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[bookmark: _Toc184979846]Introduction
This report aims to provide information regarding the feasibility of building a luxury block of flats in the Maritime Quarter of the SA1 Region of Swansea. Included in the report will include the various types of offsite construction methods due to the restricted nature of the proposed site location. In addition, due to the Employers Requirements requesting a distinctive external building appearance, we’ll provide options for different types of building envelope types and provide our professional opinion on the most suitable option. Furthermore, we’ll analyse the various Building Services and specify for efficient heating and cooling, both passive and active whilst also confirming how fire safety. Finally, the report will highlight innovative construction materials to maximise sustainability. 
[bookmark: _Toc184979847]Site Location
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The proposed site is located within the Maritime Quarter as outlined in the above Image. It is well known that Swansea’s Maritime Quarter has been largely influenced by the historical development as a former dockland area. Originally, the site location homed extensive coal docks and railyards which fell into decline in the 1970s. Subsequently, a regeneration programme infilled the docks to transform the maritime quarter. The ground area is likely composed of reclaimed dock materials, silt and engineered fill to level the site for future development. In addition, due to its coastal location, it is also subject to the effects of marine weathering and potential groundwater. Prior to carrying out the designs for the project, we recommend carrying out Boreholes as means of site investigation works to determine the conditions of the ground at the exact location of the proposed site once it has been identified. Furthermore, included should be a Contamination Test in accordance with BS 10175:2011+A2:2017 (Investigation of potentially contaminated sites) and is in alignment with the nine parts of ISO 18400. This will highlight any potential quantities of heavy oils spilled on this site due to the ‘heavy industries’ situated here.
[bookmark: _Toc184979848]Previous Mine Workings
I have contacted The Coal Authority to determine whether there are any early signs of previous mine workings at the proposed site location. I have been informed that the site is built upon a coalfield, therefore we will now require a Non-Residential Enviro All-In-One report. The report will include the standard and detailed mining report, property specific information on contaminated land, flood risk, historical land use and natural subsidence hazards. This will cost around £321.11 excluding VAT but could incur additional charges if this report leads to further findings. 
[bookmark: Geological][bookmark: _Toc184979849]Site Geological Stratification
I have sourced the geological information for the Swansea region from the British Geological Survey 1:50,000 series map. It describes the area as being part of the South Wales Middle Coalfield Formation with Sedimentary Rock formed around 310 to 318illion years ago during the Carboniferous Period. The definition of the lower boundary is:
“The base is taken at the base of the Vanderbeckei Marine Band, where grey, marine fossiliferous mudstones at the base of the marine band conformably. Overline the Amman Rider Coal or the local equivalent where the Amman Rider amalgamates with the underlying coals.”
(The BGS Lexicon of Named Rock Units – Result Details, https://webapps.bgs.ac.uk/lexicon/lexicon.cfm?pub=SWMCM)
The definition of the upper boundary: 
“The top is taken at the top of the Cambriense Marine Band, where grey marine mudstones at the top of the marine band are conformably overlain by non-marine mudstones marking the base of the South Wales Upper Coal Measures or by Pennant sandstones marking base of the Pennant Sandstone Formation.”
(The BGS Lexicon of Named Rock Units – Result Details, https://webapps.bgs.ac.uk/lexicon/lexicon.cfm?pub=SWMCM)
[bookmark: _Toc184979850]Soil Classification
With regards to the Soil Types at the proposed site I have been able to research and find information confirming that “well-drained loamy soil overlies sandstone” in this area according to Soil Survey of England and Wales, 1983 and is used within an internal report from S E Morley and A J Ferguson named Geochemical baseline data for the urban area of Swansea. To ensure the information sourced above is correct, I recommend that during the site investigation a topographical survey is undertaken. This will provide the Structural Engineers with confirmation of the ground conditions and enable them to provide a suitable foundation and ground floor slab design.
[bookmark: _Toc184979851]Foundations
When constructing high-rise flats on poor ground conditions, such as Swansea’s Maritime Quarter, selecting the appropriate foundation type is critical. Here is an overview of the foundation types, materials and sustainable methods that could be available subject to receiving borehole records:
[bookmark: _Toc184979852]Piled Foundations
