’s location in the Maritime Quarter, adjacent to the beach and waterfront (see Appendix 22), BIM’s ability to simulate real-world conditions that can anticipate the myriads of challenges that may face the site, such as inclement weather, supply chain disruptions, logistics, access constraints, material procurement, labour shortages or even safety concerns. These forward-looking risk mitigation contingency plans is an effective Value Management (VM) tool that’ll support the project’s team in preparing for unpredictable challenges that could potentially arise during the construction phase. (Ocean, 2023) (The Institute of Value Management, 2025)
Therefore, all construction teams will have access to real-time collaboration by utilising Autodesk Construction Cloud (ACC) (cloud-based platform for syncing and storing project data). For the Swansea Civic Centre’s outdated design (see Appendix 23), BIM will prove detrimental for eliminating errors and proceeding efficiently without incurring additional expenses for major revisions. In turn, this can reduce miscommunications or variations that’ll result in delays and costly reworks. (Symetri, 2021)
In summary, BIM’s software has drastically improved collaboration within the construction industry through a Common Data Environment (CDE), acting as a definitive source for level of design and Level of Development (LOD) for modern projects. Ultimately, during the construction stage, BIM facilitates the coordination of information whether this be the architectural drawings to mechanical specifications or even the schedules of rates for Quantity Surveyors (QSs). (Oracle, 2025) (True CADD, 2025)

5.5 Appendix 5
BIM Software – Complementary Technology 
BIM’s core excellence can be used in conjunction with alternative technologies to elevate planning, construction and maintenance. As previously discussed, digital twins and IoT smart sensors and devices are examples of this in practice. Furthermore, contemporary innovations that supplement BIM with supporting case studies include:
· Augmented and Virtual Reality (AR/VR): Taking it that step further than simply clicking around the model (as previously demonstrated), BIM models can be integrated with AR and VR technology for clients, stakeholders and multi-disciplinary teams to experience an immersive and visually striking virtual walkthrough of the proposed Civic Centre design before construction. During early planning and design, this game-changing technology may experiment, develop and visualise the remodelling of the refurbishment and its impact on the Maritime Quarter. Acting as a modern counterpart to traditional blueprints, it simply cannot replicate this augmented way of visualising and computer-generating layout’s, lighting, spatial organisations and validating designs in real-world settings. (Vinckier, 2025)
Case example - By pairing AR technology with BIM models, an office renovation project in China aimed to update the office workspace as AR technology assisted stakeholders in visualising concepts. As the stakeholders had ambitious goals, the project team was able to minimise deviations between the planned and actual results by strategically using AR visualisations for smooth project execution with projected cost savings of 25-35%. Furthermore, the bibliometric analysis on this case study indicates that BIM-AR integration, demonstrates an increasing interest in its implementation with clients, stakeholders and project teams persistently utilising modern technologies to achieve successful project outcomes. (ResearchGate, 2023)

· Drones: What better way to capture real-time data than tracking construction progress and site monitoring from various angles and perspectives than aerial surveying (UAVs). The information gathered from the aerial data can be uploaded and converted into a 3D BIM site model by using Real-Time Kinematics (RTK) systems that triangulates centimetre-level accurate position date. Additionally, Leica RTC 360 3D laser scanning can be integrated to validate designs through both qualitative and quantitative data. Essentially, by overlapping the digital information above the physical structures, whether this be in house or outsource maintenance works, they’ll be able to instantly access detailed data, decrease downtime and pre-emptively take action to extending the building lifecycle and performance. (DJI Enterprise, 2023)

Case Example – In France, a cement plan employed Elios 3 drones equipped with a LiDAR scanner to achieve a “schematic design” (LOD 200) by capturing detailed 3D scans of the structural assets (including between pipes and ducts, as seen below). Familiarly performed by an in-house drone pilot, the project was able to cut costs by around €30,000 as the drones captured total coverage of the site (including the ‘hard to reach’ areas) as the final drone scan-to-BIM represented no gaps in the data. The Elios 3 drones not only saved €30,000, but the scanning took a single day tp complete which in contrast, saved approximately 10 days to traditional scanning methods. Facility managers can now use the BIM model to plan maintenance, retrofits or repairs since the drones now depict the as-built structure. This goes far beyond traditional scanning. (Flyability, 2025)
[image: ]Schematic design of a plant section used for engineering layout and spatial design of new plant structure.
Source: (Flyability, 2025)


[image: ]A laser scan with the Elios 3 makes it possible to get in between pipes and ducts to get a full scan of the environment ahead of post-processing.
Source: (Flyability, 2025)

