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1. Introduction 
 

This report will provide the initial results from a larger piece of research on Future Homes. 

This research consists of a study of two future homes under controlled conditions at the 

Energy House 2.0 research facility at the University of Salford. 

This first report will present the findings of the fabric performance of a plot called “eHome2”, 

this house was delivered through a partnership of Saint-Gobain and Barratt Developments. 

This will be followed by other reports focussing on space heating, domestic hot water, 

overheating, thermal comfort and smart systems. 

2. Executive Summary 
 

The “eHome2” constructed by Saint-Gobain and Barratt Developments is a research project, 

consisting of innovative fabric design, multiple heating, hot water and ventilation systems, 

and advanced controls. The eHome2 is designed by Barratt and is a reproduction, although 

with minor changes, of the “Moresby” housing type that is currently being sold by Barratt and 

is in line with Nationally Described Space Standard (NDSS) and Approved Document Part M 

Category 2. The research task covered in this report was to study the performance of the 

fabric of eHome2. 

 

The research was undertaken at two levels. The first level was to measure the fabric 

performance of the whole house to establish if it performs as designed. The second level was 

to measure the performance of individual fabric performance of elements of the house to 

establish their individual contribution to performance as a whole.  

 

Research in the past has found significant issues with the performance gap in some new build 

homes in the UK. A study by Leeds Beckett University (LBU) established fabric performance 

gaps of 5% - 140% in a sample of 30 new build homes [1]. The performance gap can be caused 

by many different issues, including poor construction, substitutions of materials, incorrect 

assumptions by energy models/experts, and homes not being used by homeowners as 

predicted. 

 

Barratt and Saint-Gobain have used this past research to design and construct eHome2 to test 

how to reduce performances gaps.  

 

This report only focuses on the fabric component of the performance gap, and the following 

factors were measured; Primary house / unit level measurements – Airtightness and Whole 

house heat loss. Secondary element performance – U-values and thermographic survey. Our 

results are highlighted below: 

 



Final Issue 
08/12/2023  

Page 6 of 112 

The overall fabric heat loss of eHome2 was 3.9% worse than the design modela predicted. This 

is a smaller performance gap than the homes tested as part of the LBU study shown in Figure 

1. The majority of the 3.9% difference was due to the plane element heat loss, such as walls, 

roofs, doors, and windows, being greater than the design value. Although the greatest 

measured underperformance was highly localised, and this is discussed below in more 

context. 

 

The measured air permeability of eHome2, was found to be better than the design, with an 

over-performance of 6.3%. This is a positive result given the fact that this is a prototype house 

with many more service penetrations than would be found in a home in the field.  

 

It should be noted that although at an elemental level, there appeared to be a number of 

areas of localised heat loss, these had a marginal effect when considering the whole house 

heat loss. 

 

The roof of eHome2 was found to have a key localised issue where areas of the insulation had 

been moved during the construction process, which affected the result by 26% to these areas 

only.  

 

The majority of locations measured on the external walls of eHome2 performed in-line with 

the design prediction. However, there was an issue identified towards the bottom of the two 

specific panels in a section of the first-floor external wall, in which the U-value didn’t meet 

the design performance by up to 63%. A pathological investigation was carried out, in which 

two key issues were identified in the prototype panels: 

1. Small areas of insulation had not been installed correctly, resulting in localised voids 

where insulation had been compressed during installation and had not recovered to 

fill the insulated zone. 

2. Direct air movement was observed within the panel when the house was subjected to 

a pressurisation test. This direct route of airflow navigated from the top of the timber 

frame panel through to the loft, and finally the eaves - indicating an improper seal. 

Further investigation of the timber frame panel construction is required to confirm 

the exact cause of the air movement, as several openings were made into the 

structure by the research team, compromising the air tightness barrier, as part of the 

pathology exercise. 

 

The ground floor U-values of eHome2 are difficult to measure. This is not only an issue with 

this project. Previous research indicates that there are no spot measurements that can be 

taken that reflect the actual design U-value of a suspended floor [2] , as such, the measured 

 
a Steady state model, with similar inputs to SAP, however, it does not account for seasonal changes 
in the mechanical and passive ventilation of the dwelling. 
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values presented are the “point thermal transmittance” (PTT). When the uncertainty of the 

PTT is considered, then the floor was found to be performing broadly in line with the design 

values. A learning for industry is that there is no standardised method for measuring the 

thermal performance of suspended floors, as such, when in-situ performance measurement 

is considered, then this is very difficult to achieve. 

 

The windows and doors of eHome2 performed well, but there was a lack of modelling data 

for these units, so only basic measurements were taken at the centre pane of the windows 

which performed in line with their specification. The unglazed front door also had a lack of 

available data from the manufacturer as to how its U-value had been calculated. Therefore, a 

simple weighted average calculation was used, which indicated that the door did not perform 

as designed, further investigation is required. 

 

Overall, eHome2 had a performance gap of 3.9%. If we extrapolate this performance gap by 

amending the SAP model, the Dwelling Fabric Energy Efficiency (DFEE) will increase by 

4.02 kWh/m2/yr. Whilst this is considered statistically significant, the measurements and 

supporting analysis have led to identification of the influencing factors, and this has led to 

identified rectification strategies. This is to be expected in a home that is a prototype, built to 

explore new fabric types, and multiple HVAC systems. 

 

Figure 1 shows how the percentage performance gap of eHome2 compares to that of other 

new build properties from the Leeds Beckett University (LBU) coheating database [1], which 

is the largest published dataset of coheating tests conducted on new build properties. The 

eHome2 performance gap of 3.9% is below that of the 30 new build dwellings tested by LBU 

prior to 2015. It should be noted that the measurement of eHome2 was conducted under 

controlled conditions, whereas the LBU work was conducted in the field. Due to greater 

control of variables in Energy House 2.0, there is less uncertainty in the measurements, 

meaning smaller differences in performance can be identified as measurable compared to 

field trials. 
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Figure 1. Difference in measured HTC of the predicted steady state HTC of the Leeds Beckett 

University coheating database (newbuild homes) (as a percentage), including the eHome2 
performance gap 

Key learnings of the Energy House 2.0 partners have taken from these findings is that as we 
move to very highly efficient homes to deliver the zero-carbon agenda, it is critical that details 
and products are applied correctly as minor variances can have localised impacts. 
 

A future report by Energy House Labs on heating and modelling will identify what effect this 

performance gap means in terms of the impact on heating system performance in a more 

realistic scenario. It will give a view on whether this gap is material, and the extent of its 

impact. Following these next periods of modelling and measurement, a further building 

pathology exercise will be undertaken by the Energy House Labs team to pinpoint the issues 

that are driving the gaps. Following this, eHome2 will have rectification work to address the 

identified issues, and then the eHome2 will be re-measured.  

 

In addition, a 2x2 m test cell will be constructed, made up of a new iteration of the external 

rendered wall panels, again within the chambers of Energy House 2.0. A similar pathological 

study will be conducted on the panels to test some of the identified localised sources of 

under-performance and confirm that the issues have been rectified. 
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3. Nomenclature 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Table 1. Nomenclature 

4. Background 
 

4.1 The Future Homes Standard 
 
In 2019 the UK government committed to introducing a new standard of energy performance 

in English homes; the Future Homes Standard (FHS).  This is set to be introduced in 2025 (date 

to be confirmed).  This standard will require new homes to be future proofed, have low 

carbon heating and with high levels of fabric efficiency. Large amounts of this will be delivered 

through amendments to Approved Document Part L (ADL) which was last updated in 2022. 

 

To provide a staged approach to the rollout of the FHS an update to ADL was implemented in 

June 2022, requiring a reduction in the carbon emissions of new homes by 31% when 

compared to the 2013 standard. This was supplemented by changes in other Approved 

Documents to allow for changes in ventilation (Part F) and overheating (Part O).   

 

Symbol Description 

Asw  Solar aperture m2 

ASHP  Air Source Heat Pump 

DWS Domestic water source 

HTC Heat Transfer Coefficient (W/K) 

Htr Transmission Heat Transfer Coefficient (W/K) 

Hv Ventilation Heat Transfer Coefficient (W/K) 

MEV Mechanical Extract Ventilation 

MVHR Mechanical Ventilation with Heat Recovery 

n Ventilation rate  

psi linear thermal heat transmittance 

Q Power input (W) 

q Heat flow rate (W/m2) 

qsw Solar irradiance (W/m2) 

U U-value (thermal transmittance) (W/m2K)  

∆𝑇 Internal to external temperature difference (K) 

λ Thermal conductivity W/mK 
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The FHS will extend improvements, with government expectations that the average new build 

home will generate 75% less carbon emissions than those built under the 2013 regulations.  

These homes are defined as “zero carbon ready”, with the approach considering the projected 

decarbonisation of the energy supply. 

 

Whilst much remains unknown about the FHS, as it has yet to seek approvals through 

consultations and the legislative process, some “features” of a home built to these regulations 

are defined in the current government consultation for the Future Homes Standard.  

 
Table 2.Anticipated features of a FHS home  [3] 

 

 
Following the initial consultation on the FHS, the Future Homes Hub was created. This is a 

collection of industry experts, civil servants, and academics, coming together to help identify 

solutions and provide advice as to how the FHS can be delivered. The Future Homes Hub has 

also presented evidence on hypothetical homes that could meet a version of the FHS [4].  

These have been developed as “Contender Specifications”.  These are presented below, 

alongside the reference values of a 2021 standard home [4] and a home built to the 

consultation version of the FHS [3].   

 

eHome2 is built to broadly reflect the Contender Specification 3 (CS3), but with fabric levels 

close to CS4. However, it does have many differences, in terms of energy storage, PV and 

contains multiple heating systems.  However, in terms of fabric this is the closest Contender 

Specification. 

 
  

Item 
Draft Future Homes Standard 

Specification 

Floor U-value 0.11 W/m2K 

External wall U-value 0.15 W/m2K 

Roof U-value 0.11 W/m2K 

Window U-value 0.80 W/m2K  

Door U-value 1.00 W/m2K 

Air permeability 5.0 m3/h/m2
 @ 50 Pa  

Heating appliance Low-carbon heating (e.g. Heat 
pump) 

Heat Emitter type Low temperature heating 

Ventilation System type Natural (with extract fans) 

PV None 

Wastewater heat recovery No 

y-value  0.05 W/m2K 
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Table 3. Contender Specifications, The nearest to eHome2 is outlined in red [4] 

 
The full specification of eHome2 will be discussed in greater detail later in this report. 
 

5. Energy House Labs  
 

5.1 Introduction  
 
Energy House Labs is a research group at the University of Salford in the UK.  It consists of 4 

research laboratories, focussed on research on energy use in buildings. These facilities are 

supported by a team of academics and technical staff who work across the fields of building 

physics, smart energy systems, data analytics and renewable systems. They have globally 

unique research capability in assessing buildings under controlled conditions in Energy House 

2.0 and the Salford Energy House. 