Piled foundations are suitable for areas with weak soils, reclaimed land and waterlogged or soft grounds where shallow foundations are simply not feasible/practicable. There are numerous types of piled foundations such as: 
· Driven Piles: Precast Concrete, steel or timber piles driven using hydraulic hammers.
· Bored piles: Holes are drilled and then reinforced concrete is poured in place.
· Continuous Flight Auger (CFA) Piles: Continuous auguring combined with concrete pouring as the auger is extracted from the ground. 
· Screw Piled (Helical Piles): Steel piles with a screw-like blade, installed by rotating into the ground. 
[bookmark: _Toc184979853]Innovative Materials / Sustainability
Innovative Materials that could be considered in relation to Piled Foundations could include Geopolymer Concrete piles which are a sustainable alternative to Portland Cement with lower embodied carbon. Alternatively, Fiber reinforced concrete uses synthetic or recycled fibres to increase durability and reduce reliance on steel. Moreover, the use of recycled steel for pile casings reduces embodied carbon and also CFA Piles generate less vibration and noise making them more suitable for built up areas which could be considered as sustainable options. An example of piled foundations includes ‘The Shard’ located in London which were bored piles due to its location near the River Thamas with variable filled ground material. 
A Structural Review: The Shard | London designed by WSP
[bookmark: _Toc184979854]Caisson Foundations
Caisson Foundations are best for sites with poor ground conditions but improve at depth, particularly in waterfront or marine environments.  There are numerous types of Caisson Foundations such as: 
· Open Caissons: Prefabricated hollow structures lowered into position then filled with concrete.
· Box Caissons: Fully enclosed prefabricated boxes set on the seabed or weak soul
[bookmark: _Toc184979855]Innovative Materials / Sustainability
Innovative Materials such as low carbon concrete can be opted for and also self-compacting concrete which reduces vibration and accelerates the filling of caissons. To increase sustainability, prefabricated caissons could be used to reduce labour, emissions and waste. In addition, recycled steel or composite materials for caisson frames.
[bookmark: _Toc184979856]Off Site Construction
[bookmark: _Toc184979857]Modular Construction (Volumetric Pre-Fabrication)
This approach involves the manufacture of entire 3D modules or “pods” constructed off site which are then transported to the construction site and assembled in a building block like fashion. They are particularly suitable for residential flats due to the repeatability of unit design. In addition, innovative materials such as Cross-Laminated Timber (CLT) can be utilised for eco-friendly modular units as well as recycled composites. From a sustainability perspective, this form of construction reduces construction waste, has shorter construction lead times due to the ability for it to be manufactured prior to it being required on site and it reduces lower embodied carbon due to controlled factory environments. 
[bookmark: _Toc184979858]Panelised Construction (Flat-Pack Systems)
Dissimilar to Modular construction, this method of manufacture produces flat 2D panels such as Walls, floors and roofing sections off site which are then assembled upon delivery to site. They are suitable for large housing developments and residential flats. Materials that can be utilised using this system include: Structural Insulated Panels (SIPs), precast concrete panels, Cross-laminated Timber (CLT) panels and hybrid timber-steel panels. In regard to sustainability, these panels are very energy efficient, they have a high thermal efficiency and reduce material waste during construction due to the precise manufacturing. 
[bookmark: _Toc184979859]Precast Concrete Construction
Concrete structural elements such as beams, columns, slabs and walls are manufactured in a controlled factory environment which are transported to the site for assembly, similar to building blocks suited for large structures such as high-rise apartment blocks. The sustainability avenues that are associated with precast concrete construction includes the factory production of concrete reduces waste and allows for the use of recycled materials. In addition, precast elements minimise the requirement for on-site formwork, scaffolding and concrete pouring, reducing labour, water use and site disturbance. Finally, the use of low-carbon concrete such as CarbonCure which significantly reduces the embodied carbon footprint of the development. 
[bookmark: _Toc184979860]Hybrid Construction (Combined Systems)
A hybrid approach combines modular construction, panelised systems and precast concrete. For example, precast concrete stairwells and lift shafts can be combined with modular apartments and SIPs wall panels. Hybrid construction allows for optimised use of materials which in turn reduces over-engineering. Moreover, this method supports circular economy principles as parts of the building like cross-laminated Timber panels can be disassembled and reused and it also reduces the site works as there is less need for ‘wet trades’ on site meaning a faster on-site construction process. 