[image: ]Source: (DJI Enterprise, 2023)
[image: ]
Source: (DJI Enterprise, 2023)


5.6 Appendix 6
The image below demonstrates the evolution of BIM from 3D to 7D, along with their relevance and significance to each project stage.
[image: ]Source: (Avsatthi, 2024)




5.7 Appendix 7
The images below showcases the existing lighting and the atrium in Swansea’s City Civic Centre. The atrium can be used for natural lighting in the day, along with supplementing the light from the moon in the night. Natural ventilation is also encouraged through the atrium, along with intelligent roof openings to allow the warm air to rise and then escape, with cooler air drawn in to the lower levels.

[image: ]Source: (George, 2025)
[image: ]Source: (George, 2025)

5.8 Appendix 8
The Swansea Civic Centre’s facility manager (2025) stated that many fluorescent bulbs are situated throughout the building, especially phase 1. As recommended, should the Swansea Civic Centre transition from fluorescent bulbs to LED lights, the cost savings can be seen below: 
[image: ]Source: (VST Lighting, 2024)
Evidently, the comparison between compact fluorescent and LED lights clearly indicates superior environmental benefits, cost-effectiveness and energy efficiency. Therefore, there is a £3.09 cost reduction, an expected annual energy savings of £2.79 per bulb and a notable decrease in maintenance costs over the entire life cycle, with an additional 13.7 years compared to fluorescent lights. Consequently, LED lights exhibit up to 80% more efficiency than fluorescent bulbs. In conclusion, significant cost reductions can be derived solely from the lighting, rather than costly state-of-the-art technologies. Simple can sometimes prove more effective. (VST Lighting, 2024) (Mount Lighting, 2025)








5.9 Appendix 9
Lifecycle Management – AI 
To take it that step further, managing maintenance budgets can be rather challenging, especially if the building appears to be performing well. However, as the previous use of the building comes to an end in October 2025, the gradual deterioration of the building’s systems is apparent (as only 1 generator is now working, from 6 brand new systems being fitted 10 years ago) and has resulted in long term issues such as occupant discomfort, particularly in phase 2, 2nd floor being considered ‘extremely hot’. This is where AI can play a transformative role in continuously monitoring the whole life performance of the building. Unlike humans, who may focus on the immediate costs of maintenance work, AI can optimise maintenance schedules as facility managers tend to focus on immediate cost savings which can lead to reactive maintenance (specifically in this case due its closure). Therefore, AI will supplement facility managers in shifting their focus from short-term performance savings to long-term value preservations that considers depreciation and replacement. This is where the true value lies. (Facility Manager, 2025) (Williams, 2025) (Vert Energy Group, 2025) (Analytika, 2025)
If AI’s data-driven, value-focused solutions would’ve been in place to monitor the energy use and managing the maintenance of these systems in the existing use of the building, it could’ve flagged early signs of deterioration in generators, prevented costly breakdowns, extended the life span of the building’s performance (detecting inefficiencies before they become problematic), reduced unplanned downtime and increased asset management. Therefore, AI shifts the approach to whole-life asset management as it extends the useful life of systems, with machine learning continuously learning from operational data based on changing environmental conditions and reduces lifecycle costs through predictive maintenance (e.g. forecasting when HVAC systems need a repair or service) based on data-driven decision-making.  (Vert Energy Group, 2025) (Analytika, 2025)






5.10 Appendix 10
SMART Buildings – The Future of the Modern World
As stated with smart enabling, smart buildings are often interconnected with AI, sensors, automated systems and IoT to optimise the buildings operations by monitoring and controlling aspects of the building such as heating, cooling, lighting and security. This is achieved by seamless data exchange and coordinated control of buildings systems and subsystems from a centralised automated platform. Some of these key features of smart buildings include:
Maintenance Optimisation: A key feature of smart buildings is predictive maintenance. Proactive intervention reduces downtime and maintenance costs by proactively monitoring equipment performance and health in real time.
Security: As the Civic Centre faces regular anti-social behaviour and potential cyber-attacks, smart buildings can introduce surveillance systems and biometric access controls (for instance biometric authentication based on behavioural biometrics such as voice recognition) for convenience and advanced security measures. These potential threats can be highlighted by detecting anomalies through AI-based algorithms.
Occupant Comfort: Smart building designs with occupancy sensors can automatically adjust to individual preferences such as personalised lighting or pre-heating rooms to a certain temperature for improved occupant comfort and pleasant working conditions. 
Energy Efficiency: Beyond these ancillary benefits, smart buildings redefine efficiency and innovation by advanced Building Management Systems (BMS) or Computer Aided Facility Management (CAFM) which allow facility managers to monitor and control building systems remotely. This expansive system for building automation for Measurment, Control and Regulation (MCR) technology can improve the Civic Centre’s energy efficiency by tracking real-time data on energy consumption and reducing overall operational costs from wasted energy (refer to Appendix 15).
Sources: (Autodesk, 2025) and (DEOS, 2023)

