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[bookmark: _Toc229125689]Introduction
With a significant proportion of current houses constructed in the United Kingdom prior to modern energy efficiency standards, the decarbonisation of existing buildings has become a critical challenge. Deep Retrofit plays a vital role in reducing operational energy demand, lowering carbon emissions, and improving the building’s overall performance. This report presents a retrofit energy assessment using The Passive House Planning Package (PHPP) to evaluate and improve the performance of an existing residential building. The analysis is based on previously collected survey data and adopts a desk-based approach to assess current conditions and simulate the impact of any proposed interventions. 
The primary aim of the report is to develop a retrofit strategy aligned with the principles of the EnerPHit Standard. This involves identifying key performance deficiencies, modelling potential improvements, and evaluation their effectiveness in relation to energy demand, carbon reduction, and occupant comfort. A whole house approach is adopted throughout the report, recognising the interdependence of building fabric, services, and ventilation. The proposed interventions are assessed using modelled outputs to ensure that improvements are technically appropriate, practically achievable, and aligned with best practice guidelines.








[bookmark: _Toc229125690]Methodology and Data Sources
This assessment adopts a desk-based methodology, utilising a comprehensive dataset collected from prior in-situ surveys and building assessments. The Dataset includes architectural drawings such as site plan, floor plans, and 3D scan of the building. Other data such as construction details, U-values, building services specifications, measured performance data such as airtightness results from a Pulse test have all been provided. In addition, operational energy data such as monthly electricity and gas consumption, and LPG data has been analysed to understand real world energy use patterns.
The Passive House Planning Package (PHPP) is used as the primary tool to evaluate thermal performance and energy demand. The base line model is analysed to identify key sources of heat loss and inefficiencies. Using the PHPP a series of iterative retrofit scenarios are created to assess the impact of fabric and services interventions may have on the current building’s performance. The model can also be used to assess the impact of these interventions have in relation to the EnerPHit Standard.
No additional site inspection has been undertaken, which makes the analysis of the building dependent on the accuracy and completeness of the provided data, and assumptions have been made where necessary.
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Figure 1: Underwood, Parkmill
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Figure 2: OS map showing house location, (Digimap, 1870)
Figure 2 shows the location of the house around 1870. It was identified as a “Smithy” highlighting the fitness of purpose of the building used to serve.



Located in Parkmill, withing the Gower Area of Outstanding Natural Beauty, Swansea, Underwood is a historic period cottage. It is identified to be one of the original dwellings in the village. The property has undergone partial refurbishment to combine traditional architectural designs with modern living requirements. Historical mapping further supports the building’s longstanding presence. An Ordnance Survey that was conducted around 1970 (See Figure 2) identifies the site as a “smithy”, indicating its original use as a blacksmith’s workshop. This historic function helps explain aspects of the building form and robust construction. The building is of traditional construction and presents typical challenges associated with a deep retrofit.
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Figure 3: Floor Plans with dimensions
The building has a total gross internal floor area of approximately 95.40 m2 arranged over two storeys. The ground floor comprises of the dining room, living room, kitchen, along with a WC and a utility room. A centrally positioned staircase provides vertical circulation. The first floor contains three bedrooms and a family bathroom which are accessed from a compact landing. The irregular geometry and varied wall alignments reflect the buildings phased developments (See Figure 3) (See Appendix 1-2).
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Figure 4: Ground Floor Plan showing rock wall
The site plays a critical role in the building’s performance. The cottage is situated within a confined, wooded valley that is characterised by limited solar exposure and restricted airflow. A substantial rock wall lies directly adjacent to the rear of the building, alongside an overgrown steep bank, effectively enclosing the site (See Figure 4). In addition, the property is located close to a meandering stream and river ford, contribution to an exceptionally high local water table. These conditions create a persistently damp microclimate around the building. Solar access is also significantly constrained by the surrounding topography and vegetation. The building received limited direct sunlight, with solar exposure to the walls reduced after approximately 4:00PM. This restricted solar gain severely limits the building’s natural ability to dry out following periods of rainfall, resulting in prolonged moisture retention withing the building’s fabric (See Appendix 3).
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Figure 5: Ground Floor Plan highlighting the different extensions added overtime
The primary structure consists of solid stone walls formed from Georgian Bay Limestone. These walls provide high thermal mass, but they offer very limited thermal resistance and contain no cavity insulation. Their performance is significantly compromised by the application of a cement-based external render which restricts vapour permeability and traps moisture within the wall. Due to damp site conditions, this leads to persistently wet masonry and increased heat loss. Extensions were added in 1995 with uninsulated cavity walls which is highlighted as the blue area in Figure 5 and another in 2005 with insulated cavity construction which is highlighted as the green area in Figure 5. This further adds to variability in fabric performance.
The roof is made up of Welsh Slate which needs to be considered when doing any construction on the roof. Due to the building in a conservation area the Welsh Slate needs to be replaced if damaged or removed during construction. The roof is pitched and contains insulation at the rafters. It also contains a sloped ceiling which contains minimal insulation. However, the continuity and effectiveness of these insulations are uncertain, particularly at junctions such as the eaves. The flushed eaves details may also exacerbate moisture exposure by allowing rain to run onto the wall surface. The ground floor is solid slab that was installed alongside the underfloor heating system. But there is no insulation which is confirmed by the occupant, which represents a significant source of heat loss and a major thermal bridge. The interior is all relatively new and been recently refurbished, this needs to be carefully considered when adding insulation to areas such as the floors.
Windows and doors are mixed in type and performance, with air leakage having a big contribution to the overall inefficiency. This is further supported by the airtightness data recorded. It showed an airtightness of 12.54 air changes per hour (n50), indicating substantial uncontrolled infiltration (See Appendix 4).
	Building Assembly
	U-value (W/m2K)

