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[bookmark: _Toc226751879][bookmark: _Toc226752242]1.0  Introduction
[bookmark: _Toc226751880][bookmark: _Toc226752243]Following the successful completion of the Bryn Bragl housing development located in Bridgend, the client has gained an interest regarding the construction methods and technologies that were incorporated into creating these sustainable and environmentally friendly homes. The purpose of this report is to evaluate the construction methods and technologies through their advantages in order to determine whether they would be viable for the client on future residential building projects. Any potential disadvantages that are recognised will be provided with solutions on how to mitigate them. Additionally, relevant case studies and recommendations on the best course of action will also be provided (Tai Wales & West Housing, 2020). 2.1  Structurally Insulated Panels (SIPs)
[bookmark: _Toc226751881][bookmark: _Toc226752244]2.1.1  Benefits
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Figure 1: A comparison of Expanded Polystyrene (EPS) and Polyisocyanurate (PIR) insulation within the panels. 
PIR or EPS: Although it was not previously stated on which type of insulation that had been used in the SIPs for Bryn Bragl’s housing development, the client is advised to utilise PIR insulation over EPS as it has the potential to maximise performance in terms of thermal conductivity, energy efficiency, fire safety and durability as seen in figure 1. However, depending on the clients requirements, EPS insulation can still be a suitable alternative as it is considered the most cost effective (GFI, 2025). 
Sustainability: PIR panels can be constructed using eco friendly materials which ultimately increases the buildings energy efficiency while mitigating carbon emission output and are commonly recycled at the end of their lifespan. In addition to this, the higher durability will provide the insulation with a consistent performance throughout it’s lifecycle due to the low maintenance requirements (Recticel, 2026). 
Fire Resistance: PIR is classed as an excellent fire retardant with a higher melting point as opposed to EPS insulation. Even in the event of ignition, it has the ability to automatically self-extinguish the fire once the source is removed which prevents further spread to different areas of the building. Additionally, it drastically improves safety as the production of smoke and toxic gasses are limited which buys more time for building occupants to evacuate (Idelco, 2024). 
Thermal Efficiency: PIR insulation panels have less thickness but achieves the same level of thermal performance in comparison with EPS. This opens up the opportunity to maximise usable floor space within the building. The lower thermal conductivity of PIR will also reduce the buildings overall heat loss allowing for better sustainability and lower energy bills for occupants (Idelco, 2025). 
[bookmark: _Toc226751882][bookmark: _Toc226752245]2.1.2  SIPS Case Study – Seasons Holidays
Located in Laugharne, Carmarthenshire, the Seasons Holidays park resort initially posed a difficult challenge for the project team due to existing site conditions and the client’s desire to avoid full closure in order to prevent revenue loss. The solution to overcome these issues involved using SIPs as construction could be carried out in conjunction with on-going park activities without causing any disruption. This method had proved to be beneficial as it accelerated project works where 14 high quality and energy efficient holiday lodges were constructed within a short timeframe (SipsEco, 2026). 
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Figure 2: Seasons Holidays resort (SipsEco, 2026). 

[bookmark: _Toc226751883][bookmark: _Toc226752246]2.1.3  Disadvantages
When SIPs are installed incorrectly, they can become susceptible to moisture damage overtime as air will eventually leak through the buildings joints and seals. This is commonly noticeable at the top of a building as the stack effect will exert pressure on any weaknesses within the air barrier. The solution to prevent this issue would be to form a continuous air barrier for all exterior panels around the building while applying a vapor barrier on the interior. Investing in a mechanical ventilation heat recovery (MHVR) system will also prove to be beneficial as it can remove built up moisture, especially in humid environments such as kitchens and bathrooms (Dice, 2022) (Green Building Advisor, 2023). 
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Figure 3: A SIP affected by moisture damage (Green Building Advisor, 2023). 
[bookmark: _Toc226751884][bookmark: _Toc226752247]2.1.4  Client Recommendation
As the various residential properties on the Bryn Bragyl development were built to Passive House standards, it is advised that the client seeks out and invites specialised contractors who are certified with Passive House building in order to maintain high quality control throughout. 
[bookmark: _Toc226751885][bookmark: _Toc226752248]2.2  Benefits of Triple Glazed Windows
Greater Energy Efficiency: As triple glazing includes an extra glass pane and air layer, it can increase the buildings thermal performance by minimising heat loss in the winter while limiting heat gain during the summer. This will drastically reduce the occupants energy bills and increases human comfort. 