BREEAM Whole life performance Strategy:
BREEAM supports whole life performance by regulating and analysing key performance indicators such as the conditions of critical assets, bridge gaps between design intent and operational performance and energy consumption, facility managers can proactively address emerging issues before developing into unprecedented costly repairs. Therefore, using smart technologies such as BIM, digital twins, sensors, IoT devices and AI-driven predictive maintenance will complement the whole-life performance strategy. This forward-looking and solution-focused approach can optimise the building’s performance from the design and construction to the eventual repurposing or demolition. This’ll ensure that the operational performance in the building’s systems will remain cost-effective and efficient throughout the whole lifecycle as the investment return will produce long-term value for the Civic Centre. This pre-emptively goes without saying, ‘you get what you pay for’, as the value far exceeds the initial investment. (BREEAM, 2025)

5.11 Appendix 11
The Crystal, The Al Bahar Towers and The Edge
The Crystal
[image: ]
Source: (Wilkinson Eyre Architects, 2012)
Considered as one of the most sustainable buildings in the world with BREEAM Outstanding and LEED Platinum is The Crystal in East London. To generate 20% of its total power through renewable energy, The Crystal-shaped design envelope contains roof-mounted photovoltaic panels which essentially converts sunlight into electricity using the photovoltaic effect. Furthermore, IoT sensors continuously monitor and automatically adjust lighting systems to conserve energy. In turn, this reduces electricity costs and lowers the overall carbon footprint.  (UCEM, 2025) (ISG Ltd, 2025)
In addition, The Crystal includes an array of 38x150m deep geothermal bores with 160, 21m deep energy piles for 100% space heating. However, for the Civic Centre, since the foundations anchors the superstructure with 35 feet of reinforced concrete in the ground, the cost would be phenomenal along with a flood of risks. (ISG Ltd, 2025)









Al Bahar Towers
[image: ]Source: (Archello, 2025)
Beyond the internal technologies, the Al Bahar Towers features this honeycomb dynamic facade that responds to the outside temperature, weather, solar exposure and the sun’s position as the facade expands, contracts or shifts to optimse the insulation, lighting and shading. This striking high-end allure can shift the Civic Centre’s concrete-grey exterior to gracefully complementing Swansea's sandy beaches. Moreover, this breathtaking facade is controlled by an advanced BMS, producing an intelligent facade system that minimises solar gain by over 50%. Scepticism of this design could arise surrounding the obstruction of views west towards The Mumbles (see Appendix 22); however, the automated shading will block the sun's blinding glare, keeping productivity at the forefront. (Archello, 2025)
 


The Edge
[image: ]
Source: (PLP Architecture, 2025)
Despite being a new build, The Edge in Amsterdam, Netherlands, achieved the highest BREEAM sustainability rating ever awarded of 98.4%. Universally recognised as the most environmental and intelligent office building worldwide is home to 28,000 IoT sensors that collects user-generated data as it stores in a ‘data lake’ for modelling and analysis by showcasing the benefits of BIM for improved efficiencies and asset management. Despite this, BIM wasn’t used in the design and construction phases and therefore, this ambitious project may have benefited from BIM’s digital twin as a means to encourage developers to confidently explore new opportunities by mitigating risks through advanced simulations. (UCEM, 2025) (Jalia, Bakker and Ramage, 2025)
Nonetheless, this extremely relevant case study accommodates 2,850 employees across 1,080 desks by innovating a task and activity-based assignments system rather than a person-based system. These ‘hot desks’ can be booked through a sophisticated app that tailors to the individuals schedule and comfort preferences, a concept that can be incorporated into the Civic Centre. (Jalia, Bakker and Ramage, 2025)
However, high tech ≠ high efficiency doesn’t always translate to optimal efficiency... This stresses back to efficient quantum computing for validating smart buildings in actual conditions, with the risk of missing out being way too high. Therefore, taking the benefits of The Edge with the app desk, IoT sensor devices, predictive facilities maintenance and asset management with the advent of 8D BIM, quantum computing is the next key driver for advanced quantum simulations. It all comes back to reoccurring themes of ‘optimisation and complex simulation problems’ being a killer application for quantum computing.  (Construction Placements, 2024)