	Solid wall masonry
	2.211

	Sloped Ceiling
	0.430

	Ceiling
	0.158

	Solid Floor
	3.068

	Block and Block Uninsulated (1977)
	0.524

	Block and Block Insulated (2005)
	0.444

	Solid Wall against Rock
	2.763


Table 1: Table showing building assembly and their U-value’s
See Appendix 5-11 to see the full building assembly along with the fabric/materials that are used. See appendix 12-13 to see the performance for Windows and Doors.
[bookmark: _Toc229125694]Building Services (M&E)
Building services are centered around a Worcester Bosch Greenstar 30i LPG-fired boiler which was installed in 2022. This provides both floors heating and domestic hot water. Heat distribution is achieved via underfloor heating at ground floor level, and radiators are used to distribute heat on the first floor. While relatively modern, the system relies on LPG, resulting in high operational carbon emissions and elevated running costs. Ventilation is primarily natural, supplemented by extract fans in wet areas such as the kitchen and bathrooms, resulting in uncontrolled air exchange. No renewable energy systems or mechanical ventilation with heat recovery (MVHR) are currently installed
Baseline energy performance is extremely poor. Analysis of fuel consumption data between December 2023 and March 2025 indicates annual LPG usage of approximately 34,350.39 kWh. Based on a treated floor area of 90 m2, this equates to an annual heating demand of 81.67 kWh/m2 per year. This significantly exceeds the typical benchmarks and far above the EnerPHit target of 25 kWh/m2 per year in the UK. Electricity consumption is also high, with a recorded usage of 6,405.61 kWh in 2023 and 5,029.56 kWh in 2024 (See Appendix 15-16). This high energy demand reflects the combined impact of poor fabric performance, high air permeability, and reliance on fossil fuel heating.
[bookmark: _Toc229125695]PHPP Results
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Figure 6: Result for the energy balance heating created using the PHPP
Figure 6 shows the baseline energy performance of the building that has been evaluated using the Passive House Planning Package (PHPP), which provides a detailed breakdown of the heat losses and gains. The model indicates a total space heating demand of approximately 371.6 kWh/m2 per year. This demonstrates extremely poor thermal performance and significantly exceeds the requirements for EnerPHit standards.
[bookmark: _Toc229125696]Key Performance Issues
The PHPP heat loss breakdown identifies external walls as the largest contributor, accounting for approximately 183.1 kWh/m2 per year, which reflects the limitations of the existing solid stone construction. Substantial losses are also attributed to windows (70.9 kWh/m2 per year), the floor slab (55.1 kWh/m2 per year), and ventilation (60.2 kWh/m2 per year. Ventilation losses are strongly influenced by the recorded poor airtightness of 12.54 air changes per hour (n50), which indicates significant uncontrolled air leakage.
Smaller contributions arise from the roof (15.8 kWh/m2 per year), thermal bridging (6.1 kWh/m2 per year), and external doors (3 kWh/m2 per year). Although individually lower, these losses collectively contribute to the building’s inefficiency.
Overall, the PHPP analysis demonstrates that high heating demand is driven by a combination of poor fabric performance and excessive air leakage. These results highlight the need for a balanced deep retrofit strategy addressing both insulation and airtightness to significantly reduce heat loss.
[bookmark: _Toc229125697]EnerPHit Standard 
The EnerPHit Standard, developed by the Passivhaus Institute, provides a performance-based framework for the deep retrofit of existing buildings. This enables significant improvements in energy efficiency while accommodating the structural and heritage constraints (Taylor. M 2011; and Palmer. J and Lewis. S, 2021). The standard applies key Passivhaus principles where it helps enhance insulation, airtightness, and mechanical ventilation with heat recovery (MVHR). This gives greater flexibility than new-build standards.
In the UK, EnerPHit typically targets a space heating demand of ≤25 kWh/m2 per year and an airtightness level of n50 ≤1.0 air changes per hour, alongside high-performance components and MVHR systems achieving ≥75% efficiency (Passivhaus Trust, 2026; and Price. S, 2026). Performance is verified using the Passive House Planning Package (PHPP), ensuring reliable prediction of energy use and reducing their performance gap (Palmer. M and Lewis. S, 2021). The standard also prioritises occupant comfort and health by helping eliminate draughts, improve internal surface temperatures, and reducing risks of condensation and mould (Passivhaus Trust, 2026). This aligns with UK guidance such as PAS 2035, which promotes a whole house approach to retrofit (BSI, 2023).
[bookmark: _Toc229125698]Gap Analysis
A comparison between the building’s existing performance and EnerPHit targets highlights a significant performance gap
	Category
	Parameter
	Existing Performance
	EnerPHit Target
	Assessment of Gap

