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Executive Summary

The Committee on Climate Change (CCC) has published its recommendation on the level of the sixth carbon
budget, as required underthe Climate Change Act, to provide ministers with advice on the volume of
greenhouse gases the UK can emitduring the period 2033-2037. It will set the path to the UK’s new net-zero
emissionstargetin 2050, as thefirst carbonbudget to be setinto law following that commitment.

Today, the existing UK residential building stock consists of approximately 29 million dwellings and accounts for
aboutafifth of the UK’s greenhouse gas emissions. To support the significant step-change in carbon reduction

needed for the residential sector, robust analysis of theimpactand technical potential of retrofitting energy
efficiency measures in these homes is critical.

To informthis, the following report has been prepared by University College London to review and update the
CCC’s energy efficiencyassumptions for the sixth carbon budget through the development of a fully updated set
of costand energy saving assumptions for fabric energy efficiency measures across the UK housing stock, which
reflects the latest evidence (including in-use performance), where fabric energy efficiency measures are

generally defined as measures that seek to improve the insulation performance and/or restrict uncontrolled air
movement through the buildingenvelope.

A robustapproach

Methods that are used to inform advice and policy-making in this area must be robust and transparent,
supportingthe replicability and reproducibility of the work which they underpin. To achieve this, the
assumptions generated in this report were based on a mixed methods framework incorporating an extensive
evidence-base and case studyreview, dynamic modelling and stakeholder engagement and feedback analysis,
whererelevant data sources and underlying calculations have been documented.

Main Findings
Revising the scope of fabric energy efficiency measures

Arevised list of fabric energy efficiency measures, referred to as ‘sixth carbonbudget measures’, was defined
for this work. This consolidates previously used categories for clarity and certainty in the production of
assumptions, and extends coverage to several measures not previouslyincluded that better reflect available
evidence. These new measures reflect evolving technologies and aim to cover both heritage properties and
higher energy saving/high performance retrofit approaches (e.g. Passivhaus/EnerPHit) not previously
considered. In recognition of climate change and the unintended consequences associated with retrofit,
measures targeting overheating risk such as ventilationand shading variants were also considered. This range of
measures can be summarised as:

e Insulation measures: External, internal and thininternal solid wall insulation, cavity wall insulation including
treatments for Hard to Treat and partial fill cavities, loftinsulation categories and insulation for both solid
and suspended floors.

e Glazingmeasures: In addition to standard double glazing, secondary, slim profile and triple glazingwere
also considered.

e Other measures: Ascope of ‘easier to implement’ measures including draught proofing, reduction of
infiltration andtank insulation

e Overheating mitigation measures: This focused on the provision of standard ventilationand fixed, as well as
internal and shutter typologies for shading.
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Reflecting real-world contexts

The updated assumptions have aimed to incorporate in-use measured data from the National Energy Efficiency
Data Framework (NEED) dataset (BEIS, 2019a) and the most up-to-date assumptions from the Cambridge
Architectural Research (CAR)dataset for costings, whichis based on extensive research thatincorporated wide-
ranging feedbackfrom contractors (CAR, 2017). This was further strengthened throughthe comparison against,
and where necessary inclusion of, field trial and case study data.

To providea morein-depth understandingof factors thatimpact bothachievable energy savings and estimated
costings for fabric energy efficiency measures, an extensive analysis of ‘adjustment factors’ suchas the
performance gap, take back factor, opportunities for cost efficiencies, cost variations and uncertainties were
incorporated. Theimpact of these factors can contribute to up to 40% variation in achieved savings and over
200% in costvariation, when uncertainties relating to aspects such as contractor disputes are considered.

Updated savings and costs

Across various archetypes, insulationmeasures in general tend to account for the most significant energy
savings and involve the highest cost outlays (forthe total cost of installation) compared to other measures.
Despite achieving variable energysavings, costs associated with glazing measures are in some cases comparable
to those for the most expensiveinsulation measures. In archetypes with typically smaller floor areas, the total
installation cost of some glazing measures exceeds those associated with some wall insulation measures suchas
internal and cavity wall insulation. While relatively easier to implement, measures such as reduced infiltration
and tank insulation cancollectively achieve considerable savings, comparable to some types of glazing upgrades,
when combined and implemented properly.

Understanding the heritage domestic stock

Therearea widerange of buildingsthat face additional challenges in decarbonising, including those formally

recognised as having some form of heritage value (namely listed homes and homes in conservationareas) as
well as traditional buildings more widely — generally considered to be those built priorto 1919.

The CCCroutinely advises on the costs andsavingsexpected to be associated with decarbonisation, in order to
supporteffective policy-making. In light of the additional challenges faced by buildings with heritage value, this
study aims to establish an improved understanding of those measures which are currently considered more
applicablethan othersin domestic buildings of heritage value or located in conservation areas. Thefindingsare
based on feedback from heritage professionals, engaged in both policy making and retrofit. The outputs include
a more comprehensive ‘measure suitability matrix’, and an assessment of the potential cost uplifts associated
with installing measures in heritage buildingsthan thatincluded in the previously published ‘Analysis on abating
direct emissions from ‘hard-to-decarbonise’ homes’ report (Element Energy, UCL, 2019).

For homes categorised as having heritage value (as well as traditional buildings more broadly), fabric energy
efficiency measures are viewed by some to pose additional risks for these buildingsas a result of unintended
conseqguences associated with such impacts as moisture buildup. In the case of heritage homes and homes in
conservation areas, this can manifestin more onerous planning restrictions. However, itis also recognised that
sympathetic and appropriate application of these measures better enables the ongoing use of these buildings as
assets and some practitioners areincreasingly championinginvestment in better technical equipment, more
usable controlsystems and efficient low carbon energy supplies.

The outputsin thisreportarenotintended to actas guidance, but rather as a means to reflect the additional
challenges these buildings can face in decarbonising. In practice, while the variabilityin the heritage sector
necessitates thatevery buildingis considered on a case-by case basisand would generally require a bespoke
assessmentand recommendations, the matrixand cost assessment provide a framework by whichto structure
more generalised assumptions that may be needed when modelling the building stockas a whole. The
assessment provided here represents an early step and this remainsan area for future workand evidence



gathering.
Study Limitations

The main limitations that should be considered when interpreting the assumptions containedin this report
include:

e Datavs. Assumptions: While acomprehensive reviewof available sources and datasets was carried out, the
main available statistical releases on which this workis based (the NEED dataset and the CAR costings), had
inherent limitations in regardsto the coverage of the data (in relation to archetypes, the measures covered
and data availability and variability for Devolved Administrations). NEED is based on specificschemes and
may not captureall retrofit work undertaken in the UK, the data therefore is not necessarily indicative of
energy savings that would be achieved where measures areinstalledin the wider stock. The CAR cost
datasetis based on comparatively small sample sizes for some measures andthere are uncertainties
regarding the materials specifications forthe measures covered. To address this, certain assumptions had
to be madeto enablethe extrapolation of data where it was found to be missing. The cases in whichthese
assumptions have been used were nonetheless explicitly recorded to ensure transparency.

e  Modelling vs. Reality: To address further evidence gaps, a modelling exercise was undertakento inform our
understanding of theimpact of combining measures. While modellingaims to representa complex system,
it cannot precisely replicate it, especially in the case of occupant behaviour and this remains an important
evidence gap.

e Realhomes vs. Archetypes: The archetypes around which the assumptions were structured, were
developed to be to be broadlyrepresentative of the housing stock and to enable close mapping to the
available evidence. As with all archetypes, they are however idealized representations of typologies within
the UK stock. Real homes, and their occupants, will deviate from these assumptionsthatareinherentto
these archetypes.

e (CaseStudies: Dueto theinherent nature of case study-based research, the ability to generalise findings is
often limited and attempts to transfer this learning orkey lessons for widerapplication canpresenta
challenge(Yin, 2011).

To address these limitations and provide the knowledge base required to address the main data ‘gaps’, more
consistentinformation regarding the real-world performance of fabric energy efficiency measures should be
provided. In particular, future field trials should be commissioned and more strategically designed to allow for
the disaggregationof theimpacts of a wider range of measures both individuallyand in combination. While the
NEED dataset provided an invaluable source of information, the current format requires expansion beyond the

current scope of fabric measures and shouldincorporate more detailed data on theimpact of measures across
archetypesthatare currentlynotincluded such as flat typologies.
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1. Introduction: The Sixth Carbon Budget

The Committee on Climate Change (CCC) is publishing its recommendation onthe level of the sixth carbon
budget, as required underthe Climate Change Act, to provide ministers with advice on the volume of
greenhouse gases the UK can emitduring the period 2033-2037 (Table 1). It will set the path to the UK’s new
net-zero emissions targetin 2050, as the first carbon budget to be setinto law following that commitment.

To inform this work the CCClaunched a new Call for Evidence and commissioned a range of analysis across a
range of sectors to informits advice to the UK Government.

Table 1: UK carbon budgets 1-5 (CCC,2020)

Budget Carbon budget level Reduction below 1990 levels
First carbon budget (2008 to 2012) 3,018 MtCO2e 25%

Second carbon budget (2013 to 2017) 2,782 MtCO2e 31%

Third carbon budget (2018 to 2022) 2,544 MtCO2e 37% by 2020

Fourth carbon budget (2023 to 2027) 1,950 MtCO2e 51% by 2025

Fifth carbon budget (2028 to 2032) 1,725 MtCO2e 57% by 2030

1.1. The Domestic Retrofit Challenge

InJuly of 2016, the fifth carbon budget was passed intolegislation. As recommended by the Committee on
Climate Change (CCC), the budget was set at a total of 1,725 MtCO,e that could be emitted over the period
from 2028 to 2032. Analysis undertaken comparing the Government’s abatement projections to the fifth carbon
budget highlighted that there was an ‘abatement gap’- a shortfall compared to the trajectory in 2030. The

majority of this abatement gap was associated with direct emissions, with the largest sectoral abatement gap
attributed to the residential stock, followed by commercial and public sector buildings (ACE and RAP, 2016).

Today, the existing UK residential stock consistsof approximately 29 million dwellings and accounts forabout
onefifth of the UK’s greenhouse gas emissions. As a result, the UK Government has been called uponto make
sweeping policy changes to facilitate the large-scale improvement of existing homes to a high energy efficiency
standard. Doing so not only saves carbon emissions, but thereis an emerging and growing body of evidence on
the multiple benefits of energy efficiency, which include wide range of impacts or ‘co-benefits’, such as thermal
comfort, air quality improvements, fiscal benefits to the publicbudget (suchas Value Added Tax paid by
households taking up energy efficiency measures) that significantly add to the savings on energy costs (ACE and
RAP,2016). To date, funding for individual measures such as loft, cavity wall insulation and solidwall insulation

has been made available through funding programmes such as CERT, CESP, ECO and the GDC (Green Deal
Communities).

However, progressso far has been too slow, and as noted in CCC 2019 Progress report to Parliament (CCC,
2019), deployment of energy efficiency measures in buildings are running atless than 20% of therate under the
CCCindicators, having fallen sharply since policy changesin 2012 . These indicators were set for the fifth carbon

budget and ambition should be even higher following the setting of the net zero target. New policy is urgently
needed to driveimprovementsin the energy efficiency of our housing stock.

1.2. The Need for Robust Assumptions

To supportthesignificant step-change needed for the residential sector, robust analysisof theimpact and
technical potential of installing energy efficiency measures is needed, underpinned bythe latestand best
available evidence. As an increasing evidence base becomes available regarding in-situ performance, retrofit
risks and unintended consequences, assumptions regarding the actual impact of installing energy efficiency
measures arein continual need of validation and updating.

Recent debateregarding the credibility and transparency of the science that underlies policymaking across all
sectors, has called for the adoption of research approaches and standards that ensure the replicability and
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reproducibility of findings are maintained (Huebner etal., 2017). This is of increased importance when

considering decisions that will inform national actions on climate change formulated thorough scenario
development and modelling for future heat trajectories.

As such thefollowingreport and associated supplementary evidence focuses ontheincorporation of arobust
evidence base, as well as the definition of the detailed methods that underlie it, to allow for the systematic
replication of findings, facilitate scrutiny of the work andallow future updates to easily incorporated as the
evidence baseon which itis based expands.

1.3. Study Aims, Objectives and Scope

As specified by the CCC, the followingworkaims to review and update the CCC’s energy efficiency assumptions
for the sixth carbon budget through the development of a fully updated set of cost and energy saving
assumptions for fabric energy efficiency measures across the UK housing stock, which reflects the latest
evidence (including in-use performance). Fabric energy efficiency measures are generally defined as measures
that seek to improvetheinsulation performance and/or restrict uncontrolled air movement throughthe
building envelope?.

Based on the above mentioned aim, the following four key objectives were addressed:

e Toreviewtheavailableevidence on fabric efficiency measures, acrossall types of homesin the UK,

e Toconsider factors that may influence costs, savings and suitability and howassumptions can be used to
capturethese where appropriate,

e Toundertakedynamicmodelling, where appropriate, to inform assumptions, including on how different
combinations of measures performin situ,

e Toundertakeacomparative analysis of updated assumptions to the CCC'’s fifth carbon budget assumptions
to highlight any deviations, and determine and justify the use of updated or original assumptions where
appropriate.

In consideringthe remit of work and the project timeframe, the scope of this work is to:

e  Primarily focusthe work on gathering data on the costs and energy saving performance of single energy
fabric efficiency measures from field trials, surveys, and case studies. This will include a degree of analysis
of enabling measures and unintended consequences (including the risks and associated costs).

e Targetthe secondary focus ontheimpact of behaviouralassumptionssuchas theimpact of the takeback
factor on savings andthe performance gap through the review of existing evidence and feedback from key
experts.

e Focus modellingto specifiedtasks thataimto fill in knowledge gaps fora defined set of house types where
datadoes notexist or is difficult to robustly extrapolate.

e Investigateand implement formats for engagement with heritage building sector bodies and professionals
to provide feedbackthat can be used to formulate an informed consensus on suitability and, where
possible, the costs of measures associated with fabricenergy efficiency measures forthe sector.

e [tshouldbenoted that whileembodied carbon is out of scope for the work presented in this report, itis
acknowledgedthat whole-life carbonshould in generalbe given increasing focus in analysing the potential
for carbonreduction in the building sector.

! To enable a more holistic assessment, the remit of this definition has been extended in the report to include hot watertank insulation and
overheating mitigation measures such as ventilation.
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1.4. Overview of the Study Approach

Our approach aims to balance the benefits and limitations of different evidence sources, highlighted by our

previous experience in investigating energy efficiency deployment and installation practice for the domestic
retrofit sector, which are detailed in Section 2.1 Methodologyfor Generating Assumptions.

In practice, to produce robust assumptions, a mixed-method design was consideredto be mostappropriate due
to its effectiveness in combiningboth quantitative and qualitative approaches and its flexibilityin integrating the
various research sources and approaches for data collection. This method, which has been increasingly used in
the field of built environment research, has the potential to increase the validityand reliability of the resulting

data by addressing the limitationsassociated with the theoretical nature of various modelling-based work and
the anecdotal nature of case study research (Abowitz and Toole, 2010).

The approach involved the analysisof a wide body of evidence, including ‘real-world’ field trialand case study
analysis, supported by both modelling and stakeholder feedback to provide an up-to-date and robust evidence
base on which to build informedand traceable assumptions. To support this, the following main tasks, which
will bediscussed in further detail in relevant sections, were undertaken:

e Evidence-base and case study review: This included two forms of evidence analysis; general literature and
datasets on energy efficiency measures and the analysis of specific case studyinformation. Theinitial aim
was to review 20 data sources; however, this was extended to over 150 datasets, studies and published
reports.

¢ Dynamic Modelling: This involved the implementation of defined modelling tasks using the EP-Gen?
modelling framework andthe compilation of results to inform specificassumptions, specifically relating to
the impact sequencing of measures and combining themin ‘packages’ on energy savings.

e Stakeholder engagement and feedback analysis: This exercise with heritage professionals was undertaken
via a structuredsurvey on an online portal, followed bya number of discussions to enable the gatheringof
data specific to the suitability of measures to the heritage sector.

1.5. Report Structure

The reportis structuredaround the main themes describedin the objectives of the report detailed in section
1.3 andisorganised as follows:

e Section 1 - Introduction provides an overview of the report, summarisingthe aims, scope and overall
approachof thework.

e Section 2 - Updating Fabric Energy Efficiency Assumptions provides updated assumptionsfor fabricretrofit
measures in the UK residential sector. This specificallyfocuses on the energy savings and the costs
associated with the installation of key identified measures. This includes the detailed approach for the
review, analysis and synthesis of key evidence that was employed to support the generation of these
assumptions, criteria for data inclusionand provision of ‘adjustment factors’ to be consideredin the
understanding and application of these assumptions.

e Section 3—The Domestic Heritage Sector focuses on the approachemployed and findings of a survey-
based study specificallyaiming to provide a framework for the understanding of the application of the
general fabric assumptions to the heritage homes. In addition, the section provides in-depth feedback from
heritage and design professionals working in this field that should be considered, highlighting the complex
processes and considerations that underpinthis.

2 EnergyPlus Generator 2 (EPGen-2) is a novel Python-based interface to the EnergyPlus dynamic modelling software tool that has been
developed by UCL. Further details can be found in Appendix A-4 of this report
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Section 4 - Findings and Conclusions highlights the overall findingsof the study, compares the assumptions
to those previously generated for the fifth carbon budget, and defines the key lessons from the analysis of
dataand generation of assumptions.

Appendicesincorporates the key supplementary informationassociated with this report.

Note:

In addition to this report, the detailed evidence and calculations that is referred to throughout the text has

been provided in spreadsheet format. The reportand spreadsheet should be consideredas complementary
parts of a complete analysis set. Thelist of assumptions spreadsheets are as follows:

e Sixth carbon budget fabricenergysavings assumptions
e Sixth carbon budget fabriccost assumptions
e  Sixth carbon budget domestic heritage assumptions
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2. Updating Fabric Energy Efficiency Assumptions

The following sections highlight the approach that was used for the generation of assumptions for both savings
and costs. Asassumptions are based on existing datasets that reflect real installations, itis assumed that the
measures covered (as a pre-requisite) comply with the requirements of the relevant building regulations (Part
L1Band Part B, and their equivalent Sections and Technical Documents in Scotland and Northern Ireland)3.

For high-riseflatsin particular, where more stringent fire safety requirements nowapply, an emerging body of
evidence on the combustibility of insulation materials is being developed as manufacturers considerthese new
requirements. However, until this body of evidence becomes available, considerations in interpreting these new
requirements for the assumptions generated areincluded in the principles for generating assumptions. In
addition, whererelevant evidenceis availableits incorporation is detailed in the data notes thataccompanythe
assumptions.

