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1 Executive Summary 

The Single Dwelling Implementation Plan report outlines the development of individualised 

improvement scenarios that are tailored to the customer segments and house types 

identified previously by the consortium. The report draws on the demographic information 

from WP5 in order to better understand customer motivations and barriers toward retrofit. 

This information has also been useful in determining customer awareness of wider green 

issues and their interest in home improvement.  

Using customer segments as a guide, the BRE stock data was analysed to determine the 

properties in which these groups tend to reside. Customer segments and property types 

have been extensively detailed to provide robust improvement packages. These packages 

were developed during the Single Dwelling Refurbishment Plan workshop which involved 

project partners from PRP, Wates, Total Flow and BRE. All aspects of thermal efficiency, 

including lighting and appliance use, were considered for each house type.  The result was a 

set of two refurbishment packages for each property, divided into 'Basic' and 'Enhanced' 

packages based on what are considered basic improvements or those which are best 

practices. Each plan is designed to address the drivers and barriers for each customer profile 

while effectively retrofitting their property according to age, typologies and unique 

considerations. Each measure has been tested with the BRE/UCL model in order to assess the 

effectiveness of the interventions. The result is a group of solutions that covers a 

representative percentage of the UK population and housing stock, presenting solutions that 

are thermally robust as well as represent added value to potential retrofit customers.  

The results of our analysis of the whole house packages show that: 

• Post-1980 properties are not cost effective to retrofit at our basic level, but all Pre-1980 

properties reasonably demonstrate cost effectiveness in terms of retrofit.  While Post-1980 

homes do show benefits at enhanced level for carbon emissions reduction and fuel savings, 

but it is not very cost effective because of the high cost to achieve minimal improvements 

• Occupant behaviour is a factor that should not be ignored, particularly when predicting 

energy savings - we have demonstrated that for the same house type and same set of 

solutions different types of occupants greatly influence fuel savings and CO2 emissions 

reductions.   For example, despite reductions in lighting, appliance and hot water use, given 

the same house type, Greener Graduates use up more energy overall - spending around £100 

more per annum than the Young Starters, living in the same type of property but heating to a 

1°C higher set temperature. 

• Some Pre-1919 properties experience a reduction in carbon emissions by up to 50% for the 

basic packages, and up to 58% for the enhanced packages.  Achieving Passivhaus 

performance standards can result in reductions of up to 75%. 

• If we want to hit more ambitious "low carbon" targets, relying on current construction 

methods and available materials is not enough.  We can only hit these targets if we aspire to 
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meet Passivhaus-type standards, and promote the development of solutions that will enable 

us to hit the high performance U-values that are required. 

• Loft conversions are not generally viable in terms of cost effectiveness and thermal benefits.  

We need to explore other ways of adding value by creating habitable/storage space. 

 

We also looked at gaps in the current technology available to us for retrofit - there are many 

products that are not readily available that could greatly contribute to the success of a mass 

retrofit, in particular products that are able to deliver high levels of insulation without 

requiring material depth, as well as off-site manufactured multi-functional solutions that 

combine functions, e.g. finishing and insulation, security and insulation, etc.  We would need 

to further develop some of these "dream materials" if we want to hit more ambitious targets, 

such as an affordable mass-scale "Passivhaus retrofit standard" exercise. 
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2 Introduction 

• The Single Dwelling Implementation Plan report draws on the work completed in WP3.3 

and 3.4a, as well as work completed by project partners on customer segments and 

supply chain issues 

• The report presents 24 whole house package variations specifically tailored to customer 

segments and the properties in which they are most likely to live 

• Packages include not only specific technical solutions but also value propositions and 

necessary enabling works  

• Solutions have been tested with the single dwelling model developed by BRE/UCL to 

assess the effectiveness of each of the proposed packages 

 

This Single Dwelling Implementation Plan report outlines 24 whole house package variations 

for the most promising customer segments and associated house types. Chosen house types 

were determined according to the typology in which the highest percentage of the customer 

segment live, and the house types which emit the most CO2 emissions per segment. 

Customer profiles have dictated aspirations, values, motivations and energy consumption 

behaviour, which were then used to develop design solutions and delivery programmes.  

The pivotal exercise of WP3.4 was the Single Dwelling Implementation Plan workshop which 

drew on the practical expertise of consortium partners to develop design solution for each 

house types. This included not only architectural and construction considerations but the 

customer segment most likely to reside in each house type and their attitudes toward 

thermal refurbishment.  

The design workshop also helped to identify gaps in materials and process which may lead 

to a demand for particular product innovations that will facilitate the retrofit process. 'Dream' 

products that would help improve the retrofit process in terms of cost, efficiency and overall 

attractiveness to the general public were also taken into account. These products have been 

analysed by project partners at BASF and have been also been utilised by WP4.  

All aspects have been supported by the single dwelling model developed by BRE/UCL. It has 

been especially insightful to see the difference in carbon savings between the various whole 

house packages as they have been tailored to the occupants - how different types of 

occupants can result in varying degrees of CO2 reduction given the same house type and 

thermal efficiency improvement package. 
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2.1 REPORT OBJECTIVES 

 

• Develop tailored whole house solution based on dominant customer segments and house 

types 

• Packages cover house types that have been determined to be likely candidates for 

improvement or those which represent a large portion of the UK stock 

• Ensure proposed solutions have been tested and analysed to ensure they are cost and 

carbon efficient 

• Synthesis of other WP findings relevant to single dwelling refurbishment 
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3 Methodology and Process 

• Developed house type and customer segment pairings based on BRE stock data and 

findings from WP5 

• Single Dwelling Refurbishment Plans were created during day-long workshop with 

project partners 

• BRE Model used to test measures proposed in both the basic and enhanced Single 

Dwelling Refurbishment Plans 

 

The house types and customer segments to be used in developing improvement scenarios in 

this report build on the work completed in previous stages, specifically WP3.4 and WP5. 

House types were selected based on frequency of occurrence, contribution to the CO2 

emissions of the UK's existing housing stock and geographical spread. These were narrowed 

largely according to the chosen customer segments as determined by the consortium to be 

the most likely groups to accept and undertake a retrofit process.  Other groups were 

included regardless of their inclination toward retrofit as a result of their significant 

population size. Using stock data provided by the BRE, we can determine what house types 

these demographic groups will likely live in and their contribution to overall stock CO2 

emissions. We will then develop strategies for the entire retrofit process which will be tested 

with the single dwelling model and stock model, developed by the BRE. 

3.1 SELECTION OF HOUSE TYPE AND CUSTOMER TYPE COMBINATIONS 

 

The original intention was to narrow customer segments to fewer than the ten originally 

investigated in WP5. Consortium partners undertook a collective exercise to rank each 

customer group out of three according to the size of the segment, their overall awareness of 

green issues and their openness toward a retrofit project (with 1 being a small population or 

negative feelings toward retrofit, while 3 represents a large population or a group that likely 

has positive feelings toward retrofit). This was based on BRE population data and findings 
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from WP5 (see Appendix A). However, all ten were included in the Whole House Solutions, as 

even those who are unlikely to undertake a retrofit project, the customer segment may 

represent a significant population that will need to be addressed in a mass retrofit 

programme.  

Following this exercise, the BRE stock data was used to determine in which house type each 

customer segment is likely to live. For most of the customer types, the top two house types 

for each were chosen. For some segments, only one house type was analysed as a result of 

either small population size or because the customer type is unlikely to undertake a retrofit.  
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3.2 GENERATION OF WHOLE HOUSE PACKAGES 

 

The generation of whole house packages involved the findings of WP3.3 Whole House 

Solutions and drew in the findings of WP5 to consider customer motivations and barriers for 

a retrofit project. A workshop was organised to develop these packages and was held over 

one day with architects from PRP, construction specialists from Wates and project partners 

from Total Flow and BRE. In teams, each group was given a house type and customer 

segment package (see Appendix B).  

For their given house type, each team was given the typical dimensions of the property as 

well as baseline conditions. Based on these assumptions, the teams were required to identify 

unique features of the property that would require special attention during a retrofit. 

Following this exercise, each group developed a basic thermal package of work (Retrofix) and 

an enhanced package (Retromax) for their given house type. For the basic package, groups 

were required to formulate a basic whole house package for this type of property. For the 

enhanced package, teams were to formulate a "good practice" whole house package for this 

type of property. Enhanced packages tended to involve more investment and more 

disruption, although teams were required to consider cost effectiveness for both. For each 

measure, groups were told to include a description of the enabling works required. 

Following this stage, teams moved on to the customer segments associated with their house 

types. Each team was provided with demographic information, customer profiles and 

aspirations for home improvements/retrofit. With these guidelines, groups determined which 

solution their segment would likely undertake- a basic, enhanced or bespoke package- and 

consider the added value measures that can be undertaken at the same time in order to 

incentivise the customer to undertake a retrofit project.  

3.3 MODELLING THE WHOLE HOUSE PACKAGES 

After generating the whole house packages, we then tested both basic and enhanced 

packages.  Starting with a baseline run, we tailored the base data for average wall, floor, 

window, door and roof areas and their current state U-values, boiler performance and 

airtightness using a set of occupant behaviour profiles - changing the values for occupancy, 

set temperature, and behavioural consumption for lighting, appliances and hot water 

depending on our profile of each occupant type.  A detailed profile of the occupants can be 

found in Appendix C. 

With the baseline established, we then proceeded to run iterations of the basic and 

enhanced packages which are described in the next chapter.  The resulting data gives us a 

heat loss profile before and after each package is implemented, CO2 Emissions, Primary 

Energy Consumption broken down into Electricity and Gas, Fuel Cost and Construction Cost. 
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4 Whole House Packages: Basic 

• Packages were developed during the Single Dwelling Refurbishment workshop 

• Packages were divided into 'Basic' and 'Enhanced' options in order to give alternatives 

based on cost and disruption 

• Basic packages are designed to be sufficient to improve the thermal efficiency to a level 

which will make a significant step towards the 2050 Climate Change commitments (20-

50% savings) without excessive cost 

• Enhanced packages are based on the highest level of performance we can envisage with 

products and processes widely available in the next 5 years irrespective of current cost 

• Costs included in each performance table are based on current costs and not target 

future prices 

 

The following whole house packages were developed during the Single Dwelling 

Refurbishment workshop, where the participants were divided into groups and asked to 

develop solutions for a specific house type with specific customer groups residing within 

them.  What was interesting was that the main driver for variation between the work 

packages was the age of construction - older properties may be subject to conservation 

issues but have the greater potential for thermal improvement, while newer properties may 

be easier to retrofit in terms of the architectural language that they use, however these are 

built closer to building regulation standards and therefore show less "bang for buck" in 

terms of the cost of retrofit versus the increase in energy.  In a way, for the newer properties, 

you have to push available technology a little bit further in order to make retrofit a 

worthwhile proposition. 

The first section of the Whole House Packages starts with the basic packages, which were 

considered at the workshop to be interventions that would improve a property's thermal 

efficiency by 20-50%.  Customer aspirations reflect on these only in that lower income 

groups may not even be able to afford the basic retrofit package, hence the development of 

"Basic Lite" packages that feature options for customer segments earning significantly less 

than £30,000 per annum. Enhanced Packages are covered in the subsequent section. 

The following table shows the complete set of measures used in generating our whole house 

packages.  Light green circles signify that the measure belongs to the "Basic Packages" set 

and dark green circles signify that the measure belongs to the "Enhanced Packages" set.  