Enhances Sound Insulation: Another advantage with having the additional glass pane allows for the reduced transmission of noise entering the building which will increase user comfort. 
Better Security: Triple glazed windows provide extra protection and makes it more difficult for intruders to break into buildings (heathwindowsltd, 2026). 

[bookmark: _Toc226751886][bookmark: _Toc226752249]2.2.1  Advice for the Client
One of the main disadvantages regarding triple glazed windows is that they can reduce natural light levels within interior spaces which may appear visually unattractive to potential buyers. With that being said, it is believed that triple glazing is still a worthy investment as their benefits far outweigh double glazing in terms of energy efficiency, sound insulation and security. Although this decision will depend on the clients budget for future projects (heathwindowsltd, 2026). 
[bookmark: _Toc226751887][bookmark: _Toc226752250]2.3  How Off-site Construction Would Benefit the Developments Efficiency and It’s Local Environment
Less Deliveries: Panelised construction systems such as SIPs have the ability to be flat packed for transportation which results in fewer deliveries to the site. This will have a positive impact on the environment as fuel consumption is minimised allowing for reduced carbon emission output (NCC, 2026). 
Improved Site Safety: With panelised components being constructed in a controlled off-site environment, works carried out on site will be less labour intensive than traditional construction. This will significantly improve site safety along with minimising the risk of accidents and injuries occurring (Intrastack, 2023). 
 Better Quality Control: Higher standards of quality control can be achieved when manufacturing panelised systems in a controlled environment as it enables precision and accuracy throughout the process thus reducing the risk of errors (UHH, 2025). 
Faster Construction: Where traditional construction usually involves a step-by-step process to complete a project, off-site construction allows for the manufacturing of components and on-site preparations to run simultaneously. This can shorten the projects timeline and allows for works to be completed before the proposed deadline (Intrastack, 2023). 
Minimised Carbon Footprint: Off-site construction actively promotes greener building practices by offering a vast selection of sustainable materials that will help minimise the carbon footprint compared to traditional options such as concrete or steel (theoffsiteguide, 2026). 
Minimising Waste: Waste that is generated during the manufacturing process can either be reused for different purposes or recycled which will reduce its impact on the environment (theoffsiteguide, 2026). 
Reducing delays: As traditional building may sometimes be subject to delays caused by adverse weather conditions, off-site construction will help mitigate this risk due to the components being constructed in a factory setting (ProctorGroup, 2022). 
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Figure 4: Shows a structural panel being positioned on the site (UHH, 2025). 
[bookmark: _Toc226751888][bookmark: _Toc226752251] 2.4  Tesla Powerwall 2 Battery Benefits
The Tesla Powerwall 2 in residential applications maximises energy security and cost savings for the building user as it has the ability to be paired with solar panels where energy captured during daylight hours can be stored for use at a later time. The system is equipped with smart technology, allowing the owner to customise and monitor energy use through the Tesla app. Additionally, it is capable of gradually adapting to how energy is being used by the owner and the system can regularly receive software updates to implement new features or upgrade existing ones (Tesla, 2026). 
One of the major benefits of owning a Tesla battery is that it does not completely rely on the power grid as solar energy generated during the day can be stored and used only when the building requires it, such as at night or when the grid is unavailable due to power outages. When the systems status is affected by sudden changes such as the grid going offline, it’s user will be notified via the Tesla app (Tesla, 2026). 
[bookmark: _Toc226751889][bookmark: _Toc226752252]2.4.1  Tesla Powerwall 2 Case Study
In June 2024, a homeowner based in Cornwall reported an overall positive experience following the installation of both the Tesla Powerwall 2 and solar panels. As the solar panels were generating excess energy for storage, the homeowner was able to utilise it during peak times or grid outages. This reduced their dependency on the power grid and resulted in a notable decrease in energy bills (GreenGenUK, 2024). 
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Figure 5: Tesla Powerwall 2 batteries installed on exterior wall (RK Solar & Consulting Services). 
[bookmark: _Toc226751890][bookmark: _Toc226752253]2.4.2  Client Advice
In November 2025, Tesla had recalled approximately 10,500 Powerwall 2 units in the US due to the increased risk of fire following several reports of overheating. If this issue continues to persist, it is recommended that the client for future projects falls back on traditional methods to power a building such as the use of consumer units until it is resolved. Depending on the budget, it may be worth investing in the Tesla Powerwall 3 as the optional expansion allows for additional energy capacity at a smaller size (Tesla, 2026) (The Guardian, 2025). 