Future Homes Hub specifications with eHome2 added. 

 

Ref 
2021 

(ADL1) 
[5] 

Ref 2025 CS1 CS2 CS2a CS3 CS4 CS5 
eHome2 
Design 

Wall U-value W/m²K 0.18 0.15 0.19 0.19 As per CS2 0.15 0.13 0.10 / 0.13 0.13 

Roof U-value   W/m²K 0.11 0.11 0.11 0.11 As per CS2 0.11 0.1 0.1 0.11 

Floor U-value   W/m²K 0.13 0.11 0.15 0.15 As per CS2 0.11 0.1 0.08 0.11 

Glazing type Double Triple Double Double As per CS2 Double Triple Triple Double 

Thermal bridging 
W/m²K 

Psi 
values - 

Set A 

y-value = 
0.05 

Psi 
values - 

Set A 

Psi values 
- Set A 

As per CS2 
Psi 

values - 
Set B 

Psi 
values - 

Set B 

Psi values - 
Set B 

y-value =0.05 

Air permeability 
m³/(h.m²) @ 50 Pa 

5.0 5 5 4.5 - 5.0 As per CS2 3 1 0.5 2.5 

Ventilation dMEV 

Natural 
ventilation 

with 
extract fans 

dMEV dMEV As per CS2 MVHR MVHR 
MVHR 

integral with 
EAHP 

dMEV/MVHR 

Heating 
Gas 

boiler 
ASHP ASHP ASHP IR ASHP ASHP None ASHP/IR 

DHW / WWHR 
Gas 

boiler 
ASHP ASHP 

ASHP & 
WWHR 

Immersion 
+ smart 
cylinder 

ASHP & 
WWHR 

ASHP & 
WWHR 

DHW cyl 
EAHP & 
MVHR & 
WWHR 

ASHP&WWHR 

PV philosophy 

To 
achieve 

2021 
Part L 
Pass 

None 

None, 
unless 

req. for 
min. 
75% 
redn 

40% GF 
area, max 
3.68kWp 

Maximise 
roof area 

for PV 
40% roof area max 3.68 kWp 3.75 kWp 

Battery No No No No 
6.5 kWh 
hybrid 

No No No 7.8 kWh 
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6. Energy House 2.0 Description  
 

6.1 Introduction  
 

Energy House 2.0 is a globally unique building performance test facility.  The building was 

constructed to allow for full-scale testing of homes under a controlled range of climatic 

conditions. The facility consists of two large chambers which can accommodate four family 

homes (two homes in each chamber).  The chambers each contain a soil filled pit, 1200 mm 

deep which is isolated by insulation from the ground beneath and surrounding the pit.  The 

walls and ceilings of the chamber are well insulated providing isolation from the external 

climate, with high levels of airtightness.  

 

Both chambers are independently conditioned by a large heating, ventilation, and air 

conditioning (HVAC) system. In addition, there are weather rigs, which provide additional 

climatic effects. These control the climate in the chambers as follows: 
 

• Temperature: (-20 °C to 40 °C) 

• Relative Humidity (20% to 90%) 

• Wind  

• Rain 

• Solar Radiation (up to 1200 W/m2) 

• Snow 

Temperature and relative humidity can be held at constant steady state or varied in seasonal 

or daily patterns. The facility is illustrated below in Figure 2, 3 and 4.  
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Figure 2. Energy house 2.0 

 
 
 

 
Figure 3. Construction of soil pits  
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Figure 4. HVAC systems to allow climatic control 

 
 

7. eHome2 Description 
 

7.1 Introduction  
 

The aim of eHome2 was to provide the first Saint Gobain/Barratt built home that represented 

the challenges of the upcoming FHS.  This would present a home that not only reflected the 

draft Future Homes Standard, in terms of the fabric and services specifications, but also to 

extend the research past these standards.  This was achieved by developing a home that has 

fabric options that can be interchanged and updated, such as replacement glazing, alongside 

multiple heating, hot water, and renewables systems that can easily be “switched” between. 

This gives the research team several opportunities for ground-breaking research in novel 

areas, both for fabric and services. The building is illustrated below in Figure 5 and Figure 6. 
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Figure 5. Front elevation of eHome2  

 
 

 
Figure 6. Rear elevation of ehome2  
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7.2 Architectural layout 
 

The eHome2 is designed by Barratt and is a reproduction, although with minor changes, to 

the “Moresby” housing type that is currently being sold by Barratt. Figure 7 and Figure 8 

below provide the design layouts and elevations of eHome2. 

 

 

(a) Ground Floor 

 

(b) First Floor 

Figure 7. Design layouts of eHome2 
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Front elevation 

 
Left elevation 

 
Rear elevation 

 
Right elevation 

Figure 8. Elevations of eHome2 

 
 

7.3 Fabric 

 

7.3.1 Sub floor and foundation 
 
eHome2 is built within a laboratory space, this also contains an insulated pit of earth that is 
surrounded by insulation.  This acts to reduce heat transfer from the ground beneath and 
surround the pit.  The pit itself is filled with locally sourced graded soil which is compacted 
and closely matches both the structural and thermal nature of UK soil. The soil is 6N graded 
fill. eHome2 has a 600x225 mm concrete strip foundation, this was formed of GEN 3 concrete 
mix.   
 

7.3.1.1 Floors 
The floors in eHome2 are suspended concrete to the ground floor and timber to the first floor.  
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7.3.1.1.1 Ground floor 
This is formed using an insulated precast slab system (NUSPAN375), a concrete slab system 

with EPS based insulation.  The floor has a calculated U-value of 0.11 W/m2Kb.This can be 

seen in Figure 9 and Figure 10 below.   

 

 
Figure 9. Ground floor Slab Layout 

 

 
Figure 10. Ground floor Slab Layout section 

 

7.3.1.1.2 First floor  
This comprises 22 mm Caberdek chipboard floors with tongue and groove joints, these are 
glued and sealed with tape.  These sit on a 15mm subdeck, 254 mm I-Joists at 600 mm centres 
and the perimeter is insulated with mineral fibre (λ value of 0.035 W/mK). Finished on 
underside with 15 mm British Gypsum Gyproc Wallboard. 

 
b Refer to Annex A (point 2) 
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Figure 11. Top hung I-joist 

7.3.2 External walls 
The walls of eHome2 are split into two types; brick finished (slips) and rendered, whilst the 
render is decorative it does not affect the U-value.  The breakdown of these individual wall 
types are as follows: 
 

• Main wall - Brick Finish (54.78 m2) 

• Main wall - Rendered Finish (68.34 m2) 

Each wall type is detailed in Table 4 and Table 5. 
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Table 4. Main walls - Brick finish (1) 

External Perimeter Wall – Brick Finish - Wall Thickness – 360.5 mm 

 

 

1. 15 mm BG Gyproc wallboard  

2. 35 mm Unventilated cavity, Low-E Proctor 

Reflectatherm Plus RVCL 

3. 9 mm OSB  

4. Isover timber frame roll 245 mm mineral 

wool insulation 0.035 W/mK 

5. 9 mm OSB   

6. 25 mm ventilated cavity with Proctor 

Reflectashield TF RBM  

7. 12.5 mm BG glassroc x 

8. 5 mm Weberwall brick slip finishing system 

and 5 mm Weberend LCA rapid base coat 

9. Factory fitted Proctor Reflectatherm Plus VCL 

Design U-value: 0.13 W/m2Kc . 
 

Table 5. Main walls – Rendered (2) 

External Perimeter Wall – Rendered - Wall Thickness – 358 mm 

 

 

1. 15 mm BG Gyproc wallboard  

2. 35 mm Unventilated cavity, Low-E Proctor 

Reflectatherm Plus RVCL 

3. 9 mm OSB  

4. Isover timber frame roll 245 mm mineral 

wool insulation 0.035 W/mK 

5. 9 mm OSB   

6. 25 mm ventilated cavity with Proctor 

Reflectashield TF RBM  

7. 12.5 mm BG glassroc x 

8. 1.5 mm Webersill TF finish coat, 6 mm 

Weberend LCA rapid base coat 

9. Factory fitted Proctor Reflectatherm Plus 

VCL 

Design U-value: 0.13W/m2Kd. 

 
  

 
c Refer to Annex A (point 1) 
d Refer to Annex A (point 1) 
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7.3.3 Walls below Damp-Proof Course (DPC) 
As external walls – cavities are extended below DPC and filled with insulation, the DPC is 
approximately 150 mm above ground level.  Telescopic vents are provided alongside 
expanded polystyrene board with a thickness of 70 mm (λ 0.038 W/mK).  There are 7 uPVC 
periscope vents located to the perimeter of the property each with a free area of approx. 
6000 mm2. This is detailed in Figure 12. 

 
Figure 12. Below Damp-Proof Course (DPC) 

 

7.3.4  Below ground walls  
The walls to the underside of the DPC are formed as follows; 140 mm aerated concrete blocks 

up to underside of NU-span insulated concrete plank. A 72 mm cavity is filled with expanded 

polystyrene board (λ 0.038 W/m²K). 

 

7.3.5 Windows 
 
The windows to eHome2 have a Eurocell uPVC profile, this is fitted with a 28 mm double-
glazed unit.  The windows consist of; external glazing sheet is 4 mm thick Saint Gobain 
Diamant, with a gap of 20 mm filled with 90% Argon and 10% air, a 20 mm Thermobar warm 
edge spacing bar, the internal glazing sheet is 4 mm Saint Gobain Planitherm One TFG with a 
low emissivity coating.  
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A typical bedroom window in eHome2 has a modelled U-value of 1.20 W/m2Ke, with a centre 
pane U-value of W/m2K of 1.07f and glazing G value of 0.51e.  The BFRC energy rating of this 
window is Band C. A breakdown of the BFRC can be found in Annex A. 
 

Note: 

(University of Salford (UoS) were not provided a full breakdown of each window U-value).  

We relied on the values provided to us in the SAP calculation, these values are generic and are 

for a building not specific to eHome2.  

 

7.3.6 Doors 
eHome2 has only one external door (to the front elevation), the rear doors are Patio doors, 
classified under the window section above. U-value = 1.2 W/m2Kg.  
  

7.3.7 Roof  
The roof to eHome2 is pitched with interlocking concrete tiles, with underfelt.  The roof is 
ventilated with soffit vents and a ventilated ridge.  
 
The first-floor ceiling of eHome2 is insulated at ceiling joist level with 400 mm of Isover 
Spacesaver roof insulation (0.044 W/mK), laid between joists in layers, and above them in a 
perpendicular manner, as shown in Figure 13. Joist centres are 600 mm. This is laid onto the 
15mm plasterboard.  The loft hatch has 50mm of expanded polystyrene insulation. The U-
value for the ceiling is. 0.107 W/m2K, with the correction included for the loft hatch this is 
amended to 0.11 W/m2Kh.   

 

 
e Refer to Annex A (point 4) 
f Refer to Annex B 
g Refer to Annex A (point 6) 
h Refer to Annex A (point 3) 
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Figure 13. Ceiling section 

 

7.4 Services 

 
This section will serve as an introduction to the services provided in eHome2 for context only.  