Orange circles denote unique features that have a high probability of occurrence for that 

particular housetype, which could potentially increase the complexity and cost of the retrofit, 

or require special attention to thermal bridging features.  Blue circles denote "Added Value" 
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features which are not necessarily thermal efficiency related but have been added to the 

Enhanced packages in order to respond to the requirements of the customer segment. 
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SOLUTIONS, FEATURES and ADDED VALUE OPTIONS 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

8 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

       
IWI front only, 

EWI 

0.20 W/m
2
K 

Insulated loft 

hatch 

UFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

MVHR HW tank 

jacket 

 

 

   

 

 
IWI 

0.25 W/m
2
K 

 Floor insulation 

0.15 W/m
2
K 

Double glazing 

1.3 W/m
2
K 

Airtightness 

6 m
3
/m

2
.hr 

 TRVs,zoned 

controls 

 

 

   

 

 
CWI 

0.15 W/m
2
K 

 Solid floor 

insulation 

0.30 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

 Modulating 

boiler 

 

  

  

 

 
Removable 

reveals 

  Insulated secure 

door 

1.5 W/m
2
K 

Airtightness 

3 m
3
/m

2
.hr 

 Heat pump 

UNIQUE FEATURES 

       
Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Garage wall/s & 

soffit 

Party 

walls/floors 

ADDED VALUE 

       
Security features Loft conversion Storage deck New kitchen New bathroom Underfloor 

heating 

Solar thermal 

HW 
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A-rated 

appliances 

Energy monitors Rainwater 

collection 

Greywater 

recycling 

LED lighting Sunpipes/fiber 

optics 

PV 
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4.1 BASIC PACKAGE 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROL

S 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

    HW tank 

jacket 

 

     

 
Removable 

reveals 

     TRVs,zoned 

controls 

 

For the Basic Packages, they were built around the following strategy: 

• Wall Insulation - typically EWI +CWI with a target U-value of 0.15 W/m
2
K for existing cavity 

walls (0.2 W/m
2
K if CWI is not feasible).  For solid walls, the approach is tailored to the house 

type.  We do not recommend insulating the reveals at this point as the package does not 

include window replacement or door replacement and therefore any future window or door 

replacement could compromise the integrity of the EWI.  However, render should be installed 

to the reveals and heads in order to maintain the aesthetics of the property. Sacrificial strips 

could be installed to be easily removed without having to be cut out of the installed insulation 

when future installation occurs.  If a cavity wall is encountered, it may be unfilled or filled 

badly if the CWI installation has not been done in the recent past.  If it is feasible to remove 

the existing fill, remove and replace with better quality CWI.  If unfilled, install CWI along with 

EWI to reduce the depth of insulation required on the exterior of the building.   Since window 

replacement is not a fundamental part of the basic package, removable insulation around the 

window and entrance reveals will allow for future upgrades without compromising the quality 

of the EWI installation. 

• Loft Insulation - typically top up to a U-value of 0.15 W/m
2
K 

• External Floor Edge Insulation 

• Airtightness of 7 m
3
/(m

2
.hr) @ 50Pa for Post-1945 properties, 8 m

3
/(m

2
.hr) @ 50Pa for Pre-

1945 Properties 

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 
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• TRVs and zoned controls 

We started with these basic solutions and then customised the solutions based on the 

unique features of each house - architectural features, wall construction, party walls, 

configuration.  For the basic solutions, we didn't customise the solutions for the occupants - 

but during the modelling we did tweak the occupancy settings in order to account for 

behavioural adjustments.   

 

 

 

 

 

      

4.1 19MID-YS, 19MID-GG, 19MID-EE &19CNV-GG 

Pre-1919 Mid-terrace  

inhabited by Young Starters, Greener Graduates or Early Entrepreneurs 

19MID-YS, 19MID-GG, 19MID-EE & 19CNV-GG  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROL

S 

       
IWI front only, 

EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

 8 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

    

  

 
Removable 

reveals 

Insulated loft 

hatch 

UFloor edge 

insulation 

Draughtstripping   HW tank 

jacket 
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      TRVs,zoned 

controls 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party walls/floors  
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For the Basic Package, we developed the following set of solutions: 

• Wall Insulation 0.20 W/m
2
K.  IWI + EWI.  Mid-terraces are one of the most common house 

types in the UK and in many areas form an integral part of the urban streetscape.  Pre-1919 

mid terraces (which are sometimes converted flats as well) can be richly decorated on the 

front facade, plus the common occurrence of a constrained site means there probably will not 

be space for EWI, and therefore we opted to go for IWI on the front with EWI everywhere else, 

and because of the solid wall construction we recognise that a U-value of 0.15 W/m2K would 

be too demanding, so the target would be 0.20 W/m2K for the walls. 

• Bay window  detailing and Extension detailing. 45% of this stock type will have bay 

windows and 75% will have extensions, therefore bay window and extension thermal bridging 

and insulation detailing may be required. 

• Upper Floor Insulation (front façade only). Because we opted for IWI in order to preserve 

the front façade, we risk thermal bridging at the upper floor, therefore some floor boards 

need to be lifted in order for spray foam insulation to be blown into the upper floor 

perimeter: 

• Secondary Glazing 2.0 W/m
2
K.  Since window thermal standards can be really sub-standard 

in these properties if they haven't already had double glazing installed, we recommend 

secondary glazing that can be removed in the future in the event of full window replacement: 

• Chimney Insulation.  A property of this age is likely to have a chimney stack, so we would 

cap the top of the chimney and fill it with insulation. 

 

 The rest of the package consists of the standard solutions: 

• Loft Insulation - typically top up to a U-value of 0.15 W/m
2
K 

• External Ground Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa for Pre-1945 Properties 

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

 

Party walls would require internal works so in the interests of minimising disruption and 

keeping costs down we have opted to leave party wall insulation for the enhanced packages. 
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MODELLING RESULTS 

19MID-YS Baseline Basic Package % Improvement 

Cost £0 £18,826   

Carbon Emissions 75 kgCO2/m
2
/yr 46 kgCO2/m

2
/yr 39% 

Heating Energy 

Consumption 

286 kWh/m
2
/yr 139 kWh/m

2
/yr 51% 

Fuel Costs £1,271/yr £822/yr 35% 

Cost per kgCO2 saved £0 £7.23/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (37%)         Ventilation (25%) 

 

19MID-GG Baseline Basic Package % Improvement 

Cost £0 £20,540  

Carbon Emissions 81 kgCO2/m
2
/yr 52 kgCO2/m

2
/yr 36% 

Heating Energy 

Consumption 

332 kWh/m
2
/yr 150 kWh/m

2
/yr 55% 

Fuel Costs £1,333.00/yr £930.00/yr 30% 

Cost per kgCO2 saved £0 £7.95/kgCO2/yr  

Main Heat Loss 

Route 

          Wall Heat Loss (37%)          Ventilation (25%) 

 

19MID-EE Baseline Basic Package % Improvement 

Cost £0 £20,790  

Carbon Emissions 83 kgCO2/m
2
/yr 53 kgCO2/m

2
/yr 36% 

Heating Energy 

Consumption 

291 kWh/m
2
/yr 137 kWh/m

2
/yr 53% 

Fuel Costs £1,428.00/yr 

 

£962.00/yr 

 

33% 

Cost per kgCO2 saved £0 £7.68/kgCO2/yr  

Main Heat Loss 

Route 

         Wall Heat Loss (37%)          Ventilation (25%) 

 

Baseline Basic  

   

 

  

37%

5%
6%19%

12%

7%

15% 6% 3%

10%

22%

22%

12%

25%
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19CNV-GG Baseline Basic % Improvement 

Cost £0 £18,301  

Carbon Emissions 84 kgCO2/m
2
/yr 41 kgCO2/m

2
/yr 51% 

Heating Energy 

Consumption 

362 kWh/m
2
/yr 145 kWh/m

2
/yr 60% 

Fuel Costs £1,139.00/yr £591.00/yr 48% 

Cost per kgCO2 saved £0 £5.75/kgCO2/yr  

Main Heat Loss 

Route 

Wall heat loss (37%)                 Ventilation (29%)  

 

Baseline Basic  

   

 

 

37%

12%18%

12%

6%

15% 7%
5%

20%

26%

13%

29%
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4.2 19DET-SR 
Pre-1919 Detached House 

inhabited by Successful Ruralites 

19DET-SR  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROL

S 

       
IWI 

0.15-0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

8 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

    

  

 
Removable 

reveals 

Insulated loft 

hatch 

UFloor edge 

insulation 

Draughtstripping   HW tank 

jacket 

      

 
      TRVs,zoned 

controls 

UNIQUE FEATURES 

     

  

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 
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For the Basic Package, we developed the following set of solutions: 

• Wall Insulation  0.20 W/m
2
K,  IWI throughout.  We were working under the assumption 

that Pre-1919 detached houses, particularly the ones inhabited by Successful Ruralites would 

likely have significant architectural value and may even be located within a conservation area.  

Therefore we proposed a 100% IWI solution.  Due to the extent of the IWI, we would also 

likely have issues with the removal and reinstatement of internal decoration, as well as need 

to install upper floor perimeter insulation, similar to the one for the 19MID solution. 

• Bay window  detailing  and extension detailing. 38% of this stock type will have bay 

windows and 75% will have extensions, therefore bay window and extension thermal bridging 

and insulation detailing may be required. 

• Recessed door - This property type typically features a recessed doorway that loses heat 

through the soffits and the recess walls.  Where possible, use thin high performance insulation 

to mitigate the cold bridges. 

• Secondary Glazing 2.0 W/m
2
K.  Similarly to 19MID, if the property hasn't already had double 

glazing installed, we recommend secondary glazing that can be removed in the future in the 

event of full window replacement. 

• Chimney Insulation.  A property of this age is likely to have a chimney stack, so we would 

cap the top of the chimney and fill it with insulation. 

  

The rest of the package consists of the standard solutions: 

• Loft Insulation - typically top up to a U-value of 0.15 W/m
2
K 

• External Ground Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa for Pre-1945 Properties 

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

MODELLING RESULTS 

19DET-SR Baseline Basic % Improvement 

Cost £0 £41,637  

Carbon Emissions 82 kgCO2/m
2
/yr 38 kgCO2/m

2
/yr 54% 

Heating Energy 

Consumption 

336 kWh/m
2
/yr 115 kWh/m

2
/yr 66% 

Fuel Cost £2,528.00/yr 

 

£1,269.00/ yr 50% 

Cost per kgCO2 saved £0 £5.70/kgCO2/yr  

Main Heat Loss 

Route 

Wall Heat Loss (49%)                 Ventilation (26%)  

 

Baseline Basic  
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4.3 30SEM-MG, 30SEM-TR*, 30SEM-OE* & 30SEM-UC 
1919-1944 Semi-detached  

inhabited by Middle Grounders, Transitional Retirees, Older Established and Urban 

Constrained  
(*indicates that these groups are prime candidates based on acceptance of retrofit) 

30SEM-MG, 30SEM-TR*, 30SEM-OE* & 30SEM-UC  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROL

S 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping AT 

8 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI Insulated loft 

hatch 

    HW tank 

jacket 

49%

5%
8%

18%

0%
8%

12% 13%

4%

19%

21%0%

17%

26%
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Removable 

reveals 

     TRVs,zoned 

controls 

UNIQUE FEATURES 

     

 

 
Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

 Party wall 
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For the Basic Package, we developed the following set of solutions: 

• Wall Insulation  0.15 W/m
2
K,  EWI.  Decorative detailing is less of an issue with these 

properties and it is more feasible to apply EWI to these properties.  Wall construction may 

vary largely - for this age of property there is a mix of solid and cavity wall construction.  If a 

cavity wall is encountered, it will likely be unfilled or filled badly if the CWI installation has not 

been done in the recent past.  If it is feasible to remove the existing fill, remove and replace 

with better quality CWI.  If unfilled, install CWI along with EWI to reduce the depth required 

on the exterior of the building.   Since window replacement is not a fundamental part of the 

basic package, removable insulation around the window and entrance reveals will allow for 

future upgrades without compromising the quality of the EWI installation. 

• Bay window  detailing  and extension detailing. 66% of this stock type will have bay 

windows and 45% will have extensions, therefore bay window and extension thermal bridging 

and insulation detailing may be required. 

• Recessed door - This property type typically features a recessed doorway that loses heat 

through the soffits and the recess walls.  Where possible, use thin high performance insulation 

to mitigate the cold bridges. 

• Chimney Insulation.  A property of this age is likely to have a chimney stack, so we would 

cap the top of the chimney and fill it with insulation. 

Basic packages would not involve internal insulation of the party wall - this will be included 

in the Enhanced packages. 