	Energy Demand
	Space Heating Demand
	371.6 kWh/m2 per year
	≤25 kWh/m2 per year
	Extremely High (≈15× above target)

	Airtightness
	Air Permeability (n50)
	12.54 ACH
	≤1.0 ACH
	Very Poor (significant uncontrolled leakage)

	Ventilation
	Ventilation Strategy
	Natural/Extract
	MVHR (≥75% efficiency)
	No Heat recover; high ventilation losses

	Building Fabric
	External Walls
	High heat loss (183.1 kWh/m2 per year)
	≤ 0.15 W/m2K (typical)
	Major contributor; constrained improvement

	
	Windows
	70.9 kWh/m2 per year
	≤ 0.85 W/m2K
	Significant heat loss

	
	Floor Slab
	55.1 kWh/m2 per year
	≤ 0.15 W/m2K
	High Heat loss

	
	Roof/Ceiling
	15.8 kWh/m2 per year
	≤ 0.15 W/m2K
	Moderate improvement required

	
	Thermal Bridging
	6.1 kWh/m2 per year
	Minimise
	Requires improved detailing

	
	External Doors
	3.0 kWh/m2 per year
	High performance standard
	Minor but relevant

	Building Services
	Heating System
	LPG Boiler
	Low-carbon system
	High carbon intensity and running costs


Table 2: A table of comparison between current and target energy performance
The results indicate that the building performs substantially below EnerPHit requirements. The heating demand is 15 times higher than the target, driven by significant fabric heat losses and uncontrolled ventilation. Poor airtightness further increases heat loss, while the absence of MVHR results in no recovery of ventilation heat. Additionally, the reliance on an LPG heating system contributes to high operational carbon emissions and running costs which limits overall efficiency.
Overall, the comparison demonstrates that achieving EnerPHit performance will require a comprehensive, whole house deep retrofit approach. For Underwood, EnerPHit provides a structured framework to guide a comprehensive deep retrofit where it requires significant reductions in heat demand and air leakage.
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The proposed retrofit strategy for Underwood adopts a whole house approach aligned with the principles of the EnerPHit standard. Given the building’s location with the Gower Area of Outstanding Natural Beauty and a conservation area, all interventions must balance significant performance improvements with the preservation of the building’s historic character and external appearance.
[bookmark: _Toc229125700]Fabric Improvements
All materials considered for the retrofit strategy with typical u-values can be seen in Appendix 17. Datasheets for the products proposed for the retrofit strategy can be seen in Appendix 18.
[bookmark: _Toc229125701]External Wall Insulation (EWI)
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Figure 7: Solid Wall Masonry improved building assembly

	External Wall insulation (EWI) is proposed on the existing walls of the buildings. Utilising STEICOprotect L dry as a wood fibre insulation and Novaskin Thermo Plus as the lime render, Figure 7 shows that it improves the solid limestone wall to approximately 0.341 W/m2K. This represents a significant reduction in heat loss and shows how the vapour permeable materials recommended can support moisture movement, leading to a reduced in condensation risks and maintain the fabric durability. Only 80mm thickness of the wood fibre insulation is installed due to the thickness of the existing walls. Having thicker walls can present problems such as Interstitial condensation and moisture penetration, the extension of the eaves will also be considered.


