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This report aims to address the need for reducing energy consumption and CO2 emissions in the building sector. As standards for new builds continue to tighten, it is equally important to improve the existing building stock. This report will explore the EnerPHit standard, which provides a Passive-oriented set of requirements for retrofits (Taylor, 2011a). 
The goal is to significantly reduce the energy consumption of Underwood House while allowing for realistic flexibility in project constraints such as costs. Achieving EnerPHit means making energy-efficient renovation projects, offering the same long list of benefits as Passive House certification. This report will identify and propose changes to Underwood House to meet the EnerPHit standard, utilizing its key assessment criteria and PHPP methodology.

[bookmark: _Toc197544943]Existing building overview
Underwood house is a 3-bedroom, 1-bathroom, detached property, as shown in Appendix A. the original construction dates to 1874, with the addition of a single storey ground floor side extension in 1977, a further addition of a top floor to this extension in 1995, and the addition of the rear single-story extension in 2005 (SCBC, 2025).
Upon site survey it is noted that the top floor extension in 1995 was not insulated but this should have been under building control, both side extensions are not insulated.
Based upon the historical information, the scan of the property, shown in appendix B, and the site survey it is concluded that the original building is a solid wall stone construction uninsulated, the side extension is breezeblock cavity wall construction uninsulated, and the rear is breezeblock cavity wall that with 30mm insulation.
The side extension and the main roofs are cold roof pitch construction slate covered with 100mm of mineral wool insulation, and the rear extension has a lean to slate roof with 100mm of mineral wool insulation.
Underwood house is currently fitted with double glazed windows, double glazed French doors on the North aspect, and wooden doors on the East and South aspects. The ground floors are constructed of insulated screed with stone slabs. Illustration 1. Below shows that the current ventilation strategy consists of an intermittent MEV located in the Kitchen, there is also an MEV located in the bathroom although this is not shown.

[image: ]
Illustration 1. Showing kitchen MEV (Zoopla, 2025a).
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Underwood has been modelled using PHPP software to evaluate the current performance of the property, and to indicate the largest contributors to the heating demand of the building. Figure 1. Below shows the existing heating demand of the building, this shows that the overall losses of the building equal 395.5 kWh/(m2a). This graph indicates that the biggest losses to the building are (Microsoft Corporation, 2024a).

· 183.1 kWh/(m2a) External walls.
· 70.9 kWh/(m2a) Windows and doors.
· 60.2 kWh/(m2a) Ventilation.
· 55.1 kWh/(m2a) Floor slab.
The graph also indicates that the gains to counter the losses from the building are almost entirely made up from the heating demand of the property with minimal solar gains, this is most likely caused by the property being in a low point of the land with overshadowing behind the property.
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Figure 1. Current heating demand (Microsoft Corporation, 2024b).

The heating demand of 374.3 kWh/(m2a) for the property is made up using a gas combi boiler, appendix D. shows this is a Bosch Greenstar 30i LPG and was installed in 2022. Illustration 1. Below shows there is an addition of a multifuel supplementary heating device although this has not been taken into consideration in the document.
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Illustration 2. Showing the supplementary heating (Zoopla, 2025b).

Appendix E shows the calculation to convert the annual gas usage and converts this into 381.61 kWh/(m2a), this figure then confirms that the building modelling in PHPP is accurate as there is a difference of only 7.31 kWh/(m2a) (Microsoft Corporation, 2024c).
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Using the information gained in figure 1. This report will evaluate and make recommendations to the buildings worst performing elements to see if the performance can be improved to meet the EnerPhit standard. 

The EnerPhit standard is a certification scheme for retrofitted buildings and is the Passivhaus Institute refurbishment standard. The standard has a been created because it is difficult to improve an existing building to the point that it can gain Passivhaus certification as under the Passivhaus scheme careful consideration is required in areas such as building orientation and the fabric makeup of the building to gain certification, these elements may not be possible to change in existing buildings so the EnerPhit scheme was created and looks to improve the buildings performance in terms of thermal comfort, provide healthier living spaces, and reduce energy consumption.  
Under this scheme there are two ways of obtaining certification either as a Quality-approved Passivhaus with minimum performance requirements or as a Quality-approved energy retrofit with minimum performing Passivhaus Components, Figures 2 & 3. Below show the criteria to gain certification for each of these (Taylor, 2011b) (Passivhaus, 2025).
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Figure 2. EnerPhit minimum performance requirements.
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Figure 3. EnerPhit minimum component requirements.

