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Summary

This report provides a comprehensive analysis of the feasibility of constructing a block of luxury flats in the Maritime Quarter of the SA1 region in Swansea. The area is renowned for its waterfront views and urban development. With an emphasis on maximising sustainability, the key aspects being considered are:
· selection of off-site construction methods
· foundation and superstructure type
· the building’s appearance and envelope design
· effective building services for heating and cooling
· fire safety consideration
· innovative construction materials and methods
Each of these aspects will be analysed, with recommendations based on feasibility, aesthetics and environmental impact.
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1) Introduction

This report explores the feasibility of the development a block of luxury flats in the Maritime Quarter of the SA1 region in Swansea. The area, which is renowned for its waterfront view and urban development, offers significant potential for high-end residential development. However, the project must address challenges associated with limited construction space, sustainability goals and the need for innovative design to distinguish the building from its surrounding. The client’s specific requirements for off-site construction, unique building appearance, efficient building services and sustainability have been analysed to ensure the optimal balance between aesthetic appeal, functionality and sustainability.
All recommendations will be justified with reference to the impact to the environment and in line with the BREEAM New Construction Standards sustainability framework (BREEAM, 2024) and fire safety considerations.

2) Off-site Construction 

Off-site construction is the planning, design and fabrication of building components away from site in a factory setting which enables an accurate, efficient assembly in a controlled environment before being delivered and installed on site. (The Constructor, 2022). It adds substantial value to a product and has many advantages:
· faster build times - factory can be open 24 hours a day,
· improved health and safety, and quality control, 
· weather and extreme temperatures slowing down work,
· less environmental impact on site and minimises disruption around the site.
(Designing Building, 2022)

2.1) 	Off-site Construction Methods
There are four main types of off-site construction which are panelised systems, volumetric systems, sub-assemblies and components and hybrid systems. Each being a unique method of offsite construction which integrates within the final build.
2.1.1)	Panelised Systems
A panelised system can be made in three different ways; open, closed and structured insulated panels (SIPs). Each method of construction is utilised for specific segments of a building such as a floor or wall section. An open panelised system is used for non-insulated parts. A closed panelised system includes insulation and can be created to include items such as windows, doors, cladding and services, etc. SIPs are a “variation of closed panels; solid insulation sandwiched with two layers of OSB.” (Traylor, 2022). SIPs ensure that thermal performance is efficient to maintain heat throughout the building. 
2.1.2)	Volumetric Systems
Volumetric systems, often referred to as modular construction “represent three-dimensional units that enclose usable space.” (Traylor, 2022). Volumetric systems can be combined in a modular setting for living. They are made from timber, steel or concrete and have factory fitted internal fixtures and fittings. The units are stacked on top of the foundations. Volumetric modules allow for easy connection to additional pre-fabricated components. Fixtures and fittings can be installed during the pre-fabrication process which saves both time and money and therefore makes project management seamless. 
2.1.3)	Sub-Assemblies and Components
Sub-assemblies and components are pre-manufactured elements that are neither panelised or volumetric systems. These include items such as doors, windows, chimney trusses and steel elements. (Traylor, 2024). Sub-assembly components range from small components such as door handles to larger components such as pre constructed roof trusses. (The Constructor, 2022).
2.1.4)	Hybrid Systems
A hybrid system is a “generic term covering a wide variety of construction techniques, particularly where different systems and/or materials are used in combination to fulfil a specific function” (Traylor, 2022), which allows for greater flexibility. Hybrid systems combine both the use of panelised and volumetric systems. It is also known as semi-volumetric.  (The Constructor, 2022). 

2.2)	Recommendation for Off-site Construction
Due to the site conditions such as in shore wind, an SIPS panelised system would not be recommended. A high strength treated steel volumetric off-site construction system is recommended. High strength treated steel provides both stability and strength, which withstands wind, seismic activity and resistance to corrosion. Production and processing costs are higher; however this is offset by the potential for savings in construction time. (Design Horizons, 2024) It is important to remember that modular construction does not allow for very much flexibility once decision have been made and pre-fabrication has taken place.

