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Introduction
The Maritime quarter of the SA1 area has been under redevelopment recently with the addition of residential blocks, restaurants, and university campuses with the aim of regenerating the once bustling Prince of Wales Dock into a vibrant and sustainable community. These project pose many challenges due to the location and history of the land, however, with careful consideration, these issues can easily be overcome to provide Swansea with a flagship redevelopment.


Off-Site Construction
Off-site construction is a broad term that loosely means the manufacturing of building components and sections, or whole buildings, which are then transported on to the site where they are assembled in place. It is also known as prefabrication, and includes modular construction, although this focuses more on standardised, repeated modules which are then connected together to form a larger section. 
Prefabrication has been around for hundreds of years and has recently taken off due to the construction industries’ response to climate change. The first evidence of prefabrication is the World’s oldest railway, the Sweet Track, built with off-site components almost 6000 years ago (Ashton, 2023). The first prefab building was constructed by Henry Manning, a carpenter, in 1837, and shipped to Australia where it was assembled. By 1854,demand peaked with hundreds of prefabricated homes being exported in that year alone (Reds10, 2014).
 Although people tended to think of prefabrication as temporary today, prefabrication is considered one of the modern methods of construction for permanent structures, with many benefits.
Prefabrication reduces construction time as the components are built off-site whilst the site is being prepared and foundations laid. Modular is faster yet, with 50% reduction in construction time compared to traditional methods (eyeweb, 2022). 
The cost savings involved in prefabrication are remarkable, not only because of the reduction in time but also due to the controlled environment in which they are manufactured. The quality-controlled factories provide shelter from weather, which oftentimes causes damage and disruption, impacting the construction progress, and incurring additional costs. There is also a higher quality assurance as components are thoroughly checked before transportation.
[bookmark: _Toc185022060]Modular Construction
Due to the site’s location and tight size parameters, it would be advisable to utilise off-site construction. Modular construction would be a suitable choice as many of the apartments are similarly specified so would allow for cost savings and much faster manufacturing. This allows for the modules to be built at the same time as the groundworks are undertaken cutting down on time. The site is limited on space due to the road to the North-East and the river Tawe to the South-West therefore traditional construction methods will be much more difficult and time-consuming.
3D modules range from part of a room to whole rooms or even entire buildings, either unfinished, pre-finished or fully furnished and ready to be connected to utilities. 3D modular construction excels in instances where high levels of repeatability exist, such as in hotels or blocks of flats. 2D modular construction consists of large panels that are unfinished, prefinished or fully finished with conduits for services included (Selo Group, 2020). These are useful for high end residences where there is emphasis on open-space concepts which are nigh impossible to transport as 3D modules.
For this project, a hybrid system of 2D and 3D modules will be utilised, offering the flexibility and ease of transportation of the 2D modules but with the productivity benefits 3D modules offer for elements such as bathrooms and kitchens. 
[bookmark: _Toc185022061]Foundations
Whilst the modules are being constructed, the foundations can be laid. For this project, piled foundations would be most suitable as the building is large and the sub-strata is mostly made ground due to the history of the site as a dry dock and factory location. This allows the load of the superstructure to be distributed to ground with higher bearing capacity. The use of geothermal piles would be advantageous for this project, allowing the use of ground source heating via heat pumps to produce heating and cooling for all the flats and communal areas. The site is located within an area of medium-density carboniferous limestones which have higher geothermal potential than other types of strata (BGS, 2022). This is an opportunity to showcase the sustainability that blocks of flats have the potential to achieve, by providing renewable energy alternatives.
[bookmark: _Toc185022062]Ground Source Heating via Geothermal Piles
 A low-temperature application with an open-loop system will provide the highest energy yield, although this is also the most expensive option. A shared ground array with a small heat pump (such as the Kensa Shoebox) in each flat will allowing the system to cope with the demand by sharing the extra demand over the whole site. By providing each flat with their own heat pump, it means that each tenant will pay for their own heating usage via their electricity tariff, negating the need for separate heat meters, which are notoriously inaccurate. It also means that considerably less hot pipes need to be run, boosting efficiency as less heat is lost through pipework. A plant room with a large central heat pump would require a high-powered electricity supply, however, with district heating via separate heat pumps, standard electricity power suffices. Underfloor heating with zone control will emit the heat from the heat pump, saving space in the flats (versus radiators) and providing up to 400% efficiency as the underfloor heating provides constant low temperatures over a larger area making them highly effective. Radiators need to emit substantial heat due to their small size, so UFH is preferential with the ground source heat pump. 

