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[bookmark: _Toc243841222]1.0 Introduction
This report will look at the Beacon residential development, Llanelli, constructed by developer Edenstone. This report will critically evaluate the development in terms of the building envelopes and the technologies and services employed to maintain human comfort within the residential dwellings. The developer, Edenstone, openly advertises that sustainability is a core principle of the company, and this report will look at the fabric and technologies used from a sustainability perspective. This is to evaluate the advantages and disadvantages of the company moving forward towards more sustainable construction methods (Edenstone Homes, n.d.).
[bookmark: _Toc243841223]2.0 Development overview
[bookmark: _Toc243841224]2.1 Site overview
Located in Llwynhendy, Llanelli, adjacent to the Scarlets rugby stadium (see figure 1), the development comprises 70 residential dwellings comprising a range of two-, three-, and four-bedroom dwellings intended solely for social housing occupancy. The developer, Edenstone, has been awarded the contract to develop the site for Beacon Homes, the social housing landlord.
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Figure 1. Undeveloped site location: Screenshot from Beacon Cymru (2025)
As specified in the Design and Access Statement for the development, the current undeveloped land comprises a low-biodiversity habitat that is used for grazing. The topography indicates that the land suffers from waterlogging and standing water on the west side of the development, along with a mineshaft located in a central position within the development boundary (Hammond Architectural Ltd, 2023). Figure 2 below shows the proposed layout of the development, showing the layout of the dwellings, access and SuDS components.
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Figure 2. Proposed site layout: Screenshot from Carmarthenshire County council (n.d.) planning application PL/06624.
[bookmark: _Toc243841225]2.2 Dwelling overview
After a review of the planning application supporting documents, it is evident that all the dwellings will be uniform in terms of aesthetic design, construction, services and technology. The size, layout and colour will be the main variations between the residential buildings (Carmarthenshire County council, no date b).
[bookmark: _Toc243841226]2.2.1 Building substructure and superstructure
The dwellings will be constructed on foundations formed from Greencem eco low-carbon concrete. Above the foundations, the dwellings will feature expanded polystyrene (EPS) insulated floor slabs.  As shown in Figures 3 & 4, taken from the Edentstone presentation, the superstructure for each dwelling is formed from a modular steel frame construction that features internal wall insulation (IWI) and cavity wall insulation (CWI) comprising polyisocyanurate (PIR) insulation material. Each superstructure features an external brick façade on the ground floor and cedar cladding on the first floor. The roof of each dwelling is made from steel seamed sections. 
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Figure 3. construction material types used. Screenshot from Parc Pemberton, Llanelli slide 9. (n.d.) 
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Figure 4. Steel frame construction. Screenshot from Parc Pemberton, Llanelli, slide 12. (n.d.).
[bookmark: _Toc243841227]2.2.2 Dwelling technology
According to the Edenstone UWTSD presentation, dwellings will feature PV arrays on the roof which will be connected to a battery energy storage system. The dwellings will also feature EV chargers and air source heat pumps (ASHPs) connected to zone-controlled hot water cylinders. To manage the dwellings, each property is fitted with a building management system (BMS). Figure 5 below shows how the BMS could work, controlling lighting, audio, climate and security, although the exact details of the sensors and systems installed on the Edenstone development have not been identified.  The presentation provided shows that it will potentially control lighting, ventilation and energy optimisation.
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Figure 5. Installed BMS potential uses. Screenshot from Parc Pemberton, Llanelli, slide 24. (n.d.). 
[bookmark: _Toc243841228]3.0 Appraisal
[bookmark: _Toc243841229]3.1 Fabric appraisal
When assessing the development’s sustainability and efficiency for the company to build more sustainable and environmentally better buildings than we are currently completing, it is important to understand sustainability, efficiency and environmental friendliness. 
Riley and Cotgrave (2014, p. 9) explain that sustainable construction is defined as being socially, ecologically and economically responsible and having clear positive attributes in each category. Figure 6 below shows this principle, and this report will look to assess the development under these pillars to define sustainability. Efficiency plays into all three pillars of sustainability.
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Figure 6. sustainable construction. Source: AI-generated illustration adapted from Riley and Cotgrave (2014, p. 9).
The development’s main building envelope modern method of construction (MMC) feature is the choice for the building frames to be made from steel; the most commonplace choice for cavity wall buildings in the UK is masonry, which applies to 94% of post-2002 new-build construction. The remaining 6% is made up of other types of construction material (Weeks, Sutton and Bassett, 2021).
This choice of building frame transfers the fabrication of the frames from an onsite activity to a modularised off-site activity with the steel structures being made within a factory environment and transported to the development for erection. 
By moving one of the main construction activities, building the frames of the properties, to a modularised MMC process, the development can reduce the amount of construction on site. This has several advantages as well as disadvantages in terms of making the development more sustainable. 
Due to the modules being constructed within a controlled factory setting, the quality of the completed product is greatly improved due to standardisation and strict quality assurance for manufactured components (Botchway and Pan, 2022a). The authors of this review emphasise that a disadvantage of offsite construction is the potential for high costs and delays if there are defects in the manufactured components (Botchway and Pan, 2022b). With a robust procurement strategy and planning, these potential risks to a development could be mitigated. This is further confirmed when looking at the case study of New Bridge Street West, Newcastle. That development utilised steel frame construction and was able to deliver the programme ahead of schedule and with reduced plant resources, resulting in lower project costs, making the development more sustainable (Lawson and Way, n.d.). Nangir et al. (2026) claim that offsite modular construction can be between thirty and fifty percent more efficient in terms of time savings than other construction types.  A byproduct of these potential savings is the potential for a reduction in risk to the project, as the likelihood of an incident occurring is lowered on site due to a reduction in hours and a reduction in required tasks, but the risk is also potentially transferred due to the activities moving offsite (Jeong et al., 2022). 
The overall project may see a reduction in the carbon footprint of the project due to the reduced demand for labour and plant; however, in this instance, the choice of building material, galvanised steel, has a high embodied carbon rating, requiring large amounts of energy and materials to form, manufacture and transport to the construction site. There are more sustainable virgin materials like timber that can be used for modular frames and manufactured locally that could improve the sustainability and logistics of the development. Hemmati et al. (2024) looked at the embodied carbon of buildings using these materials and assessed that timber construction, although being applied in a medium- to high-rise development—this could be applied to the current development—had a nineteen percent reduction in carbon compared to steel. 
According to the Design and Access Statement document, page 26, along with the steel frame, the development will be built to meet or better the U-values shown below in table 1. The buildings’ performance exceeds the current Approved Documents requirements, which are also shown, and rather closely matches the higher-tier low energy transformation initiative (LETI) standard also shown in table 1.