[bookmark: _Toc184979861]Building Services
[bookmark: _Toc184979862]Passive Heating and Cooling Systems
Passive heating and cooling systems use natural processes such as sunlight, airflow and thermal mass to regulate the temperatures within a building environment. As such, these systems require no mechanical energy which makes them sustainable and a cost-effective solution for the end user(s) of the building. There are various passive heating methods which are described as follows:
[bookmark: _Toc184979863]Thermal Mass
Materials such as concrete, stone or earthy soils store heat throughout the day when temperatures are typically higher and slowly release the heat stored at night. To implement this, using high thermal mass materials in walls particularly on south facing walls is most beneficial. The benefit in regard to sustainability is it reduces heating demand due to the heat that has been stored is released gradually in the lower temperatures. 
[bookmark: _Toc184979864]Passive Solar Heating 
Sunlight enters via south facing windows and warms the space. The use of large, double or triple glazed windows with high solar gain coefficients, in addition, the use of thermal mass flooring is beneficial to store the heat. The benefit of this is it reduces the reliance on space heating during the winter. 
[bookmark: _Toc184979865]Superinsulation
By using materials like aerogels, vacuum-insulated panels (VIPs) or highly efficient insulation, heat loss can be minimised within a building environment. Best practice would be to insulate walls, floors and roofs which reduces the requirement for active heating and therefore saving energy as you would have an airtight building envelope. 
[bookmark: _Toc184979866]Solar Air Collectors
Air collectors are mounted on to the building’s exterior envelope and pull the air into the building whilst warming the air and circulating it within. By installing air collectors on south-facing building facades to maximise sunlight and coupling them with HVAC Systems to circulate the warm air it can use free renewable solar energy to preheat air for the ventilation systems. 
[bookmark: _Toc184979867]Natural Ventilation
By placing windows or vents on opposite sides of the building, fresh air is allowed to flow in, whilst warm & stale air is pushed and escapes the building. Should this system be implemented the design of the apartments with dual-aspect windows for cross ventilation. Subsequently, this reduces the need for air conditioning and lowers energy consumption. 
[bookmark: _Toc184979868]Shading Devices
External Shading Devices such as louvres, overhangs and brise-soleils block direct sunlight which prevents the rooms from overheating. Horizontal louvres should be installed on south-facing windows and vertical louvres on east and west facing windows. By utilising this system it reduces the chance of the building o[overheating which reduces the requirement for cooling the building using passive or active methods. 
[bookmark: _Toc184979869]Green Roofs & Walls
By installing vegetation & planting on rooftops or facades it acts as a natural insulator and provides evaporative cooling. This system absorbs and retains heat within the building envelope whilst also improving urban biodiversity. 
[bookmark: _Toc184979870]Stack Ventilation
This system works by warm air rising naturally which creates a ‘stack effect’ that draws cool air from below. They typically work best in large, taller spaces such as atrium spaces or ventilation shafts with openable louvres/vents at the top of the stack. There isn’t a necessary requirement for electricity using this method if mechanical louvres/vents aren’t desired, thus, making it an entirely passive method. 
[bookmark: _Toc184979871]Active Heating and Cooling Systems
When passive methods/systems aren’t sufficient or suitable within a building environment, active systems provide heating and cooling via mechanical processes. Although, these modern active systems do still aim to provide this energy using energy efficiency and renewable sources.
[bookmark: _Toc184979872]Air Source Heat Pumps
Air Source Heat Pumps work by extracting air from externally and transferring heat into the building environment. This is a renewable method as it is using the air from the stratosphere which subsequently reduces the CO2 emissions being generated. 
[bookmark: _Toc184979873]Ground Source Heat Pumps
A Ground Source Heat Pump is where pipes are buried underground which extract heat from the earth. This is an efficient, low carbon heating system particularly when powered by renewable electricity.
[bookmark: _Toc184979874]Underfloor Heating