  

The rest of the package consists of the standard solutions: 

• Loft Insulation - typically top up to a U-value of 0.15 W/m
2
K 

• External Ground Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa for Pre-1945 Properties 

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

MODELLING RESULTS 

30SEM-MG Baseline Basic % Improvement 

Cost £0 £15,777.00  

Carbon Emissions 81 kgCO2/m
2
/yr 53 kgCO2/m

2
/yr 35% 

Heating Energy 

Consumption 

299 kWh/m
2
/yr 154 kWh/m

2
/yr 48% 

Fuel Cost £1,414.00/year £962.00/yr 32% 

Cost per kgCO2 saved £0 £6.01/kgCO2/yr  

Main Heat Loss 

Route 

          Wall Heat Loss (38%)                    Windows/Doors (32%) 

 

30SEM-TR* Baseline Basic % Improvement 

Cost £0 £15,777.00  

Carbon Emissions 78 kgCO2/m
2
/yr 48 kgCO2/m

2
/yr 38% 

Heating Energy 

Consumption 

298 kWh/m
2
/yr 149kWh/m

2
/yr 50% 
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Fuel Cost £1, 332.00/year £868.00/ yr 35% 

Cost per kgCO2 saved £0 £5.86/kgCO2/yr  

Main Heat Loss 

Route 

          Wall Heat Loss (38%)             Windows/Doors (32%) 
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30SEM-UC Baseline Basic % Improvement 

Cost £0 £16,027.00  

Carbon Emissions 88 kgCO2/m
2
/yr 59 kgCO2/m

2
/yr 33% 

Heating Energy 

Consumption 

295 kWh/m
2
/yr 146kWh/m

2
/yr 51% 

Fuel Cost £1, 570.00/year £1,108.00/ yr 29% 

Cost per kgCO2 saved £0 £5.98/kgCO2/yr  

Main Heat Loss 

Route 

         Wall heat loss (38%)               Windows/Doors (32%) 

 

30SEM-OE* 

(Prime Candidate) 

Baseline Basic % Improvement 

Cost £0 £15,777.00  

Carbon Emissions 78 kgCO2/m
2
/yr 48 kgCO2/m

2
/yr 38% 

Heating Energy 

Consumption 

298 kWh/m
2
/yr 149 kWh/m

2
/yr 50% 

Fuel Cost £1, 332.00/year £868.00/ yr 35% 

Cost per kgCO2 saved £0 £5.86/kgCO2/yr  

Main Heat Loss 

Route 

            Wall heat loss (38%)               Windows/Doors (32%) 

 

Baseline Basic  

   

 

  

38%

5%

8%
20%

6%

8%

15% 8%
3%

13%

32%
9%

13%

22%
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4.4 50SEM-TR*, 50SEM-OE*, 50SEM-UD, 50SEM-UC, 50SEM-SP* 

1945-1964 Semi-detached 

inhabited by Transitional Retirees, Older Established, Unconvinced Dependents, Urban Constrained 

and Stretched Pensioners  

(*indicates that these groups are prime candidates based on acceptance of retrofit) 

50SEM-TR*, 50SEM-OE*, 50SEM-UD, 50SEM-UC *50SEM-SP*  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

    HW tank 

jacket 

 

     

 
Removable 

reveals 

     TRVs,zoned 

controls 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     
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The Basic Package consists of the typical basic set of solutions: 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness of 7 m
3
/(m

2
.hr) @ 50Pa  

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

In addition, this house type contains the following features which may require attention: 

• Chimney Insulation.  A property of this age is likely to have a chimney stack, so we would 

cap the top of the chimney and fill it with insulation. 

• Recessed door - This property type typically features a recessed doorway that loses heat 

through the soffits and the recess walls.  Where possible, use thin high performance insulation 

to mitigate the cold bridges. 

Basic packages would not involve internal insulation of the party wall - this will be included 

in the Enhanced packages. 

 

MODELLING RESULTS 

50SEM-UD Baseline Basic % Improvement 

Cost £0 £15,580.00  

Carbon Emissions 74 kgCO2/m
2
/yr 58 kgCO2/m

2
/yr 22% 

Heating Energy 

Consumption 

219 kWh/m
2
/yr 138 kWh/m

2
/yr 37% 

Fuel Cost £1, 293.00/yr £1,053.00/ yr 19% 

Cost per kgCO2 saved £0 £11.20/kgCO2/yr  

Main Heat Loss 

Route 

         Windows/Doors (24%)          Windows/Doors (29%) 

 

50SEM-UC Baseline Basic % Improvement 

Cost £0 £15,580.00  

Carbon Emissions 78 kgCO2/m
2
/yr 58 kgCO2/m

2
/yr 26% 

Heating Energy 

Consumption 

238 kWh/m
2
/yr 138 kWh/m

2
/yr 42% 

Fuel Cost £1, 350.00/yr £1,053.00/ yr 22% 

Cost per kgCO2 saved £0 £9.04/kgCO2/yr  

Main Heat Loss 

Route 

        Windows/Doors (24%)          Windows/Doors (29%) 

 

50SEM-SP* Baseline Basic % Improvement 

Cost £0 £15,330.00  

Carbon Emissions 61 kgCO2/m
2
/yr 43 kgCO2/m

2
/yr 30% 

Heating Energy 

Consumption 

247 kWh/m
2
/yr 158 kWh/m

2
/yr 36% 

Fuel Cost £976.00/yr £711.00/ yr 27% 
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Cost per kgCO2 saved £0 £9.98/kgCO2/yr  

Main Heat Loss 

Route 

           Windows/Doors (24%)          Windows/Doors (29%) 

 

50SEM-TR* Baseline Basic % Improvement 

Cost £0 £15,330.00  

Carbon Emissions 62 kgCO2/m
2
/yr 47 kgCO2/m

2
/yr 24% 

Heating Energy 

Consumption 

218 kWh/m
2
/yr 142 kWh/m

2
/yr 35% 

Fuel Cost £1,045.00/yr £820.00/ yr 22% 

Cost per kgCO2 saved £0 £11.73/kgCO2/yr  

Main Heat Loss 

Route 

           Windows/Doors (24%)          Windows/Doors (29%) 

 

50SEM-OE* Baseline Basic % Improvement 

Cost £0 £15,330.00  

Carbon Emissions 62 kgCO2/m
2
/yr 47 kgCO2/m

2
/yr 24% 

Heating Energy 

Consumption 

218 kWh/m
2
/yr 142 kWh/m

2
/yr 35% 

Fuel Cost £1, 045.00/yr £820.00/ yr 22% 

Cost per kgCO2 saved £0 £11.73/kgCO2/yr  

Main Heat Loss 

Route 

        Windows/Doors (24%)          Windows/Doors (29%) 

 

Baseline Basic  

   

 

  

17%

7%

11%

24%

8%

12%

21%
6%

4%

14%

29%10%

14%

23%
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4.5 70DET-OE* 

1965-1980 Detached house 

inhabited by Older Established  

(*indicates that these groups are prime candidates based on acceptance of retrofit) 

70DET-OE*  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

8 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

    HW tank 

jacket 

 

     

 
Removable 

reveals 

     TRVs,zoned 

controls 

UNIQUE FEATURES 

  

     

Extension - EWI Garage wall/s & 

soffit 
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The Basic Package consists of the typical basic set of solutions: 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa  

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

In addition, this house type contains the following features which may require attention: 

• Extension detailing. 61% of this stock type will have extensions, therefore thermal bridging 

and insulation detailing may be required. 

• Garage.  Since this is a detached property, it is likely to have its own garage attached to the 

main house, which will need to be insulated at the soffit if the ceiling of the garage has a 

heated space above it, and at the walls where it is attached to the main house. 

 

MODELLING RESULTS 

70DET-OE* Baseline Basic % Improvement 

Cost £0 £22,059.00  

Carbon Emissions 73 kgCO2/m
2
/yr 40 kgCO2/m

2
/yr 45% 

Heating Energy 

Consumption 

294 kWh/m
2
/yr 127 kWh/m

2
/yr 57% 

Fuel Cost £1, 827.00/yr £1,064.00/ yr 42% 

Cost per kgCO2 saved £0 £4.98/kgCO2/yr  

Main Heat Loss 

Route 

       Wall Heat Loss (43%)             Windows/Doors (30%) 

 

Baseline Basic  

   

 

 

  

43%

6%10%

17%

0%

9%

15% 7%
4%

18%

30%
0%

17%

24%
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4.6 70BNG-SP* 

1960-1980 Bungalow 

inhabited by Stretched Pensioners (funding necessary for SP) 

(*indicates that these groups are prime candidates based on acceptance of retrofit) 

70BNG-SP*  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

    HW tank 

jacket 

 

     

 
Removable 

reveals 

     TRVs,zoned 

controls 

 

The Basic Package consists of the typical basic set of solutions: 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa  

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 
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MODELLING RESULTS 

70BNG-SP* Baseline Basic % Improvement 

Cost £0 £13,772.00  

Carbon Emissions 72 kgCO2/m
2
/yr 50 kgCO2/m

2
/yr 31% 

Heating Energy 

Consumption 

301 kWh/m
2
/yr 188 kWh/m

2
/yr 38% 

Fuel Cost £997.00/yr £710..00/ yr 29% 

Cost per kgCO2 saved £0 £8.25/kgCO2/yr  

Main Heat Loss 

Route 

          Floor Heat Loss (20%)              Floor Heat Loss (24%) 

 

Baseline Basic  

   

 

 

 

 

 

  

12%

15%

20%
19%

0%

15%

19%
5%

7%

24%

23%
0%

19%

22%
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4.7 70LRF-YS 
1965-1980 Purpose Built Low Rise Flat 

inhabited by Young Starters 

70LRF-YS  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

Single room heat 

recovery 

A-rated boiler 

  

    

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

    HW tank 

jacket 

 

     

 
Removable 

reveals 

     TRVs,zoned 

controls 

UNIQUE FEATURES 

 

      

Party walls/ floors       
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The Basic Package consists of the typical basic set of solutions: 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa  

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

Basic packages would not involve internal insulation of the party wall - this will be included 

in the Enhanced packages. 

 

MODELLING RESULTS 

70LRF-YS Baseline Basic % Improvement 

Cost £0 £8,427.00  

Carbon Emissions 72 kgCO2/m
2
/yr 52 kgCO2/m

2
/yr 28% 

Heating Energy 

Consumption 

224 kWh/m
2
/yr 122 kWh/m

2
/yr 46% 

Fuel Cost £805.00/yr £610.00/ yr 24% 

Cost per kgCO2 saved £0 £7.44/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (28%)                    Ventilation (32%) 

 

Baseline Basic  

   

 

  

28%

11%

0%
18%

12%

8%

23%

4%6% 0%

27%

19%

12%

32%
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4.8 90DET-SR, 90DET-MG & 90DET-EE* 

Post-1980 Detached house 

inhabited by Successful Ruralites, Middle Grounders, Early Entrepreneurs 

(*indicates that these groups are prime candidates based on acceptance of retrofit) 

90DET-SR, 90DET-MG & 90DET-EE*  BASIC 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

GFloor edge 

insulation 

Draughtstripping Airtightness 

7 m
3
/m

2
.hr 

Single room heat 

recovery 

TRVs,zoned 

controls 

  

     

CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

     

 

      

Removable 

reveals 

      

UNIQUE FEATURES 

  

     

Extension - EWI Garage wall/s & 

soffit 
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The Basic Package consists of the typical basic set of solutions, minus a new boiler since the 

average boiler efficiency for this age of property is around 85% on average.  If boiler 

efficiency is less than 85%, however, we would recommend that a replacement is included in 

the package. 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness of 8 m
3
/(m

2
.hr) @ 50Pa  

• Draughtstripping of existing doors and windows 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

In addition, this house type contains the following features which may require attention: 

• Extension detailing. 61% of this stock type will have extensions, therefore thermal bridging 

and insulation detailing may be required. 

• Garage.  Since this is a detached property, it is likely to have its own garage attached to the 

main house, which will need to be insulated at the soffit if the ceiling of the garage has a 

heated space above it, and at the walls where it is attached to the main house. 