Table 3: Solid Wall Masonry retrofit strategy
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Figure 8: Block and block uninsulated (1977) improved building assembly

	External Wall insulation is proposed to this extension of the building. With current data showing that this area is uninsulated, by adding EWI and utilising STEICOprotect L dry as a wood fibre insulation and Novaskin Thermo Plus as the finished lime render it helps achieve a U-value of approximately 0.211 W/m2K (See Figure 8). Like in Table 3 only 80mm thickness of insulation is proposed.


Table 4: Block and block uninsulated (1977) retrofit strategy
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Figure 9: Block and Block insulated (2005) improved building assembly

	This section of the building is also proposed to have EWI implemented. With current data showing that this section is already insulated, by adding extra insulation on the external walls it can help improve the thermal performance which can be seen in Figure 9. With the addition of wood fibre (STEICOprotect L dry) it achieves a U-value of approximately 0.211 W/m2K, which represents one of the best performing elements of the structure. The breathable materials used ensures compatibility with the overall moisture strategy while contributing significantly to reduced heat loss.


Table 5: Block and block insulated (2005) retrofit strategy
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Figure 10: Solid Wall against rock improved building assembly

	Internal Wall Insulation (IWI) is proposed in this area of the building. Using RockWool product of NyRock® Cavity Slab 032 that has a thermal conductivity of 0.032, it helps improves the wall’s performance to approximately 0.331 W/m2K (See Figure 10). Due to the increased moisture risk, this approach requires careful detailing and the product recommended contains moisture resistance properties making it feasible compared to other insulation materials. Due to the limited space a thickness of 75mm is proposed. This is due to the availability in sizes the product proposed offers, and the lack of space available in this area of the building.


Table 6: Solid Wall against rock retrofit strategy
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Figure 11: Sloped Ceiling improved building assembly
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Figure 12: Ceiling improved building assembly

	The existing insulation within the roof build up is currently unspecified and is therefore assumed to provide limited thermal performance. As part of the retrofit, this insulation will be removed and replaced with higher performance materials to improve the overall thermal efficiency of the building. The proposed build up utilises STEICOflex 036 insulation between rafters and within the ceiling, with a thermal conductivity of approximately 0.036 W/mK (See Figure 11-12). The use of wood fibre insulation provides a vapour permeable solution which supports moisture management within the roof structure while improving thermal performance.
In areas with limited depth of restricted internal space especially in the sloped ceiling, Kingspan Kooltherm K118 insulated plasterboard is proposed to maximise thermal performance. The insulated plasterboard has a thermal conductivity of approximately 0.032 W/mK.
The upgraded sloped ceiling assembly achieves an improved U-value of approximately 0.263 W/m2K, while the upgraded ceiling achieves approximately 0.136 W/m2K (See Figure 11-12). These improvements significantly reduce heat loss through the roof structure and contribute to the overall reduction in heating demand.


Table 7: Roof retrofit strategy

[bookmark: _Toc229125704]Floor Insulation
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Figure 13: Solid Floor improved building assembly

	The proposed floor upgrade significantly improves the thermal performance of the existing ground floor. Based on PHPP modelling, the upgraded floor achieves a U-value of 0.106 W/m2K, representing a substantial reduction in heat loss. It is proposed to install approximately 200mm of PIR insulation where product such as SOPRATHERM XR4000 is highly recommended. This level of insulation is necessary to minimise heat loss to the ground and contributes to the overall reduction in heating demand.
Due to relatively recent internal refurbishment of the house and the presence of existing services, a full floor excavation and rebuild must be approached with care. The strategy therefore balances thermal improvements with practical constraints to ensure that any disruption is minimised. The improved floor performance complements the heating system by reducing heat loss to its surrounding areas, thereby increasing the efficiency of the existing underfloor heating and overall system performance.


Table 8: Floor retrofit strategy
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	[image: ]
Figure 14: Windows Improved components
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Figure 15: Windows Improved values
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Figure 16: Doors Improved components
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Figure 17: Doors Improved values

	The upgrade of windows and doors forms a critical part of the retrofit strategy, addressing one of the major sources of heat loss identified in the PHPP model. The existing openings are replaced with high-performance units to significantly improve thermal performance, airtightness, and overall comfort.
The proposed windows with its achieving U-values can be seen in Figure 14-15, where it represents a substantial improvement over typical existing glazing. Similarly, upgraded doors achieve U-values that can be seen in Figure 16-17. The performance is impacted by the orientation and construction. All windows and doors considered are Passivhaus-certified and are available within the UK market which helps ensure verified performance.
In addition to improved thermal performance, careful attention is given to installation detailing. To minimise thermal bridging frames with internal breaks would be installed ensuring a continuous insulation across the building envelope, and all junctions will be sealed to maintain continuity of the airtight layer.