	Building element / measure
	Beacon specified value
	Approved Document L Wales
	LETI small-scale housing target

	External walls
	0.13 W/m²K
	0.18 W/m²K
	0.13–0.15 W/m²K

	Ground floor
	0.10 W/m²K
	0.18 W/m²K
	0.10–0.12 W/m²K

	Roof
	0.10 W/m²K
	0.15 W/m²K
	0.10–0.12 W/m²K

	Glazing
	1.40 W/m²K
	1.40 W/m²K
	1.00 W/m²K

	Air permeability at 50 Pa
	2.0 m³/(h·m²)
	8.0 m³/(h·m²)
	1.0 m³/(h·m²)


Table 1. U-vales comparison (Beacon specifications: Hammond Architectural Ltd, 2023, p. 26) (Welsh comparison values: Welsh Government, 2024, p. 36) (Housing targets: LETI, 2020, p. 17).
These values will be achieved with the use of slab, cavity, internal wall and roof insulation; from the presentation provided, it would appear that the developer has used a warm-frame approach, wrapping the steel frame in insulation, to reduce thermal losses and the associated thermal bridging associated with the high thermal conductivity of steel (Lawson and Francis, 2007). Narula and Finnegan (2025) used a case study of a steel-framed residential property based in the Wirral and increased the performance of the building using modelling by improving the fabric efficiency and airtightness to improve the operational performance of the building, demonstrating that a high level of performance can be achieved using steel as the frame of the building, reinforcing the argument that there is a need, as shown in the Beacon development, to design out thermal bridging and the conductivity associated with the steel frame. This approach requires careful planning and quality controls at a site level to ensure the work is completed to the highest standard and the designed-out risks are practicably addressed. 
The fabric of the building is completed by facing the exterior with a combination of brick and cedar cladding for the walls and a steel seemed roof. The use of brick and cedar cladding itself is in line with many other construction projects of a similar nature; however, the choice of steel roof is not as commonplace, although it has been successfully adopted in residential construction locally (Roofing Today, 2024).  The choice of steel roof does come with potential threats in the requirement, as with the thermal bridging, for greater quality control. The site is in a coastal location and the sheets, unlike slate or tile, are protected by thin layers of noble or surface corrosion protection. Any damage to these protection mechanisms during offsite fabrication, transportation or installation can compromise this layer and reduce the lifespan of the material significantly (Tata Steel UK, n.d.).
[bookmark: _Toc243841230]3.2 Technology appraisal
The development incorporates a range of technologies into the building fabric to enhance the performance of the buildings. These include power generation and retention with the installation of a PV array for each dwelling linked to a PV battery storage system and EV charger. For heating and domestic hot water (DHW) demand, there is an air source heat pump (ASHP) and hot water cylinder. For power management, there is a smart-home energy control system and modular lighting that can incorporate sensors and alarms (Hammond Architectural Ltd, 2023, pp. 5–24) (Parc Pemberton, Llanelli, n.d., pp. 14–28). The supplied documents do not state the ventilation strategy; however, given the increased air tightness and the fact that the DAS mentions ventilation attenuators, this report assumes that it is likely to incorporate a mechanical ventilation and heat recovery system.
The high-performing building fabrics in terms of air tightness and U-values have allowed the developer to install an ASHP and hot water cylinder rather than a conventional gas boiler for heating and DHW demand in the dwellings. The Kelly and Cockroft (2011) study compared ASHP and gas boiler systems on a UK social landlord development, like the Edenstone development, and compered the efficiency of both heating system types across multiple dwellings. The data from this study showed that, although ASHP installations were more efficient in terms of carbon emissions, they had, at the time of publication, a higher operating cost of approximately ten percent compared to traditional gas-powered boilers. 
The installation of a PV array and battery storage can not only allow the reduction of imported electrical energy required to power the homes, but this system could also eliminate any increase in operating costs associated with the air source heat pump installation. Bee et al. (2019) conclude that the PV array with battery storage could generate anywhere from 10% to 90% of the demand generated by the ASHP; this saving would, as a minimum, offset the increase in operating costs, up to covering nearly the entire operating costs of the ASHP, resulting in a significant reduction in the energy demand of each property. Although there are operational savings to the users of the buildings, it is worth noting that these systems are significantly more expensive and require more specialist installers than equivalent fossil-fuelled heating systems, resulting in higher development costs for the developers (Harris and Walker, 2023, p. 1). 