A full report on the performance of the installed services will proceed after this fabric report. 

The services provided in eHome2 are not limited to one heating or hot water system.  There 

are several different space heating solutions alongside several options for the provision of 

domestic hot water.  

 

7.4.1 Air Source Heat Pump  
The primary source of space and hot water provision is provided by a mono bloc air to water 
heat pump system.  This is a Vaillant Arotherm Plus 5 kW running on R290 refrigerant 
(propane), this specification will typically provide 6.4 kW of heating with a COP of 4.07 at an 
outside air temperature of 2 °C, with a hot water flow temperature of 35 °C.  
 

7.4.2 Heat Emitting Systems – Thermaskirt 
The heat emitters attached to the heat pump are skirting board emitters. This product is called 
Thermaskirt (Deco range). These are controlled by addressable TRV heads. The products are 
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sized to meet the specification below (design temperature of 45 °C flow temperature at -3 °C 
outside). 
 

Table 6. Thermaskirt Specification (sized at 45 °C flow -3 °C design temperature) 

Room Type Emitter length 
Heat Output (according to 

design) 

Living Room 11.74m 693 Watts 

Kitchen/Dining 5.96m 604 Watts 

Kitchen/Dining 4.35m 257 Watts 

Bedroom 1 6.41m 378 Watts 

Bedroom 2 5.86m 346 Watts 

Bedroom 3 4.55m 268 Watts 

 
 

7.4.3 Heat Emitting Systems – Bathroom towel radiators.  
The ASHP in eHome2 uses the Thermaskirt to provide the space heating, however in 
bathroom areas this system is not used, they are heated by towel heating radiators, as shown 
below in  Table 7. 
 

Table 7. Bathroom towel radiators Specification 

Room Type Height  (mm) Width (mm) Type 

Hall 600 500 Stelrad Compact K2 

WC 1211 500 Stelrad Home Classic White 
Towel Rail 

Bathroom 1744 500 Stelrad Home Classic White 
Towel Rail 

Ensuite 1744 500 Stelrad Home Classic White 
Towel Rail 

 
 

7.4.4 Infrared Heating System – Curv Wall Mounted  
 
eHome2 has an infrared heating system installed by Curv. This system provides space 
heating to the areas shown in Table 8. This system has been designed by Curv. This system is 
controlled through the Loxone system with local temperature sensors in each room. 
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Table 8.  Infrared heating system specifications  

Room 
Power 

Rating (W) 
Number of Panels Type 

Dimension (mm) 
(Height x Width) 

Kitchen/Dining 1500 1 Flat Glass IR 1500*600 

WC  250 1 IR Mirror 800*600 

Living Room 750 2 Flat Glass IR 1200*600 

Hall 750 1 IR Mirror 1200*600 

Bathroom 550 1 IR Towel Rail  1800*350 

Bedroom 1 1000 1 Flat Glass IR 1500*600 

Bedroom 2 750 1 Flat Glass IR 1200*600 

Bedroom 3 650 1 Flat Glass IR 1800*350 

Ensuite 300 1 IR Mirror 1000*600 

 

7.4.5 Wet central heating system heating controls 
 
The space heating systems in eHome2 are controlled using the Loxone building management 
system. Air temperature is sensed at room level and fed to the controller, where time and 
temperature patterns can be set at room-by-room level. The methods used to deliver this 
control are below: 
 
The Thermaskirt system is split into zones, controlled by Danfoss HP22 2-port valves. These 
are controlled by the Loxone control system.  The towel radiators are controlled separately 
using Loxone TRV heads.  
 

7.4.6 Wastewater heat recovery  
 
The shower to the main bathroom is served by a wastewater heat recover system.  A Recoup 
Pipe Hex system (double walled copper tube heat exchanger) has been installed. This provides 
pre heated water from the shower waste to the shower feed supply.  
 

7.4.7 Hot Water Systems 
 
There are two DHW systems currently installed in eHome2: Firstly, a standalone unit 
generating hot water using an inbuilt ASHP (Curv system).  Secondly, a 200 litre storage 
cylinder attached to the ASHP with a buffer vessel (Vaillant system).   
 

7.4.7.1 Curv ASHP Hot Water Cylinder  

This is a stand-alone air source hot water cylinder, designed to work alongside an infrared 
heating system.  The model is HP250M3C, which has a capacity of 195 litres, with a quoted 
COP of 3.04 at 7 °C external temperature.   
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7.4.7.2 Vaillant Unistor  
This is a cylinder designed specifically to work with a Vaillant ASHP.  It has a capacity of 200 
litres and is supplied pre plumbed and is unvented. The installed version has an aroTHERM 45 
litre buffer tank which can lead to less short cycling of the ASHP.  The cylinder has been sized 
according to the Building Regulations Part L 2021 for a three-bedroom property with one 
bathroom and one shower room. 
 

7.4.8 Ventilation Systems 
 
For experimental purposes two ventilation systems are present in eHome2, these systems 
will be run independently depending on the test required, they will not run together, one 
system is a whole house system, and the second is an extract system serving the moisture 
generating areas of eHome2.  
 

7.4.8.1 Mechanical extract (MEV) system  
The Vent Axia centralised mechanical extract system (MVDC-MSH 443298) system is installed 
in the loft and is connected generally by flexible ducting. This system is commissioned to run 
continuously, it has three modes: normal, boost, and purge. A humidistat will boost the 
system at higher levels of humidity.  This system serves all the bathrooms and the kitchen. 
Flow rates are shown in Table 9. 
 

Table 9. Flow rates for MEV system 

 Extract 

 Design 
 

Measured  
(Commissioning) 

Measured  
(UoS) 

  Boost Trickle Boost Trickle Trickle 

Kitchen/Dining 13 11.5 13 11.5 11.6 

WC 6 5.3 6 5.3 4.6 

Bathroom 8 7.1 8 7.1 6.4 

Ensuite  8 7.1 8 7.1 6.4 

Total  35 31 35 31 29 

 
 

7.4.8.2 Mechanical ventilation with heat recovery (MVHR) system  
A Vent Axia Sentinel Kinetic Advance S (405215) provides the mechanical ventilation with 
heat recovery to the areas shown in Table 10.   
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Table 10. MVHR system  

Extract  

 Design Commissioned 

  Boost Trickle Boost Trickle 

Kitchen/Dining 13 11.5 13 11.5 

WC 6 5.3 6 5.3 

Bathroom 8 7.1 8 7.1 

Ensuite  8 7.1 8 7.1 

Total  35 31 35 31 

Supply  

 Design Commissioned 

  Boost Trickle Boost Trickle 

Living Room  11.1 9.8 11.1 9.8 

Kitchen/Dining 4.4 3.9 4.4 3.9 

Bedroom 1 8 7.1 8 7.1 

Bedroom 2 6.6 5.8 6.6 5.8 

Bedroom 3 4.9 4.4 4.9 4.4 

Total 35 31 35 31 

 

 

7.4.9 Renewables  
 
eHome2 has a battery installation and a solar PV inverter; PV panels are installed but will not 
generate power. This is due to the chamber not having a solar input (solar radiative thermal 
gain is simulated, but not in the frequency spectrum suitable for PV panels).  A DC signal is 
fed to the inverter to replicate PV input commensurate with the climate in the chamber at 
the time.  
 
The battery installation comprises a Fox ESS Powercube system provides 7.8 kWh of energy 
storage.  
 

7.5 Outline of future interventions 

 
eHome2 will undergo a series of interventions during the lifetime of the project: 
 

7.5.1 Triple Glazing  
The existing double-glazed windows (minimum U-value of 1.2 W/m2Ki) are to be replaced with 
UPVC triple glazed with Low-E glass soft coating to achieve a minimum U-value of 0.8 W/m²K.  
 

 
i Refer to Annex B 



Final Issue 
08/12/2023  

Page 28 of 112 

7.5.2 External doors  
Patio doors (minimum U-value currently 1.2 W/m2K) to be upgraded to a new door with a U-
value of glazed doors to achieve a minimum U-value of 1.0 W/m2K.  
 

8. Building Fabric Research   
 

8.1 Building performance evaluation methods 
 

This section presents the methods used to measure the thermal performance of fabric of 

eHome2.  The main test found here are industry recognised standard tests with published 

methodologies and standards. More innovative test methods were also used, to allow for 

these methods to be compared to the recognised standard methods. 

 

8.1.1 Steady state thermal performance measurements 
A unique strength of the Energy House 2.0 facility is the ability to recreate not only realistic 

weather patterns but also to create and maintain steady chamber temperatures. This was 

used to carry out this series of tests as it allows for steady state conditions to be reached. This 

means measurements can be taken with less disturbance from outside factors, such as 

occupants, solar radiation etc, and for results with lower levels of uncertainty to be produced.  

 

All the tests and measurements of the eHome2 were carried out within the environment of 

the Energy House 2.0. Table 11 illustrates the average temperatures in the UK according to 

SAP, this was used to provide an average representative external temperature of the United 

Kingdom during the winter months (December to March). The chamber's HVAC system was 

set to maintain 5 °C during the test days. 

 
Table 11. U1 of SAP10 [3]  

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

 UK average 4.3 4.9 6.5 8.9 11.7 14.6 16.6 16.4 14.1 10.6 7.1 4.2 

 

The steady state test of the fabric performance was divided into two stages, the first was the 

coheating test to obtain the heat transfer coefficient (HTC), the second stage was a test to 

obtain the U-value of the individual elements of the envelope to understand where 

improvements can be made. This allows for a whole house measurement providing a measure 

of how the total fabric solution performs when compared to designed expectations, and the 

U-values to be measured without the high airflow rate often associated with coheating, which 

uses circulation fans. During both tests, eHome2 was maintained at 21 °C throughout the 

steady state measurement period using electric resistance heaters connected to PID 

controllers with PT-100 RTD temperature sensors. 
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8.1.2 Building heat transfer coefficient (HTC) measurement  

 

The HTC is defined in ISO 13789:2017 [6] as the “sum of transmission and ventilation heat 

transfer coefficients of a building, where the transmission heat transfer coefficient represents 

heat flow rate due to thermal transmission through the fabric of a building, divided by the 

difference between the environment temperatures on either side of the construction  and the 

ventilation heat transfer coefficient represents heat flow rate due to air entering a conditioned 

space either by infiltration or ventilation, divided by the temperature difference between the 

internal air and the supply (external) air temperature”. 

 

The HTC is the rate of heat loss (fabric and ventilation) in Watts (W) from the entire thermal 

envelope of a building per Kelvin (K) of temperature differential between the internal and 

external environments and is expressed in W/K. This metric represents the heating power 

required to maintain a 1 K temperature difference over the building envelope. The HTC 

captures the aggregate element, thermal bridging, and unintentional ventilation (air 

infiltration and leakage) heat losses from the house. 