It is noted that there are other retrofit standards that look to introduce minimum performance certification such as PAS 2035:2023 & LETI however this document will not look at these standards (Yeadon, 2023) (Passivhaus, 2024). 
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The existing walls have been modelled in PHPP, and the existing performance and makeup of these elements is shown in appendix F. To improve the performance of these elements it is recommended to install mineral wool insulation to the exterior of the building and filling the cavity voids with insulation, however the unvented cavity in the rear extension it will not be possible to install insulation as the void width is less than the minimum 50mm requirement for blown insulation (pattern., 2025). 
External wall insulation, EWI, has been recommended over Internal wall insulation, IWI, because this has several advantages over IWI. 

· Building occupancy, currently the building is occupied fitting IWI would lead to disruption to the occupants during installation, EWI is less intrusive, although the proposed changes to the floor slab in this document could mitigate this as the occupants would need to vacate for this proposed change.
· Building floor space, adding additional insulation to the interior will reduce the total floor area of the building by making the rooms smaller, EWI will not affect the floor area.
· Building services, by installing IWI there will be additional requirements to alter the building services such as electrical sockets, EWI there will be no requirement. 
However, installing EWI also has disadvantages when compared to IWI. 

· Current roof overhang, at present the overhang on the roof is insufficient to apply EWI and modification to the eaves will be required to add extra thickness to the walls, along with relocation of rainwater goods. 
· Insulation, the proposed eaves extension will need careful consideration on how to insulate to maintain a thermal envelope between the EWI and the current installed loft insulation.
· Windows, all the windows will need to be moved so they are in the middle of the insulation layer, this is offset by the recommendation to upgrade the windows. The Bathroom window will also need to be resized due to the increased overhang from the extended eaves.
· New render layer will be required; however, the property is currently rendered in a cement based non breathable render which we recommend changing to a breathable system (Hearne, 2018).
The use of an addition of 200mm Rockwool Mineral wool external wall HD slab insulation for the EWI and Knauf supafil-34 blown mineral wool insulation for insulating the side extension cavity. Both insulation materials are fireproof, breathable, water resistant, and the cavity fill insulation is rated for very severe climatic conditions, which is the classification for Underwood. Mineral wool is also more affordable and readily available than other insulation types, however it is not the most sustainable or best performing insulation type. Other insulation material such as sheep wool is more sustainable, better performing, but costs a lot more and is not fireproof (Rockwool, 2023) (Passivhaus trust, 09.2017) (Insulation, 2025) (Aliyev, 2024) (Sheepswoolinsulation, 2025). 
Thinner amounts of insulation can be added but this would mean that the building will not meet EnerPhit standard. It is also recommend the removal of the existing cement based render system as this will be preventing moisture escaping the property, it is recommended the addition of a lime-based render system as an exterior windproof layer as this is recommended for stone buildings, and would have been the original render system when the property was constructed, we recommend the addition of Warmcote lime render, as a sustainable insulating render system (Cowland, 2023) (WarmcoteTM, no date).

Appendix G. shows the performance of the walls after the above retrofit modifications have been applied, when assessing these figures against the EnerPhit requirement shown in 3. Above the solid stone walls do not meet the minimum requirement for EnerPhit certification. For these walls to pass this requirement the insulation would need to be increased to 235mm thick or better performing insulation added, however adding this thickness would require further investigation to the feasibility of adding this much insulation. Figure 4. Below shows that the wall losses have been reduced from 183.1 kWh/(m2a) to 19.8 kWh/(m2a) (Microsoft Corporation, 2024c).
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Figure 4. new walls heating demand 
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As listed in the building overview the windows of Underwood are currently double-glazed units, there are also double-glazed French doors and 2 wooden doors. Under the EnerPhit scheme for certification there is a requirement for these elements to not have a value greater than 0.85 W/(m²K) as shown in figure 3. The performance of the existing glazing and doors is shown in figure 5. Below, this shows that currently the windows and doors do not currently meet EnerPhit standard (Microsoft Corporation, 2024d).
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Figure 5. showing current W/(m²K)