Error! Reference source not found.Methodology for Generating Assumptions

As discussed in Section 1.4, to informthe CCC’s advice on the sixth carbon budget, robust analysis of the impact
and technical potential of installing energy efficiency measures is needed, underpinned by the latest and best

available evidence. Arange of evidence sources have been used for the generation of assumptions to date, each
of which have limitationsin their usefulness and applicability:

e Modelling- based assumptions: Modelling provides a frameworkthat aims to representa complex system
as realisticallyas possible and enables the analysis of ‘what-if’ scenarios in an effective and time effective
manner. However, as a desk-based analysis method, assumptionsbased solely onmodelling may not
sufficiently reflect actual ‘real” use and performance or have benefitted from sufficient empirical validation
to establish that findings translate well into reality*.

e Case study-based assumptions: While specific case studies may highlight some in-depth real-world findings
that help inform assumptions, these are often anecdotal and limitedto those cases, where attempts to
transfer thislearningor generalise key lessons for widerapplication may presenta challenge.

Thus, to address the limitations associated with the methods utilisedin the production of previous assumptions,
we soughtto analyse a wider body of evidence through the followingapproach:

1-Evidence Source Compilation: Adatabase of relevant literature, case studies and datasets relating to the
topics listed below were collated for selection and inclusion in the evidence review in an accessible online
database using the Zotero platform (www.zotero.com).

e  Compilation of costs and savings associated with e Impactsand uncertainties:including
energy efficiency measures behaviouralimpacts, and the performance

e Variation inindividual/whole house costs/savings gap

e Defining projected changes overtimeincluding e Enabling measures and mitigation of
costs/performance, future proofing unintended consequences: overheating,

e Emergentenergy efficiency measures and ventilation
technologies such as thin internal wall insulation e Initial heritage building analysis

e Projected vsdelivered savings and costs e In-situ performance data/measurements

3 Approved Document B states that, “In a building with a storey 18m or more above ground level, any insulation product used in the
external wall construction should be of limited combustibility. The limits materials available to products achieving a European classification
of Class Al or A2, and the only testing standard deemed acceptable is BS EN 13501.(Potten, 2019)

“ A significant body of evidence including sources and methods employed for the generation of previous fifth carbon budget assumptions
have utilised SAP based calculations. While SAP (and similar) calculations and conventions a hugely important part of the overall drive to
make building construction more energy efficient, the key issue to note is that it is above all a compliance tool and does not necessarily
represent the ‘real’ energy consumption of a dwelling (Morgan, 2018).
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2- Evidence Review and Analysis: Arapid review of the evidence in the literature was undertaken. This included

tagging the aforementioned resources forassessment, then critically analysing, organisingand logging relevant

datain table format.

3-Evidence Gap Identification and Prioritisation: Current knowledge and data gaps relating to fabricenergy

efficiency measures wereidentified to determine whether sufficient published evidence exists to support robust

assumptions, or highlight key areas where standardized assumptions would need to be made to enable

extrapolation. This also helpedidentify the scope of modelling needed to support these assumptions and define

the modelling tasks required.
2.1.1. Criteria for Data Inclusion and Main Data Sources

To ensure consistencyin the formulation of assumptions, a set of criteria were defined to assess available

datasets and sources and determine which were suitable for further review and subsequent inclusionin the

generation of assumptions forsavings and costs (Table 2).

Table 2: Criteria for data inclusion
Category Criteria
Data Type Energy Savings: Field trial data, case study
Costs: Surveys, field trial data, case study, generated cost estimates
Data Metric Energy Savings: kWh savings gas consumption

Costs: £ whole house and/or material and labour (where applicable)

Year Latest available with backstop of 2007
Disaggregation Data should clearly allow for the disaggregation of energy saving impactand costs of single measures
Sample size Evidence based on larger sample sizes will take precedent, inclusion of smaller case study-based work will

be included to account for the lack of availability of data for large sample sizes for deep retrofits

The full list of the data sources is documented in both the references section and Appendix A-6. The

incorporation of the data sources intothe underlying calculations is detailed in Appendices A-2 and A3 of this

report. Thetwo main datasets that were used as the starting point for the base assumptions were:

e Energy Savings - National Energy Efficiency Data - Framework: NEED is a data frameworkset up by BEIS

(formerly DECC) to provide a better understanding of building energy use and performance of energy
efficiency measures in the UK. The data framework matches gas and electricity annualised meter data,
collected for BEIS sub-national energy consumption statistics, with data on energy efficiency measures

installed in homes from the Homes Energy Efficiency Database (HEED), Green Deal, the Energy Company
Obligation (ECO) and the Feed-in Tariff scheme. It focuses on fabric efficiency measures thatinclude solid

wallinsulation, cavity wall insulation and loft insulation. It also includes data about property attributes and

household characteristics obtained from a range of sources (BEIS, 2019a).

e Costings - CAR Domestic cost assumptions - What does it cost to retrofit homes? This report produced by
Cambridge Architectural Research (CAR) aimed to update the cost assumptions for BEIS’s Energy Efficiency

Modelling by collecting data on the actual cost of 18 measures intended to improve household energy
efficiency. Data was collected via interviews with 52 installers from around Englandand Wales.

Supplementaryinformation was gathered by email whererequired. Areview of 15 published literature
sources on the costs of energy efficiency upgrades, including cost data from websites, was also included.

The cost data was released as spreadsheets accompanying the main report (CAR, 2017).
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2.1.2. Covered Fabric Energy Efficiency Measures

The scope of the assessment UK domestic stock fabric energy efficiency measures. As a starting point, the list of
applicable measures includedin the fifth carbonbudget assumptions (Table 3) were reviewed and assessed
againsttheexisting ‘real-world’ evidence base to ensure that the list met the following criteria:

e Coverageofmeasures: The primarydatasetsincludedin thereview arealigned to the measure categories
e Robustness of data: Datais available and deemed of sufficient quality to generate validassumptionsfor the

covered measure categories

Table 3 : Fifth carbon budget fabric energy efficiency measures list: coverage & robustness (Element Energy & EST, 2013)

Fifth Carbon Budget Measures Coverage Robustness
Solid wall insulation (External) High High
Solid wall insulation (Internal) High High
Easy to treat cavities (low cost - high impact) High High
Hard to treat cavities (high cost EWI - high impact) Medium Medium
Hard to treat cavities (low cost - high impact) Medium Medium
Limited potential easy to treat cavities (low cost - low impact) Low Low
Hard to treat cavities (high cost IWI - high impact) Medium Medium
Loft insulation 50-124mm (85 mm average) Low Low
Loft insulation 50-124 mm (HTT) (78 mm average) Low Low
Loft insulation 125-199mm (145 mm average) Low Low
Loft insulation 125-199 mm (HTT) (143 mm average) Low Low
Suspended timber floor Medium Medium
Solid floor Low Medium
Potential for Double glazing (from single glazing) High High
Potential for Double glazing (from pre-2002 double glazing-E rating) Medium Low
Double glazing (post-2002 double (C rating) assumed only marginal benefit from upgrade Medium Medium
Insulated doors Medium Medium
Draught proofing (draught stripping) Medium Medium
Reduced infiltration (foam, strips, sealant use) Medium Medium
Jacket HW cylinder to top up with jacket (24.3 mm average) Medium Medium
Foam HW cylinder to top up with jacket (15.3 mm average) Medium Medium

Based on the above assessment, thelist (detailed in Table 4) was revised as follows:

e Variouscavity andloftinsulation categories as well as double glazingvariants were consolidated/ and or
revised into amore workable list that was better aligned to existing data sets.

e Several measures not previouslyincluded were addedto reflect evolving technologies such as thin internal
wallinsulation (TIWI)®, and as denoted in the table, with applications for both heritage properties and
higher energy saving/high performance retrofit (e.g. Passivhaus/EnerPHit).

e Theterms ‘draught proofing/stripping’ and ‘reduced infiltration’ are often used interchangeably in existing

literature. For clarity in this report, draught proofing is intended to refer to measures suchas closing a
chimney, whileinfiltration reduction measures considered here include such measures as adding sealant to
windows etc, these are considered minor (and often DIY) measures. This reverses the previously used
terminology from the fifth carbonbudget assumptions.

Measures targeting overheating risk such as ventilation and shading variants were included.

°Thin internal insulation systems are generally those where the thickness ranges between 10mm to 20mm (BEIS, 2017b)
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Table 4: Updated sixth carbon budget measures list

Sixth Carbon Budget Measures Heritage High Performance Overheating
Application Retrofit Mitigation

External (solid) wall insulation (EWI) X

Internal (solid) wall insulation (IW1) X X

Thin internal (solid) wall insulation (TIWI) X

Cavity Wall Insulation: Easy to treat unfilled cavities (CWI-ETTC)

Cavity Wall Insulation: Hard to treat unfilled cavities (CWI-HTTC)

Cavity Wall Insulation: Partially filled cavities

Loft insulation (LI)

Loft insulation: Hard to Treat (LI-HTT)

Suspended timber floor insulation

Solid floor insulation X
Secondary glazing (Estimate savings from G and E rating) X

Double glazing (Estimate savings from G and E rating)

Slim profile double glazing (Estimate savings from G and E rating) X

Triple glazing (Estimate savings from G and E rating) X

Insulated doors X

Draught proofing (draught stripping)* X X

Reduced infiltration (foam, strips, sealant use)* X

Hot Water (HW) tank insulation

Ventilation X
Shading (Fixed, Shutters and Internal Blinds for costings) X

. Note: The terms draught stripping and reduced infiltration are often used interchangeably in existing literature. For clarity in this
report, reduced infiltration is used to refer to more minor measures such as the use of sealants and foam strips for windows or doors,
whereas draught proofing is intended to refer to measures such as sealing a chimney. These are not mutually exclusive and can be
applied together to maximise benefits if appropriate.

2.1.3. Housing Archetypes and Standard Assumptions

In producing the assumptions, it was important to consider the housing typologies that would be used to
structurethe assumptions. Following a review of the format of datasets in the evidence base, as well as work
undertaken at UCLto develop stock modelling archetypes, a base set of eight geometric archetypes (Table 5),
representative of the main typologies in the UK housingstock was determined. Whererelevantin thereport
text, to differentiate them fromarchetypes used in referenced studies, these arereferred to as ‘Assumptions
Domestic Archetypes’ (ADA).

These eight archetypes were further categorized into three size variants (S-Small, M-Medium and L-Large) to
enable easier mappingand comparisonto the fifth carbon budget assumptions and to provide a more detailed
view, where applicable, of theimpact of building scale and geometry on savings and costings. The average
geometric properties of the archetypes applicable forthis analysis such as Total Floor Area (TFA), Covered Floor
Area (CFA) and Loft Area (See Appendix A-1), were derived from the following data sources:

e Donaldson, L., 2018. Floor Spacein EnglishHomes — main report. MHCLG.

e Scottish Government, 2017. Scottishhouse condition survey: 2017 key findings. Scottish Government.

e EST, 2019. Determining the costs of insulating non-standard cavity walls and lofts. Department for Business,
Energy & Industrial Strategy.
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Table 5: Assumptions domestic archetypes
Category Types
Flats Converted Flat
High Rise Purpose Built Flat
Low Rise Purpose Built Flat
Medium Houses Mid Terrace House
End Terrace House
Bungalow
Large Houses Semi-Detached House

Detached House

Whilethe ADA archetypes broadly mappedon available data used for the generation of savings and costs
assumptions, in some cases where data gaps did exist, a further set of Standard Assumptions were derivedfrom
a review of data to provide a standardised framework for extrapolation of data. The full set of these standard
assumptionsis documented in Appendix A-1. While this approach provided a pragmatic method by which to

address existing data gaps, theimpact of the application of standardised assumptions on the interpretation of
datais reflected upon in therelevant sectionsand in the conclusions of this report.

2.2. Updated Energy Savings Assumptions for the Sixth Carbon Budget

The following section discusses the updated energy savings assumptions for a range of fabricenergy efficiency
measures, thisincludes:

e Updated energy savings assumptions for the sixth carbon budget measures

e Energysavingsadjustmentfactors to be considered wheninterpreting the assumptions

e Anoverview of the potential impact of usingdifferentimplementation approaches on achievable savings

It isimportant to note, that throughout this report that the term ‘savings’ denctes the estimated absolute
energy saving potential in (kWh) achievable from the installation of measures.

The following lists the principles applied forthe incorporation of data to these assumptions:

e Allassumptionsare based on an evidence base that primarily includes published literature, in particular
datasets that include actual energy saving performance and costs from surveys, field trials and case studies

e Theanalysisisbased on gas savings derived from the installation of single measures, with package and
whole house approaches quantifiedas a secondaryoutput

e Baselinesavings assumptions are based ona quantified kWh metric of gas savings, thus studies including
this metric or allowing its derivation were considered in thefirstinstance

e Whererepresented in percentage terms, baseline savings are based on total gas consumptionfor each
dwelling type (in line with NEED). Note that this will mean the percentage savings as setoutcannotbe
treated as purely additive.

e Wherepossible, datais based on thelatest available data releases from the NEED dataset (2019, based on
2017), for the measures typically covered by the dataset

e Thecurrentlyavailable NEED dataset does not cover recent data thatincludes the more stringent fire safety
requirements for high-rise flats. However, for all achievable savings for high-rise flat typologies, for relevant
measures, it was assumed these only involve materials that comply with more stringent requirements

e Where NEED does not cover fabric energy efficiency measures, a wider range of data sets, manufacturer
information...etc. are consideredwhere available and as appropriate (e.g. double, slim profile, triple glazing,
internal/thininternal wall insulation, draught proofing, floorinsulation)
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e Adjustmentfactors generated from literature are provided as percentage, such thatthey can be used as an
upliftor decreasein achievable baseline savings, to provide an understandingof the impact of these factors
on assumptions and for applicationwhere relevant for the formulation of modelling scenarios.

e Thesources, rationaleand uncertainty associated with eachassumptionis clearlydefinedand logged to
allow traceability andtransparency

2.2.1. Overview of Energy Savings Assumptions

Based on the abovementioned principles, estimated energy savings were assumed forthe range of measures
covered. Thesearedescribedas absolute values (kWh) in Table 19and Table 20 as a percentage saving relative
to the NEED total gas baseline consumption in Table 21and Table 22. The sources and calculationapproaches
which underlie these assumptions are detailed in Appendix A-2.3 Energy Savings Data Notes.

Insulation measures: Allowing for variability between measure categories, the most significant energy savings
acrossarchetypes are associated with insulation measures applied to walls, which isin line with conventions
regarding the proportion of fabric heatlosses through plane elements®. Based on the methodologyapplied,

savings associated with the application of floorinsulationare also considerable. It should be noted that although
this estimate is based on best-available data, the evidence-basein this area is comparatively limited.

Glazing upgrades: Based on the applied calculation methodology, savingsfrom glazing are generally greater for
triple glazing acrossall archetypes. While slim profile double and secondary glazing both achieve lower savings
than conventional double glazing, the relative decrease in savingsis marginalcomparedto the impact their roll-

outcan achievefor archetypes where conventional glazing installations are not an option (olderand heritage
buildings).

Other measures: While relatively easier to implement, measures suchas reduced infiltration and hot water tank
insulation can collectively achieve considerable savings, comparable to for example, some types of glazing
upgrades, when combinedand implemented properly.

Savings assumptions for flats: One of the key areas where data gaps did exist related to the absence of a
specific ‘flats’ categoryin the NEED dataset. To address this, a broad assumption was made that the savings for
flats werein line with bungalows given that both housetypes are generally single storey configurations and
generally align in age bands (itis acknowledged that the average floor area of bungalows might be largerthan
someflat types, butthisis addressed in the third point below). Assuch, forimpacted measures (e.g. EWI), flats
achieve a percentage saving overthe NEED baseline thatis much higher than some larger archetypes such as
mid terraces. However, this aligns with some observed findingsrelating to stockarchetypes. Reasons for this
may include:

e Flatsarein general newer than mid terraces, therefore underlying issues that mightimpact the achieved
savings fromtheinstallation of measures post retrofit are less likely to occur. This includes structural issues,
gaps, leakiness etc.

e Flatsaremorelikely to beimpacted by co-benefits of being located amongst other units that have also
been insulated, while with single family home typologies suchas mid terraces thisis notalwaysthe case. In
other words, aflatthat has been insulated is highly likelyto be next to, above or beneath another 'warm'’
neighbouring property that has also been insulated. This enables a higher savings percentage due to such
factors as the minimisation of thermal bridges, better installation practice and, heatloss through party
walls.

® Fabric heat losses through the building fabric can be categorised as: plane heat losses which occur through the main elements of the
building fabric (roof, walls, windows and floor) & thermal bridge heat losses which occur through corners, junctions, and structural elements
penetrating the insulation layer. Buildings also lose heat by ventilation, i.e., the passage of air through them.
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e Finally, work currentlyis being undertakenin the area of the (Heat Loss) Form Factor. Thisis related to the
impactof builtformand floor area on heatloss and energy saving potential and a measure of
'compactness' of a building, where the more compact a building is, the easier itis to be energy efficient. It
has been assumed that this factor can be generally used to compensate for the size difference between
bungalows and flats when savings were assumedto be broadly similar.

2.2.2. Savings Adjustment Factors: Performance Gap, Take Back Factor and Behavioural
Interventions

Various studies haveidentified severalfactors that may impact the extent of energy savings that are achieved
through theinstallation of fabricenergy efficiency measures. In addition, emerging research has also highlighted
the further impact of behavioural interventions on achieved energysavings. As part of the remit of the work,
UCL were tasked with identifying these factors and generating relevant ‘adjustment factors’ and identifying
reference data used.

It isimportantto note that the main data set used, NEED, is based on measured energy use. This therefore
affects theinterpretation and application of some of these adjustment factors asitis assumed that the NEED
data already incorporates theirimpact. Itis nonetheless usefulto understand the extent of the impact of

adjustmentfactors withinsuch contexts as the application of energy savings assumptionsin the formulation of
scenarios.