 

The 2013 version of the Leeds University Whole House Heat Loss Test Method [7] was adapted 

for HTC measurements in eHome2. The principal differences being the test duration and 

analysis of test data. 

 

A coheating test typically assumes the steady state whole house energy balance in typical 

coheating test whole house energy balance is expressed as follows[8]. 

 

                        𝐐 + 𝐀𝐬𝐰 . 𝐪𝐬𝐰 = (𝐇𝐭𝐫 + 𝐇𝐯). ∆𝐓                                                              Eq.  1 

 

Where: 

𝑄 = Power input (W) 

𝐴𝑠𝑤  = Solar aperture (m2)  

𝑞𝑠𝑤 = Solar irradiance (W/m2) 

𝐻𝑡𝑟 = Transmission heat transfer coefficient (W/K) 

𝐻𝑣 = Ventilation heat transfer coefficient (W/K) 

∆𝑇  = Internal to external temperature difference (K)  

 

At the Energy House 2.0 test facility, the terms Asw and qsw can be removed from the whole 

house energy balance, as solar systems were not used in this test and no natural sunlight 

enters the chamber. Thus, the equation is rearranged to show how at steady state, the HTC 

can be calculated from measurements of Q and ΔT. Equation 2 shows the HTC calculation in 

eHome2 test. 

𝑯𝑻𝑪 = 
𝑸

∆𝑻
                                                                       Eq.  2 
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Where: 

 

𝐻𝑇𝐶 = 𝐻𝑡𝑟 + 𝐻𝑣 (W/K) 

𝑄 = power input (W) j 

∆𝑇  = Mean average internal air temperature (Ti) minus mean average chamber air 

temperature (Te) 

 

To obtain the HTC, a coheating test was carried out. During the test, to increase the 

homogeneity of the air temperature inside the house, air circulation fans were used, which 

remained in the same location and at the minimum speed setting during the test as in Figure 

14. This setting allows for the air to be mixed but without significantly altering any surface 

resistance to the external elements. The fans and heaters were positioned in such a way that 

they do not directly affect the temperature sensors. 

 

 

 

 

 

 
Ground floor First floor 

Figure 14. Coheating test heaters and fans locations. 

 
j Q is based on total cumulative energy input to the Energy House over 24-hour period. Refer to 
Annex C for details of the HTC uncertainty calculation. 

Heater  Fan Temperature sensor  
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During the coheating Test, the temperatures on both sides of the fabric remained steady state 

for 8 days. Figure 15 shows the rate of change of the temperature difference (∆T) during the 

coheating test, the ∆T remained steady with variations between 0% and -1%. 

 

 
Figure 15. Rate of change of the temperature difference (∆T) during the coheating test.  

 

8.1.3 Alternative HTC measurement methods 
 

The test programme also provided the opportunity to compare commercial rapid HTC test 

methods against the coheating test. Saint-Gobain QUB [9] and Veritherm [10] performed 

dynamic HTC measurements of unoccupied dwellings over one night, as opposed to the 

coheating test that typically requires a test period of 2-3 weeks in duration. 

 

Both are dynamic methods that involve a stabilisation period of constant internal 

temperature, followed by a heating period with constant power input, then a free cooling 

period. They both use assumptions of fabric performance to calculate the power input 

required for the test. Both also utilise integrated hardware and software to control heat input, 

monitor power input and environmental conditions, and perform data analysis. The main 

difference in equipment between the two methods is that Veritherm also uses air circulation 

fans during the test, but QUB does not.  
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8.1.4 Ventilation heat transfer coefficient (Hv) 
 
The air infiltration/leakage ventilation rate (n) from which the ventilation heat transfer 

coefficient was calculated was obtained using two different test methods, the fan 

pressurisation method, and the Pulse test. For the analysis of eHome2 the data is taken from 

the fan pressurisation method. 

 

8.1.5 Airtightness testing 
 

8.1.5.1 Fan pressurisation tests 
A fan pressurisation test (commonly referred to as a blower door test) was performed to 

quantify the change in air permeability value at 50 Pa (AP50) and air change rate at 50 Pa 

(n50).  Fan pressurisation test was undertaken in accordance with ATTMA Technical Standard 

L1 [11]. All intentional ventilation openings such as MVHR ducts, trickle vents, cooker hood 

and wastewater services were sealed throughout the test programme. 

 

Fan pressurisation test n50 values were used to derive n using the n50/20 ‘rule of thumb’[12]. 

The derivation includes the correction factor for dwelling shelter factor contained within SAP 

2012 [13]. 

 

8.1.5.2 Pulse Test 
A Pulse test [14] was performed using a portable compressed air-based system to measure 

the air leakage of a building at a near ambient pressure level of 4 Pa. In the UK, the system is 

a recognised air pressure testing methodology under Part L building regulations. All 

intentional ventilation routes were sealed as in the fan pressurisation test. 

 

8.1.6 Qualitative data collection 
 

8.1.6.1 Thermography 
Thermographic surveys of eHome2 were performed in accordance with the guidance set out 

in BSRIA Guide 39/2011[15]. The thermograms displayed in this report have been corrected 

to account for the environmental conditions present during the survey, as well as subject 

distance and emissivity. 

 

8.1.6.2 Air leakage/infiltration identification 
The conditions present during the fan pressurisation tests provided the opportunity for air 

leakage/infiltration identification. During depressurisation, the elevated internal 

temperatures enabled infrared thermography to be used to observe and record areas of air 

infiltration.  
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8.1.7 In-situ heat flux and U-value measurement  

 

For the U-values test, the chamber was set to 5 °C, the elements were evaluated for periods 

longer than 72 hours in accordance with ISO 9869 [16]. Unlike the coheating test, during the 

U-value test, no fans were used, only heaters. 

 
The thermal transmittance of a building element (U-value) is defined in ISO 7345 [17] as the 

“Heat flow rate in the steady state divided by area and by the temperature difference between 

the surroundings on each side of a system”. To account for thermal storage and release, ISO 

9869-1 uses a cumulative moving average of the heat flow rate and ΔT to calculate in-situ U-

values. However, steady state conditions at the Energy House 2.0 during eHome2 test allowed 

in-situ U-values to be calculated as defined by ISO 9869 [16]using equation 3.  

 

                                                             𝑼 =
∑ 𝒒𝒋

𝒏
𝒋=𝟏

∑ (𝑇𝑖𝑗−𝑇𝑒𝑗)𝑛
𝑗=1

                                                                     Eq.  3       

 

Where: 

𝑈 = in-situ U-value (W/m2K)k  

𝑞 = mean heat flow rate (W/m2) 

𝑇𝑖=indoor temperature (K)  

𝑇𝑒=chamber temperature (K) 

j= enumeration of measurementsl 

 

Measurements of heat flux density (heat flow rate), from which in-situ U-values were 

calculated, were taken at 57 locations on the external elements of eHome2 using heat flux 

plates (HFPs).  Figure 16 shows the HFP location. 

 

HFP used to measure in-situ U-values were positioned at the mid-point between repeating 

thermal bridges within an element (such as centre of timber frame panels) and at the location 

of repeating bridges (such as the battens and studs of the external timber frame). 

Thermography was used to identify these measurement locations to find areas representative 

of heat loss through bridged and unbridged heat loss paths through an element, which are 

shown in Annex G.  

 

HFPs were positioned in 3x3 grids for the ceiling, floor and external walls in locations 

considered to be representative of the whole element, an extra measurement of the heat flux 

density of the timber frame studs, positioned with the aid of thermography was also carried 

out. For the HFP measurements located within the 3x3 grid, a single hygroVUE 10 sensor was 

 
k Refer to Annex D for details of the in-situ U-value uncertainty calculation 
l Based on 10 min average 
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used for the internal temperature. For spot measurements taken in other areas, a local 

thermocouple sensor was used for the internal air temperature measurement. 
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Figure 16. HFP location. 

 

The HFPs were fixed to surfaces using adhesive tape and thermal contact paste. The ΔT for 
each in-situ U-value measurement was calculated using the internal and external air 
temperature differential measured in the vicinity of each HFP.  
 

Figure 17(a) shows the indoor temperature, the chamber temperature, and the rate of change 

of the ΔT (Ti-Te) for the living room. This illustrates that the indoor temperature does not 

present significant changes and the chamber temperature has a difference of up to 3% (~0.5 

֯C). Figure 17 (b) shows the rate of change of the average HFP measurement of the grid in the 

Living Room during the test, it is observed that steady state was reached for more than 86 

hours, the rate of change per hour is less than 3% during the test. All the measurements 

(temperature and heat flux) in the other elements had the same behaviour, with rates of 

change less than 3% during the test. 
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(a) Temperature 

 
(b) Heat Flux measurement 

Figure 17. Steady state of Living Room measurements  

 

 

8.2 Energy House 2.0 monitoring equipment 

 
The findings provided in this report are based on measurements obtained using the 

equipment listed in Table 12. Measurements were recorded at one-minute intervals by the 

Energy House 2.0 monitoring system: 
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Table 12. Measurement equipment used in the Energy House eHome2 fabric performance tests. Equipment 
for novel methods pulse, QUB and Veritherm are not included in this table. 

9. Results 
 

9.1 Measured HTC compared with predicted HTC 
 

The coheating test was carried out for 8 days, the chamber temperature was set at 5 °C. Table 

13 shows the daily power averages (based on energy consumption), the average temperature 

difference for each of the test days and the daily and average measured HTC.  

 
Table 13. Results of the HTC 

Day Power (W) DT (K) HTC (W/K) q 

1 1203 15.8 76.0±2.2  

2 1202 15.7 76.4±2.1  

3 1208 15.8 76.6±2.2  

4 1215 15.8 77.2±2.2  

5 1215 15.8 77.0±2.1  

6 1209 15.7 76.9±2.2  

7 1207 15.7 76.7±2.2  

8 1209 15.7 76.8±2.3  

Design 73.8 

Average HTC  76.7± 2.1 

 

 
m uncertainties were taken from supplier data sheet 
n Energy house 2.0 in house calibration process 
o Certificate of calibration: UK_52369, UK_52343 
p The sheltered test environment allows measurement uncertainty to exclude wind-based errors, the ± 
2.5% uncertainty value applies only to test apparatus 
q Refer to annex C to uncertainty calculation   

Measurement Equipment Uncertaintym 

Electricity consumption Eastron SDM230-Modbus [18] ±1% 

Room air temperatures hygroVUE 10 (20 to 60 °C) [19] ±0.1 °C 

Chamber air temperatures hygroVUE 10 (–40 to 70 °C) [19] ±0.2 °C 

Internal air temperatures Type-T thermocouplen ±0.1 °C 

Heat flux density Hukseflux HFP-01 heat flux plate[20] ±3% 

Air permeability Retrotec 5000 Blower Door System o ±2.5%p 
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Figure 18 shows the measurements for the HTC. To maintain an indoor temperature of 21 °C 

when the chamber temperature is 5 °C an average daily power input of ~1200 W is needed. 