Based upon the current performance of these elements and the proposal to install EWI we recommend upgrading the current glazing to Passivhaus certified triple glazed units and frames, it is noted that the PHPP software has not taken into consideration the previously mentioned reduced window size for the bathroom as this would need further calculations based off drawings to obtain the correct sizing to enter into PHPP. The new reduced size unit would improve the overall performance of underwood marginally. 
We have specified the use of Munster Joinery PVC frames and ClimaGuard premium 2 glazing units for the windows, and ViewMax Passivhaus certified Door (Joinery, no date) (ClimaGuard® nrG, no date) (Quality windows & doors - advanced, energy-efficient solutions – viewmax, no date).
After entering these components into the PHPP Figure 6. Below shows that the shows that the W/(m²K) has reduced for each of the elements and that these are now within the range specified by EnerPhit for the building to obtain certification. Figure 7. Below shows that the losses through windows and doors for the building has reduced from 70.9 kWh/(m2a) to 10.9 kWh/(m2a) and that by installing improved performance windows and doors there is a marginal improvement in solar thermal gain of 0.5kWh/(m2a) When installing the new windows and doors good practice would be to ensure the junctions around these are taped to reduce the buildings air permeability, this will reduce further the total heating demand of the building. Moving the windows into the centre of the insulation layer as mentioned under the EWI sections will also help to reduce the thermal bridges of the building (Microsoft Corporation, 2024e) (Passivhaus trust, 06.2020). 
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Figure 6. Showing the reduction in W/(m²K) 
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Figure 7. Passivhaus doors and windows heating demand
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Figure 6. below shows the different forms of ventilation strategy available, with the current ventilation strategy comprising of two intermittent MEV systems. For certification under EnerPhit components there is a requirement for the building to be fitted with a mechanical ventilation heat recovery system with a performance greater than 75% as shown in Figure 3. Installing an MVHR system is the most energy efficient form of ventilation strategy as shown in figure 8. This is because when compared to the other types of strategy available an MVHR unit will use the heated exhaust air to preheat the supply air minimising the heat loss from ventilation (Brown, 2016) (Passivhaus, 2025) (Microsoft Corporation, 2024f). 
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Figure 6. different forms of ventilation strategy.
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Figure 7. Graph showing energy loss by ventilation strategy.

The MVHR unit will need to be a centralised unit that provides all the extraction and supply from one system rather than a decentralised system as this will not provide the performance required to meet Enerphit standards.
We recommend the installation of a centralised Zehnder CA180 Luxe PH system as shown in appendix H. The advantages and disadvantages of installing this centralised unit are listed below. 

· Maintenance and costs, having one centralised unit will lead to lower periodic maintenance and associated costs.
· Ducting, the disadvantage to having a centralised MVHR unit in a retrofit application would be obtaining the suitable routing for the supply and exhaust ducting, Underwood features disused chimneys, and these could be used for routing of ducting, a further survey would need to be conducted to ascertain the feasibility of the ductwork installation. Decentralized units do not require the same thoughtfulness to duct routes.
Once the addition of the MVHR unit was added into PHPP the ventilation loss was reduced from 60.2 kWh/(m2a) to 8.3 kWh/(m2a) shown in figure 8. Below. This was achieved by also modelling the building with a reduced air permeability to get the most benefit from the MVHR system. Figure 10. Below shows an example of how the eaves thermal bridge can be eliminated, this has been modelled in PHPP along with a reduction in air permeability (Hub, no date) (Microsoft Corporation, 2024g).
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Figure 8. reduction in ventilation loss.
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Figure 9. Showing thermal bridge mitigation.
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Underwood currently has uninsulated slab flooring, as shown previously in illustration 1. Which is also modelled in PHPP and shown in figure 10. Below. The building also has thermal bridging around the floor slab which is also modelled in PHPP along with the eaves thermal bridge, as shown in figure 11. Below. As such we recommend the excavation of the current floor slab and the installation of XPS insulation into the floor slab with design considerations along the EWI junction to ensure a continuous layer of insulation and reduce the thermal bridging to ensure that the building benefits from a complete thermal envelope as recommended by Passivhaus (Price and Livingstone, 06.2022) (Cradden, 2019).
It is recommended the installation of XPS rather than EPS due to the improved load bearing and moisture performance of XPS over EPS insulation. We recommend the installation of Kingspan GreenGuard GG300 – XPS insulation, figure 12 shows this insulation modelled in PHPP, we have allowed for the installation of 90mm of insulation due to the thickness of the boards and the diminishing returns from additional layers to this. The result is that the heat loss of the building, shown in figure 13, has been reduced from 55.1 kWh/(m2a) to 12.6 kWh/(m2a) (Soprema, 2023) (Kingspan GreenGuard GG300 - (XPS), 2025) (Microsoft Corporation, 2024g).
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Figure 10. Showing the U value of the current slab
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Figure 11. showing PHPP thermal bridges.
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Figure 12. Showing the installation of XPS insulation.
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Figure 13. Showing reduction in loss through the floor slab.