Performance gap: This describes the difference between theoretical and modelled energy saving performance
of installed energy efficiency measures. The performance gap has been attributed to various issues such as
installation quality, operational practices and incorrect modellingassumptions. Adjustment factors associated
with the performance gap can, for example, be used to inform an assumption on the upliftin achievable energy
savings with some closure of the gap with better installation practices. For this work a range of case-study based
evidence sources werereviewed (Table 6). The average performance gap (as a percentage of intended energy
saving) was estimated to be 28% across cases, which ranged between 7%-50%. This is higher that the
percentage assumed in previousworkcommissioned bythe CCC (Element Energy and UCL, 2019). Some general
findings from evidence identified that:

e Inasampleof 86 dwellings across various age bands, a greater performance gap was associated with
dwellings in older age bands (Gupta etal.,2015). Thisis corroborated by a further study which foundthat
thisislikely dueto the higher likelihood of older properties being initially underheated (Summerfield et al ,
2019).

e Forasampleof 24 dwellings retrofitted as part of the TSB Retrofit for the Future Programme- (RT4F)
despite having a lower initial energy use than the archetype average, a lower performance gap was
reported. Whilethe approaches implemented for R4TF projects are considered of a higher standard
compared to current retrofit practice, this suggests that well planned deep whole-houseretrofit has the
potential to considerably decrease the performance gap (Gupta and Gregg, 2016).

e Forasampleof fiveretrofit demonstration house types, representative of the top five typology groupsin
terms of carbon emissions, thorough retrofitandinspection processes effectively lead to the ‘closure’ of
the anticipated performance gap and houses delivered on the performance reduction target (PRPand
Peabody, 2016).

Take back factor (or comfort factor): This describes the reductionin expected energy savings attributed to
occupantsincreasing internal temperatures following the installation of energy efficiency measures. Adjustment
factors associated with the take back factor can, forexample, be used to inform an assumptionon the extent by

which comforttakinghas impacted achieved savings in the case of measured in-use data such as thatincluded
in NEED.

The overall take back factor of 33% listed below is based on the average of ranges described across reviewed
studies (Table 6). Despite the existence of some uncertainty in regards to sample size, findings also indicate that
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the take back factor can vary based on both economicfactors and tenure status. Specifically, the take back

effect decreases from44%in poorerhouseholds to 29%in wealthier households and ranges froman average of
40% for rental properties to 19% for owner occupied dwellings.

Behavioural Interventions: These are considered to be low-cost and largely easy-to-implement occupant
centred interventions aimed at reducing energy waste and carbon emissions. Adjustment factors associated
with behavioral interventions can, for example, be used to inform an assumptionon further savings that can be
achieved through behavioral change programmes that may complement fabric energy efficiency measures.

An evidencereview carried out for DECC highlighted that these programmes can be effective in encouraging

peopleto useless energy in their home and that householdswith more scope to reduce energy use (i.e. those
with higher baseline energy consumption) experience larger savingsin energy use with interventions (RAND,
2012).Inan aimto quantify the potential impact of various approaches, a number of key studies were r eviewed
and average ranges quantifying the potential impact of behaviouralinterventions were derived (Table 7).

Table 6: Quantification of performance gap and take back factor on energy savings

i Range
Type Adjustment Factor
L H Sources
Gupta, R., Gregg, M., Passmore, S., Stevens, G., 2015. Intent
and outcomes from the Retrofit for the Future programme:
key lessons. Building Research & Information 43, 435—-451.
Performance Gap for all dwellings 28% 7% 50% | Gupta, R., Gregg, M., 2016. Do deep low carbon domestic
retrofits actually work? Energy and Buildings 129, 330-343.
PRP, Peabody, 2016. ETI Domestic Retrofit Demonstration
Project, Summative Report 1. ETI.
Take Back Factor for all dwellings 33% 12% | a9y | Avdin, E., Kok, N., Brounen, D., 2017. Energy efficiency and
household behaviour: the rebound effect in the residential
Take Back Factor by Tenure sector. The RAND Journal of Economics 48, 749-782.
Brom, P. van den, Meijer, A., Visscher, H., 2018.
Rental 40% 31% | 49% Performance gaps in energy consumption: household
Owner Occupied 19% 12% | 27% | groups and building characteristics. Building Research &
Information 46, 54-70.
Take Back Factor by Income
Low Income 44% 40% | 49%
High Income 29% 19% | 39%
Table 7: Impact of behavioural interventions on achieved energy savings
Type Adjustment Range Sources
Factor Darby, S. (2006) The Effectiveness of Feedback on
L H Energy Consumption, A Review for DEFRA of the
Eeedback 10% 5% 15% Literature on Metering, Billing and Direct Displays
. . R (Oxford: Environmental Change Institute
Direct feedback (including smart 10% 5% 15% Barbu, A.-D., Griffiths, N., Morton, G., European
meters) Environment Agency, 2013. Achieving energy
Indirect feedback (e.g. enhanced billing) 6% 2% 10% efficiency through behaviour change: what does it
take? Publications Office, Luxembourg.
Feedback and target setting 10% 5% 15% RAND, 2012. What Works in Changing Energy-
Energy audits 20% 20% 20% Using Behaviours in the Home? A Rapid Evidence
Assessment. Department for Environment and
Lowering temperature by 1 degree 8% Climate Change.
(20¢-19¢) 8% 45% Timmins, C., 2019. Assessing the heating energy
Lowering temperatures and reducing use through varying set-point and set-back
operating times 16% temperatures in a whole house test facility.

o Please note that the adjustment factors listed relate to the impact of discrete measures. The application of a combination of these

measures would not be equivalent to the sum of their individual impact due to the complex interactions between them.

2.2.3. Quantifying the Impact of Implementation Approaches

Dueto thelack of real case study data that describes the relative impact of single measure versus package and
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whole houseinstallation of measures, acomprehensive modelling exercise was undertaken forthree house
types, thatare generally representative of the small, medium and large domestic properties. The modelling
used UCL’sin-house modelling tool EPGen-2 and employed archetypes developed by UCL, which are considered
to be broadly representative of the UK domestic stock and map to those used for the updated assumptions.
These represent small (high rise flats), medium (mid-terrace) and large (detached) dwellings. The detailed
modelling process and fullassumptions are listed in Appendix A-4 of this report. In general:

e Measures wereselected based on typical installations for modelled house types
e Resultsintend to give a general estimation of magnitude of possible relative savings frominstallation of
measures on individual, whole house and package-based approaches’

Table 8: Impact of implementation approaches on energy savings

% Savings improvement over baseline for house type

Scenario Flat (GF) | Flat (MF) | Flat (TF) | Average Flats | Mid-Terrace | Detached
A-Individual Measures (Total) 58 73 82 71 69 65
Wall insulation 32 63 51 49 39 1
Loft ins 0 -1 26 8 17 11
Floor ins 13 1 1 5 10 5
Windows->double glazed 3 6 4 4 4 P
Draughtproofing + Reduced Infiltration 13 8 2 8 8 7
Ventilation -2 -4 -2 -3 -4 1
Shading -1 0 0 0 -5 1
B-Whole House 61 74 83 73 73 69
C-Packages (Total) 61 76 84 73 74 66
Package 1: Walls + Window Upgrade 36 68 54 53 44 44
Package 2: Floor + Loft Insulation 13 0 24 12 27 17
Package 3: Auxiliary Measures 12 8 6 9 3 6
Notes

* Measures are selected based on typical installations for house types

e Individual measure list does not denote order of installation & total impact of individual measures/packages is a simple total.

e Other adjustment factors not applied & results subject to modelling uncertainty

e All dwellings modelled in urban central London location (Islington weather file)
Ininterpreting thefindings listed in Table 8, it should be noted that the total impact of individual measures and
packagesisan aggregation of each separate measure. In reality, the total collective savings associated with
individualmeasures or packages would be expected to be still lower relative to a whole house approach. This is
duethe cumulativeimpact of workmanshipissues and installation problems that are likely to occuracross
multiple installation stages. Theseissues are less likely to occur in awhole house approach as the holistic
installation strategy employed will more effectivelyaddress issues such as interaction of measures and key
junctions between building elements. The assessment given above is therefore expected to underestimate the
benefits of awhole house approach to retrofit. Improved evidence on the benefits of a whole-house approach
should be determined through future outputs fromthe current BEIS DEEP projects (BEIS, 2019b).

An additional factorthat may impactresults is the increased likelihood of take-back factor. A modelling exercise
for arange of retrofit options and of ‘energy use behaviours’, indicated that if occupants change their energy
use behaviour after a moderate’ energy efficient retrofit, thereis a significant risk that energy use will increase.

" “Whole house’ is defined as an installation approach where the application of all fabric energy efficiency suitable for a particular house
takes place simultaneously. ‘Package’ refers to aninstallation approach where a subset of suitable, and preferably complementary,
measures are combined together for simultaneous installation.
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However, if ‘significantimprovements in heat loss and system efficiencyare undertaken space heating energy
usewill reduceirrespective of occupant behaviour (Love, 2014).

Evidence on theachieved savings impact and the sequencing of measures using real case studies remains
limited. A review of relevant modelling-based resources suggests that the benefits and payback times of
individualmeasures vary according to the preceding energy efficiency measures that have been applied, but the
annual energy consumptionat the end of the modelling timeframe s similar forvariousorders of measure
installation. Early implementation of measures that achieve significant reductionsin annualenergy use, such as
external wall insulation and double glazing, are thought to yield the greatest benefits with regardto the
cumulative energy savings (Banfilletal., 2013).
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2.3. Updated Cost Assumptions for the Sixth Carbon Budget

The following section includes updated cost assumptionsfor a range of fabricenergy efficiency measures. This
includes:

e Updated costassumptions for the proposed list of measures

e Assumed costranges for the proposed list of measures

e Costadjustmentfactorsand uncertainties to be considered in interpreting the assumptions

e Anoverview of cost trajectories

The updated list of cost assumptions, the process for their generation, and accompanying data notes that detail

the underlying calculations used to generate them, are detailed in Appendix A-3.1 of this report. The principles
applied for theincorporation of data to generate assumptions on costs are as follows:

e Allassumptionsarebased on an evidence base that primarily includes published literature, in particular,
cost estimates generated from contractors/installers and datasets of actual costs from field trials /case
studies whereavailable

e Theanalysisis based on costs associated with the installation of single measures, with package and whole
house approaches costs quantified as a secondary output through adjustment factors

e Baselinecostassumptionsare based on either a quantified £ per house or £ material andlabour, thus
studies including this metric or allowing its derivation are primarily considered. Other cost categories are
defined and considered separatelyto allow flexibility in application

e Wherepossible, datais based on the latest available data releases from BEIS, namely:

e Domestic costassumptions - what does it cost to retrofithomes?
e Determiningthecostsof insulating non-standard cavity wallsand lofts

e Wherethese data sets do not cover fabric energy efficiency measures, a wider range of data setsare
considered where available and as appropriate

e The currentlyavailable datasets do not cover recent data thatincludes the more stringent fire safety
requirements for high-rise flats. However, for all costingsfor high-rise flat typologies, for relevant
measures, it was assumed these only involve materials that comply with more stringent requirements

e Adjustmentfactorsare provided as percentages, suchthat they can be used as an uplift or decreasein
baseline costs. Adjustment factors generated from literature are provided as percentage, such that they
can beused as an upliftor decreasein achievable baseline saving. These have been generated from
literature to provide an understanding of the impact of these factors on assumptions andfor application
whererelevant for the formulation of modelling scenarios. These cover costimpact categories such as
projectsize, scaleand location.

e Thesources, rationale and uncertainty associated with eachassumptionis clearlydefinedand logged to
allow traceability and transparency

2.3.1. Overview of Cost Assumptions

Based on the abovementioned principles, estimated cost assumptions were made for the range of sixth carbon
budget measures covered (material andlabour costs unless otherwise stated, although uncertainty remains
around thescope of some of the costs reported). These are described as absolute values (£ installation

per/house)in Table 23 and Table 24. Theranges forthese costs are also detailed in Table 25. The sources and
calculationapproaches which underlie these assumptions are detailed in Appendix A-3.3 Costings Data Notes.

Insulation measures: The costs associated with solid wall insulation measures in general represent the largest
outlay across measures, in particular for largerarchetypes (e.g. detached houses). Internal insulation costs (both
conventional and thin) tend to be lower and external scaffoldingis not needed for installation. However, other
costs associated with minimization of disruption (e.g. temporary moving costs) and replacement of kitchens and
bathrooms shouldbe factoredin for cases where this mightberequired.
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Glazing upgrades: Costs associated with glazing measures are comparable to those for the most expensive
insulation measures. In smaller archetypes, the cost of some glazingmeasures exceeds those associated with a
number of wall insulation measures suchas internal and cavity wall insulation.

Other measures: Comparative costs for measures such as reduced infiltration and hot water tank insulation
represent arelatively small outlay. However as discussedin Section 2.2.1, their collectiveimpact may in some
cases be comparable to that of much more expensive measures such as glazing.

Mitigation of overheating: The mitigation of overheating and maintenance of good indoor air quality (IAQ) is an
importantaspectto consider alongside implementation of retrofit measures. While the costs of the installation
of standard ventilation measures (suchas extract fans) is comparatively low, estimated costings for the
installation of shading is considerably higher. In some cases (e.g. flat archetypes) the costs are comparable to
someinsulation measures andglazing upgrades. However, for these archetypes (in particular top-storey flats)
the presence of adequate shadingis of even greater importance given theirincreased propensity to overheat
(Symondsetal., 2017). It should be noted that Mechanical ventilation with heat recovery (MVHR) was not
considered within the scope of this work as itis primarily a heating technology (therefore not withinthe remit of
fabric energy efficiency measures).

2.3.2. Cost Adjustment Factors and Uncertainties

Fabric energy efficiency measure costings quoted acrossthe sources reviewed incorporate a range of
methodologies, which include various cost categories. Generallyitis understood that the costs include labour
and materials unless otherwise stated, although the scope of the costs from CAR data remains uncertain. For
fabric energy efficiency measures that may not cover additional fixed costs, a number of supplementary cost
categories are expected.

These costs are generated in a number of ways and cancollectively contribute up to 50% of the total costs
involved (AECB, 2011 & EU directorate 2016). For this work, they have been cataloguedand are derived froma

range of sources (Table9), butareregarded as overheadsthatare unlikelyto change regardless of the changein
factorssuch propertytype, scale...etc.

Further cost impactfactors: These encompass characteristics, eitherinherent to the properties themselves or
associated with the implementation approach to deliveringfabric energy efficiency measures, that may impact

the overall costs. While the mostimportant factors (property size and type) are both incorporated into the
assumptions generated in this report, further costimpact factorslisted below should be considered:

e Economies of scale: The CAR costings datasetincorporates some suggested scale-related cost efficiency
savings, however these were based on limited sample sizes. Adjustment factors associated with economies
of scalecan for example inform assumptions where a number of properties simultaneously undergo
installation suchasin a street-by-street-approach?. In some cases, an increased number of properties might
reduce some aspects of installation costs.

However, areportby Changeworks (2012) suggests that many of the high costs such as logistics, planning
permission, scaffolding, unexpected works and making good are fixed whichmeans that cost reduction
though economies of scale, although significant, may not be reduced as muchas previously thought.

8 The following delivery/deployment strategies can be employed, in increasing scale of implementation (Raslan et al., 2017):

1-Pepper-pot: Installation in a number of selected properties within an area, whereby these properties may not be located near each other.
This approach is often found in cases where retrofit is taken up by early adopters.

2-Street-by-street: A number of properties on a single street may undergo installation simultaneously allowing for more efficient supply
practices as well as the opportunity for achieving economies of scale.

3-Area-based: Deployment to all properties in a defined area (neighbourhood, estate etc.). This solution provides the greatest opportunity
for achieving economies of scale, an opportunity for decreased project duration, but mayinvolve increased disruption in the area.
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Project size and regional variations: A review of evidence found guidelines relating to overall project size
(which may be used as a proxy for single house versus multiple house installations) and regional variations
around the UK (Table 10 and Table 11). Adjustment factors associated with these can for example be used
to inform assumptions associated with large scale installations (e.g. estate-based installations forsocial
housing providers)and assumptions regarding cost differences around the UK.

Sectoral variations: Previous work undertaken by UCLon EWI collated costs of delivery that differentiated
between private and social sectors (ACE, 2011). This found that private sector costs, estimated at £10,600-
£14,600, werein general higher than social sector which were estimated at £8,400. This may be attributed
to economies of scale as social landlords are able to carry out mass retrofit projects or differences in
materials and finishes. While this this work focused on EWI, it can be assumed that similar variations may
beassumed for other measures (Raslanetal., 2017). Adjustment factors associated with sectoral variations
can for example be used to inform assumptions associated with owner occupier vs social housing costs at

stock level.
Table 9: Supplementary 'fixed' cost assumptions
Cost Price
Type Cost Item Unit Average Range Year Source
PRP, Peabody, 2016. ETI Domestic
Full ffol fi 1475- ! !
s 38 ull scaffold tofront and Fixed £/house 3700 > 2016 Retrofit Demonstration Project,
] back of houses 7900 .
s e Summative Report 1. ETI.
- 1, T
§ & | Scaffolding - externalwalls | [ yopo) o 780 | 700-990 | 201 :::f byinforlzéecifft'nﬁ?:u?;
o° (insulation) only 2016 ‘gy P ’
Savills
Item VAT % of Project Cost 15% N/A 2011 EST, 2011. FutureFit: Installation
9 hase in-depth findings. Affini
e Insulation VAT % of Project Cost 5% N/A 2011 phase in-depth Tindings inity
s Sutton.
* Inflation % of Project Cost 12% 10-14% | 2016 ;Itol:g:gentlal Project (2016), 5th
& Planning/Building Control* Fixed £/house 750 N/A 2016
~ o .
-]
2E S ) 450- PRP, Peabody, 2016. ETI Domestic
g % Survey and Design Fixed £/house 1275 2500 2016 Retrofit Demonstration Project,
8 c L . Summative Report 1. ETI
o © Insurance, Administration o . o : :
s & Profit % of Project Cost 6.5% N/A 2016
Note:

*These costs would apply to projects not covered under permitted development rights, those located in 'designated areas' such as
conservation areas and heritage properties

**These costs would more likely apply to extensive retrofit projects (i.e. whole house) that may incorporate significant changes to the
exterior and/or interior of the property and older properties where pre-retrofit repairs might be required

Table 10: Suggested economies of scale/ project size: comparative costings

Project value (£) Cost factor Cost Adjustment (%) Source
50,000 1.16 16% Cost modelling, (2019) Q4 2019 cost data. Online.
100,000 1.12 12%

250,000 1.07 7%
500,000 1.03 3%
750,000 1.01 1%
1,000,000 1 0%
1,250,000 0.98 2%
1,500,000 0.97 -3%
2,000,000 0.96 -4%
3,000,000 0.94 -6%
4,000,000 0.925 7.5%

*Based on a £1,000,000 construction project baseline = 1 has a cost factor of approximately 1
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Table 11: UK construction cost regional variations: comparative costings

Region Index Source

UK National Average 100 Cost modelling [WWW Document], 2019. URL
North East 93 https://costmodelling.com/ (accessed 12.14.19).
North West 99

Yorkshire and Humberside 97

West Midlands 99

East Midlands 97

East Anglia 102

South West 100

South East 108

Outer London 111

Inner London 117

Wales 96

Scotland 98

Northern Ireland 84

* Indices set at current tender price index 181 (Q2-2019, Year 2000 = 100) and UK national average index 100

Cost uncertainties: [t should be noted that while the assumptions generated in this report are based on a robust

analysis of best-available data, retrofit delivery costshave been shown to be subject to significant uncertainties.