That reflects a steady HTC which indicates that to maintain a 1 K temperature difference over 

the building envelope 76.7 W of heating power is required. 

 

 
Figure 18. HTC results. 

 
eHome2 has a design HTC of 73.8 W/K, which was extracted from the design model document 

(Annex A). This considers the total fabric heat loss and the infiltration heat loss. The final 

measured HTC using the coheating method was 76.7 (± 2.1) thus giving a performance gap of 

2.9 W/K or 3.9%. This is higher than the level of uncertainty, so is significant, although minor.  
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9.2 Alternative in-situ test methods 
 

HTC measurements were also performed using the Saint-Gobain QUB [9] and Veritherm [10] 

methods. Veritherm and QUB visited eHome2 to carry out tests independent of the research 

team. These were carried out under the same environmental conditions as the coheating 

method, with a set point of 5 °C in the chamber, to allow for direct comparison. The results 

from the coheating and alternative HTC test methods can be found in Table 14 and Figure 19. 
 

Table 14.  HTCs measured using the coheating, QUB, and Veritherm tests 

Coheating 
HTC (W/K) 

QUBr 
HTC (W/K) 

Veritherms 
HTC (W/K) 

QUB 
difference 

from 
coheating 

Veritherm 
difference 

from 
coheating 

76.7 ±2.1 65.1±5.6 71.9t -15% -6% 

 

 
Figure 19: Comparison between HTCs measured using the coheating, QUB, and Veritherm tests 

 
The HTCs measured by the alternative methods were generally in agreement with the 

coheating test HTCs when measurement uncertainty is considered. Veritherm uncertainty is 

up to two times bigger than QUB uncertainty. However, the HTC obtained by QUB is 15% 

lower than the coheating test and Veritherm result is 6% lower than the coheating test. An 

extended research phase for Rapid HTC methodology testing forms part of the  Future Homes 

research schedule. 

 

  

 
r Refer to Annex H 
s Refer to Annex I 
t Confidence level from 63.9 to 82.5 W/K 
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9.3 Airtightness and ventilation 
 
Table 15 provides the AP50 value measured using the blower door and pulse test, the tests 

were carried out under the same conditions, 5 °C for the outside temperature and 21 °C for 

the interior temperature. All intentional ventilation openings such as MVHR ducts, trickle 

vents, cooker hood and wastewater services were sealed throughout the test programme. 

 
Table 15 - q50, n50, and derived background ventilation rates and infiltration heat losses for eHome2 

 

Difference between test methods: 

The main difference between the methods, is that the blower door fan test measures building 

air leakage by creating a positive or negative pressure differential across the building fabric 

of 50 pascals, while Pulse testing measures permeability at a lower pressure differential of 

4 Pa created by a pulse of air delivered over a much shorter period. 

 

The results between the test methods show a difference of 0.12 m3h-1m-2 @ 50 Pa for the air 

permeability and 0.11 ACH for the air change rate. This represents a difference of 5% the 

ventilation heat loss between the blower door and the pulse test. 

 

Difference between design and as built: 

If the measured ventilation heat loss is compared against the design value, the airtightness 

overperformed by 6.2% (0.7 W/K) and 10.6% (1.2 W/K) for the blower door and Pulse test 

respectively.  

 
  

 
u Refer to annex D 
v Refer to annex E 

House Air permeability 
[q50] 

(m3h-1m-2 @ 50 Pa) 

Air 
change 

rate [n50] 
(ACH @ 50 

Pa) 

Infiltration 
rate [n] (h-1) 

Infiltration 
heat loss 

(W/K) 

Blower Door 2.81±0.05u 2.86 0.14 10.6 

Pulse 2.69±0.11v 2.75 0.14 10.1 

Design  3.0 3.06 0.15 11.3 
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9.4 Thermography 
 
An air infiltration investigation was performed on eHome2 following the depressurisation 

phase of the blower door test. A pressure differential of -50 Pa was maintained while a 

thermographic survey was undertaken. Areas of air infiltration are identifiable in the 

thermograms below as streak patterns and regions of cooler internal surfaces (indicating air 

movement behind surfaces). The thermograms in Figure 20 to Figure 22 have the same 

applied temperature span, so locations of cooler air infiltration generally signify more 

pronounced and direct air paths.  

 

Direct infiltration paths are shown in Figure 20 - Figure 23, particularly in the ceiling. Indirect 

infiltration can be observed in Figure 24 - Figure 25, particularly at junctions and behind 

plasterboard. Cold patches as a result of inconsistently distributed insulation can be seen in 

Figure 26 - Figure 27. 

 

The thermography aligns with the results of the ceiling U-value which indicates a lower 

measured performance than the design value, this is mainly attributed to the areas around 

the wall-ceiling junction, patches of missing insulation to the roof void, detailing around 

window reveals and the loft hatch. 

 

It is worth noting that when the property is subjected to a pressure differential, the severity 

of air leakage pathways will be amplified. Also, due to the high energy efficiency of the fabric 

in eHome2, the cold bridges will be more pronounced by comparison within the 

thermograms. 
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9.4.1 Direct infiltration 
 

  
Figure 20 –Landing at atmospheric pressure (left) highlighting issues in insulation placement around the loft 

hatch. During depressurisation (right) air infiltration visible along the loft access hatch. 
 

  
Figure 21. Bedroom 1 atmospheric pressure (left) showing gaps in ceiling insulation and bridging at 
wall/ceiling junction. During depressurisation (right) minor air infiltration visible along the eaves and walls, 
as well as air service vents. 

 

  
Figure 22. Bathroom at atmospheric pressure (left), cold spots indicating gaps in the loft insulation 
placement. During depressurisation (right) air infiltration visible along the ceiling particularly at 
penetrations. 
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Figure 23. Ensuite at atmospheric pressure (left) showing cold bridging around the service void. During 
depressurisation (right) air infiltration visible along the ceiling at service penetrations. 

9.4.2 Indirect infiltration 

  
Figure 24. Living Room atmospheric pressure (left). During depressurisation (right) air infiltration visible 
along the ceiling, floor and vents. Particularly cold spot under depressurisation stemming from the inter-
floor void, further investigation required to understand the cause.  

 

  
Figure 25. Stairs at atmospheric pressure (left) showing cold bridging at the rear wall/eaves junction. During 
depressurisation (right) air infiltration visible along the ceiling and wall behind the plasterboard, stemming 
from the eaves.  
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9.4.3 Irregular insulation distribution and uncontrolled infiltration paths 

 

  
Figure 27. Bedroom 2 atmospheric pressure differential (left). During depressurisation (right) some air 
infiltration visible along the ceiling/wall junction, both showing gaps in loft insulation, however no 
additional air movement in the ceiling as a result of depressurisation. 

 
 

9.5 In-situ U-value measurement 
 
In-situ U-value measurements were undertaken on selected thermal elements in eHome2 in 

accordance with ISO 9869 . Measurements were used to assess whether elements achieved 

the design level of thermal performance. In-situ U-value measurements were compared with 

elemental design U-values. 

 

It is worth noting that U-value measurements using heat flux plates (HFP) are highly localized 

in nature, and a number of variables can influence this point measurement. To account for 

this, multiple HFP measurements are taken simultaneously from across the building elements 

surface to create an average. HFP location selection is aided by thermography to identify 

areas deemed representative of the whole building element. These should be considered 

alongside the whole house heat loss figure, provided by the coheating test in section 9.1. 

 

  
Figure 26. Stairs 2 at atmospheric pressure (left) showing cold areas where insulation has not been fitted 
correctly. During depressurisation (right) the cold areas can be seen again, however there appears to be no 
additional air leakage pathways. 
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Table 16 summarizes the results of the in-situ U-value measurements and compares them to 

the design U-value for each measured heating element. The detail of the calculation of the U-

values for each of the elements in-situ can be found in the following section. 

 
 

Table 16.  Design U-values 
  Measurement 

locations  
Design 

Element U-value (W/m2K) 

Door (front) body &window 2 1.20 

Windows  7 1.20 

Floor (ground floor) 10 0.11 

External Walls (brick) 13 0.13 

External Walls (render) 13 0.13 

External Walls (Timber Stud) 2  

Ceiling  9 0.11 

Ceiling (Timber Stud) 2  

 

Note on U-values measured in chamber conditions: 

BS EN ISO 6946:2017 (simplified method) states that the external surface layer of insulation 

for a wall element, has assumed wind speed of 4 m/s.  This allows for wind to be considered 

when comparing buildings in-situ to designs.  However, the chamber environment found at 

Energy House 2.0 does not impose these wind loads as standard, although they can be if 

required. However, in a chamber environment, well distributed laminar flow, which is 

consistent across each façade is difficult to replicate. 

 

The air velocity has been mapped for each square metre of wall of eHome2, with an average 

velocity of 0.23 m/s, with variations ranging from 0 to 0.66 m/s, further details can be found 

in Annex J. Calculation of U-value with different Rse. 

 

We have presented the results here as raw and unadjusted results, which do not account for 

this discrepancy although this is likely to represent a minor difference of around 1% across a 

typical wall value of eHome2. 

 

9.5.1 External Walls 
 
In situ U-value measurements of the external walls were taken at 26 locations between the 

timber frame members and at two locations onto the timber stud. They were distributed as 

follows: two 3x3 grids placed in the Living Room (Figure 28) and Bedroom 1 (Figure 29), an 

extra location was also placed in each grid to measure the timber stud components. The other 

six sensors were located on the remaining exterior walls to take spot measurements, three 

on the ground floor and three on the first floor as in Figure 16. 
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In Figure 29 (Bedroom 1), at the locations of HFPs 7,8 and 9 higher U-values are observed, this 

could be due to anomaly in the makeup, and further investigations are taking place, to be 

covered in a report around energy pathology issues on eHome2. 

 

 

Note on U-value measurement adjacent to corners: 

It should be noted that although measurements taken in both the Living Room and the 

Bedroom 1 are adjacent to the wall corners, these are not affected by any thermal bridging 

issues; the thermal imaging and the U-value measurements (Figure 28 and Figure 29) confirm 

this, they are 540 mm from the corner point (right hand side) of Living Room wall and 560 mm 

from the corner point (left hand side) of Bedroom 1 wall.  

 

 

  
Figure 28. Living Room HFP locations and measured U-values  

 
 

  
Figure 29. Bedroom 1 HFP locations and measured U-values   
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Table 17 shows the data of the U-values average for each of the measurements.  

 

Three timber fraction scenarios were considered to obtain the average U-value of the walls. 

These values were obtained using a weighted average considering 7.8% for the worst 

scenario,  3.9% for the average scenario and 1.5% for best scenario of the values obtained 

from the timber stud, these timber fraction calculations were provided to us by Saint Gobain 

(Annex B) to reflect the building science based principles designed into the concept wall 

system in order to reduce thermal bridging. They have been used in substitution for the 15% 

timber fraction used as a default in BR443 [22]. With reference to section 9.5.1.1 and Figure 

29, it was decided by the research team to include locations 7, 8 and 9 in the average U-value 

calculation. Although the measured U-value in these locations is considerably greater than 

those measured elsewhere on the same panel, it does account for 1/6th of the total panel 

area. This was backed up by thermal imagery. 