3) Foundations and Superstructure Types

Foundations are the substructure of the building. Due to the environmental area and conditions such as proximity to water, high water tables and variable soil conditions and stability, careful consideration must be given to foundation type. The superstructure is the components of a building constructed above the ground level such as columns, beams, walls, floor, roof, stairs etc. The superstructure must be capable of transferring its load to the substructure, be constructed off-site and meet the client’s aesthetic expectations. In addition, it must meet BREEAM sustainability measures. 
3.1)	Foundation Types
There are three main foundation types: strip, pile and raft.
3.1.1)	Strip
Strip foundations are shallow and provide a strip of support for wall structures. This type of foundation is predominantly used in low rise buildings. (Designing Buildings, 2022)
3.1.2)	Pile 
Pile foundations are generally steel or reinforced concrete long columns which transfer loads to stable soil below the surface. They are excellent for soft, unstable or waterlogged soils and provide excellent stability for high-rise structures. 
3.1.3)	Raft 
Raft foundations is concrete slabs that cover a wide area. They may incorporate different thickness of slab to provide additional support and are typically used when constructing a building with a large surface area at or near ground level. 
3.2)	Superstructure Types
The superstructure is all the elements of the building from the ground level up. It includes walls, floors, roofs, beams, windows, doors, columns, etc. It transfers the load from the upper part of the building to the substructure (foundations).
3.2.1)	Steel Frame Construction
High strength steel frames are commonly used in high-rise building as they have a high strength to weight ratio and are structural stability and able to resist various loads. 
3.2.2)	Cross-Laminated Timber (CLT)
CLT unlike sawn timber has a strength similar to re-inforced concrete. This is becoming a popular choice in mid-rise builds. There is very little evidence of  use in high-rise builds throughout the UK, however in Norway in 2019 the Mjøstårnet, Brumunddal was built in CLT. (Archdaily, 2023)
3.3)	Recommendation for Foundation and Superstructure Types
After considering the loading bearing capacity of the subsoil and the load bearing requirements, pile foundations are recommended for this development due to their ability to support a superstructure where the subsoil has limited load-bearing capability or may be susceptible to moisture movement or a higher water table. It is essential to ensure that the pile foundation will fully support the superstructure above it. Silent piling is recommended as traditional pile driving is extremely noisy and may create excessive noise pollution and an inability to adhere to local noise regulations. (Mason, Instinct Software, 2023).
Whilst a CLT superstructure meets sustainability requirements, there is limited expertise in this area in the UK for high-rise buildings. Therefore, it is recommended that the modular steel construction is utilised due to the same reasonings as provided in section 2.2.  
4) Building Appearance and Envelope Design 

The building appearance must stand out in the Maritime Quarter, contributing to the area’s architectural identity. A building envelope is the barrier between the interior and exterior environments. It needs to provide an aesthetically pleasing façade in addition to effectively regulating temperature, moisture and air quality.  
4.1	Building Façades
Building façades come in many forms such as brickwork, stone cladding, timber, glass and steel work and ventilation combined within a façade. Lighting plays an important role to emphasise the architectural aspect of the façade. Other factors which affect choice include fire safety, sustainability and maintenance requirements. (Demir, 2024). The roof also forms part of the façade and as such can incorporate sustainable features. Ventilation will be covered as part of Building Services, Section 5. 
4.2)	Recommendation for Building Appearance and Envelope Design
The building façade selected fits with previous recommendations in sections 2.2 and 3.3. The recommended façade is predominantly a glass structure with steel bracing and a solar green roof. The glass being treated for improved thermal insulation.
In addition, a smart skin can also be installed. ““Smart skins” refer to façade systems that incorporate technologies to optimize the building’s performance, energy efficiency and occupant comfort.” (Demir, 2024). Smart skin technologies such as sunshades/adjustable screens will be installed. This will reduce energy consumption and optimize thermal performance as well as improving air quality, noise reduction and overall resident satisfaction. The advantages of this technology outweigh the additional cost implications and provides the platform for an intelligent building.
The integration of solar energy with a green roof provides energy and contributes to the aesthetics of the urban environment and energy efficiency of the building. Green roof balconies are also recommended. These provide a natural barrier of moisture between each storey, therefore can be used to reduce the speed and spread of possible fire. (Wormald, 2023).

