Introduction
The Llanmaes aims to be new-build 4 bedroom property built by Llanmoor Homes on the Saint Sannans Field site, in Bedwellty. Featuring a spacious kitchen/diner, large lounge, 3 double bedrooms and a single bedroom, the property will boast an ample 126 square meters of living space. 
The Saint Sannans Field site will comprise of 67 new homes, with 59 of these being either 2,3 or 4 bedroomed properties and 8 one-bedroom apartments that will be bought and managed by Caerphilly County Council for affordable housing.

The Llanmaes
The Llanmaes aims to be a sustainable, energy-efficient property. Its cavity wall construction achieves a U-value of 0.142W/m²K when modelled on PHPP software, with Kingspan’s U-value calculator giving an estimated 0.17W/m²K. These do not meet Part L or PHPP standards of 0.13W/m²K or lower. Essentially, a higher transfer of heat is lost through the walls making it less energy efficient. Cold bridges can further increase the thermal transmittance of heat from poorly fitted insulation, holes made for services, or poor-quality materials. U-values can be improved by choosing materials which have lower thermal conductivities or changing or increasing insulation levels. In order to achieve the limit of 0.13W/m²K, an additional 50-100mm of insulation needs to be incorporated, depending on insulation type, giving the wall a thickness of 560mm and a U-value of 0.97-0.115W/m²K. 
Alternatively, timber frame construction offers benefits that cavity wall cannot, including improved thermal resistance, a sustainable and renewable nature, and low-embodied carbon. Using timber as a construction material can reduced embodied carbon by 20-60% per building, depending on size (Department for Environment, Food & Rural Affairs, 2025). Not only is timber a renewable source, it also acts as a carbon capture, storing carbon for the duration of its lifecycle. Timber framed houses store approximately 50% carbon more than masonry houses (Department for Environment, Food & Rural Affairs, 2025). Timber frame construction offers high levels of thermal performance and air tightness, a lightweight design (reducing foundation requirements), and contributing to a circular economy due to the recyclable and reusable nature of the timber. 
The timber frame construction is a sustainable modern method of construction due to its renewable, carbon-neutral properties. By replacing or reducing energy-intensive and carbon-intensive materials, such as concrete and steel, it lowers the embodied-carbon significantly. Timber framing provides a better thermal envelope for insulation, reducing the need for heating and cooling via mechanical systems, achieving a thermally efficient and airtight design. Additionally, Waste and Resource Action Programme (WRAP), estimates that an average 81% of timber used in construction in the UK is recycled or reused into new products. Timber can also be reused/recycled into biomass fuel once it has reached the end of its life cycle, contributing to a circular economy.
By modelling a timber framed wall on PHPP software, we can produce a U-value of 0.100W/m²K, outperforming the given U-values of both Part L of the approved documents and Passive haus standards. 
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The roof has a U-value of 0.094 W/m²K, which given the accepted target of 0.110 W/m²K by both approved document L and PHPP, means that The Llanmaes is well within the limits and has a efficient roof where limited heat is lost. 
The ground floor comprises of reinforced concrete beams with thermalite floor block infill, which has a u-value of 0.22W/m²K, making it a good choice of insulating material for the floor. However, the total u-value for the floor is 0.123W/m²K and building regulation give a limit of 0.11W/m²K. In order to improve the u-value, adding in an additional 30-50mm of insulation either above or below the concrete screed will improve the u-value to reach the targeted 1.10W/m²K. 
The windows are double glazed throughout the property, including the patio doors, and offer a u-value of 2.0W/m²K which is considerably high. In order to improve this, the windows can be upgraded to triple-glazed units, which are far more energy efficient compared to their double-glazed counterparts, offering a u-value of 0.8-1.0 W/m²K. Norrsken Aluclad triple glazed units offer a thermal performance value of 0.68W/m²K, with argon gas filling and two panes of low-emissivity glass, and would be a good option for the Llanmaes. These windows can be fixed pane, top hung, wall hung or fully reversible (Norrsken.co.uk, n.d) Additionally, the triple glazing will provide enhanced sound proofing. 
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LLanmoor homes state that all their properties are fitted with either an A rated central heating boilers with a 90% efficiency or an air source heat pump that provide space heating via radiators. The Llanmaes has an air source heat pump installed which feeds the radiators to provide heating, which is then controlled via an electronic programmer and thermostat, as can be seen in Figure 2, taken from the virtual reality tour of The Llanmaes. 
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Figure 3- Programmer and room stat
Heat pumps operate at a flow temperature of 35-55C, while gas boilers reach temperatures of around 65C, meanng that radiators need to be sized appropriately to handle the lower temperature efficiently, by either adding more radiators or increasing the size of each radiator. 
The LLanmaes will benefit from swapping the radiators to underfloor heating as it will provide a even and consistently distributed heat, eliminating cold spots and draughts, commonly found with radiators. Paired with the low flow temperature of the ASHP, the surface area of the entire floor emits the heat at optimal flow temperatures leading to a highly efficient heating system, contributing to lower operational costs and reduced emissions. Nu-heat estimates that underfloor heating is up to 40% more efficient than radiators when paired with an air source heat pump (Snell, 2022). Underfloor heating also frees up valuable space.
Additionally, the Llanmaes will benefit from upgrading the controls from a single programmer and room thermostat to multi zone control, where multiple circuits are built in with actuators that open and close when programmed so that rooms are not heated when they do not need to be. It also allows for additional programming such as only heating the upstairs before the occupants go to bed and setting different temperatures for different zones. The zone control further improves energy efficiency by reducing the heating demand where zones can be shut down when not in use, reducing emissions and electricity bills. 
When modelled using RdSAP 9.94 as per Llanmoor Homes specification, the property achieved a C (71) rating with an estimated annual cost for heating and domestic hot water of £1680 and an emissions output of 3.6 tonnes. When simply swapping to underfloor heating and zone control, the emissions drop to 3.2 tonnes per annum and the heating and hot water costs reduce to £1476. 
A completely different approach for heating and hot water would be district heating via a biomass boiler. This is a sustainable, cost-effective method of heating multiple homes from one boiler, housed in its own plant room, feeding the heat exchangers in each property. By installing one biomass boiler, this reduces costs of installing a separate boiler or ASHP in each property, and from a maintenance point of view, is far cheaper in terms of operational costs. Biomass boilers have high efficiencies, reaching up to 96% efficient and can burn a variety of fuel types including wood logs, pellets, wood chips, miscanthus and straw. 
Biomass boilers are a future-proof, sustainable and efficient method due to the fact that it uses renewable and recycled materials as opposed to fossil fuels commonly used (gas and oil), contributing significantly to a circular economy with the emphasis on minimising waste, optimal utilisation of resources, and promoting sustainability to create a greener future. 
Most commercial or large-scale biomass boilers have a fuel store that automatically feeds to boiler, when required. Once combustion has taken place, the hot gas passes through a heat exchanger that then feeds the thermal heat store, essentially acting as a heat battery, often a hot water tank, which then circulates to each property when heating or DHW is required. 
Guntamatic’s Pro Flex biomass boiler works at a 94% efficiency and can provide an output of up to 1000kW, allowing for a wide range of applications and multiple properties to be connected. It also has the advantage of burning both wood pellets and wood chips, offering even further adaptability. 
By installing a biomass boiler for community heating with the charging system based on usage, it would reduce the heating costs to £999 per annum and, crucially, reducing the estimated emissions to 0.7 tonnes per year! 
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Figure 4- EPC produced with ASHP
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Figure 5- EPC produced with biomass boiler