 

The average U-values obtained varied from 0.14 W/m2K to 0.15 W/m2K for the ground floor 

(brick) wall and 0.17 W/m2K to 0.18 W/m2K for the first floor (rendered) wall, as shown in 

Table 18.  If uncertainty is considered, the values do not agree with the design value.  

 
Table 17. In-situ U-values for External Walls 

 Ground Floor  

(brick slips) 

First Floor 

(rendered) 

HFP 
Measured U-value 

(W/m2K) 

Measured U-value 

(W/m2K) 

1 0.14±0.02  0.14±0.02 

2 0.12±0.02  0.15±0.02 

3 0.11±0.02  0.15±0.02 

4 0.15±0.02  0.15±0.02 

5 0.15±0.02  0.16±0.02 

6 0.13±0.02  0.17±0.02 

7 0.17±0.02  0.32±0.04 

8 0.14±0.02  0.21±0.03 

9 0.17±0.02  0.26±0.03 

Wall 1 0.12±0.03  0.12±0.04 

Wall 2 0.19±0.02  0.12±0.02 

Wall 3 0.19±0.03  0.12±0.02 

10 (Timber stud) 0.25±0.03 0.26±0.02 
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Table 18 shows the calculated average external wall U-values when considering different 
timber fractions, as supplied by Saint Gobain. 
 

Table 18. Average U-Values for External Walls using different timber fractions. 

 Ground Floor wall First Floor wall First floor wallw  

Measured U-value 
(W/m2K) (Timber 
fraction of 7.8% - 

Worst case) 

0.15±0.02 0.18±0.03 0.16±0.03 

Measured U-value 
(W/m2K) (Timber 
fraction of 3.9% - 
Average case) 

0.15±0.02 0.18±0.02 0.15±0.02 

Measured U-value 
(W/m2K) (Timber 
fraction of 1.5% - 

Best case) 

0.14±0.02 0.17±0.02 0.15±0.02 

Design (W/m2K)  0.13 0.13 0.13 

Difference to design 

(W/m2K) (Timber 

fraction of 7.8% - 

Worst case) 

0.02 0.05 0.03 

Difference to design 

(%) (Timber fraction 

of 7.8% - Worst 

case) 

16% 38% 21% 

Difference to design 

(W/m2K) (Timber 

fraction of 3.9% - 

Average case) 

0.02 0.05 0.02 

Difference to design 

(%) (Timber fraction 

of 3.9% - Average 

case) 

12% 35% 18% 

Difference to design 

(W/m2K) (Timber 

fraction of 1.5% - 

Best case) 

0.01 0.04 0.02 

Difference to design 

(%) (Timber fraction 

of 1.5% - Best case) 

10% 33% 16% 

 
 

 
w Excluding HFP 7,8 and 9, representing the performance of the first-floor external wall excluding 
areas where performance was deemed to be compromised as shown in section 9.5.1.1. This value 
was not used in the whole house plane element analysis. 
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There was slight difference between the averaged U-values and those provided in the design. 

For the ground floor wall, U-values differences ranged between 0.01 – 0.02 W/m2K. For the 

first-floor wall, differences ranged between 0.04 – 0.05 W/m2K. This is outside the range of 

the measurement uncertainty, as such, this wall would be deemed as not performing in line 

with the design. This can be attributed to a particular area of wall which was deemed to be 

underperforming, which was investigated in section 9.5.1.1. 

9.5.1.1 Pathological Investigation 
Following the measurement of the U-values of the external walls, which were found to be 

underperforming, it was decided by the research team to carry out a series of further 

investigations. These are detailed below. 

 

9.5.1.1.1 Exposed service void 

The timber frame in eHome2 contains a 35 mm unventilated cavity. This was exposed by 

cutting a square recess of 350x350 mm into the plasterboard and the VCL layer shown in 

Figure 30. 

 
Figure 30. Recess' cut into the plasterboard and VCL layer of the external wall in Bedroom 1 

9.5.1.1.2 U-value measurement bypassing service void  
U-value measurements were repeated within the recess at points 1,2 and 3, with the HFP 

placed directly on to the internal face of the timber frame panel (the reflective foil was 

removed). Saint Gobain provided the U-value calculations which have the service void 

element removed. These are presented as “design” values in Table 19. 

 

1 

2 

3 
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Table 19. U-Value measurement at internal face of the timber frame panel 

Design  Top (1) Middle (2) Bottom (3) 

0.15 W/m2K 0.21 W/m2K 0.39 W/m2K 1.17 W/m2K 

 

9.5.1.1.3 Exposed insulation inside timber frame 
A further recess was cut into the timber frame panelling on the internal side. This opened up 

the glass fibre insulation inside of the panel.  

 
Table 20. Unintended air gap in timber frame panel 

Top (1) Middle (2) Bottom (3) 

39 mm 36 mm 56 mm 

 

9.5.1.1.4 Smoke test 

Using a fan pressurisation kit, a 50 Pa positive pressure differential was induced on the 

property. While under pressurisation, smoke was released within the master bedroom. The 

smoke was observed entering this unintended air gap, moving upward into the loft space, 

before escaping through the eaves. This indicates that the integrity of the internal VCL, acting 

as the primary air barrier, had been compromised. 

 

9.5.1.1.5 Thermography 

A thermographic survey of the eaves junction was conducted both with the under 

atmospheric pressure and the induced positive pressure. These images are shown in Figure 

31. Heat can be observed escaping the eaves local to where the pathological investigation 

was conducted.  

     
Figure 31. Thermogram showing eaves local to the pathological investigation area under 

atmospheric pressure (left) and induced positive pressure differential (right) 

In summary, the initial findings pointed towards an underperformance in the external wall 

makeup. Following the pathological study, it was found that the insulation appeared to be 

inconsistent inside the panel, leaving uninsulated areas. During the installation process, 



Final Issue 
08/12/2023  

Page 51 of 112 

mineral wool fibre had been compressed to a point where it did not recover to fill the 

insulated stud void, resulting in unintended air voids and underperformance. This was 

coupled with the fact that the wall-ceiling junction did not appear to be intact. This was 

highlighted by both the smoke testing and thermographic survey, which indicated a direct 

route of airflow from the top of the timber frame panel through to the loft, and finally the 

eaves. It is thought that the primary airtightness barrier had been compromised as part of the 

pathological instigation. This allowed for greater air movement when under pressurisation. 

This requires further investigation to be confirmed, the details of which is discussed in section 

10. 

 

9.5.2 Ceiling 
 
In situ U-value measurements of the ceiling were taken at 11 locations between the timber 

frame and at one location on the timber joist component. Figure 32 shows the location and 

the results of the HFP and U- values. The U-values calculated for the ceiling’s panel are 

0.13 W/m2K and 0.23 W/m2K for the centre of the timber frame panel and the timber stud 

component, respectively. 

 

  
Figure 32. Bedroom 1 ceiling HFP Location 

 

Table 21 illustrates two timber fractions, a worst case scenario of 6.3%, and a best case 

scenario (1.6%) (Saint Gobain have issued guidance to UoS stating that the first 100 mm of 

insulation is bridged, whereas the remaining 300 mm is unbridged, this will allow the total 

bridging to be divided by four). For the purpose of transparency both figures have been 

presented. It is the view of UoS that the worst case scenario shall be used.  
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Figure 33. Photograph of the loft insulation. It can be observed that the insulation is not 

homogenous or evenly distributed across the area of the loft. Suboptimal application of insulation 
around roof trusses can be observed. 

 The average U-value of the ceiling (0.15 W/m2K) has a difference of 0.04 W/m2K compared 

to the design U-value (0.11 W/m2K), it is important to mention that these values were 

obtained using a weighted average considering timber fractions of the values obtained from 

the timber stud (11). The timber stud (10) is not representative of the timber stud of the entire 

ceiling, this measurement was taken on an uninsulated layer of plasterboard, rather than a 

timber element, this was confirmed using thermal imaging, shown in Figure 32. This error is 

included for transparency and is not included in the averaged values. 

 
Table 21. In-situ U-values for Ceiling 

HFP Measured U-value 

(W/m2K) 

1 0.13± 0.02 

2 0.12± 0.02 

3 0.15± 0.02 

4 0.12± 0.02 

5 0.12± 0.02 

6 0.13± 0.02 

7 0.12± 0.02 

8 0.12± 0.02 

9 0.17± 0.02 

10 Timber frame studs 0.81± 0.11 

11 Timber frame Studs 0.23±0.03 
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Measured U-value Average(W/m2K) 

(Timber fraction of 1.6% - Best case) 

0.13± 0.02x 

Measured U-value Average(W/m2K) 

(Timber fraction of 6.3% - Worst case) 

0.14± 0.02y 

Design(W/m2K) 0.11 

Difference to design (W/m2K) (Timber 

fraction of 1.6% - Best case) 

0.02 

Difference to design (W/m2K) (Timber 

fraction of 6.3% - Worst case) 

0.03 

Difference to design (%)(Timber 

fraction of 1.6% - Best case) 

21% 

Difference to design (%)(Timber 

fraction of 6.3% - Worst case) 

26% 

 

If we consider the wort case scenario, the ceiling is underperforming by 26%, this is outside 

of the margin of error of the measurement and is therefore an area which requires further 

investigation. Several issues were found in the ceiling insulation, such as disturbance, non-

homogeneity, and non-uniform thickness across the loft zone, there were also some assumed 

areas of air infiltration identified using thermography, this is found in section 9.4. Some 

defects were difficult to identify as around 50% of the loft has decking installed. 

 

9.5.3 Ground Floor 
 

Note on U-value measurement of floors: 

There is no standardised methodology for the in-situ measurement of floor U-values. As such, 

this next section will present the “point thermal transmittance” of the floor of eHome2.  

There is no single point on a floor which will provide an representative match with designed 

U-value [2].  Floor U-value design calculations consider several different variables which are 

difficult to capture with in-situ measurements, these include: 

 

• Buffering effect of the ground 

• Exposed perimeter of the floor 

• Ratio of perimeter to area 

Given these facts, the authors feel that whilst these “point thermal transmittance” (PTT) are 

indicative, they should not be directly compared to floor design U-values as this could be 

misleading. 

 
x Timber studwork was not included in the calculations  
y Timber studwork was not included in the calculations  
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In situ “point thermal transmittance” measurements of the ground floor were taken at 10 

locations, nine distributed on a 3x3 grid in the Kitchen (Figure 34)  and one located in the Hall. 

The HFPs 1,2,3,6, and 9 are closer to the exterior walls and has a higher value compared to 

those closest to the centre of the room.  