 

MODELLING RESULTS 

90DET-SR Baseline Basic % Improvement 

Cost £0 £22,059.00  

Carbon Emissions 49 kgCO2/m
2
/yr 43 kgCO2/m

2
/yr 12% 

Heating Energy 

Consumption 

172 kWh/m
2
/yr 142 kWh/m

2
/yr 17% 

Fuel Cost £1,269.00/yr £1,131.00/yr 11% 

Cost per kgCO2 saved £0 £27.50/kgCO2/yr  

Main Heat Loss 

Route 

     Windows/Doors (24%)                  Windows/Doors (30%) 

 

90DET-MG Baseline Basic % Improvement 

Cost £0 £22,059.00  

Carbon Emissions 52 kgCO2/m
2
/yr 46 kgCO2/m

2
/yr 12% 

Heating Energy 

Consumption 

170 kWh/m
2
/yr 140 kWh/m

2
/yr 18% 

Fuel Cost £1,359.00/yr £1,222.00/yr 10% 

Cost per kgCO2 saved £0 £27.71/kgCO2/yr  

Main Heat Loss 

Route 

      Windows/Doors (24%)               Windows/Doors (30%) 

 

90DET-EE* Baseline Basic % Improvement 

Cost £0 £22,309.00  

Carbon Emissions 54  kgCO2/m
2
/yr 48 kgCO2/m

2
/yr 11% 

Heating Energy 

Consumption 

170 kWh/m
2
/yr 140 kWh/m

2
/yr 18% 

Fuel Cost £1,438.00/yr £1,299.00/ yr 10% 
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Cost per kgCO2 saved £0 £27.58/kgCO2/yr  

Main Heat Loss 

Route 

             Windows/Doors (24%)            Windows/Doors (30%) 
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Baseline Basic  

   

 

  

16%

9%

15%

24%

14%

22%
7%

4%

18%

30%

17%

24%
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5 Whole House Packages: Enhanced 

• 'Enhanced' packages were developed during the Single Dwelling Refurbishment 

workshop based on best practices 

• These packages also consider 'Added Value' incentives which are personalised 

based on the likely residents of the house type 

• 'Enhanced' packages are likely to involve a greater level of disruption and 

investment than the 'Basic' packages 

 

"Enhanced" packages include what were considered as "Good Practice" measures coupled 

with "Added Value" options that would be tailored to the customers living within them.  

Hence there are 8 main variations on the Basic Package theme, while there are 20 variations 

on the Enhanced Package theme.   

4.1 TYPICAL ENHANCED PACKAGE 

Enhanced packages take the basic package as a starting point and then further improve 

thermal efficiency using floor insulation, replacement doors and windows, better airtightness 

and more innovative heating systems. 
       

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Draughtstripping 

 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

  TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

  Modulating 

boiler 
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1.5 W/m
2
K 
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Therefore, the Enhanced Package includes the following features from the Basic Package: 

• Wall Insulation  

• Loft Insulation  

• External Floor Edge Insulation 

• Airtightness (for enhanced it's between 3-6 m
3
/(m

2
.hr) @ 50Pa) 

• Draughtstripping of existing doors and windows 

• Boiler replacement to 90% efficiency A-rated boiler, 80mm jacket for HW tank 

• Heat recovery extract fans for bathrooms and kitchens 

• TRVs and zoned controls 

These additional components are then included to the basic package: 

• Floor Insulation - for suspended floors, we would propose lifting and insulating between the 

joists to achieve a target U-value of 0.15 W/m
2
K.  For solid floors we really need to have a thin 

insulation solution to place on top of the solid floor without any need for a major change in 

height that will affect the bottom of stairs and doorways.  For the properties that may have 

solid floors, the target U-value is 0.3 W/m
2
K due to the challenge of sourcing an appropriate 

material. 

• Replacement windows - Replace existing windows with thermally broken triple-glazed 

windows with a U-value of 0.80 W/m
2
K.  Because the doors and windows are being replaced, 

there is no need for the removable strip around the reveals.  Also, because a window 

replacement is being undertaken in conjunction with EWI, maximise the opportunity to create 

a better window detail by moving the window outwards so that it coincides with the EWI 

depth, to minimise thermal bridges.  Cills may need to be extended. 

• Replacement doors - Replace existing external doors with insulated security doors, and 

create a draught lobby where feasible and aesthetically acceptable. 

• Airtightness of 5 m
3
/(m

2
.hr) @50Pa for Post-1945 properties, 5 m

3
/(m

2
.hr) @ 50Pa for Pre-

1945 properties.  3 m
3
/(m

2
.hr) @50Pa only when in conjunction with MVHR for ventilation. 

• Modulating boiler - a product that will be on the market in 5 years, is a futureproofing 

solution to ensure that boilers have a flexible range of capacities to enable them to adjust to 

reduced hot water and heating requirements that may result from future improvements to the 

thermal efficiency of the property and changes in occupancy.  Forward compatibility with solar 

thermal systems is also recommended so that the transition to solar hot water can be made 

more easily in the future. 

We started with this set of solutions and then customised them based on the unique features 

of each house - architectural features, wall construction, party walls, configuration.  For the 

enhanced packages we also drew inspiration from the occupants in terms of the added value 

offerings and lifestyle triggers that would incentivise them to undertake whole house retrofit.   
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5.1A 19MID-YS & 19MID-GG 

ENHANCED  
Pre-1919 Mid-terrace 

inhabited by Young Starters or 

Greener Graduates 

 
19MID-YS & 19MID-GG  ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
IWI front only, 

EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

6 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

 

 

 

  

 
 Insulated loft 

hatch 

 Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
       Consider Heat 

pump 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 
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*Energy monitors 

for GG only 

  

Storage deck New kitchen New bathroom Energy monitors*    

For the Pre-1919 mid-terrace, we took the basic package for this house type (see section 4.1) 

and modified it as follows: 
• Floor Insulation - for suspended floors, we would propose lifting and insulating between the 

joists to achieve a target U-value of 0.15 W/m
2
K.  External floor edgeinsulation would no 

longer be needed as the floor joist insulation should be adequate. 

• Replacement doors - Replace existing external doors with insulated security doors, and 

create a draught lobby where feasible and aesthetically acceptable. 

• Airtightness of 6 m
3
/(m

2
.hr) @50Pa 

• Modulating boiler - a product that will be on the market in 5 years, is a futureproofing 

solution to ensure that boilers have a flexible range of capacities to enable them to adjust to 

reduced hot water and heating requirements that may result from future improvements to the 

thermal efficiency of the property and changes in occupancy.  Forward compatibility with solar 

thermal systems is also recommended so that the transition to solar hot water can be made 

more easily in the future. 

• Heat pumps should be considered if the property is off-grid and there is enough space on 

site.  This measure would require a reasonably well-informed occupant, hence this option has 

been made available to Successful Ruralites, Young Starters, Greener Graduates, Early 

Enterprisers and Middle Grounders. 

• Party walls would now be insulated with thin high-performance insulation. 

In terms of added value items, Young Starters and Greener Graduates would likely be 

responsive to the following triggers and incentives: 
• Additional storage space which can be created by creating a storage deck over the installed 

loft insulation - this will also protect the installation 

• New kitchen and bathroom 

• Energy monitors (Greener Graduates only) 

 

MODELLING RESULTS 

19MID-YS 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £28,488.00   

Cost + Added Value  £36, 488.00  

Carbon Emissions 75 kgCO2/m
2
/yr 42 kgCO2/m

2
/yr 44% 

Heating Energy 

Consumption 

286 kWh/m
2
/yr 119 kWh/m

2
/yr 58% 

Fuel Costs £1,271/yr £764/yr 40% 

Cost per kgCO2 saved  £9.68/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (37%)         Ventilation (37%) 

 

Baseline Enhanced  
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19MID-GG 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £28,488.00   

Cost + Added Value  £36, 488.00  

Carbon Emissions 81 kgCO2/m
2
/yr 41 kgCO2/m

2
/yr 49% 

Heating Energy 

Consumption 

332 kWh/m
2
/yr 131 kWh/m

2
/yr 61% 

Fuel Costs £1,333.00/yr £724.00/yr 46% 

Cost per kgCO2 saved  £8.05/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (37%)         Ventilation (35%) 

 

Baseline Enhanced  

   

 

 

  

37%

5%
6%19%

12%

7%

15% 10%
5%

6%

19%

3%
20%

37%

37%

5%
6%19%

12%

7%

15% 9%
5%

6%

23%

3%19%

35%
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5.1B 19MID-EE* ENHANCED  
Pre-1919 Mid-terrace 

inhabited by Early Enterprisers  
 

19MID-EE* ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

 

 

     
IWI front only, 

EWI 

0.20 W/m
2
K 

 Floor insulation 

0.15 W/m
2
K 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

6 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

   

 

  

 
   Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
       Consider Heat 

pump 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 



46 | O T E o E H  

 

 

   

    

Loft conversion New kitchen New bathroom     

This package is similar to the enhanced package for 5.1A, with the exception of the Loft 

Conversion, which was identified as potential trigger factor for Early Enterprisers and their 

growing families.  Other added value items include a new kitchen and bathroom. 

 

 

MODELLING RESULTS 

19MID-EE 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £28,454.00   

Cost + Added Value  £70,854.00  

Carbon Emissions 83 kgCO2/m
2
/yr 48 kgCO2/m

2
/yr 42% 

Heating Energy 

Consumption 

291 kWh/m
2
/yr 115 kWh/m

2
/yr 60% 

Fuel Costs £1,428.00/yr £896.00/yr 37% 

Cost per kgCO2 saved  £9.21/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (37%)         Ventilation (35%) 

 

Baseline Enhanced  

   

 

 

 

  

37%

5%
6%19%

12%

7%

15% 9%
5%

6%

23%

3%19%

35%
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5.2 19DET-SR ENHANCED  
Pre-1919 Detached house 

inhabited by Successful Ruralites  

 

19DET-SR  ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
IWI 

0.25 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Secondary 

glazing 

2.0 W/m
2
K 

Airtightness 

6 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

   

  

 
 Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
       Consider Heat 

pump 

UNIQUE FEATURES 

     

  

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

  

ADDED VALUE 
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Storage deck Energy monitors LED lighting PV    

For the Pre-1919 Detached house, we took the basic package for this house type (see section 

4.2) and modified it as follows: 
• Floor Insulation - for suspended floors 

• Replacement doors  

• Airtightness  

• Modulating boiler 

• Heat Pump - would be particularly suitable due to the likely rural location of these properties 

and larger site area. 

In terms of added value items, Successful Ruralites would likely be responsive to the 

following triggers and incentives: 
• Additional storage space (loft storage deck) 

• Energy monitors  
• LED lighting 
• Photovoltaics  - particularly suitable due to the likely rural location of these properties and 

higher probability of solar availability 

 

 

MODELLING RESULTS 

19DET-SR 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £65,406.00  

Cost + Added Value  £76,156.00  

Carbon Emissions 82 kgCO2/m
2
/yr 32 kgCO2/m

2
/yr 61% 

Heating Energy 

Consumption 

336 kWh/m
2
/yr 93 kWh/m

2
/yr 72% 

Fuel Costs £2,528.00/yr £1,067.00/yr 58% 

Cost per kgCO2 saved  £7.82/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (49%)         Ventilation (32%) 

 

Baseline Enhanced  
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49%

5%
8%

18%

0%
8%

12% 17%

5%

7%

17%

0%22%

32%
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5.3 19CNV-GG ENHANCED  
Pre-1919 Converted Flat 

inhabited by Greener Graduates  

 

19CNV-GG ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
IWI front only, 

EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Double glazing 

1.3 W/m
2
K 

Airtightness 

6 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

 

 

 

  

 
 Insulated loft 

hatch 

 Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
      Consider Heat 

pump 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party walls and 

floors 

 

ADDED VALUE 
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Energy monitors Storage deck New kitchen New bathroom    
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This package is similar to the enhanced package for 5.1A, except in this case we have the 

added feature of a communal unheated hallway that is shared between all flats - for the 

enhanced package this will be insulated using thin-high-performance insulation to 

individualise the heating requirements of each flat.  Party floor insulation should also be 

undertaken where possible. 