[bookmark: _Toc226751891][bookmark: _Toc226752254]2.5  Benefits of Solar Panels 
· Solar panels are not solely dependent on producing electricity from direct sunlight as they can operate in cloudy conditions. 
· The initial investment of solar panel systems and it’s installation is considered to be cost effective as the homeowner can save on energy bills. 
· By generating clean and sustainable energy, solar panels will contribute to lower carbon emissions by reducing the reliance on non-renewable sources to power buildings. 
· Homeowners can earn money back by selling surplus energy that can not be used to the grid (Energy Saving Trust, 2026). 
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Figure 6: Shows the installation of solar panel systems on a roof (Bloomberg, 2016). 
[bookmark: _Toc226751892][bookmark: _Toc226752255]2.6  Benefits of a Mechanical Ventilation Heat Recovery System (MVHR)
Improving Air Quality for Better Health: MVHR systems are known to enhance the air quality throughout buildings which can help relieve symptoms of diseases such as asthma, COPD and cancer. 
Preventing Toxic Air: If residential properties are being constructed in densely populated areas such as cities, a MVHR system can filter and extract indoor pollutants which would improve air quality and occupant health. 
Improving Energy Efficiency: A key benefit of installing an MVHR unit is the significant decrease of energy consumption between the winter and summer. During the winter, the unit will work efficiently by preserving the heat that is generated throughout the building while continuing to ventilate it. In the summer, the unit helps maintain cool air produced by air conditioning and will supply it where it is required (BlaubergUK, 2025).
Mitigating Condensation and Mould Growth: A MVHR system is capable of removing the buildup of condensation within interior spaces which reduces the risk of mould developing. By removing this hazard to human health, it can significantly improve living conditions to the buildings occupants. 
A Safer Living Space: As fresh air is continuously supplied throughout the building by the MVHR system, there is less need for natural ventilation via doors or windows which improves the safety of occupants especially in areas with high crime. 
Recovering Energy From Wet Rooms: Traditionally, the removal of moist air through natural ventilation can cause significant heat loss in rooms where condensation levels are the highest. However, a MVHR system has the ability to extract this moist air from wet rooms while retaining up to 85% of it’s heat, helping to reduce occupant energy bills (BlaubergUK, 2025).
Volatile Organic Compounds (VOC’s): Common everyday household products emit VOC’s into the air which are found to be in higher concentrations within interior spaces compared to the outdoors. MVHR systems will be able to extract these harmful airborne pollutants and reduce potential harm to human health (EPA, 2025).
[bookmark: _Toc226751893][bookmark: _Toc226752256]2.7  Benefits of Air Source Heat Pump With Hot Water Cylinder
· For households that require a higher demand for hot water, combining the heat pump with an appropriately sized cylinder can ensure a reliable supply of hot water during peak times. 
· Selecting the most compatible air source heat pump cylinder will be crucial for maximising system performance and reliability. Suitable storage capacity and consideration of usage will both provide the most efficient hot water system. 
· By providing yearly maintenance checks, it will help to maintain the systems efficiency and performance while identifying potential problems before they can develop further. 
· Choosing to use the air source heat pump combined with a hot water cylinder promotes more sustainable living for homeowners and lowers the carbon footprint. 
· Heat pumps used in conjunction with hot water cylinders can offer a consistent and reliable way of heating hot water while improving energy efficiency. In addition to this, using renewable energy sources as opposed to gas can result in a reduction of energy bills (Baxi, 2026). 
[bookmark: _Toc226751894][bookmark: _Toc226752257]3.0  Conclusion
Overall, the sustainable construction methods and building services discussed in this report prove to be beneficial for the client in future residential projects. SIPs that are constructed within a controlled factory setting offsite will enhance the quality control, delivery and cost saving while reducing waste that can be used for other purposes or recycled without harming the local environment. Even though the majority of qualities regarding PIR insulation are significantly better, EPS can still be considered as an alternative due to its cost effectiveness. 
The combination of solar panels and the Tesla Powerwall 2 battery will be beneficial to homeowners as they can become less dependent on the grid while saving money on energy bills. However, based on recent events, the client is advised to consider alternatives due to the increased concerns over the batteries safety. Investing in a MVHR system will increase comfort of building occupants by maintaining thermal efficiency and improving indoor air quality. Choosing a compatible hot water cylinder with the air source heat pump can provide a reliable supply of hot water for everyone in a home while enhancing energy efficiency. 
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