The adoption of a building management system (BMS) with low-energy lighting and sensors can help further reduce the building demands by minimising the electrical demand for lighting and by incorporating occupancy sensors to control the lights and reduce wasted energy from lighting rooms that are unoccupied. The BMS could also be linked to the ASHP and ventilation system, reducing the consumption of these systems when areas of the buildings are unoccupied, resulting in fewer heating and ventilation requirements (Wu and Yang, 2026). On the reverse side, these systems can also monitor the environment when occupied, assessing temperature and moisture conditions and controlling the heating and ventilation to maintain optimal human comfort conditions for the users of the buildings.
The downside to these systems is that they are generally more complicated than traditional controls and require knowledge of how to operate and maintain them. There is a general lack of building operating procedures and training passed from developers to users in residential dwellings and, as a result, these systems may not be operating as designed, leading to either increased demand or poorly operating buildings (Carmona-Andreu, Stevenson and Hancock, 2013).
[bookmark: _Toc243841231]4.0 Conclusion
The developer’s choice of building fabric elements being composed of MMC and the requirement for the building to perform better than the minimum standards required for dwellings can be classed as a more sustainable approach than traditional construction; however, the material palate used could have elevated the development further: the use of more sustainable modular MMC material, like timber, could have significantly reduced the thermal bridging risks and insulation requirements associated with the steel frame construction but retained the benefits of modular construction like the improved programme times and improved quality. Along with the frame, the selection of PIR-type insulation, although it has a significantly low U-value for its weight, has a high amount of embodied carbon from being manufactured from fossil fuels and not being easy to dispose of after use when compared to other more sustainable choices like wool, cellulose and mineral wool (Cascione et al., 2022). Table 1 shows that the buildings were very close to achieving the LETI standards in terms of performance; with a reconsideration of the glazing and careful designing of the fabric to reduce air permeability, the development might have been able to achieve a higher building rating. More thought could have gone into the choice of materials for the locality of the development; as highlighted, there are published materials that highlight the vulnerability of materials, like the roof or cedar cladding, in harsh environments like the coastal region of the development. The planning documents highlight that the site suffers from poor drainage and waterlogging and the development’s location, according to the NHBC, is classed as severe in terms of weather (NHBC, 2025, p. 9). The materials selected may suffer from a reduced lifespan due to these conditions, whereas more traditional choices like slate and masonry are more durable in the same climatic conditions and have been proven to withstand these conditions through their use for hundreds of years, reducing the overall operational costs of buildings.
When reviewing the installed building services, the developer has gone above the minimum standards required to provide human comfort and comply with regulations (Welsh Government, 2022) (Welsh Government, 2024). The improved performance of the fabric of the building improves the efficiencies of the heating and ventilation systems. If the company wishes to adopt these building services in future developments, there needs to be careful consideration of the potential risks of these systems arising from requiring specialist contractors to install them, higher upfront costs and the requirement, like the building fabric, for quality installations and quality control. For the buildings to run as efficiently as possible and for the systems to remain functional, there is a need for the company to provide training and instruction on how to operate and maintain these systems.
Overall, the development shows that higher standards in construction can be achieved and these higher standards can benefit the end users in terms of reducing operational costs and improving human comfort—which, if the buildings are being constructed for social landlords for the most vulnerable members of society, is extremely important—within the buildings, but this higher standard of construction requires considerable design and planning.
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