Inthe recent ETI demonstration project (PRP and Peabody, 2016)the Outturn (actual cost of delivery) was
compared to arange of projected costs. Theseincluded:

e Costgenerated viaa desk-based estimation for the ETI's Optimising Thermal Efficiency of Existing Homes

(OTEOEH) project

e ABusinessas Usual (BAU) cost whichassumed current contractor practices and supply chain arrangements
e Quoted project costs by a nationalcontractor

e Expected costs based on theinitial retrofitapproach proposed in the study

e Expected costs based on therevised retrofit approach proposed in the study

The analysis across the retrofits implemented as part of this project illustrated that additional works. For one

casestudy (Figure 1) thisresultedan approximate 100% increase in estimated costings. Thisincluded disputed

costs (which incorporate the value of the contractual disagreements) and variation in condition contingency
(the estimated / actual costs for unexpected additional costs arising from deteriorated buildings; with older

properties having higher estimated values) contributedto a significant costings upliftin practice.
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£80,000

£70,000
£60,000 RDS
£50,000
£40,000
£30,000
£20,000 .
£10,000 —
© Il = -
National Retrofit Revised
OTEoEH BAU Out-Turn Retrofit
Contractor | Approach
Approach
Additional Works - 2,087 - 4,537 -
Disputed - - - 29,151 -
M Condition Contingency - 4,152 2,000 25,109 1,875
WO/H&P 682.84 125 1,940 1,000 3,174 2,625
M Prelims 2,731.36 3,923 6,902 4,460 4,200 3,013
W Material 2,871 5,040 4,579 3,609 3,124 3,925
M Labour 6,001 8,366 9,993 5,135 8,237 7,253
Total 12,286 17,454 29,653 16,204 77,532 18,691

Figure 1: Comparative retrofit costings of a 1945-1964 Semi-Detached: ETI demonstration project

2.3.3. Cost Trajectories

Thereis limited evidence concerning the potential cost changes or reductiontrajectory of energy efficiency

measures. Itis expected that the ongoing BEIS Whole House Retrofit (WHR) project will produce evidence to

meet this currentknowledge gap. Areview of current studies that may supplement the existing assumptions
have highlighted the following points:

Reinventing retrofit: How to scale up home energy efficiency in the UK: This recent EU report estimates that
an Energiesprong-basedretrofit cost reductionof 54% (from £75,000 to £35,000) versus an achievable 15%
reduction fora conventional retrofit (from £47,000-£40,000) between 2018to 2025 (Green Alliance, 2019).
Passivhaus Construction Costs: This report focusing on Passivhauslevel construction projects looked at
several case studies. The study estimated that PassivHaus standard best practice was 8% higher than
conventional constructionand was expected to fall to 4% with the implementation of ‘key success factors’
which underlie the Passivhaus approach. While the study specifically looked at new build, it provides a
guideline for cost uplift comparison between conventional and EnerPhit (the Passivhausstandard
approach) retrofits (Passivhaus Trust, 2019).

Offsite construction: Independent KPMG research foundthatin spite of the increased construction costs
associated with one-off offsite construction projects, financial net savingsof 7% were possible as a
consequence of the shortened construction period (KPMG, 2016).
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3. The Domestic Heritage Sector

Therearea widerange of buildingsthat face additional challenges in decarbonising, including those formally
recognised as having some form of heritage value (namelylisted homes and homes in conservationareas) as
well as traditional buildings more widely — generally considered to be those built priorto 1919. Ourevidence

gathering for the purposes of this work is focused on the former but many of the findingswill be applicable to
traditional buildings more generally.

Understanding the factorsimpacting fabric energy efficiency measure deployment for these buildings is
important for the purposes of better understanding the likely costs associated with getting to net zero, as well
as informingpolicy, learning and innovation. A stakeholder engagement exercise with heritage professionals

and building designers with expertisein the heritage sector was undertaken to inform the assumptions
contained in this report.

3.1. Overview of Heritage Suitability Assessment Methodology

Surveys enable the gathering of data that relates to real world practices, situations or views. As a research
instrument, surveys have been widely usedas in the wider scope of built environment research (e.g. Altavilla et

al., 2004; Mahdavi, 2004). Quantitative analytical techniques are applied to then draw inferences from the data
thatis gathered on existing relationships (Davison, 1998).

For this exercise, a survey was undertaken via Opinio, (https://opinio.ucl.ac.uk/). This structured online feedback
portal was used to engage a wide range of stakeholders, to gather views fromthe design and heritage
community regarding the suitability of fabric energy efficiency measures for heritage categories in the current
regulatory and planning environment®. The formatinvolved the use of a pre-prepared onlineinteractive data

feedback form, whereinformationwas gathered from key invited participants. An email invitationto the survey
was sent to representatives from the heritage bodies, members of stakeholder groups such as the EDGE, council

planning departments who haveissued specificguidelines in this area (e.g. Westminster, Bristol and Bath)and
contacts through the UCL Institute of Sustainable Heritage (UCL-ISH). Feedback provided information regarding:

e  Suitability assumptions for a range of energy efficiency measures
e  Practicalissues for consideration
e |dentification of important lessonslearned to the point of completion and occupation

Over 30 responses were received, this was followed by a number of follow up discussions (via email and in
person with consenting participants) to enable further clarification/elaboration of key points, which were then
analysed and collated forthis report.

Note

The UK data protection legislationis set outin the Data Protection Act 2018 (DPA) and the General Data

Protection Regulation (GDPR) (whichalso forms part of UK law). To ensure GDPR compliance, the following

principles were applied:

e Surveyresponseswere anonymizedin suchamanner thatthedatasubjectisnotor no longer
identifiable

e Nosensitive data was collected, and participants were not categorized as vulnerable

e Participants who wereinterested in participating in further discussions were invited to give explicit and
informed consent and submit their contact details.

91n addition to their commonplace application as part of consultation processes such as those involving building regulations and policy, they
have been used to successfully and effectively compile information for large scale data surveys in research and engagement with
stakeholders.
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3.2. The Suitability of Energy Efficiency Measures: Survey findings

Survey participants provided responses regarding homes located in conservation areas as well as the following
heritage categories utilised across in England/Wales, Scotland & Northern Ireland, respectively:
e Conservation area: dwellingsin areas of special architectural & historicinterest/character

e Grade I/A/A: dwellings of exceptional interest

e Grade II*/B/B+: particularlyimportant dwellingsof more than special interest

e Grade ll/C/B1&B2: dwellings that are of specialinterest, warranting every effort to preserve them

The main categories of suitability (Table 12) were generated based on the percentage of the responses

recorded (Table 13), these were sub-categorised into wider range of suitability outcomes than initially

proposed, to more closely capture the range of views included:

e Suitable for most dwellings: Measures that are generally acceptable for most dwellings withinthe heritage

category

e Suitable for most dwellings (limited): Measure(s) that are generally deemed suitable for the majority of
dwellings within a particular heritage category. However, their application should warrant more careful
consideration in applicationand/oris likely to face constraints for some dwellings.

e Suitable for some dwellings: Measures that are generally acceptable for some of dwellingswithin the

heritage category

e Suitable for some dwellings (limited): Measure(s) were deemed suitable for some dwellings, withina

particular heritage category. However, their applicationis more limited, should warrant more careful
consideration in applicationand/oris likely to face constraints for some dwellings.

e Unsuitable for all dwellings: Measures that are generally not suitable for all dwellings within a heritage

category

Table 12: Heritage suitability matrix

Measure/Category

Conservation Area

External wall insulation-all
facades visible from road

Suitable for some
dwellings

External wall insulation-

Suitable for most

Grade |

Suitable for some dwellings

Grade I1*

Grade Il

Suitable for some
dwellings (limited)

Suitable for some
dwellings (limited)

Suitable for some

Suitable for some

facades not visible from road dwellings (limited) dwellings (limited) dwellings (limited)
Internal wall insulation applied Suitable for some Suitable for some dwellings Suitable for some Suitable for some
to all external walls dwellings (limited) dwellings dwellings

Loft Insulation

Suitable for most
dwellings

Suitable for most dwellings
(limited)

Suitable for most
dwellings (limited)

Suitable for most
dwellings (limited)

Insulating suspended floors

Suitable for most
dwellings (limited)

Suitable for some dwellings

Suitable for some
dwellings

Suitable for most
dwellings (limited)

Insulating solid floors

Suitable for some
dwellings

Suitable for some dwellings

Suitable for some
dwellings

Suitable for some
dwellings

Secondary glazing

Suitable for most
dwellings (limited)

Suitable for some dwellings

Suitable for some
dwellings

Suitable for some
dwellings

Double glazed windows

Suitable for some
dwellings

Suitable for some dwellings
(limited)*

Suitable for some
dwellings (limited)

Suitable for some
dwellings (limited)

Slim profile double glazing

Suitable for some
dwellings

Suitable for some dwellings

Suitable for some
dwellings

Suitable for some
dwellings

Draught proofing

Suitable for most
dwellings (limited)

Suitable for most dwellings
(limited)

Suitable for most
dwellings (limited)

Suitable for most
dwellings (limited)

Reduced Infiltration

Suitable for most

Suitable for most dwellings

Suitable for most

Suitable for most

dwellings (limited) dwellings (limited) dwellings (limited)
I li | shadi Suitable for some Suitable for some dwellings Suitable for some Suitable for some
nstalling external shading dwellings (limited)* dwellings dwellings

Installing shutters

Suitable for some
dwellings

Suitable for some dwellings

Suitable for some
dwellings

Suitable for some
dwellings

*Note: For Grade | itis assumed that measures designated as suitable for some dwellings (limited) would be limited to special cases and
likely to include like for like replacement in line with the original features




Table 13: Recorded responses for survey

Category Conservation Area Gradel Gradell* Gradell
Measure/Suitability Suitable Suitable Unsuitable Suitable Suitable Unsuitable Suitable Suitable Unsuitable Suitable Suitable Unsuitable
forall for some forall forall for some forall forall for some forall forall for some forall
dwellings | dwellings dwellings dwellings dwellings dwellings dwellings dwellings dwellings dwellings dwellings dwellings
External solid wall insulation applied to
all facades visible from the road 0% 50% 50% 0% 29% 71% 0% 41% 59% 0% 44% 56%
External solid wall insulation applied only 0% 75% 5% 0% 9% 41% 0% 9% 41% 6% 9% 35%
to facadesnot visible from the road ° ° ° ° ° ° ° ° ° ° ° °
Internal wallinsulation applied to all
ot s PP 25% 60% 15% 6% 59% 35% 6% 65% 29% 12% 71% 18%
Loft Insulation
80% 20% 0% 59% 41% 0% 59% 41% 0% 65% 35% 0%
Insulating suspended floors
50% 50% 0% 24% 71% 26% 26% 76% 0% 47% 53% 0%
Insulating solid floors
25% 65% 10% 6% 71% 24% 6% 82% 12% 12% 76% 12%
Secondary glazing
45% 50% 5% 18% 65% 18% 26% 59% 18% 24% 71% 6%
Double glazed windows
(] 0 (] (] 0 (] 0 (] (] (] 0 (]
5% 90% 5% 6% 47% 47% 6% 59% 35% 6% 65% 29%
Slim profile double glazing
15% 85% 0% 6% 88% 6% 6% 88% 6% 6% 88% 6%
Draught proofing
60% 40% 0% 41% 47% 12% 47% 53% 0% 53% 47% 0%
Reduced Infiltration
80% 20% 0% 53% 47% 0% 53% 47% 0% 63% 38% 0%
Installing external shading
5% 85% 10% 6% 59% 35% 12% 59% 29% 12% 76% 12%
Installing shutters
15% 85% 0% 18% 59% 24% 12% 82% 6% 12% 88% 0%

*Note: Percentage denotes the degree of acceptability based on responses from survey cohort
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3.3. Further Considerations: Detailed Respondent Feedback

While the suitability matrix provides some generalised feedback onthe extent to which measures are currently
considered suitable for different types of property, the variability in the heritage sector necessitates that every
buildingis considered on a case-by-case basis and would generallyrequire a bespoke assessment and
recommendations. Through the survey, further feedback regarding considerationsassociated with fabric
energy efficiency measures was provided. These are summarised around the main themes listed below:

General suitability of fabric measures for the heritage sector:

e Currentconservationphilosophyisincreasingly recognising the importance of ‘intangible heritage’°.
Therefore, potentially strong arguments could be made for the application of some fabricenergy efficiency
measures if this enables the ongoing use of the buildingas a functioning asset for a specific heritage
activity.

e Anyretrofits must be looked atin whole-life terms - including their impact on the longevity of the building.
The reversibility of measures is also a major consideration.

e Somelisted buildings canincorporate areas which are less significant froma heritage perspective, where
the installation of (additional) fabric measures would be allowed.

Risk management:

e Fortheheritage sector, fabricenergy efficiency measures were viewed to be potentially damaging if
applied incorrectly. Some practitionersconsidered them to be unnecessary andinstead championed
investmentin better technical equipment, more usable control systems and efficientlow carbonenergy
supplies.

e Issuesassociated with impact, riskand unintended consequences should be considered andguided by such
resources asthosedescribedin the STBA Guidance Wheel (STBA, 2015), the PAS 2035 matrix (BSI, 2019)
and the body of work on unintended consequences from retrofit (e.g. Shrubsole etal., 2014).

e  With climate change, overheating together with moisture andindoorair quality issues, should be factored
into planning forretrofitin general, andin particular within the heritage sector.

Specific suitability considerations:

e Strategies need to be consideredfor their aesthetic qualities so as not to detract from the original
vernacular.

e Materials need to be assessed carefully fortheir breathability so as not to damage the underlying fabric of
the structure. Boththeinternal conditions and moisture managementissues should be considered.

e Thereisa general view thatfoam or plastic based materials should not be used. Breathable products such
as cork granule and lime-based insulation renders, wood fibre-based boardinsulation, hemp-based
insulants etc, reduce therisk considerably, allow the building to buffer humidity as it would have done prior
to usinginsulation and retain some of its thermal mass.

e The useofvapour permeable (woodfibre) insulation, in conjunctionwith a suitable ventilation system is
now considered to be a possible solution for historicand listed solid wall buildings. If the thickness of this is
carefully gauged to the moisture load and the factors of orientation, constructionand exposure, then the
risk of interstitial condensation or mould formation has been found to be very low.

e Externalinsulationis preferableto internal insulation wherever possible. Its application should be
supported by a discussion based on aesthetics (to ensureit can beincorporated discretely) and local
planning flexibility.

©The term intangible heritage, which was used in the feedback provided by survey participants, refers to ‘cultural heritage’. This has
changed content considerably in recent decades and now extends beyond material ‘monuments’ to include traditions and practices,
partially owing to the instruments developed by UNESCO (UNESCO, 2020)
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Unlessinternal insulation is carefully considered, there are greater risksof interstitial condensation. This
risk is much higher with materials which are not breathable such XPS, andfoam-based products.

Solid walls and floors are at high risk from insulation trapping water from both condensation and leaks
(which are morelikely to occurin older buildings).

Blanket support fordraught-proofing was limited due to the fact thatin many cases draughts provide
backgroundventilation whichis essential to deal with both internally and externally generated moisture
loads.

Post-occupancy monitoring in heritage buildings is showing that the performance gap in many heritage
buildingsisinverted -i.e. installed reality delivers an improvement on the approved modelling and design
target. Thisis thought to be dueto the fact that solid walls have been found to have much better U-Values
than what was previouslyassumed for modelling. This is largely due to the poor and inconsistent nature of
the materials and construction, where resultant air-voidsact as a good insulant.

Thereis little technical knowledge about the insulating behaviour of thick stone walls although they seem in
practice to mollify external climate effectively. They may also be vulnerable to degradation if insulation is
applied.

High performance vacuum glazing (e.g. LandVac)and Low-E (thermal) glass'?, were highlighted a possible
glazing material that might be suitable for somelisted buildings.

Thin and breathableinsulatingplasters may be suitable within buildingson external walls

3.4. Heritage Energy Savings and Costings

The body of evidence regarding achievable savings with the heritage sectorand anyfactors that might

specificallyinfluence it remains relatively limited. As such, the energy savings generated for the general stock, in

conjunctionwith theinformation provided in the suitability matrix, canbe used to provide guidance in
formulating scenarios relating to this sector.

For costings (Table 14), supplementary evidence from Bath and North East Somerset Council ‘Retrofitting

Estimate Spreadsheet’ (Bath & North East Somerset Council, 2013)'? was used to update existing heritage cost
upliftassumptionsincluded in the recent Element Energy recent UCLwork on Hardto Decarbonise homes
(Element Energy and UCL, 2019). For the final assumptions usedin the subsequent workto informthe Sixth
Carbon Budget see Element Energy for the CCC (2020) Development of trajectories for residential heat
decarbonisation to inform the Sixth Carbon Budget.

= Low-emissivity glass (or Low-E glass) is a type of energy-efficient glass designed to prevent heat escaping out through windows.

12 Based on real costs from contractors/manufacturers including applicable rates, overheads, prices, VAT etc for a series of idealised
buildings.
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Table 14: Heritage cost uplifts (Bath & North East Somerset Council, 2013)

17th % increase 18th Century % increase Victorian- % increase
Century on Townhouse on Edwardian on Ave %
(£) standard (£) standard (£) standard change Notes
External Wall 40450 652% 12015 123% 30184 461% 618%
Insulation
Internal Wall 30465 255% 21520 150% 28261 229% 317%
Insulation
Loft Insulation 1846 113% 614 -29% 1369 58% 71%
EWI/IWI
Suspended Floor | g 15% 5082 206% 4771 187% 2049 | denotes
Insulation application
Solid Floor on
. 10252 N/A 14834 N/A 2282 N/A N/A rear/other
Insulation
facades for
Secondary 5345 N/A 9716 N/A 17430 N/A n/a | heritage
Glazing properties.
Draught Proofing 264 N/A 533 N/A 667 N/A N/A
Window N/A N/A 8987 65% 12357 127% 96%
Draughtproofing
Shutters 6000 N/A 1600 N/A 16500 N/A N/A
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4. Findings: Comparison and Limitations of Assumptions

The following section summarises the findings of this work, comparing the data and assumptions produced as

part of this work to previous fifth carbon budget assumptions and highlighting key considerations to be taken
into accountwhen interpretingthe work.