Table 9: Windows and Doors retrofit strategy

[bookmark: _Toc229125706]Airtightness Strategy
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Figure 18: Improved air permeability

	Airtightness is a critical component of the retrofit strategy, directly influencing heat loss and comfort. This type of traditional stone-built cottage is consistent with the pulse test result of 12.54 air changes per hour, where uncontrolled air infiltration occurs through permeable materials, irregular construction, and numerous junctions. Within the PHPP model, an improved airtightness level of n50 = 60 ACH has been proposed. While this does not meet the EnerPHit target of 1.0 ACH, it reflects a realistic and achievable improvement given the building’s construction type and heritage constraints. With the introduction of a MVHR system it helps reduce uncontrolled ventilation losses by recovering heat from extracted air while supplying fresh, filtered air to habitable spaces.

Airtightness improvements will be achieved through targeted measures which includes sealing around windows and doors, improving junction detailing, and ensuring continuity of the airtight layer across the building envelope. When combined with the MVHR, this approach helps enhances thermal performance and indoor air quality.


Table 10: Airtightness retrofit strategy

[bookmark: _Toc229125707]M&E Strategy
	[image: ]
Figure 19: Improved heating services

	The proposed M&E strategy replaces the existing LPG-fired boiler with an air-source heat pump. Space heating will be delivered through a water-based distribution network, combining underfloor heating at ground floor level with radiators at the first floor. This approach enables efficient operation at reduced flow temperatures, consistent with reduced heating demand achieved through fabric improvements. 

The ventilation is upgraded through the installation of a MVHR system, which is essential as airtightness levels improve. Based on analysis of the 3D building scan (See Appendix 19-20) a centralised MVHR system is considered feasible. The main unit can be located within the utility room or a central cupboard identified as “voids” in the scan. Redundant chimney stacks provide viable vertical routes for ductwork distribution. This approach minimises disruption to the building fabric and preserves internal spatial quality.
If there are constraints in routing a decentralised MVHR units may be used in selected areas to avoid excessive intervention. However, a predominantly centralised system is recommended due to its higher efficiency and reduced number of penetrations through the building envelope. Domestic hot water will be supplied by the heat pump.
The proposed system to be implemented is Stielbel Eltron LWZ 8 CS Premium heat recovery ventilation system. This system offers multiple function such as ventilation, domestic hot water, unfloor heating, and cooling which are also significant for Underwood building making it highly suitable.


Table 11: M&E retrofit strategy
[bookmark: _Toc229125708]Retrofit Strategy Summary
	Area/Section
	Proposed

	Wall
	The proposed retrofit strategy adopts a coordinated whole house approach where it balances thermal performance improvements with conservation constraints. The introduction of external wall insulation (EWI) introduces the use of vapour-permeable materials, but this also increases the overall wall thickness; this requires modification to the existing roof design. This include extending the eaves, where the flushed eaves would be removed and a roof overhang would be introduced, along with the integration of appropriate rainwater goods. The existing cement render on the external walls will be removed and replaced with a breathable lime render (Novaskin Thermo Plus) to improve moisture management and ensure compatibility with the solid stone construction.
A combination of external (EWI) and internal (IWI) wall insulation is applied depending on the location and constraints. The walls adjacent to the rock wall will not be feasible for EWI due to the lack of space, therefore IWI is proposed to help manage moisture and heat lost in this area.

	Roof/Ceiling
	Roof and ceiling elements will be upgraded by removing existing, unspecified insulation and replacing it with high-performance materials. In areas with limited space, insulated plasterboard will be utilised to improve thermal performance while minimising disruption to internal finishes.

	Floor
	Floor upgrades will be undertaken sensitively to preserve existing finishes and services while trying to improve thermal performance.

	Windows and Doors
	Windows and door will be replaced and upgraded to high-performance units. Careful detailing at junctions is essential to maintain a continuous airtight layer and minimise thermal bridging.

	Existing systems
	The existing LPG heating system will be replaced with an air-source heat pump, supported by a water-based heat distribution system combining the underfloor heating and the radiators. A centralised MVHR system will be installed in phases, utilising voids identified within the building scan. 