Both the geothermal aspect and the ground source heat pump element create an incredibly sustainable and efficient heating and cooling system that, paired with solar panels, will significantly reduce ongoing costs for prospective residents, limit the carbon footprint, and future-proof the asset as we move towards electrification as a response to climate change.
[bookmark: _Toc185022063]Ventilation
Ventilation will be provided passively via openable windows with trickle vents in each flat, with communal areas also providing ventilation via windows where possible, however, the addition of passive vents will allow for supplementary air movement. Mechanical ventilation heat recovery (MVHR) is another option to provide filtered, fresh warm air back into the building whilst exhausting stale air. The heat exchanger warms the fresh air with the heat energy from the stale air, reducing heating costs. Alternatively, an energy recovery ventilation system could be used. This works in the same way as the MVHR with a heat exchanger transferring the heat from the warm stale air to the cold fresh air, however, the ERV system allows for water vapour to be exchanged, allowing for humidity control and a constant humidity can be achieved all year long. This method is preferential as it limits the condensation in the property, and thus, reduces the consequences from it building up. 
[bookmark: _Toc185022064]Smart Buildings
The building will feature a variety of smart or intelligent systems such as the heating, lighting, ventilation, fire safety, and security that can be connected to the building management system (BMS). These individual systems will feature sensors or devices that are internet of things (IoT) and AI enabled, allowing them to remain connected even when switched off, collecting data on occupancy, temperature, humidity, and air quality, among other aspects. With recent developments in technology smart buildings are becoming even smarter, with machine learning and AI allowing greater data collection. For instance, CCTV has become more than motion activated recording. It now has the ability to flag suspicious behaviour, recognise patterns and distinguish between moving objects and potential intruders. As more data is gathered, the further AI has the ability to learn and improve.
Smart apartments are not just flats with voice assistant they are intelligent and connected from the inside out. They include smart amenities such as smart lights and locks and integrated services (heating, cooling). The presence of these amenities alone does not make them smart buildings. Interconnectivity via IoT network installation combines hardware and software and provides property managers to collect data from the building as a whole as well as individual units.
Smart apartment buildings offer innumerable benefits for occupants, property managers and the owner including improved energy efficiency due to automation of the HVAC and lighting features, reduced operational costs as it requires a smaller team to manage and maintenance. The council for an energy efficient economy (CEEE) suggests that the integration of smart systems in an energy inefficient building will provide energy savings of 30-50% (Dykas, 2018).
[bookmark: _Toc185022065]Fire safety
Fire systems are incorporated into the smart building design through the installation of numerous heat and carbon dioxide sensors, actuators, and other devices linked to high pressure sprinkler systems throughout the building. Additionally, building management systems can analyse historical data to identify patterns and potential hazards, thus proactively addressing issues before they arise. IoT allows for real life monitoring of fire safety systems such as suppression systems, alarms and emergency lighting to ensure optimal functioning, especially in critical instances. This approach shifts from being reactive to proactive, emphasising situational awareness and detailed data collection.

[bookmark: _Toc185022066]Building Envelope
The envelope of a building refers to the weathertight outer skin that separate the interior from the external environment. This includes the walls, floor, roof, windows, doors and roof windows/lights. The nature of the envelope will depend on a wide range of requirements such as type of building, location, climate, its form, structural requirements, sustainability, and aesthetics amongst other factors. 
A single envelope is the simplest type of envelope and consists of a single barrier that separates the interior from the exterior. This is typically brick, concrete or wood and is seen oftentimes in traditional construction methods or older buildings where it serves as the primary method of protection and insulation. 
Double envelopes are two layers with the internal layer being plaster or drywall while the outer layer acts as an additional barrier against temperature fluctuations. This method is used in modern construction where greater emphasis is placed on thermal performance and energy consumption. 
A vented envelope is the next step up from the double envelope in terms of energy efficiency by incorporating ventilation systems that allow controlled air to exchange between the interior and exterior. This aids in improving air quality and moisture especially in areas where there is extreme temperature fluctuations. 
Rainscreen facades are a system of cladding that stands away from the primary structure of the building, allowing an air gap to form between the inner wall and the exterior cladding. This allows for added ventilation and drainage, effective in managing moisture and performance of the building envelope (CupaPizarras, 2019).
The likes of the Argeton terracotta rainscreen facade is an aesthetically pleasing, sustainable choice of building envelope that incorporates moisture and fire resistance together with its thermal performance and low maintenance creating a perfect contender. It is also one of the most tested façade systems on the marketplace holding BBA and EPD certification, is CE and UKC kitemarked, NHBC approved, and holds the euro-class a1 fire certification. It is also ISO (14025) and EN (15804) certified and fully recyclable making it one of the most sustainable options (Tellingrainscreens.co.uk, 2024). Figure 2 and 3 show the façade systems available.

[bookmark: _Toc185022067]Glazing
Another important aspect of the building envelope is the glazing type. In this instance, acoustic glass would be beneficial due to the location and noise pollution of the passing traffic (both residential and commercial) to the university, restaurants and other apartment blocks. There are varying degrees of sound insulation ranging from a reduction from 30-50dB. The class of sound insulation is based on the external noise (dB), distance from the road and the amount of traffic in an hour. A mid-level class would be suitable where the reduction in noise is around 30-35dB. This option utilises sound insulation with thermal comfort. These options have a U-value of around 1.1 W/m2K with a 16mm gap in glazing.

[bookmark: _Toc185022068]Conclusion
The King’s Road project of residential flats is certainly a feasible suggestion that should prioritise sustainability and innovation to create seamless, smart, environmentally friendly homes for its occupants, improving energy efficiency, comfort, and safety by design.
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[image: Figure 1
]
Figure 1- carboniferous limestone deposits.
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Figure 2- Argeton terracotta façade system
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Figure 3- Argeton terracotta façade system 
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