4.1. Discussion: Comparison to Fifth Carbon Budget Assumptions

As part of this work, the fifth carbon budget assumptions were reviewed at three key stages:

e Stage 1:Duringtheinitialreview of the available body of evidence to provide a baseline forassumptions, to

enabletheearly identification of key areas of uncertainty and helpfocus furtheranalysis.
e Stage 2: Thefullscope of the fifth carbon budget variants (135) were equivalenced and comparedto the

initial assumptionsgenerated forthis work. This aimed to gauge the trajectory of changein assumptions

and assess their applicability to the previously defined archetypes.
e Stage 3: On completion of the updated assumptions, a final comparison was undertakento highlight the

differences between data sources used, assess variability between the fifth carbon budget and updated
assumptions.

Table 15 summarises the data source used foreach set of assumptions. In general, the body of evidence
incorporatedinto the updated assumptions broadlyaddress the limitations associated with the theoretical
nature of the modelling-based workemployed as the basis for generating the fifth carbon budget assumptions.

Table 15: Comparison between data sources used for fifth carbon budget and updated assumptions (Element Energy and EST, 2013)

Fifth carbon budget evidence

Updated sixth carbon budget evidence

Comment

Consumption | SAP calculations based on: NEED in-use consumption levels (2015 & 2017 Updated data includes in-

Baseline SAP conventions (combination of average) for stock use measured data rather
standard assumptions & averaging than modelling based
across SAP bands & a modelling- assumptions
based In-built (2012) report

Savings SAP base calculation based on In-use post installation data from NEED Updated data includes in-
conventions (combination of dataset (2019, based on 2017), referencing use measured data
standard assumptions & averaging NEED (2005-2017) consumption levels where supplemented by further
across bands) in addition to sources required. Further statistical releases & case range of field trial & case
such as Building Regulations Part study data such as: TIWI field trial data (Glew, study data when required.
L1B (2010) conventions, figures et al 2019), installed case study data (e.g. Also includes industry
derived from a modelling based In- Pelmakers & Elwell , 2017, Heath et all 2010) standards product technical
built (2012) & Energy Saving Trust updated savings incorporating latest data on specification requirements.
(2005) GPG Improving airtightness HTT cavities (EST 2019), industry data,
in dwellings reports standards & research (e.g. BFRC 2019, NHBC,

2017, Ofgem 2008)

Costs An analysis of data (1999-2009) to Base statistical data derived from average Updated data provides
derive estimated costs, values from CAR/BEIS database for covered more up-to-date estimates
supplemented by SPON’s Architect’'s | dwelling level costs for typologies in addition that include more realistic
books (2013) & National Insulation to further field trial & case study data, such as: | costings supplied by
Association Guidance TIWI field trial data (Glew, et al for BEIS. contactors & delivered on-

Forthcoming), installed case study data (e.g. site costings obtained from
Heath etall 2010) updated costings field trials.

incorporating latest data on HTT cavities (EST

2019) , industry data, standards & research

(e.g. PDP 2019), contractor/ cost consultant

costings (e.g. Green, etal 2019, Rickaby,2017)

& specific research (e.g. Porritt, 2012)

Performance | Covered as part of a derived ‘in-use Domestic retrofit specific case study analysis Impacts of performance gap

Gap factor’ where calculation formula including deep retrofit (Gupta, et al, 2015, and takeback now implicit
was applied to savings based on 2016) & demonstration cases (PRP & Peabody, | in savings assumptions
DECC Green Deal impact 2016). based on NEED data.

Take back assessment, supplemented by Domestic retrofit specific case study analysis Updated data on expected

factor further research into delivered including in-depth research on household scale of these impacts

performance (Sanders & Phillipson
2006).

groups (e.g. Brom,. etal., 2018.)

differentiates between
categories that were
previously combined under
‘in-use factor’ for more
flexibility in application.
Data updates Green Deal
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assumptions with case
studies.
Behavioural Standard SAP values supplemented Updated ECI research (Darby, 2006) on the Updated data extends
Interventions | by ECI, University of Oxford (1997) effectiveness of feedback & large pan- behavioural intervention
& non-domestic smart meter roll- European cohort study (Barbu, et al 2013) categories & incorporates
out Impact Assessment (DECC 2012) case study elements cited

A further comparisonof assumptionswas undertaken for a key fifth carbon budget semi-detached archetype
(thisis represented by Variant 7 and Variant 8 in the fifth carbon budget stock), whichis comparable to the
medium semi-detached house ADA archetype used in thisreport.

Challenges in directly comparing fifth carbon budget and new assumptions
e Comparingcosts and savings between thefifth carbonbudget and the updated assumptions presented a

challenge as they are often not generated on a like-for-like basis. For example, in relation to costs, fifth
carbon budget assumptionsare based on semi-detached homes with floor area of between 49.5m?-55.5
m?, whilst the average semi-detached homein BEIS’s assumptions has a floor area of 80m?. Itis also unclear
to what extent interviewees for the study consideredthis floorarea in providing costs, as opposed to
providing them for semi-detached homes in general based ontheir experience.

e Toallowfor comparison, an area equivalencing exercise was undertaken. For cost comparison, a further
adjustmenttook place where the costs were equivalenced based on Construction Output Price Indices
(OPIs) issued by the ONS (ONS, 2020). This used the priceindex forthe equivalent years fromthe
assumptions as the baseline?3,

e Forsavings, thefifth carbon budget assumptions are based on SAP estimates for archetypes of specific
dimensions as described in Table 15. The new assumptions are based on NEED whichincorporates real
world savings from all the semi-detachedhomes in the sample covered each year (of undisclosedssizes).

Main differences between fifth carbon budget and new assumptions
While not all measure categories were directly comparable, some findings include:

e  Estimated savings for solid wall insulation (SWI) were in general lower in the updated assumptions. In the
fifth carbon budget assumptions (CCC, 2015), it was noted that NEED was showing reduced savings relative
to SAP, with some of this difference attributed to the fact that uninsulated solid walls have a lower U-Value
than previouslythought (1.4 W/m?K as opposed to the standard SAP assumptionof 2.1 W/m?K, Loucariet
al, 2016). The savings for fifth carbonbudget were not updated to reflect this, as the evidence was still
emerging. Thisis thoughtto be one of the main reasons for the differences shown here.

e Estimated energy savings for loftinsulation typologies (both ETTand HTT), arein general higherthan for
previous assumptions. In general, these are less comparable than other measures as new data does not
differentiate between different top-up levels.

e HTT cavities show a decreasein savingsthan previouslyassumed. NEED data does not differentiate
between Easy to Treat Cavity (ETTC) and Hard to Treat Cavity (HTTC) and thereis alack of evidencein
general literaturethat distinguishes between the performance of each. Whilst EWl or IWI solutions for
HTTC might be expected to have higher savings, the evidence used does not suggest that this is generally
the preferred solutionfor HTTC walls. The 2017 EST study quantifying the impact of insulating HTTCs (which
was modelled with SAP) was examined and assessed as a possible source of guidelines/data foron

2 Method:

1-To account for archetype size variation, a size adjustment was undertaken, where the sixth carbon budget costs or savings were calculated
(where relevant) per/m2 elements, then multiplied by the corresponding area assumptions for the fifth carbon budget variants

Further adjustment for costs:

2-Sixth carbon budget costs perm2 or per unit equivalenced as per the price index values from assumption year = adjusted sixth carbon
budget costs

3-To calculate new cost for fifth carbon budget archetypes = fifth carbon budget area X adjusted sixth carbon budget cost/m2 (where
relevant)
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generating savings however findings were deemed highly uncertain. Therefore, in line with the fifth carbon
budget approach, savings were assumed to be the same as ETTC, which were lower in this study than
previouslyassumed.

Costs for double glazinghave increased while associated energy savingshave significantly decreased. While
increased market competitiveness in the double glazing market, alongside the increased availability and
affordability of alternative glazingoptions (e.g. Triple Glazing) would have been expected to resultin an
overall decreasein costs, the dataincorporated intothe formulation of new assumptionsincludes more
up-to-date market research and more recent contractor estimations (sample size of sixcompanies and
seven contractors, respectively) whichare morereflective of the current market.

Costs for IWlhave significantlyincreased comparedto previous assumptions. Inthe 2013 report, which
informed the fifth carbonbudget (2015), assumptions were based onthe Solid Wall Insulation Supply Chain
Review (2009)undertaken by Purple research on behalfof the Energy Saving Trust and the Energy Efficiency
Partnershipfor Homes. As this evidence base references mucholder data, the CAR dataset used in this
reportcan beconsideredto providea more up-to-date estimation of the current market.

Floor insulation costs, in particular suspended solid floor insulation, has also increased significantly
compared to previousassumptions. In the CAR dataset (CAR, 2017) costs varysignificantly depending on
whatisincluded suchas whether the floorboards arelifted as part of ongoing works, or whether they need
to be lifted specificallyfortheinstallation of insulation. The differencein cost may thereforein-part be
attributed to the varying scope of costs considered.

Minor cost categories such as HW tank insulation has also increased in cost, despite havinga minimal
impacton overall costings.

4 .2. Further Research and Limitations

Thisreportand the work that underlies it has provided updated estimates of the potential energy savings

(based on metered energy savings) and costs associated with the installation of fabric energy efficiency
measures for the UK domestic sector. In doing so, thereport has incorporated an updated and improved
evidence-base on which to base assumptions. The methodology adopted has soughtto incorporate a wider
range of evidence based on ‘real-data’ from bothfield trialsand case studies. The main limitations that should
be considered when interpreting the assumptions containedin this reportinclude:

Data vs. Assumptions: While a comprehensive review of available sources and datasets was carried out, the
main available statistical releases on which this workis based (the NEED dataset and the CAR costings), had
inherent limitations in regardsto the coverage of the data (both in relationto archetypes andthe measures
covered). As noted in Section 2.1.1 NEED is based on specific schemes and may not capture all retrofits
undertaken in the UK. The data may thereforeis not necessarily indicative of savings that would be
achieved where measures installed in the wider stock.

In addition, the CAR dataset is based on comparatively small sample sizes for some measures and thereare
uncertainties regarding the materials associated withthe measures covered fora number of the costings.
To address this, certain assumptions had to be made to enable the extrapolation of data where it was
found to be missing. The cases in which these assumptions were used were nonetheless explicitly recorded
to ensuretransparency.

Modelling vs. Reality: To address further evidence gaps, a modelling exercise was undertaken to inform our
understanding of theimpact of combining measures. While modellingaims to representa complex system
butit cannot precisely replicateit, especially in the case of occupant behaviour and this remains an
importantevidence gap.

Real homes vs. Archetypes: The archetypes around which the assumptions were structured, were
developed to beto be broadlyrepresentative of the housing stock and to enable close mapping to the
available evidence. As with all archetypes, they are however idealized representations of typologies within
the UK stock. Real homes, and their occupants, will deviate from these assumptionsthatareinherentto
these archetypes.
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Case Studies: Dueto theinherent nature of case study-based research, the ability to generalise findings is
often limited and attempts to transfer this learning orkey lessons forwider application canpresenta
challenge(Yin, 2011).

Key recommendations to address the abovementioned limitations and provide the knowledge base to address
the main data gaps found, can belisted as follows:

To enablerigorous evaluation of projects, more consistent information needs to be made available in
regard to the real-world performance of fabric energy efficiency measures. Historical field trials have been
limited in scope and have mainly dealt with the installation of a set combination of measures. Since the
disaggregation of theimpacts of individual measures is often challenging given the data available from the
field trials, this limits the flexibility of applying their findings for a subset or alternative combinationsof
these measures for further analysis.

Within the group of case study projects andfield trialsanalysed, key limitations associated with the
availability and consistency of data in regardto costings and performance improvements was found. This
needs to be addressed through careful design and commissioning of research projects in this area.

The coverage of the NEED dataset requires expansion beyondthe impact of fabric measures already
included. As the number of flats withinthe stock increases, flat archetypes should be differentiated from
the general stock within the dataset to facilitate more robust future analysis.
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Appendices

A-1 Standard Assumptions for Extrapolation

Table 16: Assumptions Dwelling Archetypes: geometric area statistics

Covered
(External) wall
area by type (m2)
(Excluding Loft area
Average Dwelling Total Floor Area TFA Windows and by type
by type (over all floors m2) Doors) (m2) Sources
Av_erage X 1-Donaldson, L., 2018. Floor
Type England * Scotland ? | (weighted) Average ? Average ® Space in English Homes — main
CNV Flat 65 75 69 29 61 report. MHCLG. 2-Scottish
Government, 2017. Scottish
FlatLR 5 67 > 29 35 house condition survey: 2017
Flat HR 55 67 55 29 55 key findings. Scottish
Mid Terrace 81 94 81 43 39 Government.3-EST, 2019.
Determining the costs of
End Terrace 86 94 86 77 39 insulating non-standard cavity
Semi-Detached 93 101 93 82 49 walls and lofts. Department for
Detached 152 146 151 172 73 Business, Energy & Industrial
Bungalow 77 N/A 77 45 77 Strategy.

Note: * Where EST loft area estimates are considerably different than expected for single storey house types (e.g. exceeds the TFA), the
loft area is taken as equivalent to TFA

Table 17: Relational size assumptions for data extrapolation (where data is not available for specific archetype)

* Not based in absolute min & max floor area of each type but assumed main range.

Small property variant = 0.7 average value* o
Based on UCL expertise in archetypes.

Large property variant = 1.3 average value *

Bungalow = 0.75 detached (where required)

End Terrace = 1.3 Mid Terrace (where required)

Flats = Bungalow (where required)

Table 18: Number of windows & typical window areas for house archetypes

Typical window Source
Type No | Notes area (m2)
CNV Flat 4 | 2Bed 14
FlatLR 4 | 2Bed 11
FlatHR 4 | 2Bed 11
Mid Terrace 5| 2Bed 16 NHBC, 2017. Windows - making it clear- Energy, daylighting and thermal
End Terrace 5| 2Bed 15 comfort. National House-Building Council.
Semi-Detached 7 | AverageSD 16
Detached 12 | AverageD 36
Bungalow 5| 2Bed 19
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A-2 Updated Energy Savings Assumptions and Data Notes
A-2.1-Process for Assumptions Generation
1-Definintion of archetype dataset:
1.1-Review evidence baseto define criteria for generating assumptions for domestic archetypes (ADA)

1.2-Define appropriate assumptions around housing archetype typologies for data structuring and
mapping

1.3-Generate assumptions to be used for mapping and extrapolation where needed (e.g. assumptions
for area approximations forvariants etc)

2-Definition of measures covered:
2.1-Review evidence base to definecriteria
2.2-Define subsequent list of measures to beincluded
3-Review NEED dataset outputs: Solid Wall, Cavity Wall, Loft Insulation
3.1- Define NEED measure coverage and gaps

3.2-Map NEED datato ADA, applying generated assumptions where needed to allow extrapolationto
thosetypologies not explicitly covered by NEED.

3.3-Crossreference NEED assumptions generated with any available case study data to determine
agreement/disagreement of assumptions

3.4- If within acceptable range (<=10%) no adjustmentis required, if beyond re-examine evidence base
to determineif revision is needed and apply required adjustment

4-Review and analyse wider data sets for other measures:

4.1- Determine most appropriate/complete dataset to be used for other measures

4.2- Map data to ADA, applying generated assumptions where needed to allow extrapolation to those
typologies not explicitly covered by datasets

4.3-Cross reference assumptions generated with anyavailable case study data to determine
agreement/disagreement of assumptions

4.4-1f within acceptable range (<=10%)no adjustmentis required, if beyond re-examine evidence base
to determine and apply required revision

5-Define and determine adjustment factors

5.1-Review literatureto determine appropriate savings-related adjustment factors (performance gap,
take back factor)

5.2-Determineappropriate ranges from evidence and define framework for application (e.g. house
type, tenuretypeetc.)
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A-2.2-Detailed Energy Savings Assumptions Tables

Table 19: Assumptions for energy savings from fabric retrofit measures: converted flats, purpose built flats & mid terrace houses (kWh) — Uncertainty: Low

High

Converted Flat

Purpose-Built Low-Rise

Purpose-Built High-Rise Flat

Mid-Terrace House

Refer to date note for data

Flat sources & calculations

Measures/ size S M L S M L S M L S M L

1 Solid wallinsulation (Extemal) 1050 | 1500 | 1950 | 1050 | 1500 | 1950 | 1050 | 1500 1950 | 840 | 1200 | 1560 Si.1
2| Solidwallinsulation (Internal) 887 | 1268 | 1648 | 887 | 1268 | 1648 | 887 | 1268 1648 | 710 | 1014 | 1318 s1.2
3 Solid Wall insulation (Thin) 852 1217 | 1582 | 852 1217 | 1582 852 | 1217 1582 681 | 973 1265 513
4 Easy to treat cavities (Unfilled) 770 1100 | 1430 770 1100 | 1430 770 | 1100 1430 350 | 500 650 s1.4
5 Hard to treat cavities ( Unfilled) 770 1100 1430 770 1100 1430 770 1100 1430 350 500 650 S1.5
6 Partially filled cavities 887 1268 | 1648 887 1268 | 1648 887 | 1268 1648 710 | 1014 | 1318 1.6
7 Loft insulation 560 800 | 1040 560 800 1040 0 0 0 420 | 600 780 1.7
8 Loft insulation (HTT) 560 800 | 1040 560 800 1040 0 0 0 420 | 600 780 s1.8
9 Suspended timber floor insulation 580 828 | 1076 417 596 775 417 596 775 661 | 944 1227 $1.9
10 | Solidfloor insulation 580 828 | 1076 417 596 775 417 596 775 661 | 944 1227 $1.10
11.a | Secondaryglazing {From Band G) 502 502 502 394 394 394 394 394 394 564 | 564 564 s111
11.b | Secondaryglazing (From Band E) 228 | 228 | 228 | 179 179 | 179 | 179 | 179 179 | 256 | 256 | 256 s1.11
12.a | Doubleglazing (From Band G) 541 541 541 424 424 424 424 424 424 607 | 607 607 51.12
12.b | Double glazing (From Band E) 246 246 246 193 193 193 193 193 193 276 | 276 276 $1.12
13.a | Double Glazing- Slim profile (From Band G) 491 491 491 386 336 386 386 336 336 552 552 552 S1.13
13.b | Double Glazing- Slim profile (From Band E) 197 197 197 154 154 154 154 154 154 221 221 221 S1.13
14.a | Triple Glazing (From Band G) 688 688 | 688 540 540 540 540 540 540 773 | 773 773 S1.14
14.b | Triple Glazing (From Band E) 393 393 393 309 309 309 309 309 309 442 | 442 442 S1.14
15 | Insulateddoors 0 0 0 140 140 140 0 0 0 140 | 280 280 S1.15
16 | Draught proofing (draught stripping) 171 283 405 123 204 291 123 204 201 238 | 350 469 $1.16
17 Reduced infiltration (foam, strips, sealant) 145 207 269 104 149 194 104 149 194 165 236 307 S1.17
18 | HW Tankinsulation 404 461 452 291 332 325 291 332 325 343 | 453 539 5$1.18
19 | Ventilation 0 0 0 0 0 0 0 0 0 $1.19
20 | Shading 0 0 0 0 0 0 0 0 0 $1.20
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Table 20: Assumptions for energy savings from fabric retrofit measures: end terrace, semi detached, detached & bungalow houses (kWh) —Uncertainty: Low