	This integrated strategy delivers substantial reductions in heat loss and operation energy demand, aligning with EnerPHit principles while remaining sensitive to the building’s constraints. However, as a deep retrofit intervention, the works are highly invasive and will require temporary relocations of occupants. Construction disruption, sequencing, and programme duration must therefore be carefully considered within the overall project timeline.


Table 12: Summary of the proposed retrofit strategy

[bookmark: _Toc229125709]PHPP Improved Results
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Figure 20: Improved result for the energy balance heating created using the PHPP
Figure 20 shows the revised PHPP energy balance where it demonstrates a substantial improvement in the thermal performance of Underwood following the proposed retrofit interventions. The original model showed a heating demand of approximately 371.6 kWh/m2 per year, indicating extremely high energy consumption and significant heat loss through the building fabric. Following the implementation of the proposed retrofit strategy, the heating demand was reduced to approximately 94.4 kWh/m2 per year, representing a reduction of around 75%. While the building does not fully achieve EnerPHit certification targets, the retrofit delivers a major improvement in energy performance considering the limitations of the existing historic structure.
The most significant reductions in heat loss are associated with the external walls, windows, ventilation, and floor. Heat loss through the external walls was reduced from approximately 183.1 kWh/m2 per year to 36.8 kWh/m2 per year following the introduction of breathable external and internal insulation systems. Windows losses also reduced substantially, decreasing from 70.9 kWh/m2 per year to 12.1 kWh/m2 per year through the installation of high performance and passive house certified glazing and frames, with improved airtight detailing. Ventilation losses decreased from 60.2 kWh/m2 per year to 28.1 kWh/m2 per year, reflecting the proposed airtightness improvements and the introduction of an MVHR system.
Additional improvements were achieved through upgraded roof and floor insulation, reducing roof heat losses from 15.8 kWh/m2 per year to 10.9 kWh/m2 per year and floor losses from 55.1 kWh/m2 per year to 4.5 kWh/m2 per year. Thermal bridge losses are seen to have an increased. But this can be reduced with improved and careful detailing around openings especially around windows and doors and insulation continuity.
Overall, the revised PHPP results demonstrate that a deep retrofit approach can significantly improve the energy efficiency, comfort, and thermal performance of the building while remaining sensitive to the constraints of the historic building fabric and conservation setting.