5.12 Appendix 12
The two tables below illustrate the whole life carbon process, along with the results from the two comparative analysis on the whole life cycle.
[image: ]Source: (Shroff and Ahmad, 2023)
[image: ]Source: (Shroff and Ahmad, 2023)





5.13 Appendix 13
The table below depicts the commercial value impact from quantum computing, corresponding to classical computing. As illustrated, quantum computing scales to time and is directly proportional to one another.
[image: ]Source: (Skyrme, 2024)









5.14 Appendix 14
[image: ]
Source: (Financial Times, 2024)
As the Swansea Civic Centre was predominantly used as an office building, these statistics taken in 2024 illustrates EPC ratings of D and below for office buildings. These exceptionally high and off the chart (quite literally!) ratings demonstrate the need for improving energy efficiency in existing office buildings. (Financial Times, 2024)










5.15 Appendix 15
[image: ]Source: (Energy Lens, 2025)
These trends in energy usage can identify fluctuations in energy consumption which can affect the metrics, such as during COVID-19 or winter, which necessitate increased or decreased energy usage.
[image: ]
Source: (Energy Lens, 2025)
This data collected from smart buildings allows facility managers to analyse and gain insights into potential areas for improved data-driven decision-making. By instigating the factors that led to the surge in energy use to identifying equipment that remained operational overnight, Building Automation System (BAS) can be used for automated controls and real-time monitoring. (DEOS, 2023)

5.16 Appendix 16
Pros and cons of O&M manual can be illustrated below:
[image: ]
Source: (Morris, 2023)




5.17 Appendix 17
Future Upgrades and Associated repairs
Should the Civic Centre needs an upgrade to meet insurance requirements or new codes then the accurate as-built information stored in BIM would effectively support contractors in planning and executing the retrofit with high precision. This is made possible by BIM's role in the whole lifecycle of the building and should align with the COBie (Construction-Operations Building information exchange) standards for organising and documenting asset data. This is employed in 7D (facility management) for operations and maintenance, should any additional technological upgrades be required for the Civic Centre. Furthermore, should any assets fail, the team possesses a comprehensive understanding of warranty status and repair procedures that do not compromise warranty validity. The digital transmission of asset data facilitates effortless access to manuals, instructions and warranties renders paper waste obsolete. (Browne, 2020) (IBM, 2021) (Davis, 2023)
The Civic Centre is one of the many projects that can benefit from BIM and other technologies, regardless of the differences between retrofits, repairs and renovations.














5.18 Appendix 18
Valid until the 21st of February 2028, the Display energy certificate (DEC) recommendations from the GOV.UK report for the Swansea Civic Centre provides proposals to reduce potential impact on carbon emissions:

[image: ]Source: (GOV.UK, 2025)
Recommendations for Practical Application:
Daylight provisions – Intelligent parametric design control, LED lighting and advanced BAS.
Generating Electricity – Installing building mounted photovoltaic systems.
Note: In accordance with Part L of the Building Regulations, pertaining to the conservation of fuel and power (legal requirement), or better, passive house standard (highest energy efficiency and long-term savings)


[image: ]
Source: (GOV.UK, 2025)
Recommendations for Practical Application:
Lighting Systems Maintenance – Integrating BIM and sensors (the number of sensors is directly proportional to the volume of data collected).
Automated Controls and Monitoring Systems – Machine Learning, AI-driven automation and Smart Systems.
Note: In accordance with Part L of the Building Regulations, pertaining to the conservation of fuel and power (legal requirement), or better, passive house standard (highest energy efficiency and long-term savings) 









5.19 Appendix 19
Reflective films (shading or parametric facade) may be used to the south-facing windows, as some windows have been sandblasted, resulting in impaired visibility.
[image: ]
Source: (George, 2025)
[image: ]
Source: (George, 2025)
[image: ]Source: (George, 2025)















5.20 Appendix 20
Existing vents, systems and generators in the Civic Centre can be viewed below:
Note: The facility manager (2025) indicated that the vents were not functioning to standard, primarily due to inadequate maintenance before the closure. For the retrofit, these vents will need to be maintained to facilitate natural ventilation by drawing fresh air to substantially decrease reliance on mechanical ventilation.
[image: ]
Source: (George, 2025)
[image: ]
Source: (George, 2025)
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Source: (George, 2025)
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Source: (George, 2025)

5.21 Appendix 21
Existing use of Swansea Civic Centre indicates if it’s not being used or not being maintained what’s the point in retrofitting innovative technologies. For instance, these existing barriers are positioned throughout the structure to facilitate the cleaning of outside windows and rooftops. This could potentially be accommodated into the retrofit to preserve a parametric facade.