High

End Terrace Semi Detached Detached Bungalow Refer to date note for data
sources & calculations

Measures/ size S M L S M L S M L S M L

! Solidwallinsulation (External) 1100 | 1700 | 2210 | 1470 | 2100 | 2730 | 1890 | 2700 | 3510 | 1050 | 1500 | 1950 S11
2 | Solidwallinsulation (Intemal) 1006 | 1437 | 1867 | 1242 | 1775 | 2307 | 1597 | 2282 | 2966 | 887 | 1268 | 1648 512
3 | SolidWallinsulation (Thin) 95 | 1379 | 1793 | 1192 | 1704 | 2215 | 1533 | 2190 | 2847 | 852 | 1217 | 1582 513
4 Easy to treat cavities (Unfilled) 630 900 1170 840 1200 1560 1470 2100 2730 770 1100 1430 S1.4
5 Hard totreat cavities (Unfilled) 630 900 | 1170 | 840 1200 | 1560 | 1470 | 2100 2730 | 770 | 1100 | 1430 515
6 Partiallyfilled cavities 1006 | 1437 | 1867 | 1242 | 1775 | 2307 | 1597 | 2282 2966 | 887 | 1268 | 1648 516
7 Loft insulation 280 400 | 520 350 500 650 630 900 1170 | 560 | 800 | 1040 517
8 Loft insulation (HTT) 280 400 | 520 350 500 650 630 900 1170 | 560 | 800 | 1040 518
9 Suspended timber floor insulation 708 1012 1316 787 1124 1461 1044 1492 1940 764 1092 1420 S19
10 | Solidfloor insulation 708 | 1012 | 1316 | 787 1124 | 1461 | 1044 | 1492 1940 | 764 | 1092 | 1420 $1.10
11.a | Secondaryglazing (From Band G) 547 547 | 547 588 588 588 | 1280 | 1280 1280 664 | 664 664 5111
11.b | Secondaryglazing (From Band E) 249 249 249 267 267 267 582 582 582 302 302 302 51.11
12.a | Double glazing (From Band G) 589 589 | 589 634 634 634 | 1379 | 1379 1379 715 | 715 715 5112
12.b | Double glazing (From Band E) 268 268 | 268 288 288 288 627 627 627 325 | 325 325 5112
13.a | Double Glazing-Slim profile (From Band G) 536 53 | 536 576 576 576 | 1254 | 1254 1254 650 | 650 650 5113
13.b | Double Glazing- Slim profile (From Band E) 214 214 214 230 230 230 501 501 501 260 260 260 5113
14.a | Triple Glazing (From Band G) 750 | 750 | 750 | 806 806 | 806 | 1755 | 1755 | 1755 | 910 | 910 | 910 s1.14
14.b | Triple Glazing (From Band E) 429 429 | 429 461 461 461 1003 | 1003 1003 50 | 520 520 5114
15 | Insulated doors 140 280 280 140 280 280 140 280 280 140 280 280 5115
16 Draught proofing (draught stripping) 239 350 467 264 387 511 317 459 603 216 317 421 S1.16
17 Reduced infiltration (foam, strips, sealant) 177 253 329 197 281 365 261 373 485 191 273 355 S1.17
18 | HW Tankinsulation 312 410 | 486 294 372 429 306 384 437 287 | 363 418 5118
19 Ventilation 0 0 0 0 0 0 0 0 0 0 0 0 $1.19
20 | Shading 0 0 0 0 0 0 0 0 0 0 0 0 $1.20
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Table 21: Assumptions for energy savings from fabric retrofit measures: converted flats, purpose built flats & mid terrace houses (% saving over NEED annual metered gas consumption baseline)

Uncertainty: Low High
Converted Flat Purpose-Built Low-Rise Purpose-Built High-Rise Flat Mid-Terrace House Refer to date note for data
Flat sources & calculations

Measures/ size S M L S M L S M L S M L

1| Solidwallinsulation (External) 14% | 14% | 14% | 20% | 20% | 20% | 20% | 20% | 20% | 10% | 10% | 10% s11
2 | Solidwallinsulation (Intemal) 1% | 12% | 12% | 17% | 17% | 17% | 17% | 17% | 17% | 9% | 9% 9% 512
3 Solid Wall insulation (Thin) 12% 2% | 12% 16% 16% 16% 16% | 16% 16% 8% 8% 8% 513
4 Easy to treat cavities (Unfilled) 11% 11% 11% 15% 15% 15% 15% 15% 15% 4% 4% 4% S14
5 Hard to treat cavities (Unfilled) 11% 11% 11% 15% 15% 15% 15% 15% 15% 4% 4% 4% S1.5
6 Partially filled cavities 12% 12% 12% 17% 17% 17% 17% 17% 17% 9% 9% 9% S16
7 Loft insulation 8% 8% 8% 11% 11% 11% 0% 0% 0% 5% 5% 5% S1.7
8 Loft insulation (HTT) 8% 8% 8% 11% 11% 11% 0% 0% 0% 5% 5% 5% S1.8
9 Suspended timber floor insulation 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% S19

p

10 Solid floor insulation 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% S$1.10
11.a | Secondaryglazing (From Band G) 7% 5% 4% 8% 5% 4% 8% 5% 4% 7% 5% 4% S1.11
11.b | Secondaryglazing (From Band E) 3% 29 29 3% 29 2% 39% 29 29% 39% 2% 29 S1.11
12.a | Double glazing (From Band G) 7% 5% 4% 8% 6% 4% 8% 6% 4% 7% 5% 4% S1.12
12.b Double glazing (From Band E) 3% 2% 2% 4% 3% 2% 4% 3% 2% 3% 2% 2% S1.12
13.a | Double Glazing- Slim profile (From Band G) 7% 5% 4% 7% 5% 4% 7% 5% 4% 7% 5% 4% S1.13
13.b Double Glazing- Slim profile (From Band E) 3% 2% 1% 3% 2% 2% 3% 2% 2% 3% 2% 1% S$1.13
14.a | Triple Glazing (From Band G) 9% 7% 5% 10% 7% 6% 10% 7% 6% 9% 7% 59 S1.14
14.b | Triple Glazing (From Band E) 5% 4% 3% 6% 4% 3% 6% 4% 3% 5% 4% 3% S1.14
15 | Insulateddoors 0% 0% 0% 3% 2% 1% 0% 0% 0% 2% 2% 2% S115
16 Draught proofing (draught stripping) 2% 3% 3% 2% 3% 3% 2% 3% 3% 3% 3% 3% S1.16
17 Reduced infiltration (foam, strips, sealant) 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% S1.17
18 HW Tankinsulation 6% 4% 3% 6% 4% 3% 6% 4% 3% 4% 1% 4% S1.18
19 Ventilation 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% S1.19
20 Shading 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% $1.20
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Table 22: Assumptions for energy savings from fabric retrofit measures: end terrace, semi detached, detached & bungalow houses (% saving over NEED annual metered gas consumption baseline)

Uncertainty: Low High
End Terrace Semi Detached Detached Bungalow Refer to date note for data
sources & calculations

Measures/ size S M L S M L S M L S M L

1 Solidwallinsulation (Extemal) 13% | 13% | 13% | 15% 15% | 15% | 14% | 14% 14% 1% | 11% | 11% SL1
2 Solid wallinsulation (Internal) 11% 1% | 11% 13% 13% 13% 12% | 12% 12% 9% 9% 9% 512
3 Solid Wall insulation (Thin) 11% 1% | 11% 12% 12% 12% 12% 12% 12% 9% 9% 9% 513
4 Easy to treat cavities (Unfilled) 7% 7% 7% 9% 9% 9% 11% 11% 11% 8% 8% 8% S14
5 Hard to treat cavities ( Unfilled) 7% 7% 7% 9% 9% 9% 11% 11% 11% 8% 8% 8% S15
6 Partiallyfilled cavities 11% 11% 11% 13% 13% 13% 12% 12% 12% 9% 9% 9% S1.6
7 Loft insulation 3% 3% 3% 4% 4% 1% 5% 5% 5% 6% 6% 6% S1.7
8 Loft insulation (HTT) 3% 3% 3% 1% 1% 1% 5% 5% 5% 6% 6% 6% S1.8
9 Suspended timber floor insulation 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% S19
10 Solid floor insulation 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% S$1.10
11.a | Secondaryglazing (From Band G) 6% 4% 3% 6% 4% 3% 10% 7% 5% 7% 5% 4% S111
11.b Secondaryglazing (From Band E) 3% 2% 2% 3% 2% 1% 4% 3% 2% 3% 2% 2% S1.11
12.a | Double glazing (From Band G) 7% 59 4% 6% 5% 3% 11% 7% 6% 7% 5% 4% S1.12
12.b | Double glazing (From Band E) 3% 2% 2% 3% 2% 2% 5% 3% 3% 3% 2% 2% S1.12
13.a | Double Glazing- Slim profile (From Band G) 6% 4% 3% 6% 4% 3% 10% 7% 5% 7% 5% 4% S1.13
13.b | Double Glazing- Slim profile (From Band E) 29% 2% 1% 2% 2% 1% 4% 39% 2% 3% 29% 1% S1.13
14.a | Triple Glazing (From Band G) 8% 6% 5% 8% 6% 4% 13% 9% 7% 10% 7% 5% S1.14
14.b | Triple Glazing (From Band E) 5% 39% 39% 59 39% 3% 8% 59 4% 59 4% 39% S1.14
15 | Insulated doors 2% 2% 2% 1% 2% 2% 1% 2% 1% 1% 2% 2% S1.15
16 Dra ught proofing (draught stripping) 3% 3% 3% 3% 3% 3% 2% 2% 2% 2% 2% 2% S1.16
17 Reduced infiltration (foam, strips, sealant) 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% 2% S1.17
18 HW Tankinsulation 4% 3% 3% 3% 3% 2% 2% 2% 2% 3% 3% 2% S1.18
19 Ventilation 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% S1.19
20 Shading 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% $1.20
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A-2.3-Energy Savings Data Notes

The following describe the underlying calculations used for the generation ofthe base energy savings assumptions &

reference dataused. The work is based on the use of best-available data. It isintended that these notes are used in

conjunction with the data in across thetables in Appendix A-2-3 (cross referencing each note).

Notes:

a.

S1.1

S1.2

For final savings assumptions, where relevant further adjustment of the base data was undertaken following an
assessment of uncertainty & comparison against applicable case study data (this further adjustment is detailed in
the Savings Adjustment Factors)
Savings use the BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary
consumption statistics dataset for baseline energy consumption for estimation of percentage savings over baseline
(average metered annual gas consumption - 2015 & 2017)
Where the NEED baseline consumption data is incorporated in the generation of assumptions for the selected
measures savings, the average of the full data range (2005-2017)is considered.
Where required, to determine, SML size variants, values were normalised for m2for each typology based on area
assumptions (Tables 16 & 17) derived from data from:
e  Donaldson, L..2018 Floor Spacein English Homes — main report. MHCLG.
. Scottish Government 2017: Scottish house condition survey - 2017 key findings. Scottish Government
. EST.2019.Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,
Energy & Industrial Strategy
Glazing area assumptions refer to Table 18
External Wall Insulation:
External solid wall insulation energy saving (kWh/annum) =
NEED Mean Impact for house type (kWh/annum) X House type area adjustment factor
. BEIS, 2015. Green Deal & Energy Company Obligation (ECO): headline statistics:-November 2015 Base
statistical data is derived from mean values from NEED database for house typologies included. NEED data
assumed to relate to EWI as it is the predominant type of SWI(95.5% versus 4.5% for IWI) installed in the
UK
To determine SML size variants sources listed in Note d above, were used & where required, the data refers to
relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.
For high rise flats it is assumed that only non-combustible materials are used, this is assumed to only have an
implication on the type & extra thickness of material used rather than on performance. This is based on an
MHCLG study on a new build which suggests that an additional 35mm of space would be needed, & for a
rainscreen Aluminium Cladding Material facade an additional 40mm would be needed when using Mineral fibre
insulation rather than phenolic foam (MHCLG, 2018).
Internal Wall Insulation:
Internal wall insulation energy saving (kWh/annum)= Derived EWI saving (kWh/annum) X IWI performance
reduction factor (%)
As NEED does not differentiate between EWI & IWI (the dataset lists one category for Solid Wall Insulation),
based on relative EWI/IWI installation figures highlighted in ECO / Green Deal Statistics, it isassumed that the
majority of recorded SWI installations are EWI.
. DECC/BEIS .2015. Data tables: Green Deal, ECO & insulation levels, up toJune 2015, BEIS.
Therefore, to derive the assumptionsfor IWla 15.5% reduction factor was applied to account for expected
decreased performance of typical IWI compared to EWI. In deriving this, two main sources were considered:
. Kosny, J. & Kossecka, E..2002. Multi-dimensional heat transfer through complex building envelope
assemblies in hourly energy simulation programs Energy & Buildings, 34(5): 445-454 : Confirms that the
placement of the insulating material is more efficient when situated externally
. EST .2006 (CE184) Practical refurbishment of solid-walled houses: Highlights a 15.5% reduction in
comparative performance of IWl compared to EWI using installations of 60mm & 120mm thicknesses
respectively (considered typical for both when IWI thicknesses are smaller to minimise internal space loss).
Much ofthe research in thisarea is based on modelling studies & there is aneed for more field work in this area
to check the underlying assumptions of the models.
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S1.3

S1.4

S1.5

S1.6

Thin Internal Wall Insulation:

Thin internal wall insulation energy saving (kWh/annum) = Derived IWI saving (kWh/annum) X TIWI
performance reduction factor (%)

The evidence base for TIWI performance is under development & is based on ongoing research:

. Glew, D., Parker, D., Miles-Shenton, D., Fletcher, M., Thomas, F., Booth, J., Cobden, L. for BEIS
(Forthcoming). Thin Internal Wall Insulation (TIWI) Project. Leeds Beckett University for BEIS: based on
emerging findings at the time of writing, assumptions are generated from IWI savings with a 4% reduction
factor applied. The reduction factoris based on the average relative performance improvement figure from
the most recent BEIS TIW!I field trials (including PIR, Aerogel, EPS, Cork render & Latex foam roll). This gave a
range of 10%-17% improvement over base case Heat Transfer Coefficient & difference of 4% reduction in
performance on average compared to IWI.

Cavity Wall Insulation (Easy to Treat — ETT):

Cavity Wall Insulation (Easy to Treat-ETT) energy saving (kWh/annum) = NEED Mean Impact for house type
(kWh/annum) x House type area adjustment factor

Base statistical data derived from mean values from NEED Database for covered typologies. For the purposes of

calculation, NEED data isassumed to relate to Easy to Treat CWI. To determine SML size variants, sources listed

in Note d above were used & where required, the datarefersto relational size assumptions detailed in the

Standard Assumptions to extrapolate across typologies.

Cavity Wall Insulation (Hard to Treat-HTT):

Cavity Wall Insulation (Hard to Treat-HTT) energy saving (kWh/annum) =NEED Mean Impact for house type
(kWh/annum) x House type area adjustment factor

NEED data does not differentiate between Easy to Treat Cavity (ETTC) & Hard to Treat Cavity (HTTC) & thereis a

lack of evidence in general literature that differentiates between the performance of each. Whilst EWI or IWI

solutions might be expected to have higher savings, the evidence does not suggest that thisis generally the
preferred solution for HTT cavity walls.

. Ofgem.2013. Energy Companies Obligation: Supplementary Guidance: While ECO guidance differentiates
between six categories of hard-to-treat cavities under ECO, it does not detail any performance implications
associated with HTTC (only skills/material requirements)

®  EST, 2017. Quantification of non-standard cavity walls & lofts in Great Britain. Department for Business,
Energy & Industrial Strategy. The 2017 EST study quantifying the impact of insulating HTTCs was examined
& assessed as a possible source of guidelines/data for on generating savings. This EST data was modelled
using SAP & primarily quantifies carbon savings. When converted using quoted BEIS conversion factor for
natural gas kwh for year produced (2016), this showed marginal savings of 50-150 kWh across house types
(approximately ~10% of NEED savings for CWI) using this method it was therefore likely to be not
considered a cost-effective/implementable option & the finding was therefore deemed highly uncertain. As
such, the EST 2017 study was not included.

Therefore, for the purposes of data calculation, it is assumed that there is only a cost/skill implication &

theoretically the savings performance potential, in line with 5CB assumptions, is therefore the same as ETTC.

Cavity Wall Insulation (Partial Fill):

Cavity Wall Insulation (Partial Fill) energy saving (kWh/annum) = Derived IWI Savings (kWh/annum)

e  EST 2019. Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,
Energy & Industrial Strategy : Latest EST research assumes that the majority of partially filled cavity walls
have failed insulation (i.e. insulation boardsnot secured to theinner leaf) & will therefore require internal
wall insulation (IWI), rather than assuming the partially insulated cavities can be simply filled with additional
insulation. In addition, the extent to which a cavity is partially insulated is variable & to date there has not
been a robust methodology to determine the extent that it is insulated to without destructive site testing.

As such it would be a reasonable assumption to adhere to the absolute saving from IWI. Assumptions are

therefore assumed to be broadly the same as IWI

48



S1.7

S1.8

S1.9

S1.10

S1.11

Loft Insulation:

Loft Insulation energy saving (kWh/annum) = NEED mean Impact for house type (kWh/annum) X House type
area adjustment factor

®  BEIS, 2015. Green Deal & Energy Company Obligation (ECO): headline statistics-November 2015 Base
statistical data is derived from mean values from NEED Database for covered typologies. NEED data
assumed to relate to standard loft insulation as it is the predominant typeinstalled in the UK

To determine, SML size variants sources listed in Note d above, were used & where required, the data refers to

relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.

Loft Insulation- Hard to Treat (HTTL)

Loft Insulation- Hard to Treat (HTTL) energy saving (kWh/annum) =NEED mean impact for house type
(kW h/annum) X House type area adjustment factor

Base statistical data is derived from mean values from NEED Database for covered typologies. NEED data does

not differentiate between Easy to Treat Loft (ETTL) & Hard to Treat Loft (HTTL) & there is a lack of evidence that

differentiates between the performance of each. The same methodology (& outcome) was applied to determine
the applicability of EST 2017 dataon HTTL in this exercise.