 

 

MODELLING RESULTS 

19CNV-GG 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £20,775.00  

Cost + Added Value  £20,775.00  

Carbon Emissions 84 kgCO2/m
2
/yr 39 kgCO2/m

2
/yr 54% 

Heating Energy 

Consumption 

362 kWh/m
2
/yr 134 kWh/m

2
/yr 63% 

Fuel Costs £1,139.00/yr £564.00/yr 50% 

Cost per kgCO2 saved  £6.22/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (37%)         Ventilation (39%) 

 

Baseline Enhanced  

   

 

 

 

 

 

 

 

 

37%

12%
0%

18%

12%

6%

15% 11%

8%
0%

21%

3%
18%

39%



53 | O T E o E H  
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5.4A 30SEM-MG ENHANCED  
1919-1944 Semi-Detached house 

inhabited by Middle Grounders  
 

30SEM-MG ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

 

 

     
EWI 

0.20 W/m
2
K 

 Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

 

  

  

 
CWI 

0.15 W/m
2
K 

 Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
      Consider Heat 

pump 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 
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Loft conversion Underfloor 

heating 

Community 

initiatives 

    

This package is built on the standard inclusions of the Enhanced package plus the following 

improvements: 

• Party walls would be insulated using thin high-performance insulation. 

• No loft insulation, instead undertake a loft conversion  

• Consider heat pumps 

In terms of added value items, Middle Grounders would likely be responsive to the following 

triggers and incentives: 

• Loft conversion 
• Underfloor heating 
• Community-based solutions such as district/communal heating.  Middle Grounders are also 

more likely to be in touch with their community and therefore would be receptive to 

neighbourhood or street-by-street retrofits. 

 

 

 

MODELLING RESULTS 

30SEM-MG 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £43,532.00  

Cost + Added Value  £73,532.00  

Carbon Emissions 81 kgCO2/m
2
/yr 43 kgCO2/m

2
/yr 47% 

Heating Energy 

Consumption 

299 kWh/m
2
/yr 107 kWh/m

2
/yr 64% 

Fuel Costs £1,414.00/yr £598..00/yr 58% 

Cost per kgCO2 saved  £12.54/kgCO2/yr  

Main Heat Loss Route            Wall Heat Loss (40%)         Ventilation (31%) 

 

Baseline Enhanced  
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40%

5%
8%

19%

5%

8%

15% 13%

5%
6%

22%

2%21%

31%
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5.4B 30SEM-TR*  ENHANCED  
1919-1944 Semi-Detached house 

inhabited by Transitional Retirees  

 

30SEM-TR*  ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 

      

 

Storage deck Solar thermal HW Rainwater 

collection 

Greywater 

recycling 

LED lighting Sunpipes/fiber 

optics 
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This package is built on the standard inclusions of the Enhanced package plus the following 

improvements: 

• Party walls would be insulated using thin high-performance insulation. 

In terms of added value items, Transitional Retirees  would likely be responsive to the 

following triggers and incentives: 

• Additional storage space  
• Solar thermal hot water 
• Rainwater collection and Greywater recycling 
• LED lighting 
• Sunpipes/fibre optic lighting 

 

 

MODELLING RESULTS 

30SEM-TR  

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £43,867.00  

Cost + Added Value  £47,117.00  

Carbon Emissions 78 kgCO2/m
2
/yr 38 kgCO2/m

2
/yr 51% 

Heating Energy 

Consumption 

298 kWh/m
2
/yr 100 kWh/m

2
/yr 66% 

Fuel Costs £1,332.00/yr £716.00/yr 46% 

Cost per kgCO2 saved  £12.26/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (38%)         Ventilation (32%) 

 

Baseline Enhanced  

   

 

  

38%

5%
8%

20%

6%

8%

15% 12%

5%
6%

22%

2%21%

32%
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5.4C 30SEM-UC ENHANCED  
1919-1944 Semi-Detached house 

inhabited by Urban Constrained  

 

30SEM-UC  ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

 

 

     
EWI 

0.20 W/m
2
K 

 Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

 

  

  

 
CWI 

0.15 W/m
2
K 

 Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 

     

  

Loft conversion New bathroom Solar thermal HW A-rated 

appliances 

Energy monitors   
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This package has the same standard features of the Enhanced Package for 5.4A. 

 

In terms of added value items, Urban Constrained residents would likely be responsive to the 

following triggers and incentives: 

• Loft conversion 
• New bathroom 
• Solar thermal 
• Energy efficient appliances 
• Energy monitors - good for engaging with children in order to contribute to increased 

awareness of energy efficient behaviour 

 

MODELLING RESULTS 

30SEM-UC 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £43,782.00  

Cost + Added Value  £71,182.00  

Carbon Emissions 88 kgCO2/m
2
/yr 50 kgCO2/m

2
/yr  

Heating Energy 

Consumption 

295 kWh/m
2
/yr 103 kWh/m

2
/yr  

Fuel Costs £1,570.00/yr £974.00/yr  

Cost per kgCO2 saved  £12.66/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (38%)         Ventilation (32%) 

 

Baseline Enhanced  

   

 

 

 

 

 

 

38%

5%
8%

20%

6%

8%

15% 12%

5%
6%

22%

2%21%

32%
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5.4D 30SEM-OE* ENHANCED  
1919-1944 Semi-Detached house 

inhabited by Older Established  

 

30SEM-OE ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

3 m
3
/m

2
.hr 

MVHR HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

      

 

Extension - EWI Chimney-fill and 

insulate 

Decorative 

features 

Bay window - 

upgrade 

Recessed door - 

insulate 

Party wall  

ADDED VALUE 

       
Storage deck New kitchen New bathroom Energy monitors LED lighting Sunpipes/fiber 

optics 

Solar thermal 

HW 
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This package has the same standard features of the Enhanced Package for 5.4B, with the 

exception of MVHR, which would require a corresponding Airtightness of 3.0 m3/m2.hr 

@50Pa. 

 

In terms of added value items, Older Established residents would likely be responsive to the 

following triggers and incentives: 

• Additional storage space 
• New kitchen and bathroom 
• Energy monitors 
• LED lighting 
• Sunpipes/fibre optic lighting 
• Solar thermal 

 

 

MODELLING RESULTS 

30SEM-OE 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £43,867.00  

Cost + Added Value  £55,617.00  

Carbon Emissions 78 kgCO2/m
2
/yr 37 kgCO2/m

2
/yr 53% 

Heating Energy 

Consumption 

298 kWh/m
2
/yr 99 kWh/m

2
/yr 67% 

Fuel Costs £1,332.00/yr £696.00/yr 48% 

Cost per kgCO2 saved  £11.97/kgCO2/yr  

Main Heat Loss 

Route 

           Wall Heat Loss (38%)         Ventilation (31%) 

 

Baseline Enhanced  

   

 

 

 

 

 

38%

5%
8%

20%

6%

8%

15% 12%

5%
6%

22%

2%
22%

31%



67 | O T E o E H  
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5.5A 50SEM-UD ENHANCED  
1945-1964 Semi-Detached house 

inhabited by Unconvinced 

Dependents  

 

50SEM-UD ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     

ADDED VALUE 

   

    

Storage deck Underfloor 

heating 

Community 

initiatives 

    

 

  



69 | O T E o E H  

 

 

This package is built on the standard inclusions of the Enhanced package plus the following 

improvements: 

• Party walls would be insulated using thin high-performance insulation. 

In terms of added value items, Unconvinced Dependents  would likely be responsive to the 

following triggers and incentives: 

• Additional storage space  
• Underfloor heating  
• Renewable heat incentives 
• Community solutions 

 

 

MODELLING RESULTS 

50SEM-UD  

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £39,515.00  

Cost + Added Value  £44,665.00  

Carbon Emissions 74 kgCO2/m
2
/yr 54 kgCO2/m

2
/yr 27% 

Heating Energy 

Consumption 

219 kWh/m
2
/yr 114 kWh/m

2
/yr 48% 

Fuel Costs £1,293.00/yr £991.00/yr 23% 

Cost per kgCO2 saved £0 £22.32/kgCO2/yr  

Main Heat Loss Route         Windows/Doors (24%)       Ventilation (33%) 

 

Baseline Enhanced  

   

 

 

 

 

 

  

17%

7%

11%

24%

8%

12%

21%
10%

5%

10%

16%

4%22%

33%



70 | O T E o E H  

 

 

 

5.5B 50SEM-UC ENHANCED  
1945-1964 Semi-Detached house 

inhabited by Urban Constrained  

 

50SEM-UC ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

 

 

     
EWI 

0.15-0.20 W/m
2
K 

 Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

 

  

  

 
CWI 

0.15 W/m
2
K 

 Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     

ADDED VALUE 

     

  

Loft conversion New bathroom Solar thermal HW A-rated 

appliances 

Energy monitors   
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This package is built on the standard inclusions of the Enhanced package except it includes a 

Loft conversion and therefore will not include top-ups for loft insulation.  Also, Party walls 

would be insulated using thin high-performance insulation. 

 

In terms of added value items, Urban Constrained occupants  would likely be responsive to 

the following triggers and incentives: 

• Loft Conversion 
• New bathroom 
• Solar thermal 
• Energy efficient appliances 
• Energy monitors 

 

 

MODELLING RESULTS 

50SEM-UC 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £39,173.00  

Cost + Added Value  £66,573.00  

Carbon Emissions 78 kgCO2/m
2
/yr 54 kgCO2/m

2
/yr 31% 

Heating Energy 

Consumption 

238 kWh/m
2
/yr 124 kWh/m

2
/yr 48% 

Fuel Costs £1,350.00/yr £987.00/yr 27% 

Cost per kgCO2 saved  £18.93/kgCO2/yr  

Main Heat Loss 

Route 

           Windows/Doors (24%)         Ventilation (34%) 

 

Baseline Enhanced  

   

 

 

 

 

 

17%

7%

11%

24%

8%

12%

21%
8%

8%

9%

14%

4%23%

34%
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5.5C 50SEM-SP* ENHANCED  
1945-1964 Semi-Detached house 

inhabited by Stretched Pensioners  

 

50SEM-SP* ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     

ADDED VALUE 

    

   

Security features Storage deck New bathroom A-rated 

appliances 
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This package has the same standard features of the Enhanced Package for 5.5A. 

 

In terms of added value items, Stretched Pensioners would likely be responsive to the 

following triggers and incentives: 

• Security features, i.e. burglar alarms and security systems 
• Additional storage space 
• New bathroom 
• Energy efficient appliances 

 

 

MODELLING RESULTS 

50SEM-SP* 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £39,265.00  

Cost + Added Value  £42,265.00  

Carbon Emissions 61 kgCO2/m
2
/yr 37 kgCO2/m

2
/yr 39% 

Heating Energy 

Consumption 

247 kWh/m
2
/yr 128 kWh/m

2
/yr 48% 

Fuel Costs £976.00/yr £626.00/yr 36% 

Cost per kgCO2 saved  £19.30/kgCO2/yr  

Main Heat Loss Route            Windows/Doors (24%)         Ventilation (33%) 

 

Baseline Enhanced  

   

 

  

17%

7%

11%

24%

8%

12%

21%
10%

5%

10%

16%

4%22%

33%
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5.5D 50SEM-TR* ENHANCED  
1945-1964 Semi-Detached house 

inhabited by Transitional Retirees  

 

50SEM-TR*  ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     

ADDED VALUE 

      

 

Storage deck Solar thermal HW Rainwater 

collection 

Greywater 

recycling 

LED lighting Sunpipes/fiber 

optics 
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This package has the same standard features of the Enhanced Package for 5.5A. 

 

In terms of added value items, Transitional Retirees would likely be responsive to the 

following triggers and incentives: 

• Additional storage space 
• Solar Thermal 
• Rainwater collection 
• Greywater recycling 
• LED lighting 
• Sunpipes/fiber optics 

 

MODELLING RESULTS 

50SEM-TR 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £39,265.00  

Cost + Added Value  £42,515.00  

Carbon Emissions 62 kgCO2/m
2
/yr 40 kgCO2/m

2
/yr 35% 

Heating Energy 

Consumption 

218 kWh/m
2
/yr 105 kWh/m

2
/yr 52% 

Fuel Costs £1,045.00/yr £715.00/yr 32% 

Cost per kgCO2 saved  £20.34/kgCO2/yr  

Main Heat Loss 

Route 

           Windows/Doors (24%)         Ventilation (33%) 

 

Baseline Enhanced  

   

 

 

 

  

17%

7%

11%

24%

8%

12%

21%
10%

5%

10%

16%

4%22%

33%
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5.5E 50SEM-OE* ENHANCED  
1945-1964 Semi-Detached house 

inhabited by Older Established  

 

50SEM-OE* ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Floor insulation 

0.15 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

3 m
3
/m

2
.hr 

MVHR HW tank 

jacket 

    

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

   

    

Chimney-fill and 

insulate 

Recessed door - 

insulate 

Party wall     

ADDED VALUE 

       
Storage deck New kitchen New bathroom Solar thermal HW Sunpipes/fiber 

optics 

LED lighting Energy 

monitors 
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This package has the same standard features of the Enhanced Package for 5.5A, except 

instead of Single Room Heat Recovery we have MVHR, which would require a corresponding 

Airtightness of 3.0 m3/m2.hr @50Pa. 