[bookmark: _Toc229125710]Justification of Interventions
The proposed retrofit strategy is justified through a holistic evaluation of the comfort and health, energy and carbon performance, material selection, and financial implications. Rather than relying on a single intervention, the approach distributes improvements across the building envelope and services to achieve significant reductions in heating demand while remaining practical and compatible with the existing structure.
The selected materials and systems are commercially available within the UK market, ensuring the proposals remain realistic and buildable. Products such as STEICO (STEICOflex 036 and STEICOprotect L dry), Kingspan Kooltherm K118 insulated plasterboard, Rockwool NyRock® Cavity Slab 032, SOPRATHERM XR4000, and Novaskin Thermo Plus are all available through UK suppliers. An example of this is the breathable lime render (Novaskin Thermo Plus) which can be sourced locally from Ty-Mawr Lime ltd based in the Brecon Beacons Wales, which supports material availability.
A key justification for the selected retrofit strategy is the improvement of occupant comfort and health. The existing building demonstrates extremely poor thermal performance with high heat losses, significant air leakage, and elevated operational energy demands. These conditions typically create draughts, unstable indoor temperatures, cold internal surfaces, and increased condensation risk. Through improvements to the 5 key areas of retrofit (insulation, thermal bridging, windows and doors, airtightness, and ventilation), the retrofit significantly improves thermal stability within the building envelope. The PHPP model demonstrates a reduction in heating demand from approximately 371.6 kWh/m2 per year to 94.4 kWh/m2 per year, confirming a major reduction in uncontrolled heat loss.
The installation of high performance and passive house certified windows and doors further improve internal comfort by reducing cold surface temperatures and limiting draughts around junctions. Improved airtightness detailing also contributes to a more stable indoor environment. Although the proposed airtightness target does not achieve EnerPHit certification levels, it still represents a realistic improvement for a traditional stone-built cottage. Achieving lower airtightness levels would require significantly more invasive interventions that may compromise the building’s historic fabric and practicality. The proposed Stiebel Eltron LWZ 8 CS Premium MVHR system is another major contributor to the occupant health and comfort. As airtightness improves, controlled ventilation becomes increasingly important to maintain healthy indoor air quality. The MVHR system continuously supplies filtered fresh air while recovering heat from extracted air, reducing ventilation heat losses and helping to prevent condensation and mould formation. The use of existing chimney voids and service spaces identified through the 3D building scan (See appendix 19-20) allows the system to be integrated with minimal disruption to the building’s character. The proposed system integrates both the mechanical ventilation with heat recovery and heat pump functions within a single unit. This improves space efficiency and simplifies installation within the constrained layout of the cottage. The integrated approach also supports operational efficiency by coordinating ventilating, space heating, and domestic hot water production through a sing low carbon system.
Material selection was strongly influenced by the building’s exposed coastal location and traditional solid-wall construction. Breathable, vapour-permeable materials such as wood fibre insulation, rock wool, and lime render were prioritised to support moisture movement through the building fabric. Unlike impermeable cement-based systems, these materials allow moisture to evaporate naturally, reducing the risk of trapped moisture and interstitial condensation. This is particularly important for the historic stone buildings, where moisture accumulation can accelerate material degradation and reduce thermal performance. WUFI hygrothermal analysis supports the use of vapour-open wall assemblies where Appendix 21-22 demonstrates the improved moisture behaviour when wood fibre insulation is applied.
From an operational carbon perspective, the replacement of the existing LPG boiler with an air source heat pump significantly reduces the reliance on fossil fuels. The proposed heating system combined with the underfloor heating and radiators is better suited to the reduced heating demand. Together with improved insulation and MVHR, the strategy substantially lowers operational energy consumption and associated carbon emission.
Embodied carbon was also considered within the material selection process. The use of wood fibre and rock wool insulation provides lower embodied carbon compared to heavily processed insulation materials. Lime-based products similarly present lower environmental impacts and improved compatibility with traditional construction. However, products such as insulated plasterboard are still utilised selectively where spatial constraints limit the use of thicker breathable system. PIR insulation is utilised due to its high compressive strength and low moisture absorption especially when the building is near a stream.
Financially, the proposed retrofit represents a significant upfront investment due to the extent of works required. As a deep retrofit intervention, temporary occupant relocation is likely to be required during major construction phases. While long-term energy savings are expected through reduced operational demand, the primary justification for the retrofit extends beyond simple financial payback. The strategy instead prioritises improved comforts, lower carbon emissions, reduced moisture risk, and the long-term preservation of the building’s historic fabric within its conservation setting.

[bookmark: _Toc229125711]Conclusion
In conclusion, this report demonstrates that a whole house deep retrofit strategy can significantly improve the thermal performance and indoor environmental quality of the Underwood cottage while remaining sensitive to its historic character and exposed coastal location. Through the application of breathable insulation, improved airtightness, passive house certified windows and doors, MVHR, and a low carbon heat pump system, the PHPP model shows a substantial reduction in heating demand and operational use. Although full EnerPHit certification remains challenging due to the constraints of the existing building fabric, the proposed interventions provide a realistic and balanced approach that prioritises occupant comfort, moisture safety, and reduced carbon emissions.
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This table summarises typical thermal conductivity and vapour permeability of insulation materials considered within this report. It is included to support material selection in relation to moisture risk, thermal performance, and suitability for the building being assessed.
	Material
	Vapour Permeability
	Typical Thermal Conductivity (λ W/mK)

	Aerogel
	Yes (vapour-open)
	0.02

	Phenolic Foam
	No (vapour-closed)
	0.020

	PIR (Polyisocyanurate)
	No (vapour-closed)
	0.022

	EPS Grey (Graphite EPS)
	Semi-permeable
	0.032

	XPS (Extruded Polystyrene)
	No (vapour-closed)
	0.033–0.035

	EPS (Expanded Polystyrene)
	Semi-permeable
	0.038

	Wood Fibre
	Yes (vapour-open)
	0.038–0.045

	Mineral Wool
	Yes (vapour-open)
	0.038–0.045

	Lambswool
	Yes (vapour-open)
	0.038–0.045

	Hemp
	Yes (vapour-open)
	0.040–0.045

	Cellulose (blown)
	Yes (vapour-open)
	0.040–0.045

	Foamglas (Cellular Glass)
	No (vapour-tight)
	0.040–0.050

	Insulated Plasterboard
	No (vapour-closed)
	0.32

	Rock Wool
	Yes (vapour-open)
	0.032


Appendix 17: Comparative properties of insulation materials relevant to proposed retrofit




This table shows the various products/manufacturers that were considered for this report. It is included to assess the materials thermal performance and the impact it may have on the existing building.
	Material/system
	Brand
	Product
	Link/Data Sheet