Itis assumed that there is a cost implication rather than a performance implication compared to ETTL. To

determine SML size variants, sources listed in Note d above, were used & where required, the data refers to

relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.

Suspended Floor Insulation:

Suspended floor insulation energy saving(kWh/annum) = NEED Baseline Consumption NEED Baseline
Consumption (kWh/annum) X Proportion savings estimate (%)

®  BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary consumption
statistics: No NEED measure specific data exists for floor insulation. For the purposes of this calculation, the
NEED baseline consumption (as note above) was used as a starting point.

. Pelsmakers, S., Elwell, C.A. 2017. Suspended timber ground floors: Heat loss red uction potential of
insulation interventions. Energy & Buildings 153, 549-563: A heat loss reduction factor of 78% (average
from Pelsmakers monitoring study)is applied to standard heat loss fraction of floors resulting in an
estimated 8% saving from baseline consumption across house types

Solid Floor Insulation:

Solid floor insulation energy saving (kWh/annum) = Suspended Floor saving (kWh/annum)

®  BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary consumption
statistics: No NEED measure specific data exists for floor insulation. For the purposes of this calculation,
NEED baseline consumption were used as a starting point & the assumed savings for suspended floor
insulation (based on method described in S1.9) was used.

®  Pelsmakers, S., Elwell, C.A. 2017. Suspended timber ground floors: Heat loss reduction potential of
insulation interventions. Energy & Buildings 153, 549-563: A heat loss reduction factor of 78% (average
from Pelsmakers monitoring study)is applied to standard heat loss fraction of floors resulting in an
estimated 8% saving from baseline consumption across house types

Secondary Glazing:

Secondary Glazing energy saving (kWh/annum) = Energy saving moving from G or E to mid band C rated window

(kWh/m2/annum) X average glazing area for house type (m?) Table 18:

. BFRC 2019 Rating Scheme for Windows & Doors, British Fenestration Rating Council.

. NHBC, 2017. Windows - making it clear- Energy, daylighting & thermal comfort. National House-Building
Council.

Secondary glazing is assumed to be equivalent to double glazing = C rated as per BFRC scale (based on EST

recommendations). This was informed by an online market review of secondary glazing manufacturers. This

highlighted that some manufacturers specify a 0.8W/m2K U-value, which allowing for in-use performance
reductions, would compare to a Crated double glazed unit. These units utilise Low-E glass. As such, savings were
calculated as resulting energy savings for two options a: replacing a G rated (single glazed window) & b: replacing

a mid-E rated window (older double glazing) based on BFRC Energy Index x average glazing area for housing

typology from NHBC assumptions. Please note that the initial estimate is based on BFRC rating based on verified

experimental testing of glazing configurations, while original SAP calculations are based on modelling estimates.

For secondary glazing a 35% reduction factor was applied to estimated savings to account for the pattern of

over-estimation (30-50%) for glazing types attributed to issues such as installation quality. This was derived from
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S1.12

S1.13

S1.14

over seven types that were assessed in situ & compared to manufacturer specification in the following studies:
e  Swan, W, Fitton, R., Gorse, C., Farmer, D., Benjaber, M.A.A., 2017. The staged retrofit of a solid wall
property under controlled conditions. Energy & Buildings 156,
. Heath, N., Baker, P., Menzies, G., 2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.
Double Glazing:
Double Glazing energy saving (kWh/annum) = Energy saving moving from G or E to mid band C rated window
(kW h/m2/annum) X average glazing area for house type (m?)
. BFRC 2019). Rating Scheme for Windows & Doors, British Fenestration Rating Council.
. NHBC, 2017. Windows - making it clear- Energy, daylighting & thermal comfort. National House-Building
Council.
Double glazing assumed to be C rated as per BFRC scale. As such, savings were calculated as resulting savings for
two optionsa: replacing a G rated (single glazed window) & b: replacing a mid-E rated window (older Double
Glazing) based on BFRC Energy Index x average glazing area for housing typology from NHBC assu mptions. Please
note that theinitial estimate is based on BFRC rating based on verified experimental testing of glazing
configurations, while original SAP calculations are based on modelling estimates.
For double glazing a 30% reduction factor was applied to estimated savings to account for the pattern of over-
estimation (30-50%) for glazing types attributed to issues such as installation quality. This was derived from over
seven types that were assessed in situ & compared to manufacturer specification in the following studies:
. Swan, W., Fitton, R., Gorse, C., Farmer, D., Benjaber, M.A.A., 2017. The staged retrofit of a solid wall
property under controlled conditions. Energy & Buildings 156,
° Heath, N., Baker, P., Menzies, G.,2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.
Slim Profile Double Glazing:
Slim Profile Double Glazing energy saving (kWh/annum) = Energy saving moving from G or E to lower band C
rated window (kWh/m2/annum) X average glazing area for house type (m2)
. BFRC 2019. Rating Scheme for Windows & Doors, British Fenestration Rating Council.
e  NHBC, 2017. Windows - making it clear- Energy, daylighting & thermal comfort. National House-Building
Council
Slim profile double glazing assumed to be lower band C rated as per BFRC scale based on general in-situ
performance outcomes in:
. Heath, N., Baker, P., Menzies, G., 2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.
As such, savings were calculated as resulting savings for two options a: replacing both a G rated (single glazed
window) & b: replacing a mid-E rated window (older Double Glazing) based on BFRC Energy Index x average
glazing area for housing typology from NHBC assumptions. Please note that the initial estimate is based on BFRC
rating based on verified experimental testing of glazing configurations, while original SAP calculations are based
on modelling estimates.
For slim profile double glazing a 30% reduction factor was applied to estimated savings to account for the
pattern of over-estimation (30-50%) for glazing types attributed to issues such as installation quality. This was
derived from over seven types that were assessed in situ & compared to manufacturer specification in the
following studies:
. Swan, W., Fitton, R., Gorse, C., Farmer, D., Benjaber, M.A.A., 2017. The staged retrofit of a solid wall
property under controlled conditions. Energy & Buildings 156,
. Heath, N., Baker, P., Menzies, G.,2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.
Triple Glazing:
Triple glazing energy saving (kWh/annum) = Energy saving moving from G or E to A++ rated window
(kWh/m2/annum) X average glazing area (m2) for house type
. BFRC 2019 Rating Scheme for Windows & Doors, British Fenestration Rating Council.
. NHBC, 2017. Windows - making it clear- Energy, daylighting & thermal comfort. National House-Building
Council.
Savings were calculated as resulting savings for two optionsa: over both a G rated (single glazed window) & over
a mid-E rated window (older double glazing) based on BFRC Energy Index x average glazing area for housing
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S1.15

S1.16

S1.17

$1.18

S1.19

$1.20

typology from NHBC assumptions. Please note that the initial estimate is based on BFRC rating based on verified

experimental testing of glazing configurations, while original SAP calculations are based on modelling estimates.

For triple glazing a30% reduction factor was applied to estimated savings to account for the pattern of over-

estimation (30-50%) for glazing types attributed to issues such as installation quality. This was derived from over

seven types that were assessed in situ & compared to manufacturer specification in the following studies:

. Swan, W., Fitton, R., Gorse, C., Farmer, D., Benjaber, M.A.A., 2017. The staged retrofit of a solid wall
property under controlled conditions. Energy & Buildings 156,

. Heath, N., Baker, P., Menzies, G., 2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.

Insulated Doors:

Insulated door energy saving (kWh/annum) = Energy saving moving from G to A++ door (kWh/m2/annum) X
average door area for house type (m?

. BFRC 2019. Rating Scheme for Windows & Doors, British Fenestration Rating Council. Replacement door
assumed to be A++ rated as per BFRC scale. Savings calculated as resulting savings over a G rated door
based on BFRC Energy Index x average external door area of 2m2. BFRC rating based on verified
experimental testing of door configurations.

LR flat doorsassumed to be external, otherwise no replacement door required due to adjacency tointernal

space (internal foyer/hallway). Medium & large house types are assumed to have two external doors.

Draught Proofing:

Draught proofing energy saving (kWh/annum) = NEED Baseline Consumption (kWh/annum) X Proportion savings

estimate (%)

. BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary consumption
statistics

e Ofgem2008. EnergySaving Matrix
Values based on % savings of total consumption from Ofgem Energy Savings Matrix (2008) estimated for
draughtproofing (range 2.3-3.1% based on house type) applied to BEIS NEED based baseline gas consumption.
The terms draught proofing/stripping & reduced infiltration are often used interchangeably in existing literature.
For clarity in this report, draught proofing is intended to refer to measures such as sealing a chimney.
Reduced Infiltration:
Reduced infiltration energy saving (kWh/annum) = NEED Baseline Consumption (kWh/annum) X Proportion
savings estimate (%)
. BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary consumption
statistics
. ETI 2013 Single dwelling implementation plan, Energy Technologies Institute
Infiltration reduction measures considered here include such measures as adding sealant to windows...etc. these
are considered minor (& often DIY) measures. Therefore, assumed values based on 2% savings of total
consumption from ETI study applied to BEIS NEED based baseline gas consumption
HW Tank Insulation:
HW Tank Insulation=(kWh/annum) = NEED Baseline Consumption (kWh/annum) X Proportion savings estimate
(%)
. BEIS. 2017. National Energy Efficiency Data Framework (NEED): Headline figures: Summary consumption
statistics
. Ofgem 2008 Energy Saving Matrix
Values based on % savings of total consumption from Ofgem Energy Savings Matrix (2008) (range 1.8-5.6% based
on house type) applied to BEIS NEED based baseline gas consumption
Ventilation:
Ventilation not assumed to be heating energy saving measure (but is likely to have marginal increase on
electrical energy use), but mitigation for overheating/ IAQ measure
Shading:
Shading not assumed to be heating energy saving measure (likely to have marginal increase on energy use due to
limitation of heat gain), but mitigation for overheating.
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A-3 Updated Costing Assumptions and Data Notes

A-3.1-Process for Assumptions Generation

1-Definintion of archetype dataset:
1.1-Review evidence base to define criteria for generating assumptions for domesticarchetypes
(ADA)
1.2-Define appropriate assumptions of housing archetype typologies for data structuring and mapping
1.3-Generate assumptions to be usedfor mapping and extrapolationwhere needed (e.g. assumptions
for area approximationsfor variants etc)

2-Definition of measures covered:
2.1-Review evidence base to definecriteria
2.2-Definesubsequent list of measures to be included

3-Review BEIS cost dataset outputs
3.1- Define BEIS measure costs coverage and gaps
3.2- Map BEIS cost data to ADA, applying generated assumptions where neededto allow
extrapolationto those typologiesnot explicitly covered by BEIS cost data.
3.3-Cross reference BEIS cost assumptions generated with any available case study data to determine
agreement/disagreement of assumptions
3.4-If within acceptablerange (<=10%) no adjustmentis required, if beyondre -examine evidence
base to determineand apply requiredrevision

4-Review and analyse wider datasets for other measures:
4.1- Determine most appropriate/complete dataset to be usedfor other measures
4.2- Map datato ADA, applying generated assumptions where needed to allow extrapolation to those
typologies not explicitly covered by datasets
4.3- Cross reference assumptions generated with any available case study data to determine
agreement/disagreement of assumptions
4.4-If within acceptable range (<=10%) no adjustmentis required, if beyondre -examine evidence
base to determine and apply requiredrevision

5-Define and determine adjustment factors
5.1- Review literature to determine appropriate cost-related adjustment factors(economies of scale,
regional variation, project size)
5.2-Determine appropriate ranges from evidence and define frameworkfor application (e.g. house
type, size etc.)
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A-3.2-Detailed Costings Assumptions Tables

Table 23: Assumptions for costings of fabric retrofit measures: converted flats, purpose built flats & mid terrace houses (in £ material + labour, * denotes additional uncertainty over scope of costs) -Uncertainty: Low

High
Converted Flat Purpose-Built Lovf—Rise Purpose-Built High-Rise Flat Mid-Terrace House Refer to
Flat datenote
for data Final Price

sources & Year
Measures/ size S M L S M L S M L S M L calculations
1 Solid wallinsulation ( External)* 4200 6000 7800 4200 6000 7800 4200 6000 7800 5005 7150 9295 Cl1 2015-16
2 Solid wallinsulation {Internal)* 2205 3150 4095 2205 3150 4095 2205 3150 4095 2695 3850 5005 C1.2 2015-16
3 Solid Wall insulation (Thin)* 1588 2268 2948 1588 2268 2948 1588 2268 2948 1940 2772 3604 C13 2015-16
4 Easy to treat cavities (Unfilled)* 284 405 527 284 405 527 284 405 527 338 482 627 Cl4 2015-16
5 Hard to treat cavities ( Unfilled)* 1988 2840 3692 2135 3050 3965 2135 3050 3965 3199 4570 5941 C15 2019
6 Partiallyfilled cavities 2205 3150 4095 2205 3150 4095 2205 3150 4095 2695 3850 5005 Cl6 2015-16
7 Loft insulation* 263 375 488 263 375 488 263 375 488 270 385 501 Cc1.7 2015-16
8 Loft insulation (HTT)* 3097 4425 5752 5901 8431 10960 5901 8431 10960 1416 2023 2629 C1.8 2019
9 Suspended timber floor insulation 2457 3510 4563 1928 2755 3581 1928 2755 3581 1534 2191 2849 C19 2015-16
10 Solid floor insulation N/A N/A N/A N/A N/A N/A N/A N/A N/A 2454 3506 4558 C1.10 2015-16
11 Secondary glazing* 2100 3000 3900 2100 3000 3900 2100 3000 3900 3115 4450 5785 Cl11 2015-16
12 Double glazing * 2100 3000 3900 2100 3000 3900 2100 3000 3900 3115 4450 5785 C1.12 2015-16
13 | Double Glazing- Slim profile* 2520 | 3600 | 4680 | 2520 | 3600 | 4680 | 2520 3600 4680 | 3738 | 5340 | 6942 113 2015-16
14 | Triple Glazing* 2573 3675 4778 2573 3675 4778 2573 3675 4778 3816 5451 7087 C1.14 2015-16
15 Insulated doors 0 0 0 1000 1000 1000 0 0 0 1000 2000 2000 C1.15 2012-15
16 Draught proofing (draught stripping) 65 65 65 65 65 65 65 65 65 135 135 135 C1.16 2015-16
17 Reduced infiltration (foam, strips, sealant) 16 16 16 16 16 16 16 16 16 34 34 34 C1.17 2015-16
18 HW Tankinsulation 85 85 85 85 85 85 85 85 85 85 85 85 C1.18 2015-16
19 Ventilation 500 500 500 500 500 500 500 500 500 500 500 500 C1.19 2012-15
20.b | Shading Intemal 1200 1200 1200 1200 1200 1200 1200 1200 1200 1600 1600 1600 C1.20 2012
20.c | Shading Shutters 3150 3150 3150 3150 3150 3150 3150 3150 3150 3272 3272 3272 C1.20 2012
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Table 24: Assumptions for costings of fabric retrofit measures: end-terrace, semi detached, detached & bungalow houses (in £ material + labour, * denotes additional uncertainty

Uncertainty: Low

High

over scope of costs)-

End-Terrace Semi-Detached Detached Bungalow Refer to
datenote
for data Final Price

sources & Year
Measures/ size S M L S M L S M L S M L calculations
1 Solid wallinsulation ( External)* 6507 9295 12084 5670 8100 10530 7595 10850 14105 6860 9800 12740 Cl1 2015-16
2 Solid wallinsulation (Internal)* 3504 5005 6507 4830 6900 8970 5810 8300 10790 4410 6300 8190 C1.2 2015-16
3 Solid Wall insulation (Thin)* 2523 3604 4685 3478 4968 6458 4183 5976 7769 3175 4536 5897 C13 2015-16
4 Easy to treat cavities (Unfilled)* 439 627 815 416 594 773 571 815 1060 455 650 845 Cl4 2015-16
5 Hard to treat cavities ( Unfilled)* 4921 7030 9139 3990 5700 7410 7350 10500 13650 5513 7875 10238 C15 2019
6 Partially filled cavities 3504 5005 6507 4830 6900 8970 5810 8300 10790 4410 6300 8190 Cl6 2015-16
7 Loft insulation* 350 501 651 291 415 540 389 555 722 434 620 806 C1.7 2015-16
8 Loft insulation (HTT)* 1257 1796 2335 1542 2203 2865 2944 4205 5467 2208 3154 4100 C1.8 2019
9 Suspended timber floor insulation 1576 2251 2926 1694 2420 3146 2612 3731 4850 2708 3868 5028 Cc19 2015-16
10 Solid floor insulation 3241 3601 4682 2710 3872 5034 4179 5970 7760 4332 6189 8045 C1.10 2015-16
11 Secondary glazing* 4050 5785 7521 4165 5950 7735 4970 7100 9230 4620 6600 8580 Cl11 2015-16
12 Double glazing * 4050 5785 7521 4165 5950 7735 4970 7100 9230 4620 6600 8580 Cl1.12 2015-16
13 Double Glazing- Slim profile* 4859 6942 9025 4998 7140 9282 5964 8520 11076 5544 7920 10296 C1.13 2015-16
14 Triple Glazing* 4961 7087 9213 5102 7289 9475 6088 8698 11307 5660 8085 10511 Cl1.14 2015-16
15 Insulated doors 1000 2000 2000 1000 2000 2000 1000 2000 2000 1000 2000 2000 C1.15 2012-15
16 Draught proofing (draught stripping) 135 135 135 275 275 275 275 275 275 135 135 135 Cl.16 2015-16
17 Reduced infiltration (foam, strips, sealant) 34 34 34 69 69 69 69 69 69 34 34 34 C1.17 2015-16
18 HW Tankinsulation 85 85 85 85 85 85 85 85 85 85 85 85 C1.18 2015-16
19 Ventilation 500 500 500 500 500 500 500 500 500 500 500 500 C1.19 2015-16
20.b | Shading Internal 1600 1600 1600 2200 2200 2200 2600 2600 2600 1600 1600 1600 C1.20 2012
20.c | Shading Shutters 3272 3272 3272 4510 4510 4510 5694 5694 5694 3272 3272 3272 C1.20 2012
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Table 25: Costings Ranges: ranges represent the lowest cost for the smallest archetype and the highest cost for the largest archetype - Uncertainty: Low High
Measures L H Notes

1 | Solid wall insulation (External) £ 4300 £ 20,000 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

2 | Solid wall insulation (Internal) £ 2,500 £ 11,600 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
L-Thermo Paint, H-Aerogel. Glew, D., Parker, D., Miles-Shenton, D., Fletcher, M., Thomas, F., Booth, J., Cobden, L., for BEIS

3 | Solid Wall insulation (Thin) (m2) £ 30 £ 140 (Forthcoming). Thin Internal Wall Insulation (TIWI) Project.