[bookmark: _Toc197544950]Conclusion

The proposed changes to Underwood house whilst improving each elements performance and significantly reducing the energy consumption of the building as a whole fall short of being able to be certified under the EnerPhit scheme. The building is not currently able to meet the energy requirements in terms of EnerPhit performance, 25 kWh/(m2a), the proposed modification to the building the heating demand can be reduced to achieves 57.5.5 kWh/(m2a), this demand is close to the LETI retrofit standard and there may be further retrofit reductions that can be modelled in PHPP to meet the LETI requirement (Passivhaus trust, no date). 
Although the building would not meet the criteria for EnerPhit certification with the proposed modifications the performance of the building has been significantly improved being reduced from 395.5 kWh/(m2a) total losses to 79.2 kWh/(m2a) this equates to a reduction of 28,467Kwh, this equates to an annual saving of £3,416.04 per annum based on a cost of 12.2p per Kwh. This means a payback period for the EWI would be approximately 8.8 years & 4.2 years for the glazing (Woody, 2024) (Checkatrade, no date a) (Checkatrade, no date b).
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+ IMPROVED DETAIL

Increase the eaves insulation depth
X" to improve eaves performance.
Note ~ this may influence the truss design
(see further notes)

Eaves insulation
depth X = 150mm

Stub-end truss to
create additional
depthat eaves.
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A very warm welcome to Worcester Bosch!
Thank you for egstering your new Worcesler Bosch boler

You wil receive confirmation from us shortly which wil include your digital
cetificate and guarantee length.

We hope you continue to be as Warm as Worcester.

Regards,
‘Worcester, Bosch Group

Customer Details

Customer Status: Owner
Customer Name: M lan Brown
‘Customer Emai: orown eco@gmai.com

Product Details

Product Name Greenstar 301 LPG
Product Serial Number S5701390001187733600032
Installer Details.
Instaler Company: S MK Plumbing 8 Heating
Installr Name: ‘Shaun Kissick
Installr Address: 8 Glanyr Afon Road, Swansea, SA2 SJE
k=g Eview=piSsearch=alt -+ 1s0assssz38se 1600588l 16000

ommazazs, 1103

G- Gusrantee Regsaton
Instaler Telephone: 7971713

Where product is installed

Installation Date: 25042022

Underwood, Parkill,Parkmi, Abertawe, SA3
£

Instaliation Address:
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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

1158

6469

0.549
0.549
0.549
0.549
0.549
0.599
0.599

485175 Litre per annum

7.08

34350.39 kWh per annum

£621.47
£621.47
£597.86
£455.67
£567.67

£56.31
£693.64

90 381671 kWh/m2a

0.05
0.05
0.05
0.05
0.05
0.05
0.05

£31.07
£31.07
£29.89
£2278
£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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Z pn U L Quotation for MVHR System

Heat Recovery = Ui 24.04.2025
Quote valid until 31st July 2025

[Application: Zehnder Economy MVHR Passive House MVHR
Heat Recovery Ventilation Unit (no. of units) [ SRPALL A LT 1x  Zehnder CA 180 LuxePH
Wollo ceing mouning SR g ki commers

click link for more informatios

MVHR unit type of heat exchanger heat recovery igh perform. heat recovery
frost protection frost pr. disbalancing in-built modulating pre-h.
0153021 200% | en22sa7|  e255037] 2004 e2.04030)
Controller integrated controller CCS controller
£56.04] 200% | £44.83) £14.95] 200% | £91.96
Ducting type Semi-rigid PE 90mm Semi-rigid PE 90mm
insulation of intake + exhaust 15mm EPP 25mm Armaflex
Noise attenuation best performing metal attenuator |- best performing metal attenuator
£319377] 200x | e2sssol  e319377) 2004 | £2.555.01
[Terminals (internal) Zehnder Luna, V-F for kitchen Lindab Airy, VIZ5-FB for kitchen
(external) Metal combi grille Metal combi grille
£520.85] 20.0% | £416.68 c968.08| 200% | £774.46
- 5 Retail Price Your Price || Retal Price Your Price
Material Estimate (excl. VAT): £5,300.87 £4240.69] 2882717 £5,46173

Please note that the price for ducting material is an estimate and may change dependant on the design layout and price fluctuations. If you
would like to receive an accurate price, we are happy to re-quote after the system has been designed. All Retro fits are subject to site visit

Design, consultancy & project support £605.00) £605.00)

all prices excl. VAT all prices excl. VAT

£4,845.69| D £6,066.73

n, click here: /cnuinformetion-on-daestic-vertilation-and-mvr/quitatic ification-design-installation-«

TOTAL desi

ate

& supply only esf

For more
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DOWNLOADS

Kingspan GreenGuard Inverted Roofs Brochure

Kingspan GreenGuard Basements Brochure

Kingspan GreenGuard Heavy Duty Floors Brochure

Kingspan GreenGuard Car Parks Brochure

% Specifications

Feature Values
Brand: Kingspan
Length: 1250 mm
Width: 600 mm
“Thickness: 30 mm
Material: Polystyrene
Unit Coverage: 10.5 M?
Manufactures Part Number: 100000041688
Pack Size: 1%

‘Thermal Conductivity: 0.033W/mK
R Value: 0.85 MK/W
Compressive Strength:: 300kPa

Edge Type: Rebated

Fire Classifications: Euroclass F
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