 

  
Figure 34. Kitchen floor HFP location 

 

Table 22. In situ PTT for the ground floor 

HFP 
Measured PTT 

(W/m2K) 

1 0.27±0.04 

2 0.12±0.02 

3 0.24±0.03 

4 0.11±0.01 

5 0.13±0.01 

6 0.29±0.03 

7 0.13±0.01 

8 0.19±0.02 

9 0.28±0.03 

Hall 0.37±0.05 

Measured PTT 

Average(W/m2K) 

0.11-0.37 

Design U-value (W/m2K) 0.11 

 
When we consider the range of PTT shown in Table 22 , it can be seen the design value falls 

within the measurement range. This range can be explained by the placement of sensors 

being affected by thermal bridging, ventilation to the floor and the unique nature and 

complex geometry of the NuSpan floor, which has varying resistance across its profile. As we 
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have previously stated, there is no collection of PTT points which would align with the design 

U-value of any suspended floor. 

 

9.5.4 Windows  
 
UoS were not provided with specific U-value design calculations for the windows or doors of 

eHome2, as such we have used in SAP document (Annex A). BFRC (Annex B) provides the 

value of the centre pane of the window. 

 
In situ measurements of the centre pane of windows were taken at five locations on the 

windows. Additionally, for the window of Bedroom 1, two extra locations were measured as 

shown in the Figure 35. The others four locations are shown in the Figure 16. Figure 36 shows 

two measurement locations on the door, one in the main body and one on the door glazing. 

 

 

 
Figure 35. Bedroom 1 window glass HFP location 

 

The average measured U-values for the centre pane of the windows is 0.98 W/m2K (Table 23) 

which agrees with the centre pane design value of 1.07z W/m2K with a difference of up to 8% 

between them. If the uncertainty (±0.14 W/m2K) is considered, this is higher than the 

difference between the design value and the measured value (0.09 W/m2K), so it is considered 

that the U-value measured agrees the design U-value.  

 
  

 
z Refer to Annex B 
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Table 23. In-situ centre pane values for the Windows. 
 

HFP 
Measured centre pane 

(W/m2K) 

Kitchen/Dining 0.91±0.12  

Living Room 0.98±0.13  

WC 1.00±0.14  

Bath 1.04±0.14  

Bedroom1_Centre 0.97±0.14  

Measured centre pane 

Average(W/m2K) 
0.98±0.14 

Design centre pane  

(W/m2K)aa 

1.07 

Difference to design 

(W/m2K) 

0.09 

Difference to design (%) 8.4% 

 

Table 24 shows the data of the U-values of the door elements (body and window) as Figure 

36 shows. The design U-value is 1.20 W/m2Kbb, if the mean average of the measured elements 

is considered (1.42 W/m2K), the measured U-value is 18.3% higher than the design value and 

if the weighted average is considered (0.61 W/m2K), the U-value is measured is 49.1% lower 

than the design value. 

  

 
aa Refer to Annex B 
bb Refer to annex B 
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Figure 36. Front Door HFP location 

 
Overall, it is difficult to assign a figure to the window and door performance that can be used 

to directly compare with the design performance. Firstly, we did not have the actual window 

and door design figures. For the door, we only have the value given in SAP, in order to make 

a better evaluation of the performance of the door, it is necessary to have the values of each 

of the elements of the door.  
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Table 24. In-situ centre pane for the Door. 
 

HFP Measured U-value  

centre pane (W/m2K) 

Body 0.53±0.07 

Window 2.32±0.33 

Weighted Average  0.61±0.10 

Mean Average 1.42±0.11 

Design U-value (W/m2K) 1.2 

Difference to design 

Weighted Average 

(W/m2K) 

-0.59 

Difference to design 

Weighted Average (%) 

49.2 

Difference to design 

Mean Average 

0.22 

Difference to design 

Mean Average (%) 

18.3 

 
 

For the windows, generally the thermal performance of the frame and the glazing element 

would be detailed separately. We have a BFRC and SAP value, however these are for a 

typically sized windows and not specific to the ehome2. If we consider only centre pane 

values, then the data suggests that window appeared to meet the design U-value. 
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9.6 Performance Gap 
 

This section will focus on the whole house performance gap highlighted in Section 9.4.  A 

minor performance gap was found in eHome2, which will be quantified in this section, but a 

more detailed pathological report will be prepared. This will use some more in-depth testing 

methods to identify specific intervention points and will assist Saint Gobain/Barratt in 

improving the fabric of the home and thus reduce the performance gap measured at 3.9%.  

 

9.6.1. Element breakdown 
 

Table 25 shows the results of the HTC of the fabric calculation, in which three HTC values are 

compared, the first is the design HTC (73.8 W/K), the second is the HTC obtained using the 

measured U-values and measured infiltration heat loss (73.0 W/K) and the third HTC obtained 

in the coheating test (80.0 W/K).  

 

The difference between the second and third HTC -1.82 W/K. This difference may be due to 

the uncertainties related to the measured values and potential discrepancies between 

calculated and as-built thermal bridging heat losses. It is important to mention that in the 

case of the HTC obtained from the U values, the uncertainties of the windows and doors were 

not considered, as there was not enough data to obtain the measured U-value of each 

element (only centre pane was measured). However, both tests broadly agree with the value 

of the HTC. 

 
Table 25. Performance gap   

Design As-built 

Element Area 
(m2) 

U-value 
(W/m2K) 

Heat loss 
(W/K) 

U-value 
(W/m2K) 

Heat loss 
(W/K) 

Doors (front door) 2.25 1.2 2.70 1.2cc 2.70 

Windows (inc pat doors) 19.23 1.2 23.08 1.2cc 23.08 

Floor  45.63 0.11 5.02 0.14±0.03dd 6.39 

Walls (Brick)  50.69 0.13 6.59 0.15±0.02 8.11 

Walls (Render) 65.43 0.13 8.51 0.16±0.03 10.47 

Ceiling 45.63 0.11 5.02 0.14±0.04 6.84 

Plane element heat loss (W/K) 50.91 57.8 

Thermal bridging heat loss (W/K) 11.5 11.5 

Total fabric heat loss (W/K) 62.43 69.3 

 
cc Design values were used for openings because only centre pane was measured. 
dd For plane element analysis, it was necessary for a measured in-situ “U-value” to be calculated. For 
this, the measurements of HFP 4,5,7,8 and Hall were considered for the average. The average U-
value calculated for the floor region is 0.14 W/m2K. This is not a U-value which can be compared to 
a design figure. 
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Infiltration heat loss (W/K) 11.3 10.6 

HTC (design) (W/K)ee 73.8 

HTC (measured fabric and measured infiltration) (from U-
value) (W/K)ff 

80.0 

HTC coheating (W/K)gg 76.7±2.01 

Unexplained fabric performance gap (W/K) -3.26 

Gap 
Absolute 

(W/K) 
% 

Design fabric and infiltration performance gap 2.9 3.9% 

Fabric performance gap  3.6 5.9% 

Infiltration performance gap (W/K) -0.7hh -6.3% 

Contribution to design and fabric performance gap 

Fabric performance gap contribution 124% 

Infiltration performance gap contribution -24% 

 
The HTC obtained in the coheating test 76.6±2.01 W/K shows a design fabric and infiltration 

performance gap is 2.9 W/K (3.9%). Figure 37 shows a gap of 3.6 W/K due to fabric 

performance and -0.7 W/K due to infiltration performance. The fabric performance gap is 

5.9% which indicates a good performance of the fabric. However, in case of infiltration 

performance gap represents -6.3% which indicate a better airtightness than the design value. 

Of the 2.9 W/K gap, 124% is due to the fabric and -24% to infiltration, indicating plane element 

heat loss under performance is negated by an over performance in terms of airtightness. 

 

 
Figure 37. HTC design vs measured. 

If the design plane element is compared vs the plane elements obtained with the U values, 

it shows that in the design, the openings represent 50.6% of the heat loss, the walls 29.6% 

 
ee Theory based on design values 
ff Both theory based with design fabric performance and measurement based with the infiltration 
gg Measurement based 
hh Refer to Table 15 to see results of the blower door test 
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and ceilings/floor 9.9% each. However, in the measurements, the openings represent only 

43.6%, the walls 32.8%, the floor 13.0% and the ceiling 10.7%.  

 

 

 
Figure 38. Plane elements components 

 

9.6.2. Different test methods 

 
Figure 39 compares the HTC obtained by the different methods with the design HTC. The 

performance gap measured by the coheating test is 3.9%, -11.8% by QUB and -2.5% by 

Veritherm.  

 
Figure 39. HTC different methods. 
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9.6.3. As-built SAP assessment 
 

UoS were provided with the as designed SAP file (xml). This file was manipulated in the 

following way, to achieve an as-built HTC: 

• Inserted the as-built air permeability test result (section 9.3) 

• Manipulated the U-values to give us an as-built plane element fabric heat loss value 

The output files were then generated to produce the results as shown in Table 26. This helps 

to contextualise the performance gap, utilising the assumptions and normalised process 

found within SAP. 

 

Table 26. Performance Gap as obtained from the Design and As-Built SAP assessments 

 Design As Built Difference 

CO2 (t/yr) 0.07 0.10 0.03 

Primary Energy Use (kWh/m2/yr) 4.0 8.0 4.00 

SAP Rating 99 (A) 97 (A) 2 

Dwelling Fabric Energy Efficiency (kWh/m2/yr) 38.68 42.70 4.02 

 

As shown in Table 26, the performance gap does have an effect on the primary energy use of 

eHome2, with the house consuming an additional 4 kWh/m2/yr to run as a result of the 

underperformance. If we then consider CO2 emissions, then there is an additional 0.03 tonnes 

per year.  
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10.  Summary 
 
Overall, the fabric of eHome2 performed well, with the in-situ measurement of several 

building elements being in-line with the design performance in terms of the heat loss through 

the fabric by conduction and radiation. It is worth highlighting the issue found with the 

external first floor wall, in which a considerable increase in U-value (63%) was measured 

towards the bottom of the panel. Following a pathological investigation, it was found that 

two issues were the cause of this: 

1. Insulation appeared to be placed inconsistently inside the panel, leaving uninsulated 

voids. 

2. A direct air leakage pathway was observed at the wall-ceiling junction when the house 

was subjected to a pressurisation test. This direct route of airflow navigated from the 

top of the timber frame panel through to the loft, and finally the eaves - indicating an 

in-proper seal. Further investigation of the timber frame panels construction is 

required to confirm this. 

 

Localized underperformance of the external walls and roof is responsible for a fabric 

performance gap of 3.9%, which is outside of our margin of measurement error (±2.7%) and 

therefore indicative of a measurable gap. As the airtightness of the property overperformed, 

this performance gap can be attributed to the plane element and thermal bridging heat loss. 

In terms of energy modelling, the Dwelling Fabric Energy Efficiency (DFEE) has a 

4.02 kWh/m2/yr increase, according to SAP. 