[image: ]
Source: (George, 2025)
Google Maps displays rooftop tracks above the Civic Centre’s building, which can facilitate proper maintenance (taking into account the presence of seagulls). The consequences of inadequate upkeep on the rooftop are illustrated in the image below:
[image: ]Source: (Google Maps, 2025)
...especially when compared to the outstanding quality from new construction:
[image: ]Source: (Coflein, 2021)



5.22 Appendix 22
Views south and south-west facing.
[image: ]
Source: (George, 2025)






[image: ]Source: (George, 2025)














5.23 Appendix 23
The images below showcase the existing appearance of the building:
[image: ]Source: (George, 2025)
[image: ]Source: (George, 2025)

5.24 Appendix 24
Retrofit vs Demolition and New-Build
[image: ]Source: (Shroff and Ahmad, 2023)
A comparative analysis of whole life carbon for new construction (as presented in the table above), was conducted for a 200m2 area by contrasting a retrofit with partial demolition and the construction of a new low-energy building (while preserving the front facade for heritage preservation). The results demonstrated that regarding initial embodied carbon (A1-A5), the refurbishment exhibited superior whole life performance. Conversely, when evaluating total life cycle carbon emissions, the new construction alternative markedly surpasses the retrofit option in energy performance, demonstrating an enhancement of 85 KgCO2/m2 (as supported in the table below). (Shroff and Ahmad, 2023)
A separate comparison analysis was conducted on a significantly bigger scale (2,700m2) resulted in a reduction of 278 kgCO2/m2 in the whole life cycle from the retrofit scenario (preserving the substructure and superstructure). This refit scenario is more than three times as environmentally sustainable compared to demolition and new construction. Consequently, based on the scale and objective of the development and considering Swansea’s Civic Centre’s 35 feet of reinforced concrete structure with factors such as cost, environmental impact, waste generation, carbon footprint, energy efficiency and social implications suggest that the retrofit process is the most suitable option according to the data. Consider whether the inconvenience of rewiring new technology into the existing building surpasses the overall performance during the entire life cycle. (Shroff and Ahmad, 2023) (Facility Manager, 2025)
[image: ]Source: (Shroff and Ahmad, 2023)
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stored in an accessible location. b. challenging to keep up to date.
b. can still gain access during power | c. can easily lose information if it is removed from the
failures. manual.
d. documents can be damaged or marked easily.
€. no access right management.
e. manuals can sometimes need a large amount of storage
space.
f. not very environmentally friendly as use a lot of paper
and sometimes need more than one copy.
Digital Copy | a. easy to access. a. secondary power sources needed to ensure during

b. can access remotely from multiple
locations.

c. information can be searched.

d. easy to update information and
keep records.

e. not able to lose information
unless physically deleted.

power failures, access can still be gained to the system.
b. information needs to be backed up, incase files are
corrupted.

c. ongoing costs of licences and data storage.

d. client/owner needs to manage and own the system
incase the building operator is removed from site, or
leaves.




image2e.png
150000
125000
100000
75000
50000
25000
0

A1-A5 B1-B5 B6-B7 C1-C4
el  ——
Construction ‘ Use ‘ Demolition ‘
m Refurbishment  ® New build




image1e.png
Recommendations

Changes that may pay for themselves within 3 years

Recommendation

Consider implementing a programme of planned
lighting systems maintenance to maintain
effectiveness and energy efficiency.

Consider installing automated controls and monitoring
systems to electrical equipment and portable
appliances to minimise electricity waste.

Consider how building fabric air tightness could be
improved, for example sealing, draught stripping and
closing off unused ventilation openings, chimneys.
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watts >> 60
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Changes that may pay for themselves in over 7 years

Recommendation

Engage experts to review the building lighting
strategies and propose alterations and/or upgrades to
daylighting provisions, luminaires and their control
systems and an implementation plan.

Consider installing building mounted photovoltaic
electricity generating panels.

Consider installing building mounted solar water
heating.

Consider a Combined Heating and Power (CHP) system
as an alternative to conventional boilers.

Potential impact
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Medium
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High
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