The addition of solar PV would further increase the sustainability of the property by providing its own electricity from a renewable source, reducing grid demand, and improving independence. The installation of solar PV can initially be expensive, however, the ongoing savings enable the PV panels to be paid off in just a number of years. Additional electricity can also be sold back to the grid, if required. With the introduction of PV panels (a 4kW system), the annual costs for the property drop to a nominal £138, with an estimated emissions rating of -1.1 tonnes, due to the fact that green energy will be produced. 
With solar PV installed, further savings in terms of emissions and costs can be gained by using the excess solar energy to heat the hot water. A diversion system, such as the solar iboost, will detect and divert excess electricity to the installed hot water cylinder, intelligently controlling and monitoring the levels of energy being used by the immersion in line with export levels as they rise and fall. Essentially, over summer, the hot water can be heated entirely for free via renewable energy!
With the added solar water heating, the costs once again fall to an insignificant £17.
Further solar integration can be achieved with the installation of battery storage, where excess electricity is used to charge the battery which is then used when demand increases. Enegy is generated at times when demand is low (during the day) and is then stored to be used when the solar PV panels are not generating enough electricity, such as in the evening. This reduced grid reliance and promotes the use of green energy. A battery as little as 5.1kWh will have a high impact on the energy-efficiency of the Llanmaes, further cutting electricity bills and creating an eco-friendly, self-reliant home. EON estimates a saving of £1076 annually with a 4kW solar array and a 5.1kWh battery storage (E.ON, n.d)
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Conclusion
By implementing all of these energy-efficient, sustainable options, we can turn the Llanmaes from an average home that barely meets building regulation standards into a home engineered to be energy-efficient, sustainable, and self-reliant, this technology exemplifies innovation, minimizing environmental impact while maximizing autonomy. 
The Llanmaes has been modelled on RdSAP 9.94 as built per Llanmoor Homes specifications, giving a rating of 72C, with estimated costs of £1703 and emissions of 3.6 tonnes.
It has also been modelled with all the implementations and changes highlighted above giving a rating of A97, with costs totalling £17 per annum for heating and DHW and a carbon neutral emission rating. The full energy performance certificates can be viewed in the appendices.

Appendices
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