5) Building Services / Intelligent Buildings
Building services are the systems and features within a building that provide essential support to make the space comfortable, functional and safe. In luxury flats, these services go above and beyond the basics, often offering high end and sophisticated options renowned in intelligent buildings. Key building services include: heating, ventilation, air conditioning, electrical systems, water supply and plumbing, security systems and fire safety systems.
5.1)	Heating, Cooling and Ventilation
Energy efficient heating, cooling and ventilation systems include both passive (such as ventilation and thermal mass) and active (such as air-source heat pumps or district heating) methods. 
There are various ways a building can be heated these include a centralised boiler, combination boiler (central heating system using gas / oil) and heat pumps (ground source, air source & water source). Once the heat is generated it needs to travel through the building via radiators and pipes in the case of boiler based systems and via air ducts and vents for heat pump systems. Underfloor heating is a more recent method of heating and provides an even distribution of warmth and removes the necessity for radiators. These systems can be electric or water based. (Screwfix. 2024). Air conditioning units can both cool and warm the air throughout a building. Solar panels can be used to generate electricity.
Ventilation comes in many forms. Natural ventilation has low running and maintenance costs and zero energy consumption. It is also regarded as having health benefits, connecting the residents to the outside. These systems are driven by wind. Mechanical ventilation relies on fans for airflow either via mixing ventilation or displacement ventilation. Displacement ventilation is where fresh air, cooler than room is introduced at floor level, which then rises as it warms, displacing the contaminated air. (HVI. 2024)
5.2)	Electrical Systems, Water Supply and Plumbing 
Connection to mains water is via blue MDPE pipe. Water can be heated by a localised water heater (one would be needed to be installed near each sink), these can be heated by gas or electricity. Another option is a centralised boiler system connected to a hot water storage cylinder. The most common system is the combination boiler, which provides instant hot water and heating via radiators. 
5.3)	Recommendation for Building Services / Intelligent Buildings
As mentioned previously, solar panels would be installed on the roof space. This could provide electricity for communal areas of the building and support fire safety measures such as a sprinkler system. It is recommended to install a heating, ventilation and air conditioning systems (HVAC). The system regulates the temperature, humidity and air quality of all indoor spaces. These would be individual systems in each flat which would be connect to a mobile app for ease of use for the residents. Whilst this system is more costly to install and run, the benefits to the residents will outweigh the additional cost.
Windows with purpose made louvred ventilation openings with specific fire-retardant treatment are recommended as the potential for draughts can be minimised. Electronic internal lighting and blinds will be fitting to allow for residents to use a mobile phone app to control the various features.
Due to the volumetric off-site construction system, all electrical systems, water supply and plumbing can be installed in each pod before final installation on site. This will ease the construction process and time required on site and in addition will save money.

6) Fire Safety 

All structural elements utilised must be in line with Building Regulations Part B:  Fire Safety. It is therefore critical to ensure that there is a means of escape, fire detection and warning, fire separation, protection, compartmentation and isolation to prevent fire spread, control of flammable materials and access and facilities for firefighting. In addition, the specific sections relating to high-rise and risk buildings of The Building Safety Act 2022 and the Fire Safety Act 2021 must also be adhered to.  A fire strategy safety plan should be developed in consultation with fire safety experts to ensure compliance with local regulations and best practice.

7) Conclusion

This development of a block of luxury flats presents an exciting opportunity to combine innovation, sustainability and luxury living. Off-site, modular construction methods will provide the most efficient solution for the restricted site, with a choice of metal and glass façade and green solar roof with an atrium stack, creating a unique and modern building that will stand out in the Maritime Quarter.

A combination of both passive and active building services will be employed via a HVAC system, with intelligent building features. As fire safety is also a priority, and an appropriate strategy will be in place to minimise risk and to ensure the safety of residents.

Innovations such as a smart skin will enhance the building’s sustainability and performance, whilst renewable energy sources such as solar panels and a green roof will further reduce the building’s environmental footprint resulting in meeting the client’s expectations of a luxury, high quality living space, which is aesthetically pleasing and sustainable.
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