 

In terms of added value items, Older Established residents would likely be responsive to the 

following triggers and incentives: 

• Additional storage space 
• New bathroom 
• New kitchen 
• Solar thermal 
• Sunpipes/fiber optics 
• LED lighting 
• Energy monitors 

 

 

MODELLING RESULTS 

50SEM-TR* 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £39,265.00  

Cost + Added Value  £51,015.00  

Carbon Emissions 62 kgCO2/m
2
/yr 47 kgCO2/m

2
/yr 24% 

Heating Energy 

Consumption 

218 kWh/m
2
/yr 130 kWh/m

2
/yr 40% 

Fuel Costs £1,045.00/yr £654.00/yr 37% 

Cost per kgCO2 saved  £30.75/kgCO2/yr  

Main Heat Loss Route            Windows/Doors (24%)       Ventilation (45%) 

 

Baseline Enhanced  

   

 

 

 

  

17%

7%

11%

24%

8%

12%

21%
8%

4%

8%

13%

4%

18%

45%
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5.6 70DET-OE* ENHANCED  
1965-1980 Detached house 

inhabited by Older Established  

 

70DET-OE* ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Solid floor 

insulation 

0.30 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

3 m
3
/m

2
.hr 

MVHR HW tank 

jacket 

  

 

 

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

 Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

 

      

Garage wall/s & 

soffit 

      

ADDED VALUE 

       
Storage deck New kitchen New bathroom Solar thermal HW Sunpipes/fiber 

optics 

LED lighting Energy 

monitors 
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This package is built on the standard inclusions of the Enhanced package except it includes 

MVHR, which would require a corresponding Airtightness of 3.0 m3/m2.hr @50Pa.  It's also 

more likely to be a solid floor. 

 

In terms of added value items, Older Established occupants  would likely be responsive to 

the following triggers and incentives: 

• Additional storage space 
• New bathroom 
• New kitchen 
• Solar thermal 
• Sunpipes/fiber optics 
• LED lighting 
• Energy monitors 

 

 

MODELLING RESULTS 

70DET-OE* 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £68,356.00  

Cost + Added Value  £80,106.00  

Carbon Emissions 73 kgCO2/m
2
/yr 38 kgCO2/m

2
/yr 48% 

Heating Energy 

Consumption 

294 kWh/m
2
/yr 99 kWh/m

2
/yr 66% 

Fuel Costs £1,827.00/yr £825.00/yr 55% 

Cost per kgCO2 saved  £14.62/kgCO2/yr  

Main Heat Loss Route            Wall Heat Loss (43%)         Ventilation (45%) 

 

Baseline Enhanced  

   

 

 

  

43%

6%10%

17%

0%
9%

15% 9%
5%

10%

9%
0%

22%

45%
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5.7 70BNG-SP* ENHANCED  
1965-1980 Bungalow 

inhabited by Stretched Pensioners  

 

70BNG-SP ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Solid floor 

insulation 

0.30 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

  

 

 

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

 Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

       

ADDED VALUE 

    

   

Security features Storage deck New bathroom A-rated 

appliances 
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This package is built on the standard inclusions of the Enhanced package.  Bungalows have a 

larger floor and roof to volume ratio, so thermally improving the roof and the floors are 

more critical than improving the walls.  Unfortunately these properties are more likely to be 

solid floor rather than suspended so currently, options for upgrading the thermal 

performance of the floor are limited. 

 

In terms of added value items, Stretched Pensioners occupants  would likely be responsive to 

the following triggers and incentives: 

• Burglar alarm and security system 
• Additional storage space 
• New bathroom 
• Energy efficient appliances 

 

 

MODELLING RESULTS 

70BNG-SP* 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £34,050.00  

Cost + Added Value  £37,050.00  

Carbon Emissions 72 kgCO2/m
2
/yr 43 kgCO2/m

2
/yr 40% 

Heating Energy 

Consumption 

301 kWh/m
2
/yr 128 kWh/m

2
/yr 57% 

Fuel Costs £997.00/yr £128.00/yr 87% 

Cost per kgCO2 saved  £15.32/kgCO2/yr  

Main Heat Loss Route         Floor Heat Loss (20%)         Ventilation (29%) 

 

Baseline Enhanced  

   

 

 

 

12%

15%

20%
19%

0%

15%

19%
8%

10%

15%

11%
0%27%

29%
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5.8 70LRF-YS ENHANCED  
1965-1980 Purpose Built Low-rise 

Flat 

inhabited by Young Starters  

 

70LRF-YS ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Solid floor 

insulation 

0.30 W/m
2
K 

Triple glazing 

0.80 W/m
2
K 

Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

  

 

 

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

 Draughtstripping   TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

UNIQUE FEATURES 

 

      

Party walls & 

floors 

      

ADDED VALUE 

   

 

 

  

Storage deck New kitchen New bathroom     
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This package is built on the standard inclusions of the Enhanced package.  Because it is a 

group of flats, party floors and walls will need to be insulated, including common areas and 

hallways. 

 

In terms of added value items, Young Starters  would likely be responsive to the following 

triggers and incentives: 

• Additional storage space 
• New kitchen 
• New bathroom 

 

 

MODELLING RESULTS 

70LRF-YS 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £18,305.00  

Cost + Added Value  £26,305.00  

Carbon Emissions 72 kgCO2/m
2
/yr 48 kgCO2/m

2
/yr 33% 

Heating Energy 

Consumption 

224 kWh/m
2
/yr 100 kWh/m

2
/yr 55% 

Fuel Costs £805.00/yr £576.00/yr 28% 

Cost per kgCO2 saved  £13.61/kgCO2/yr  

Main Heat Loss 

Route 

                 Walls (28%)                     Ventilation (47%) 

 

Baseline Enhanced  

   

 

 

 

 

  

28%

11%

0%18%

12%

8%

23%
7%

10%
0%

14%

3%

19%

47%
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5.9A 90DET-SR & 90DET-MG 

ENHANCED  
Post-1980 Detached House 

inhabited by Successful Ruralites  

and Middle Grounders 

 

90DET-SR & 90DET-MG ENHANCED 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

       
EWI 

0.20 W/m
2
K 

Loft insulation 

0.15 W/m
2
K 

Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

  

 

 

  

 
CWI 

0.15 W/m
2
K 

Insulated loft 

hatch 

 Triple glazing 

0.80 W/m
2
K 

  TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
      Heat pump 

UNIQUE FEATURES 

  

     

Extension - EWI Garage wall/s & 

soffit 

     

ADDED VALUE 
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* SR only 

** MG only 

 

Storage deck Underfloor 

heating 

LED lighting* PV* Community 

initiatives** 
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This package is built on the standard inclusions of the Enhanced package.  Based on the 

occupant profiles, it may also be possible to consider Heat pumps, particularly if there is 

enough site area and the location is off-grid. 

 

In terms of added value items, Successful Ruralites and Middle Grounders  would likely be 

responsive to the following triggers and incentives: 

• Additional storage space 
• Underfloor Heating 

In addition, Successful Ruralites would respond well to the inclusion of LED lighting and PV, 

while Middle Grounders are receptive to Community-based solutions. 

 

 

MODELLING RESULTS 

90DET-SR 

ENHANCED 

Baseline Enhanced Package % Improvement 

Cost  £58,706.00  

Cost + Added Value  £69,456.00  

Carbon Emissions 49 kgCO2/m
2
/yr 34 kgCO2/m

2
/yr 31% 

Heating Energy 

Consumption 

172 kWh/m
2
/yr 83 kWh/m

2
/yr 52% 

Fuel Costs £1,269.00/yr £961.00/yr 24% 

Cost per kgCO2 saved  £30.12/kgCO2/yr  

Main Heat Loss 

Route 

       Windows/Doors (24%)        Ventilation (43%) 

 

Baseline Enhanced  

   

 

  

16%

9%

15%

24%

0%

14%

22%
9%

5%

10%

13%

0%

20%

43%
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90DET-MG  

NHANCED 

Baseline Enhanced Package % Improvement 

Cost  £58,706.00  

Cost + Added Value  £58,706.00  

Carbon Emissions 52 kgCO2/m
2
/yr 42 kgCO2/m

2
/yr 19% 

Heating Energy 

Consumption 

170 kWh/m
2
/yr 94 kWh/m

2
/yr 45% 

Fuel Costs £1,359.00/yr £1,173.00/yr 14% 

Cost per kgCO2 saved  £43.58/kgCO2/yr  

Main Heat Loss 

Route 

       Windows/Doors (24%)        Ventilation (43%) 

 

Baseline Enhanced  

   

  

16%

9%

15%

24%

0%

14%

22%
9%

5%

10%

13%

0%

20%

43%
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5.9B 90DET-EE ENHANCED  
Post-1980 Detached House 

inhabited by Early Entrepreneurs  

 

SOLUTIONS, FEATURES and ADDED VALUE OPTIONS 

WALLS ROOF FLOOR 
DOORS/ 

WINDOWS 

AIRTIGHTNE

SS 

VENTILATIO

N 

HEATING/ 

CONTROLS 

 

 

     
EWI 

0.20 W/m
2
K 

 Solid floor 

insulation 

0.30 W/m
2
K 

Draughtstripping Airtightness 

5 m
3
/m

2
.hr 

Single room heat 

recovery 

HW tank 

jacket 

 

  

 

  

 
CWI 

0.15 W/m
2
K 

  Triple glazing 

0.80 W/m
2
K 

  TRVs,zoned 

controls 

   

 

  

 
   Insulated secure 

door 

1.5 W/m
2
K 

  Modulating 

boiler 

      

 
      Heat pump 

UNIQUE FEATURES 

  

     

Extension - EWI Garage wall/s & 

soffit 

     

ADDED VALUE 
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Loft conversion New kitchen New bathroom     

 

This package is built on the standard inclusions of the Enhanced package, and is similar 

except for the Loft Conversion. Based on the occupant profile, it may also be possible to 

consider Heat pumps, particularly if there is enough site area and the location is off-grid.   

 

In terms of added value items, Early Entrepreneurs  would likely be responsive to the 

following triggers and incentives: 

• Loft Conversion 
• New kitchen and bathroom 

 

 

MODELLING RESULTS 

90DET-EE ENHANCED Baseline Enhanced Package % Improvement 

Cost  £58,956.00  

Cost + Added Value  £101,356.00  

Carbon Emissions 54 kgCO2/m
2
/yr 45 kgCO2/m

2
/yr 17% 

Heating Energy 

Consumption 

170 kWh/m
2
/yr 93 kWh/m

2
/yr 45% 

Fuel Costs £1,438.00/yr £1,269.00/yr 12% 

Cost per kgCO2 saved  £45.74/kgCO2/yr  

Main Heat Loss Route        Windows/Doors (24%)        Ventilation (43%) 

 

Baseline Enhanced  

   

 

 

 

16%

9%

15%

24%

0%

14%

22%
9%

5%

10%

12%

0%

21%

43%
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6 Analysis 

• Post-1980 properties are not cost effective to retrofit at our basic level, all Pre-1980 

properties reasonably demonstrate cost effectiveness in terms of retrofit.  While Post-

1980 homes show benefits at enhanced level for carbon emissions reduction and fuel 

savings, but it is not very cost effective because of the high cost of minimal carbon 

reductions 

• Occupant behaviour is a factor that should not be ignored, particularly when predicting 

energy savings - we have demonstrated that for the same house type and same set of 

solutions different types of occupants greatly influence fuel savings and CO2 emissions 

reductions.   For example, despite reductions in lighting, appliance and hot water 

use, given the same house type, Greener Graduates use up more energy overall 

- spending around £100 more per annum than the Young Starters, living in the 

same type of property but heating to a 1°C higher set temperature. 