 

Figure 40 shows how the percentage performance gap of eHome2 compares to that of other 

newbuild properties from the Leeds Beckett University (LBU) coheating database [1], which 

is the largest published dataset of coheating tests conducted on new build properties. The 

eHome2 performance gap of 3.9% is below that of the 30 new build dwellings tested by LBU 

prior to 2015. It should be noted that the measurement of eHome2 was conducted under 

controlled conditions, whereas the work carried out by LBU was conducted in the field. 

 



Final Issue 
08/12/2023  

Page 64 of 112 

 
Figure 40. Difference in measured HTC of the predicted steady state HTC of the Leeds Beckett 

University coheating database (newbuild homes) (as a percentage), including the eHome2 
performance gap 

 

A key area which will have contributed to this are the aforementioned issues identified with 

the external first floor wall. Another contributing factor may be the timber fraction which was 

used in the U-value calculations. Although three different timber fractions were supplied to 

the research team, a conservative approach was deemed most suitable, as such the worst-

case scenario was used in all calculations. It is important to remember when considering these 

issues that eHome2 is a prototype building - the approaches and techniques in the design and 

delivery of the building were new to the developer. 

 

Further work will involve the construction of a 2x2 m test space, made up of a new iteration 

of the external wall panels. A similar pathological investigation to what is described in section 

9.5.1.1 will be conducted to confirm the issue has been rectified.  
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11. Annex A – SAP (design)  
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12. Annex B – Supporting evidence for U-values 
 

12.1 Ground Floor  
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12.2 Roof  
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12.3 External Walls – Brick Slips (Ground Floor) 
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12.4 External Walls – Rendered Walls (First Floor) 
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12.5 Wall-Timber Fractions  
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12.6 Ceiling -Timber Fractions 
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12.7 Windows  
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13. Annex C.  HTC uncertainty 
 

HTC uncertainty was calculated by considering type A and type B uncertainties. 

 

Type A uncertainty 

 

Type A uncertainty considers statistical variation in the recorded data [23] is calculated as the 

standard error of the average of each measurement. For HTC measurements 10 minutes 

averages were used for type A uncertainty. 

 

𝑢𝐴 =
𝜎

√𝑛
                                                            Eq.  C1 

 

 

Type B uncertainty 

 

Type B uncertainty considers the uncertainty attributed to the accuracy of the measurement 

device.The accuracy and standard uncertainty of equipment used in the HTC calculation are 

stated in Table E1. 

 

Table C1: Accuracy and standard uncertainty of equipment used in the HTC calculation 

Variable Device Accuracy 
Probability 

distribution 
Divisor 

Standard 

Uncertainty 

Q [W] 

Eastron SDM230-

Modbus digital 

power meter 

1% of 

measurement 
- - 

1% of 

measurement 

Ti [°C] 
hygroVUE 

10/thermocouple 

±0.1 °C (20 to 

60 °C)/ ±0.1 °C 
normal 2 0.05 

Te [°C] hygroVUE 10 
±0.2 °C (–40 to 

70 °C) 
normal 2 0.10 

 

The type B uncertainty of total power input is calculated by taking the average power input 

(based on cumulative energy data) and multiplying by the stated accuracy (1% of 

measurement).  

 

The type B uncertainty of both the Ti_vw and the average external temperature is calculated 

using Table E2 and Table E3. The standard uncertainty of each individual temperature sensors 

is scaled by the same coefficient using the volume of each sensed area to form the weighting. 

These are then summed following the residual sum of squares (RSS) method. 
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Table C2: Ti_vw type B uncertainty 

Zone Weighting hygroVUE 10 sensor uncertainty Scaled uncertainty 

Kitchen 0.11 0.05 0.006 

Dinning 0.11 0.05 0.006 

Living Room 0.181 0.05 0.009 

WC 0.035 0.05 0.002 

Hall 0.072 0.05 0.004 

Bedroom 1 0.146 0.05 0.007 

Bedroom 2 0.095 0.05 0.005 

Bedroom 3 0.107 0.05 0.005 

Bath 0.055 0.05 0.003 

Ensuite 0.049 0.05 0.002 

Landing 0.041 0.05 0.002 

Quadrature sum (k = 1) 0.017 

k = 2 0.034 

 

Table C3: Te type B uncertainty 

Elevation Weighting hygroVUE 10 sensor uncertainty Scaled uncertainty 

Front 0.25 0.1 0.025 

Left 0.25 0.1 0.025 

Right 0.25 0.1 0.025 

Rear 0.25 0.1 0.025 

 Quadrature sum (k = 1) 0.05 

 k = 2 0.10 

 

Combined Uncertainty 

The Type A and Type B uncertainty attributed to each measurement are combined through 

the RSS method prior to error propagation in the HTC calculation. 

 

𝑢𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = √𝑢𝐴
2 + 𝑢𝐵

2                                                     Eq.  C2 

 

Uncertainty Propagation  
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The uncertainty propagation of the HTC calculation is given by the following equation: 

𝑢𝐻𝑇𝐶 = √(
𝑢𝑄

Δ𝑇
)

2

+ (
𝑄2

Δ𝑇4) ⋅ (𝑢𝑇𝑖

2 + 𝑢𝑇𝑒

2 )                                           Eq.  C3 

 

Expanded Uncertainty 

All prior uncertainties have been given as k=1. When stating the uncertainty on plots, the 

expanded uncertainty (k=1.96) is stated, such that: 

 

𝑈 = 𝑘 ⋅ 𝑢                                                                     Eq.  C4 

 

Such a coverage factor should result in a 95% confidence interval. 
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14. Annex D. In-situ U-value uncertainty 
 

ISO 9869 [16] applies an uncertainty value of 14-28% to in-situ U-value measurements. 

However, this uncertainty is based on measurements undertaken in the field without control 

of external conditions. The ISO 9869 uncertainty calculation was modified for the controlled 

environment and to include type A and type B uncertainties.  

 

Type A uncertainty 

Type A uncertainty considers statistical variation in the recorded data (GUM), is calculated as 

the standard error of the average of each measurement. For U-values measurements 10 

minutes averages were used for type A uncertainty. 

 

𝑢𝐴 =
𝜎

√𝑛
                                                                 Eq.  D1 

 

Type B uncertainty 

Type B uncertainties are based on the sources of uncertainty listed in ISO 9869. Table C1 lists 

the measurement uncertainties provided by ISO 9869 and modifications that were made for 

eHome2 based on the apparatus and test environment. It must be noted that many of the 

assumptions regarding sources of uncertainty contained within ISO 9869 are not 

accompanied with background information as to how they have been derived. 

 

Table C1: Measurement uncertainties provided by ISO 9869 and modifications made for 

eHome2 

ISO 9869 consideration Notes % error Absolute error 

Apparatus - Logger Based on logger accuracy 0.3  

Apparatus - HFP Hukesflux HFP01 datasheet 3  

Apparatus - hygroVUE 10 

temperature sensor 
Based on steady state ΔT 0.5 0.3 

HFP contact ISO 9869 - unadjusted 5  

Isotherm modification ISO 9869 - unadjusted 2  

Variation in temp & heat 

flow 

ISO 9869 ~10%. Removed as steady 

state measurement reported. 

Captured in type A uncertainty 

0  

Variation in air (Ti) & 

radiant (Tr) temperature 

differences 

ISO 9869 suggests 5%. 2.5  
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type B uncertainty Quadrature sum 6.7  

 

 

Combined Uncertainty 

The Type A and Type B uncertainty attributed to each measurement are combined through 

the sum of squares (RSS) method prior to error propagation in the U-value calculation (as 

described in GUM). 

 

𝑢𝑐𝑜𝑚𝑏𝑖𝑛𝑒𝑑 = √𝑢𝐴
2 + 𝑢𝐵

2                                                       Eq.  D2 

 

Uncertainty Propagation  

The uncertainty propagation of the U-value calculation is given by the following equation: 

 

𝑢𝑈−𝑣𝑎𝑙𝑢𝑒 = √(
𝑢𝑞

Δ𝑇
)

2

+ (
𝑞2

Δ𝑇4) ⋅ (𝑢𝑇𝑖

2 + 𝑢𝑇𝑒

2 )                                         Eq.  D3 

 

Expanded Uncertainty 

All prior uncertainties have been given as k=1. When stating the uncertainty on plots, the 

expanded uncertainty (k=1.96) is stated, such that: 

 

𝑈 = 𝑘 ⋅ 𝑢                                                                      Eq.  D4 

 

Such a coverage factor should result in a 95% confidence interval. 
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15. Annex E. Blower door Test 
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16. Annex F. Pulse Test 
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16. Annex G. HFP Thermography locations 
 

 
 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 41. Thermogram showing locations of external wall in-situ U-value measurements.  
(a) Main Bedroom grid (b)wall location. 

 

Figure 42. Thermogram showing ceiling. 
(a) Main Bedroom locations of ceiling in-situ U-value measurements (b)bedroom 2 ceiling. 

 

Figure 43.Thermogram showing locations of floor in-situ U-value measurements (a) Kitchen (b)Hall. 
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Figure 44. Thermogram showing locations of windows and door in-situ U-value measurements. 
(a) Main bedroom window (b)door. 
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17. Annex H. QUB test 
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18. Annex I. Veritherm test 
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19. Annex J. Calculation of U-value with different Rse 
 
The thermal transmittance of a building element is obtained by combining the thermal 
resistance of its component’s parts and the adjacent air layers as in Equation 1. 
 

𝑈 =
1

𝑅𝑡
=

1

𝑅𝑠𝑖+𝑅𝑡+𝑅𝑠𝑒
                                                                  (eq. 1) 

 
Where U is the thermal transmittance (W/m2K) Rsi is internal surface resistance (m2K/W) Rt is 
the sum of all the thermal resistances components (m2K/W) and is the external surface 
resistance (m2K/W). 
By having a measurement, we obtain the U-value and if we assume that the Rsi and Rt value 
is not affected by the wind speed we can obtain Equation 2 where Rp is the sum of Rsi and Rt. 

 

𝑈𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑  =
1

𝑅𝑝+𝑅𝑠𝑒
                                                                  (eq. 2) 

 
According to CIBSE Design Guide A the external surface resistance is given by Equation 3.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

 

𝑅𝑠𝑒 =
1

𝐸ℎ𝑟+ℎ𝑐
                                                                 (eq.3) 

 
Where E is the emissivity factor, hr is the radiative heat transfer coefficient (W/m2K) and hc is 
the convective heat transfer coefficient (W/m2K). CIBSE Design Guide A also suggests that the 
correlation of hc is given by Equation 4. Where WS is the wind speed. 

 
ℎ𝑐 = 5.8 + 4.1 WS                                                           (eq.4) 

 
The standard value of Rse in ISO 6946 is 0.04 m2K/W for Wind speeds of 4 m/s, 0.02 m2K/W 
for speeds of 2 m/s. If we assume a speed of 2 m/s for a Rse of 0.02 m2K/W and calculate Ehr, 
and then we substitute a new value of hc using measured WS and recalculate Rse and the U 
value. If we compare the difference of the U value using Rse standard vs the measured WS 
value this difference is less than 1%. 
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