Underfloor heating systems work by pipes running underneath the flooring in an occupiable space which provides radiant heat from the ground up, increasing circulation and efficiency when compared to your standard radiator systems. They also operate at lower temperatures which make them more compatible with renewable energy systems such as heat pumps mentioned previously. 
[bookmark: _Toc184979875]Variable Refrigerant Flow (VRF) Systems 
VRF Systems use refrigerants to transfer heat between indoor and outdoor units. This method provides precise controls over heating and cooling, therefore, reducing energy waste. 
[bookmark: _Toc184979876]Chilled Beam Systems 
Chilled water is circulated through ceiling mounted panels which absorb heat from the air. These are highly efficient for large buildings and integrate well with passive cooling systems also. 
[bookmark: _Toc184979877]Heat Recovery Ventilation (HRV) and Mechanical Ventilation with Heat Recovery (MVHR)
This system works by using heat from exhaust air to preheat the incoming air into the building. This reduces the heating energy as you are reusing the energy that has already been generated for heating and cooling. 
[bookmark: _Toc184979878]Solar Assisted Cooling
Solar Thermal Collectors generate hot water which drives absorption cooling. To carry out this process it uses renewable energy from the sun to power the cooling process. 
[bookmark: _Toc184979879]Building Envelopes
[bookmark: _Toc184979880]Glass Curtain Walling Systems
The use of Glass Curtain Walling Systems provides numerous benefits for sustainability, energy efficiency and a unique style separating the building from its surroundings. This system has no emissions whilst also increases solar gains through the glass system which reduces heat gains and prevents energy loss. The natural light which is allowed into the building reduces the reliance on artificial lighting and solar control coatings and advanced glazing systems can reduce the requirement for active heating and cooling systems. In addition, glass and aluminium systems are 100% recyclable should the building be dismantled/demolished in future years. To make the building envelope unique there’s the opportunity to use curved, faceted or undulating panels.
[bookmark: _Toc184979881]Natural Stone & Engineered Stone Cladding
The use of natural stone provides a timeless and luxurious look to the building’s façade. It is extremely robust which requires little maintenance and stone has a high thermal mass helps to stabilise interior temperatures. Moreover, by using these stone products it has a low embodied carbon due to the products being naturally sourced. For uniqueness, carved stone creating cultural or artistic themes can be created.
[bookmark: _Toc184979882]Green Facades (Roofs and Living Walls)
The use of Green Facades provides a unique and obscure look whilst also providing energy efficiencies. They filter pollutants and provide clean air and also natural insulation, retaining heat in the winter and cooling the building in the summer. It also encourages urban greening and provides habitats for wildlife.
[bookmark: _Toc184979883]Conclusion
To conclude this report, recommendations will be provided for each system that has been commented on to advise the client on how they should proceed whilst talking into account their sustainability factors. 
[bookmark: _Toc184979884]Foundations
Our recommendation due to the location of the site in the Maritime Quarter is to use Piled Foundations to ensure the block of flats remains firmly as a fixture within the Swansea Bay Skyline for years to come. 
[bookmark: _Toc184979885]Building Services
In regard to Building Services our recommendation is to use Solar Air Collectors combined with a HVAC system to circulate the air throughout the occupied building space. In addition, the HVAC systems can be used to cool the building. 
[bookmark: _Toc184979886]Building Envelope
The use of natural stone cladding will provide a natural look to the building’s façade which will also be robust enough to withstand the elements that Swansea Bay faces.
[bookmark: _Toc184979887]Bibliography
https://webapps.bgs.ac.uk/lexicon/lexicon.cfm?pub=SWMCM)
A Structural Review: The Shard | London designed by WSP
https://www.energystar.gov/newhomes/features-benefits/heating-cooling
https://www.unep.org/resources/report/beating-heat-sustainable-cooling-handbook-cities
https://sustainableclimatesolutions.org/sustainable-housing-building-envelope-systems/
https://theconstructor.org/building/high-performance-building-envelope/563815/




image1.png




image2.png




image3.png
Premier Inf
Swansea
Waterfront mevel

,-’ Marks:And,

Sp encev
ZA s

,swwsca Grand, "
Thsai e\ - ; Prince of Wales Dock
\

[0 2024 Te Tor |8 Opan S e ey I T Coaetmatm o con/copiriant