	Wood Fibre
	STEICO
	STEICOprotect L dry
	https://www.steico.com/uk/products/insulation/etics/steico-etics-timber/steicoprotect-dry

	
	Lime | Green
	Warmshell Woodfibre Insulation Boards
	https://www.lime-green.co.uk/Documents/Datasheets/warmshell-woodfibre-boards-tds.pdf

	
	STEICO
	STEICOflex 036
	https://www.steico.com/uk/products/insulation/insulation-between-studs/flexible-thermal-insulation/steicoflex-036

	Rock Wool
	Rock Wool
	NyRock® Cavity Slab 032
	https://www.rockwool.com/uk/products/nyrock-cavity-slab-032/

	Lime Render
	Novaskin
	Novaskin® Theromo Plus
	https://www.lime.org.uk/amfile/file/download/file/584/product/12560/

	Insulated Plasterboard
	Kingspan
	Kooltherm K118 Insulated Plasterboard
	https://www.kingspan.com/gb/en/products/insulation-boards/wall-insulation-boards/kooltherm-k118-insulated-plasterboard/

	PIR
	SOPREMA
	SOPRATHERM XR4000
	https://www.soprema.co.uk/products/sopratherm-xr4000

	MVHR/Heating
	Stielbel Eltron
	LWZ 8 CS Premium
	https://www.stiebel-eltron.co.nz/lwz-8-cs-premium#askquickquestion

	Glazing
	Passive House Institute
	Haustür GENEO PHZ
	https://database.passivehouse.com/en/components/details/door/rehau-ag-co-haustur-geneo-phz-mit-fullung-rodenberg-einseitig-flugeluberdeckend-variante-ohne-stahlprofile-in-turblatt-und-zarge-0191ed03

	Window
	Passive House Institute
	Window Frame: GENEO Passive House
	https://www.rehau.com/downloads/500872/geneo-certified-passive-house-component-0978wi03-rehau.pdf

	Door
	Passive House Institute
	Door System: smartwin entrance
	https://www.passivhausfenster.com/fileadmin/download/zertifikate_phi/pro-passivhausfenster-gmbh_smartwin-entrance_1109ds02_en.pdf

	Fixed Frame
	SAYYAS
	SAYYAS
	https://www.sayyas.net/


Appendix 18: Table showing data sheets of the products/systems considered and proposed in the retrofit strategy
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Appendix 21: WUFI results showing water content with the original wall make up
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Appendix 22: WUFI results showing water content when wood fibre insulation is added to the simulation
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unvented cavity 0.040 20
block 0.590 100
render 0.790 25
Percentage of sec. 1| 100% Percentage of sec. 2. Percentage of sec. 3
Heat transmission resistance cosficients Total thickness [cm]:
Interior Ry 0.13 m KW
ExerorRe|  0.04 |mKW
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Description of building assembly

Assembly no.
solid wal against rock o7ud
Orientation of building assembly (or R)[2-Wall Interior insulation?|
Adjacent to (or R.0)|2-Ground Unvalue supplement [W/(mK)]
|Area section 1 2. [W/(mK)] ~Area section 2 (optional) 7. [W/(mK)] Area section 3 (optional) % [W/(mK)] Thickness [mm]
plaster 0800 10
lime plaster 0800 10
Gower limestone wal 2900 600
0,000
0,000
Percentage of sec. 1| 100% Percentage of sec. 2: Percentage of sec. 3
Heat transmission resistance coeficients Total thickness [cm]:
erior Ry 013 |k
ExteriorRu| 000 KW U-value [W/(mK)]
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Underwood, Parkmill, SA3 2EH

LPG Usuage Dec 23 - March 25

Fitted with 1410L tank (only allowed 85% fill)

05/12/2023
13/02/2024
09/05/2024
15/10/2024
12/12/2024
14/02/2025
17/03/2025

Total costs
Monthly spend (/16months)

Total Litres
kWh conversion rate 1 litre

convert LPG into kWh

square meters

1132
1132
1089
830
1034
94
1158

6469

90

0.549
0.549
0.549
0.549
0.549
0.599
0.599

4851.75 Litre per annum

7.08

34350.39 kWh per annum

£621.47
£621.47
£597.86
£455.67
£567.67

£56.31
£693.64

381.671 kWh/m2a
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£31.07
£31.07
£29.89
£22.78
£28.38

£2.82
£34.68

£652.54
£652.54
£627.75
£478.45
£596.05

£59.12
£728.32

£3,794.79
£237.17
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