• Some Pre-1919 properties experience a reduction in carbon emissions by up to 50% 

for the basic packages, and up to 58% for the enhanced packages. Achieving 

Passivhaus standards can result in reductions of up to 75%. 

• If we want to hit more ambitious "low carbon" targets, relying on current construction 

methods and materials is not enough.  We can only hit these targets if we aspire to 

meet Passivhaus-type standards, and promote the development of solutions that will 

enable us to hit the high performance U-values that are required. 

• Loft conversions are generally not viable in terms of cost effectiveness and thermal 

benefits.  We need to explore other ways of adding value by creating habitable/storage 

space. 

 

The next stage of the work is the mass implementation plan for retrofit, therefore it is crucial 

at this stage to evaluate these single dwelling packages in terms of mass-scale 

implementation.  In this chapter we will look at the following metrics: 

• Cost efficiency - Is the cost of the retrofit worth the carbon emissions reduction 

benefit? 

• Degree of improvement - Will the retrofit make a significant difference to the carbon 

footprint of the property?  To the fuel bills of the occupant? 

• Customer acceptance - Which properties are the most straightforward to retrofit in 

terms of disruption to the resident-in-occupation?  How does the cost of the retrofit 

compare to the income of the customer group?   
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• Benchmarking - are we hitting common reduction targets, and are the plans 

ambitious enough? 

 

A detailed analysis of the supply chain issues and the construction programme for each of 

these work packages has been carried out in WP4.3, therefore we will not dwell too much on 

this aspect of the single dwelling plans and concentrate on it only in terms of the impact on 

the occupants. 

 

 

6.1 COST EFFICIENCY 

Is the cost of the retrofit worth the carbon emissions reduction benefit?  This can be 

expressed in terms of £ per kgCO2 saved.  The following graph shows the relative £/kgCO2 

figures for the basic and enhanced packages.  For clarity we have made the distinction 

between standard enhanced thermal measures (Enhanced packages) and added-value 

enhanced thermal packages (Enhanced+ packages) which would also include things like loft 

conversions and new kitchens and bathrooms that may skew the results. 

 



 

 

 

For the basic packages, the most cost efficient property to retrofit is the 1965

property occupied by Older Estab

below £12 per kgCO2 with the exception of the Post

significantly more to retrofit on the basis of carbon reduction effectiveness.  This is due to 

the fact that these houses would already have been insulated to a reasonable (but not low 

carbon) standard  under current building regulations and getting them up to the next level 

would require more effort and cost to see a noticeable improvement.  It stands to reaso

therefore that any property older than 1980 is worth retrofitting and that for the mass scale 

refurbishment we can focus less on the Post

There seems to be no hard and fast rule that determines whether the configuration (i.e. 

detached, semi-detached, mid

Pre-1919 mid-terrace properties are scattered across the spectrum between £5.75 and £7.94 

per kgCO2 saved - and the difference is mainly in occupant behaviour.  Ironica

Graduates push their carbon emissions up a bit by having their temperature set to 21°C 
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For the basic packages, the most cost efficient property to retrofit is the 1965

property occupied by Older Established at £4.98 per kgCO2 saved. Most of the properties fall 

with the exception of the Post-1980 detached house, which will cost 

significantly more to retrofit on the basis of carbon reduction effectiveness.  This is due to 

t these houses would already have been insulated to a reasonable (but not low 

carbon) standard  under current building regulations and getting them up to the next level 

would require more effort and cost to see a noticeable improvement.  It stands to reaso

therefore that any property older than 1980 is worth retrofitting and that for the mass scale 

refurbishment we can focus less on the Post-1980 properties.   

There seems to be no hard and fast rule that determines whether the configuration (i.e. 

detached, mid-terrace) means that it is easier or harder to fit basic measures.  

terrace properties are scattered across the spectrum between £5.75 and £7.94 

and the difference is mainly in occupant behaviour.  Ironica

Graduates push their carbon emissions up a bit by having their temperature set to 21°C 

House Type

Basic Enhanced Enhanced+

96 | O T E o E H  

 

For the basic packages, the most cost efficient property to retrofit is the 1965-1980 Detached 

saved. Most of the properties fall 

1980 detached house, which will cost 

significantly more to retrofit on the basis of carbon reduction effectiveness.  This is due to 

t these houses would already have been insulated to a reasonable (but not low 

carbon) standard  under current building regulations and getting them up to the next level 

would require more effort and cost to see a noticeable improvement.  It stands to reason, 

therefore that any property older than 1980 is worth retrofitting and that for the mass scale 

There seems to be no hard and fast rule that determines whether the configuration (i.e. 

terrace) means that it is easier or harder to fit basic measures.  

terrace properties are scattered across the spectrum between £5.75 and £7.94 

and the difference is mainly in occupant behaviour.  Ironically, Greener 

Graduates push their carbon emissions up a bit by having their temperature set to 21°C 
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instead of 20°C which is the norm for the other groups (as derived from the focus group and 

survey data in WP5), and despite reductions in lighting, appliance and hot water use, given 

the same house type, Greener graduates use up more energy overall - spending around 

£100 more per annum than the Young Starters, living in the same type of property.  1919-

1945 Semi-detached properties all fall within the range of £5.86 to £6.01 while 1945-1964 

Semi-detached properties all fall within the range of £9.04 to £11.72, presumably because of 

the better baseline fabric, hence the application of the same basic measures would have less 

effect. 

For the enhanced packages, the properties more likely to experience the most benefit from 

the basic packages plus floor insulation, better airtightness and new doors and windows are 

the Pre-1919 properties (from £6.22 to £12.39), as the improvement of the glazing would 

pose a significant improvement over what currently exists.  The only exception to this would 

be the enhanced package for the Pre-1919 mid-terrace occupied by Early Entrepreneurs - 

the higher occupancy rate (4 persons) compared to the other occupant types means that 

they would experience less CO2 savings as a result of increased space heating and hot water 

use.  

Similarly to the basic packages, Post-1980s properties experience the least cost-efficiency 

among all the house types because of their newer fabric and construction.  Post-1980s 

owners may find it very cost-efficient in terms of carbon and fuel savings to undertake a low-

carbon retrofit, which is a shame considering their typical occupants - Middle Grounders, 

Successful Ruralites and Early Entrepreneurs - are reasonably affluent and have the capacity 

to pay and generally aspire for green lifestyles. 

Enhanced+ packages that cause a significant cost-efficiency drop are the packages which 

include loft conversions, which were offered as an added value factor for growing families 

who need more space, but it is a significant cost and construction programme inflator.  There 

is an industry gap here that may present valuable business opportunity and significantly 

improve the efficiency of a refurbishment project. If we can develop a mass-manufacturable 

loft conversion solution that will make it a cost-effective value, it may be possible to target 

loft conversion applications for marketing thermal efficiency retrofit for the rest of the house. 

New kitchens and bathrooms, depending of course on the standard of kitchen and 

bathroom on offer, appear to be a comfortable added value proposition in terms of cost 

efficiency and do not significantly add to the total cost of construction. 

 



 

 

6.2 DEGREE OF IMPROVEMENT

 

The following graph illustrates the tangible degree of improvement likely to be experienced 

by the occupants, measured in percentage of fuel savings. The prices detailed below are 

based on current domestic fuel costs and has assumed mains gas heating only. The impact 

and viability of solutions on the use of other fuel types, such as electric, oil and LPG will 

presumably come out in the Stock Model in WP3.5. 

 

Occupants of the Post-1980 properties are likely to experience only a 10% reduction in their 

fuel bills, while occupants of the Pre

experience up to a 50% cut in their fuel bills after implementation of the basic packages.  In 

terms of actual figures, this 50% cut equates to a savings of £1,259 per year.  This same 

house type-householder combination also experiences the most fuel savings for the 

enhanced packages,  with a fuel saving of up to 58%, or £1,461 per year.  
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illustrates the tangible degree of improvement likely to be experienced 

by the occupants, measured in percentage of fuel savings. The prices detailed below are 

based on current domestic fuel costs and has assumed mains gas heating only. The impact 

ility of solutions on the use of other fuel types, such as electric, oil and LPG will 

presumably come out in the Stock Model in WP3.5.  

1980 properties are likely to experience only a 10% reduction in their 

nts of the Pre-1919 detached (inhabited by Surburban Ruralites) can 

experience up to a 50% cut in their fuel bills after implementation of the basic packages.  In 

terms of actual figures, this 50% cut equates to a savings of £1,259 per year.  This same 

householder combination also experiences the most fuel savings for the 

enhanced packages,  with a fuel saving of up to 58%, or £1,461 per year.   

House Type

Basic Enhanced
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by the occupants, measured in percentage of fuel savings. The prices detailed below are 

based on current domestic fuel costs and has assumed mains gas heating only. The impact 

ility of solutions on the use of other fuel types, such as electric, oil and LPG will 

 

1980 properties are likely to experience only a 10% reduction in their 

1919 detached (inhabited by Surburban Ruralites) can 

experience up to a 50% cut in their fuel bills after implementation of the basic packages.  In 

terms of actual figures, this 50% cut equates to a savings of £1,259 per year.  This same 

householder combination also experiences the most fuel savings for the 
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Interestingly, while the basic packages of the Post-1980 properties do not yield substantial 

savings, the enhanced packages greatly improve the picture, going up to 31% fuel savings 

for the Post-1980 properties inhabited by Successful Ruralites.  It is worth noting that 

between the three different residents for the Post-1980 properties, the differences are purely 

down to occupancy - a couple for Successful Ruralites, a family of 3 for the Middle 

Grounders and a family of four for the Early Entrepreneurs, which leads to a fuel savings 

range from 28% - 31%.  This shows that for these newer properties, new windows and doors, 

floor insulation and improved airtightness will result in tangible fuel savings even though 

they are not necessarily cost-effective since these are the more expensive measures to 

implement. 

Here we again the see the negating impact of Loft Conversions for the enhanced packages - 

any fuel saved by the improved thermal performance in the roof area is balanced by the 

addition of habitable heated areas, which add value for the occupants in terms of space but 

are not the most efficient at carbon savings or reduced fuel bills. 

Another measure for the degree of improvement is on a national scale - what are the carbon 

emissions reductions from applying the basic and enhanced packages to all the houses with 

that particular house type and customer combination?  In the next phase of work we will be 

working with the stock model to apply scenarios at an individual house level, but for now we 

are using averages across the stock to represent the geometry and fabric performance of a 

particular house type.  The following bar graph presents the total CO2 savings resulting from 

application of the basic and enhanced packages.   
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The graph shows that in terms of the basic packages, there is relatively little yield in terms of 

CO2 emissions reductions from the Post-1980 properties - there is a relatively substantial 

amount of them in terms of population but this is not balanced by the scale of the 

improvement.  In terms of Pre-1919 mid terraces occupied by Greener Graduates, the overall 

carbon footprint reduction is small due to the small amount of properties.  In contrast, the 

Pre-1919 Detached properties also number less than 50,000 however the resulting carbon 

reductions from retrofitting them is more significant.  We have to bear in mind, however, 

that these properties are often rural and therefore probably more difficult to retrofit using a 

supply chain efficient street-by-street or neighbourhood-based rollout. 

On the opposite end of the scale, 1919-1945 Semi-detached properties are quite balanced in 

terms of population and results - there are a lot of them and they have proportional carbon 

reduction potential.  1945-1964 Semi-detached properties are also on the higher end of the 

scale but work has to be undertaken to retrofit a lot of them in order to make a difference. 

6.3 CUSTOMER ACCEPTANCE 

In terms of customer acceptance, we looked at two metrics:  the degree of potential 

disruption of the retrofit and the cost of the retrofit versus the income of the occupant. 

For disruption Wates developed theoretical construction programmes for each house type 

based on the following scenarios: 

• Basic package, vacant property - in this case the number of contractors is not so 

critical and the focus should be on the compression of the programme. 