4 | Easy totreat cavities (Unfilled) £ 300 £ 1,200 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
EST, 2019. Determining the costs of insulating non-standard cavity walls and lofts. Department for Business, Energy &

5 | Hardto treat cavities (Unfilled) £ 1,300 £ 13,400 Industrial Strategy.

Ranges for IWI used-BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy &
. " - £ 2,500 £ 11,600 .
6 | Partially filled cavities Industrial Strategy.
7 | Loft insulation £ 180 £ 955 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
EST, 2019. Determining the costs of insulating non-standard cavity walls and lofts. Department for Business, Energy &

8 | Loft insulation (HTT) £ 611 £ 9360 Industrial Strategy.

9 | Suspended timber floor insulation £ 550 £ 900 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
10 | Solid floor insulation £ 550 £ 900 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
11 | Secondary glazing (per window) £ 300 £ 1,000 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
12 | Double glazing (per window) £ 300 £ 1,000 BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
13 | Double Glazing- Slim profile N/A N/A No ranges identified in datasets
14 | Triple Glazing N/A N/A No ranges identified in datasets
15 | Insulated doors (per unit) £ 400 £ 1,400 Derived from range in Rickaby (2017) Capital costs of energy improvement measures. Savills

Derived from quoted ranges in BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business,
16 | Draught proofing (draught stripping) (m2) £ 65 £ 680 Energy & Industrial Strategy. Rickaby (2017) Capital costs of energy improvement measures. Savills
Reduced infiltration (foam, strips, sealant Derived from quoted ranges in BEIS/CAR Data-CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business,
17 | use) (m2) £ 20 £ 75 Energy & Industrial Strategy.
BEIS/CAR Data-CAR, 2017 (Average of ranges for the two HTT typologies analysed) What Does It Cost to Retrofit Homes?
18 | HW Tank insulation (per unit) £ 80 £ 90 Department for Business, Energy & Industrial Strategy.
19 | Ventilation (per unit) £ 350 £ 708 Derived from range in Rickaby (2017) Capital costs of energy improvement measures .Savills
20.a | Shading Fixed (per unit) £ 252 £ 929 No ranges identified in datasets range denotes Porritt Estimates
20.b | Shading Internal (per unit) £ 216 £ 320 No ranges identified in datasets range denotes Porritt Estimates
20.c | Shading Shutters (per unit) £ 474 £ 654 No ranges identified in datasets range denotes Porritt Estimates
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A-3.3-Costings Data Notes

The following notes describe the analysis process used for the generation of the base costings assumptions & reference
data used. The work is based on the use of best-available data. It isintended that these notes are used in conjunction
with the data across tables in Appendix A-3.2 (cross referencing each note).

Notes:

a. Forfinal costings assumptions, where relevant further adjustment of the base data was undertaken following
an assessment of uncertainty & comparison against applicable collated literature datasets & case study data.
b.  Whilst savings have been varied between flat types in proportion to dimensions, the same costs were assumed
for all flat types due to limitations in the CAR data.
c.  Where required, to determine, SML size variants, values were normalised for m2for each typology based on
area assumptions (Tables 16 & 17) derived from data from:
. Donaldson, L..2018 Floor Spacein English Homes — main report. MHCLG.
. Scottish Government 2017: Scottish house condition survey - 2017 key findings. Scottish Government
. EST.2019.Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,

Energy & Industrial Strategy

d. Glazing area assumptions refer to Table 18

Cl.1 External Wall Insulation:

External wall insulation cost (£) = BEIS average cost (£)
e CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

Base statistical data is derived from average values from CAR/BEIS database for covered dwelling level costs
for typologies as follows: The medium (i.e. central costs) only were averaged for the small & large property of
each archetype in the CAR dataset. This was then assumed to be equivalent to the M variant in the
assumptions & extrapolated using the standard assumptions referred toin Note c.

For high-rise flats, while the CAR dataset recognises that a cost increase can be associated with high-rise flats
(mainly attributed to increased scaffolding), this is neither disaggregated nor quantified. Additionally, the
dataset as a whole does not provide details on the material types covered under any of the measure
categories, making it difficult to attribute costings to particular material types. Itis therefore assumed that the
range of costings represent the average across a range of materials used. In considering the additional cost
implications associated with morestringent fire safety requirements the facade system as whole rather than
the insulation material alone should be considered. However, as a benchmark, costs associated with mineral
wool (generally categorised as non-combustible) with phenolic foam (generally categorised as more
combustible) were considered. While market-based costs vary considerably, Tetlow et al (2015) found that the
average cost of mineral wool was £ 65-70/ m2installed for EWI compared to £ 80-85/ m2installed for phenolic
foam. In light of the uncertainty in costs found in the evidence base it was assumed that no significant cost
adjustments can for now be associated with installation of EWI in high-rise flats (other than increased
scaffolding costs assumed to be already incorporated in the ‘total’ cost used).

C1.2 Internal Wall Insulation:
Internal wall insulation cost (£)= BEIS average cost (£)
® (AR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

Base statistical data is derived from average values from CAR/BEIS database for covered dwelling level costs
for typologies, using the following approach: The medium (i.e. central costs) only were averaged for the small
& large property of each archetype in the CAR dataset. This was then assumed to be equivalent to theM
variant in the assumptions & extrapolated using the standard assumptions referred to in Note c.

C1.3 Thin Internal Wall Insulation:

Thin internal wall insulation cost (£) = IWI Cost (£) - 28% Cost Reduction (£)
. CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
. Glew, D., Parker, D., Miles-Shenton, D., Fletcher, M., Thomas, F., Booth, J., Cobden, L., for BEIS
(Forthcoming). Thin Internal Wall Insulation (TIWI) Project.

As before, where base statistical data derived from average values from CAR/BEIS database for covered
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Ci1.4

C1.5

Cl6

C1.7

C1.8

typologies. IWI costings used as based costs with a cost reduction factor of an average 28% applied based on
BEIS TIWI field trials (including PIR, Aerogel, EPS, Cork render & Latex foam roll against Phenolic Board IWI).

Where required, the data refers to relational size assumptions detailed in the Standard Assumptions to
extrapolate across typologies

Cavity Wall Insulation (Easy to Treat-ETT):

Cavity wall insulation cost (Easy to Treat-ETT) (£) = BEIS calculated cost (£)
e CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
Base statistical data is derived from average values from CAR/BEIS database for covered dwelling level costs
for typologies-CWI assumed to refer to Easy to Treat Cavity (ETTC) wall - using the following approach: The
medium (i.e. central costs) only were averaged for thesmall & large property of each archetype in the CAR
dataset. This was then assumed to be equivalent to the M variant in the assumptions & extrapolated using the
standard assumptions referred toin Note c.

Cavity Wall Insulation (Hard to Treat-HTT):

Cavity Wall Insulation (Hard to Treat-HTT) (£) = EST 2019 HTTC Average Cost (£)
. EST, 2019. Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,

Energy & Industrial Strategy.

Whilst EWI or IWI solutions might be expected to have higher energy savings, the evidence used does not
suggest that this is generally the preferred solution for HTT cavity walls. BEIS/CAR Data does not explicitly
cover HTTC (lower costs quoted more likely to be associated with ETTC). Costs were therefore derived from
EST 2019 report, where based on contractor/ organisation quotes the costs for a range of HTTC were
generated through modelling. These were used to generate cost assumptions for covered typologies, where
average values from EST report (costs for ‘uninsulated non-standard cavity walls’) were used as a starting
point (average EST value = cost for medium variant). Note that this average is understood to include some
partial fill walls. Costs quoted in thisreport include the costs of providing guarantees, equipment hire,
inspection, “making good”, margin/profit made by installers and equipment hire.

To determine, SML size variants, sources listed in Note c above, were used & where required, the data refers
to relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.

Partial Fill:
Partial Fill (£) = IWI cost (£)

Based on EST report (2019), partial fill is assumed to be addressed through IWI, therefore base statistical data

derived from average values from CAR/BEIS database for covered typologies.

. CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

. EST 2019.Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,
Energy & Industrial Strategy

To determine, SML size variants sources listed in Note c above, were used & where required, the data refers

to relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.

Loft Insulation (Easy to Treat- ETT):

Loft Insulation (Easy to Treat- ETT) (£) = BEIS calculated cost (£)
e  CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

Base statistical data derived from average values from CAR/BEIS database for covered dwelling level costs for
typologies, using the following approach: The medium (i.e. central costs) only were averaged for thesmall &
large property of each archetype in the CAR dataset. This was then assumed to be equivalent to the M variant
in the assumptions & extrapolated using the standard assumptions referred to in Note c.
Loft Insulation (Hard to Treat- HTT):

Loft Insulation (Hard to Treat- HTT) cost (£) = BEIS calculated cost (£)
EST, 2019. Determining the costs of insulating non-standard cavity walls & lofts. Department for Business,
Energy & Industrial Strategy. Costs were derived from EST 2019 report, where average values were used as a
starting point. For each archetype a weighted average cost was produced reflecting the costs of different HTT

loft/roof types, weighted by prevalence in the archetype stock (average EST value = cost for medium variant).

In all flats, loft/roof insulation costs are expected to only apply to top floor flats.
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C1.9

C1.10

C1.11

C1.12

C1.13

C1.14

Suspended Floor Insulation:
Suspended Floor Insulation cost (£) = Average £/m?2 values from CAR/BEIS X house type area (m?)
¢ CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

Due to limited sample size in base statistical data, as well as the much lower costings quoted than those found
in the literature for insulating suspended timber floors, values for suspended floor insulation were derived
from average £/m2values from CAR/BEIS database for covered typologies rather than dwelling level costings
used for other elements. Costs given were assumed to apply suspended floor insulation based on typologies
listed in evidence (older properties & statement in evidence referring to no solid floor contractors being
interviewed). To determine, SML size variants, sources listed in Note c above, were used & where required,
the datarefers to relational size assumptions detailed in the Standard Assumptions to extrapolate across
typologies.

Solid Floor Insulation:
Solid Floor Insulation cost (£) = Average £/m2 values from solid floor estimates X house type area(m?

Data derived from average values from two studies due to lack of data in CAR/BEIS study:

. Green, G., Lannon, S., Patterson, J., lowerth, H., 2019. Homes of today for tomorrow: Decarbonising
Welsh Housing between 2020 & 2050-STAGE 2: Exploring the potential of the Welsh housing stock to
meet 2050 decarbonisation targets. Welsh School of Architecture, Cardiff University.

. Rickaby, P .2017. Capital Costs of Energy Improvement Measures. Savills (From 8 projects around the UK)

To determine, SML size variants, sources listed in Note c above, were used & where required, the data refers
to relational size assumptions detailed in the Standard Assumptions to extrapolate across typologies.

Secondary Glazing:

Secondary glazing costs (£) = Derived DG Costs (£)
® CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.

Base statistical data derived from average values from CAR/BEIS database for covered dwelling level costs for
typologies, using the following approach: The medium (i.e. central costs) only were averaged for thesmall &
large property of each archetype in the CAR dataset. This was then assumed to be equivalent to the M variant
in the assumptions & extrapolated using the standard assumptions referred toin Note c.

Please notethat while the per window costs for a DIY installation included in the CAR dataset are substantially
lower, in this report itis assumed that professional installation would be more consistent with the energy
savings assumed above, therefore this is reflected in the costs used. Where installed as a DIY measure it is
likely performance would be lower in some homes, with high performance particularly hard to achieve
through DIY application in the heritage stock where secondary glazing is expected to be of particular value.
Double Glazing:

Double glazing cost (£) = BEIS calculated cost (£)
e CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy & Industrial Strategy.
Base statistical data derived from average values from CAR/BEIS database for covered dwelling level costs for
typologies, using the following approach: The medium (i.e. central costs) only were averaged for thesmall &
large property of each archetype in the CAR dataset. This was then assumed to be equivalent to the M variant
in the assumptions & extrapolated using the standard assumptions rreferred toin Note c.
Slim Double Glazing:

Slim double glazing cost (£)= DG cost (£) + 20% cost uplift
. Heath, N., Baker, P., Menzies, G., 2010. Slim-profile double glazing: Thermal performance & embodied
energy. Historic Scotland.
SPDG assumed to have 20% cost uplift based on costing on Pilkington Slimline variant in Heath et al workin
Scottish heritage buildings achieves optimal performance.

Triple Glazing:
Triple glazing cost (€£) = DG cost (£) + 22.5% cost uplift

Data from Retrofit for the future suggests an ~ 120% uplift in costs between DG & TG (2013), areview of
commercial websites suggests that the cost gap between DG & TG is decreasing to an estimated 22%- 40%
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C1.15

Cl.16

C1.17

C1.18

C1.19

C1.20

uplift where current estimates based on commercial websites (e.g. https://www.kimgroup.co.uk/blog/triple-
glazing-cost) & data received from PDP (Input from PDP London, January 2019) assumes a range of 5%-20%

costincrease (15% average overall).
Considering these sources, an average value of 22.5% uplift is therefore assumed over the cost of DG.
Insulated Door:
Insulated door cost (£) = average cost from Rickaby (2017) (£)
An assumed £1000/unit cost from the average costs quoted in Rickaby (2017) Capital Costs of Energy

Improvement Measures, Savills. is used where applicable. No doorsare installed in converted & high-rise flats
due to adjacency to internal spaces. Medium & large house types assumed to have 2 doors.
Draught proofing:

Draught proofing cost (£) = BEIS cost range (£)
Based on the range quoted the BEIS/CAR report CAR, 2017. What Does It Cost to Retrofit Homes? Department
for Business, Energy & Industrial Strategy of £85-275/homeas a DIY measure from literature & cost estimates
from interviews. Flat variants £85, end terrace/mid terrace/bungalow £180 & semi-detached /detached £275.
The terms draught proofing/stripping & reduced infiltration are often used interchangeably in existing
literature. For clarity in this report, draught proofing is intended to refer to measures such as closing a
chimney.

Reduced Infiltration:
Draught proofing cost (£) = 0.25 BEIS cost range (£)

Based on the range quoted the BEIS/CAR report of £85-275/homeas a DIY measure from literature & cost
estimates from interviews. Flat variants £85, end terrace/mid terrace/bungalow £180 & semi-detached
/detached £275.

Window sealant & film costs are minimal compared to draught-proofing therefore assumed to be 25% of total
average draught proofing cost quoted in study

HW Tank Jacket:
HW tank cost (£) = 0.25 BEIS fixed unit cost (£)

Fixed unit cost from CAR, 2017. What Does It Cost to Retrofit Homes? Department for Business, Energy &
Industrial Strategy.

Ventilation:
Ventilation cost (£) = combined cost from Rickaby (2017) (£)
Combined fixed cost of installing extract fan ventilation to kitchen & bathroom quoted in Rickaby (2017)
Capital Costs of Energy Improvement Measures. Savills. (From eight projects around the UK)
Shading:
Shading cost (£) = cost range in Porritt (2012) (£)

Cost for shutters, internal blinds & external fixed shading (differs based on orientation) for house types,
extracted from Porritt, S.M., 2012. Adapting UK Dwellings for Heat Waves. DeMontfort University which derive
figures from installers quotes & (for fixed shading) Spon's Architect's price book for the year quoted (2011).
Data for bungalows assumed to be same as end/mid terrace due to same number of windows.
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A-4 Dynamic Modelling approach

The EnergyPlusGenerator 2 (EPGen-2) is a novel Python-based interface to EnergyPlus developed by UCL for
automated batch mode modelling (large number of runs). It allows high volume/detailed simulation of building
archetypes/improvement package combinations in time effective manner. EPGen-2 was used for the
implementation of a defined scope of detailed modelling tasks to address gaps in evidence regarding the impact
of sequencing and combination of fabricenergy efficiency measures on energy savings. The process involved in

the implementation of this modelling exercise as follows:

1-Definition of modelling scope:identification of gaps and requirements: Findings from the evidence review
exercise pointed to an evidence gap from surrounding the impact of both sequencing and the combination of
measures in a systematic way that could be broadly used to generate guidelines forapplicationacross various
archetypes.

2-Definition of archetypes: Adefined group of modelling cases (threein total) to help provide robust evidence
to supportformulationof assumptions. The defined archetypes are detailed in the table below.

Table 26: Modelled house types

. . Floors/

Dwelling Type Dwelling Age Wall type Storeys
S Purpose built flat, high rise 1965 to 1874 Solid 12
M Mid terrace 1900 to 1918 Solid 2
L Detached post 1990 Cavity 2

3-Definition of measures and runningof models: The following measures, representative of the types likely to
beinstalled in the defined archetypes, were defined. A series of modelling runs for the individual, and whole
houseimplementation of measures as well as three packages types was undertaken. The results were then
analysed for the formulation of general guidelines.

Table 27: Modelled measures

Single / WH measures list S (HR Flat) M (Mid Terrace) |L(Detached)
Wi 1 Solid wall insulation (External) X
2 Solid wall insulation (Internal) X
3 Solid Wall insulation (Thin)
4 Easy to treat cavities (Unfilled) X
5 Hard to treat cavities (Unfilled)
6 Partially filled cavities
LI 7 Loft insulation 0.15 X
8 Loft insulation (HTT) 0.15 X
Fl 9 Suspended timber floor insulation 0.2 X
10 |Solid floor insulation 0.2 X
WD 11 |Secondary glazing G-value to X
12 |Double glazing - G-value to X
13 |Double Glazing- Slim profile
14  |Triple Glazing
15 |Insulated doors U-Value to X X
A 16 |Draught proofing (draught stripping) X X X
17  |Reduced infiltration (foam, strips, sealant use) X X X
TI 18 |HW Tank insulation X X X
19 |Ventilation X X X
20 Shading X X X
Packages S M L
A- Wall Insulation + Associated measures 1,12,16 2,11,15,16 4,16
B - Loft + Floors N/A 7,9 9
C - Auxiliary Measures 17,19,20 17,19,20 17,18,19,20
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A-5 Wider Evidence Base

The following listincludes the wider evidence base that was consideredin informing this work.
Adan, H., Fuerst, F., 2015. Modelling energy retrofit investments in the UK housing market. Smart and Sustainable Built
Environment 4, 251-267. https://doi.org/10.1108/SASBE-03-2013-0016

Advani, A., Stoye, G., Leicester, A., Johnson, P.,2013. Household energy use in Britain: a distributional analysis.
https://doi.org/10.1920/re.ifs.2013.0085

AET, 2011. Hard to Treat or Hard to Fund? Final Report: Retrofit Insulation pilot project. Calderdale Council.
Affinity Sutton, 2012. FutureFit final report part 2 - An insight into the retrofit challenge for social housing. Affinity Sutton.
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