• Basic package, resident in occupation - this adds a substantial degree of 

complexity to retrofits which require internal works. For basic packages is limited to 

properties that require IWI works. As such, for most of the basic packages, the 

maximum number of workers and the duration of works is the same for both vacant 

and occupied scenarios. 

• Enhanced package, vacant properties - the number of contractors is not so critical 

and the focus should be on the compression of the programme. 

• Enhanced package, resident in occupation - for the enhanced packages, most 

require internal works and as a result, the programme can potentially be greatly 

extended if the resident is not decanted.  In addition, there is a limit to the number of 

people on site in order to avoid the residents feeling unsafe and outnumbered. 
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Another metric that gives us some indication of the uptake for retrofit is affordability.  The 

following matrix shows the relationship between the construction cost of the basic retrofit 

packages and occupant income: 

 

 
 

If we set £10,000 as a threshold value we find that nearly all of our basic and enhanced 

packages for the low income groups to not fall within this zone.  The only customer segment 

that fits comfortably within this threshold is the Young Starters Basic package. Some of the 

basic packages for the higher income groups come close to this threshold, but presumably 

even with a slightly higher cost they may decide it is worth it if they can be convinced that 

the retrofit is of value.  For Successful Ruralites, by nature of the type of properties they 

inhabit (Detached Houses), retrofit is generally an expensive (yet good value in terms of 

energy reduction) proposition.  In any case it is clear that costs must come down or financial 
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enablers must be made available to make whole house retrofit available to our target 

customer groups. 

 

It is worth noting however that these costs are based on current state pricing and the most 

efficient methodology currently in operation.  These are also calculated using the ETI TE 

model and as such are based on a measure-by measure approach rather than a systems 

approach.   

 

Packages that include a loft conversion make it a very expensive retrofit, even with relative 

affluence, as is the case for the Middle Grounders and Early Entrepreneurs, and even more so 

with the Urban Constrained.  Still, the aspect of increasing space is of substantial added value 

for these groups, so it would be worth exploring other options, such as extensions (if space 

allows) or innovative storage solutions. 

6.4 BENCHMARKING 

Are we being ambitious enough?  The retrofit standards we have chosen for the packages 

are certainly ambitious in terms of current UK Building Regulations 2010 but is it enough?  

We have concentrated on solutions that are buildable today, using current and rapidly 

emerging technology.   But while the modelling results show a high degree of reduction in 

carbon emissions, is that really as far as we can hope to go?  How much benefit would be get 

from a national-scale Passivhaus retrofit, for example?  The Passivhaus standard is 

recognised in Europe as a progressive and advanced benchmark for building energy 

performance.  The key feature of a Passivhaus is that they space heating requirement is 

reduced by means of passive measures to the point at which there is no longer any need for 

a conventional space heating system, whilst providing a high level of thermal comfort.  

Passivhaus retrofit standard, or Ener PHit, is an adapted version of Passivhaus for retrofit 

projects - it has less stringent requirements for air leakage and U-values, and this is in 

recognition of the fact that it is not always possible to achieve Passivhaus standard for 

existing buildings, even with generous funding. 

 

The Retrofit for the Future project aimed to meet or exceed a benchmark emissions target of 

17 kgCO2/m
2/year.  How many of our packages meet this target? We compare our modelling 

results with an additional set of iterations, this time with a typical 'Passivhaus' retrofit 

package1, which includes: 

 

• Walls and roof U-value of 0.1  W/m2K 

                                                 

 

1
 Passive House Institute.  EnerPHit: Criteria for Residential-Use Refurbished Buildings. 2011.  
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• Floors U-value of 0.18 W/m2K 

• Door U-value of 1.0 W/m2K 

• Window triple-glazed with a U-value of 0.6 W/m2K 

• High-efficiency heating system  with an efficiency of at least 90% 

• Solar thermal hot water 

• MVHR with an airtightness of 1.0 m3/(m2.hr) @ 50Pa 

• Thermal bridge detailing 

 

The following graph shows that our basic and enhanced packages do not meet the RftF 

target, and that not all of the Passivhaus packages do either.  This may be due to the 

difference in calculation methodology - the ETI TE model includes energy for cooking, 

appliances and lighting. 
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Let's try comparing using another metric - the Passivhaus metric of 25kWh/m2/year for 

heating energy:

 

Therefore, our basic and enhanced packages, which are based on what is currently 

deliverable, fall quite short of Passivhaus retrofit standards.  If we want to aspire for ultra low 

carbon there are many gaps in the industry that need to be addressed, in particular materials 

that will enable us to achieve a U-value of 0.1 W/m2K for walls and roofs without occupying 

too much space, a solution for getting floor U-values down to 0.18 W/m2K, glazed doors 

with a U-value of 1.0 W/m2K, more affordable triple glazing, thermal bridging solutions that 

are easy and straightforward to install, and a resolution to all the concerns over the use of 

MVHR in relation to health and indoor air quality. Heat pumps are an option but they are not 

likely to be suitable for mass-scale refurbishment but should definitely be considered. 
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7 Innovation 

• List of innovative 'dream' products grew out of the Single Dwelling Refurbishment Plan  

• Practical experience of partners was used to think of products that would allow retrofit 

projects to be more efficient, cheaper and more appealing to the UK public 

• Following completion of the product list, partners from BASF were consulted to 

consider which products are already available, in development or are unlikely to be 

realised 

 

The final exercise of the Single Dwelling Refurbishment Plan workshop took place after two 

rounds of whole house package development - by this time all the teams were familiar with 

the issues of existing housing and had gone through the exercise of developing solutions for 

their assigned house types and clients.  This exercise was to do with "dream solutions" - what 

products should be invented in order to make the retrofit process easier/faster/more 

efficient/cheaper?  The listed innovation possibilities that are not yet within the construction 

mainstream but could be developed further in order to prime the retrofit process. 

Once we identified the gap and some potential products, we asked BASF to make a 

commentary on the viability of these solutions, and where relevant, to identify emerging 

products that already exist that may fill the gap.  

Below is a list of the products that would be especially helpful in improving the 

implementation of both Single Dwelling Refurbishment and the rollout of a mass retrofit 

programme. A more detailed list, including commentary from BASF can be found in 

Appendix E. 

Roofs 

- Invisible PV/solar thermal 

- Roof coverings with integral insulation 

Walls 

- Super Thin insulation 

- Range of high-quality wall finishes with integral insulation 

- Fixings to eliminate need for drilling 

- Prefab pre-cut and sized insulation 

- Old cavity wall insulation eating device/material that is eco-friendly 

Doors 

- Thermally broken timber door sets 

- Letterbox and cat flap airtightness solution 

Windows 
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- Aerogel-filled windows 

- Carbon capture glazing (CO2 for filling window cavities) 

Floors 

- Perimeter biscuit cutter (all-in-one DPC slice and replace) 

- Thin solid floor insulation 

- Flooring with integral insulation 

- Floor insulation 10mm max so lambda value is 0.007 

- Narrow trench tool for floor edge insulation installation 

Controls 

- Explore possibilities for externally-managed BMS 

Heating 

- Modular boiler (multi-stage so that it does not need to run at peak all the time to be 

efficient) 

- Combi boiler warm feed 

Survey 

- Non-traditional house type recognition software coupled with hand-held devices 

- Thermal imaging app for smart phones 

- In situ U-value checker tool 

- Whole stock energy database 

- Auto survey kit usable by unqualified people 

Ventilation 

- Passive heat exchanger  

- MVHR integrated into cooker hood or chimney 

- MVHR dynamic control- remote controls 

- Self-sealing ventilation products (e.g. exhaust fans), duct and flue interfaces 

Condensation 

- Passive dehumidification 

- Insulated bath/toilet 
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8 Summary 

The Single Dwelling Implementation Plan report outlines the development of individualised 

improvement scenarios that are tailored to the customer segments and house types 

identified previously by the consortium. The report draws on the demographic information 

from WP5 in order to better understand customer motivations and barriers toward retrofit. 

This information has also been useful in determining customer awareness of wider green 

issues and their interest in home improvement.  

Using customer segments as a guide, the BRE stock data was analysed to determine the 

properties in which these groups tend to reside. Customer segments and property types 

have been extensively detailed to provide robust improvement packages. These packages 

were developed during the Single Dwelling Refurbishment Plan workshop which involved 

project partners from PRP, Wates, Total Flow and BRE. All aspects of thermal efficiency were 

considered for each house type.  The result was a set of two refurbishment packages for each 

property, divided into 'Basic' and 'Enhanced' packages based on thermal efficiency 

improvements of 20-50%, or those which are best practices. Each plan is designed to address 

the drivers and barriers for each customer profile while effectively retrofitting their property 

according to age, typologies and unique considerations. Each measure has been tested with 

the BRE/UCL model in order to assess the effectiveness of the interventions.  

The result is a group of solutions that covers a representative percentage of the UK 

population and housing stock, presenting solutions that are thermally robust as well as 

represent added value to potential retrofit customers.  

The results of our analysis of the whole house packages show that: 

• Post-1980 properties are not cost effective to retrofit at our basic level, but that all Pre-1980 

properties reasonably demonstrate cost effectiveness in terms of retrofit.  They do show 

benefits at enhanced level for carbon emissions reduction and fuel savings, but it is not very 

cost effective. 

• Occupant behaviour is a factor that should not be ignored, particularly when predicting 

energy savings - we have demonstrated that for the same house type and same set of 

solutions different types of occupants greatly influence fuel savings and CO2 emissions 

reductions.   For example, despite reductions in lighting, appliance and hot water use, given 

the same house type, Greener Graduates use up more energy overall - spending around £100 

more per annum than the Young Starters, living in the same type of property but heating to a 

1°C higher set temperature. 

• Some Pre-1919 properties experience a reduction in carbon emissions by up to 50% for the 

basic packages, and up to 58% for the enhanced packages.  Going up to Passivhaus standard 

can result in reductions of up to 75% 
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• If we want to hit more ambitious "low carbon" targets, relying on current construction 

methods and available materials is not enough.  We can only hit these targets if we aspire to 

meet Passivhaus-type standards, and promote the development of solutions that will enable 

us to hit the high performance U-values that are required. 

• Loft conversions generally do not add up in terms of cost effectiveness and thermal benefits.  

We need to explore other ways of adding value by creating habitable/storage space 

 

We also looked at gaps in the current technology available to us for retrofit - there are many 

products that are not readily available that could greatly contribute to the success of a mass 

retrofit, in particular products that are able to deliver high levels of insulation without 

requiring material depth, as well as off-site manufactured multi-functional solutions that 

combine functions, e.g. finishing and insulation, security and insulation, etc.  We would need 

to further develop some of these "dream materials" if we want to hit more ambitious targets, 

such as an affordable mass-scale "Passivhaus retrofit standard" exercise. 
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9 Next Steps 

• The next stage will take the findings of the Single Refurbishment Implementation Plans 

report and investigate their applicability across the UK 

• The Mass Retrofit Implementation Plan will consider technical solutions as well as supply 

chain issues, customer engagement strategies and necessary public policy to create end-

to-end strategies 

 

The next stage in WP3 will be the development of the Mass Retrofit Implementation Plan.  

Building upon the packages developed in this report, we intend to investigate the 

implications of rolling out these individualised plans at a national level. Issues to consider 

include the speed of implementation, customer acceptance strategy, supply chain design 

and proposing public policies to facilitate the process.  

Similar methods of collaboration with consortium partners that were highly successful in 

WP3.4b will be used during WP3.5. The development of robust end-to-end engagement 

strategies will require drawing on the expertise and findings from different work packages. 

The need for innovation has been outlined in this report and will be furthered in WP3.5 by 

identifying opportunities for streamlining processes, minimising waste and utilising new and 

emerging technologies. We will continue to draw on the findings of WP3.4b, as well as stock 

model data, in order to determine which house types will make the most impact in terms of 

the cost and carbon targets.  

During the next stage we intend to dig deeper into the solutions and explore ways in which 

we can "mass customise" and tailor these standard solutions to the myriad of properties that 

exist, and in varying stages of improvement.  We also intend to work with our WP2 

collaborators on running scenarios for retrofit in order to have a quantitative analysis of the 

impacts of the retrofit on the UK's carbon targets. 
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Appendix B: Example Workshop 

Worksheets 
 






































































































































