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EXECUTIVE SUMMARY 

The condition of Scotland’s existing housing stock means that too many households 

are effectively locked into fuel poverty and domestic properties remain a significant 

source of carbon emissions. The two key objectives of Energy Efficient Scotland1 (a 

Scottish Government programme which provides a route map to near zero carbon 

buildings) are to ‘remove poor energy efficiency as a driver for fuel poverty’ and 

‘reduce greenhouse gas emissions through more energy efficient buildings and 

decarbonising our heat supply’. The Scottish Government has funded energy 

efficiency and fuel poverty schemes to address these concerns for a number of 

years, but the ambition within Energy Efficient Scotland demands much more. 

Interventions need to be deeper, available for more archetypes, replicable, 

affordable, scalable and then delivered at scale. 

While there are many challenges, the opportunities are equally as great, not only to 

achieve fuel poverty and climate goals but to give focus for a burgeoning retrofit 

sector with commensurate job creation. Solutions are far from all being in place, but it 

is clear from this scoping study that there is a considerable portfolio of previous 

retrofit projects to draw on in order to identify replicable and scalable solutions. Some 

of these can be regarded as ‘off the shelf’ and worthy of progressing to pilot stage in 

or near to their current form. Others might be a composite of approaches from 

different projects which have not previously been tested. Critically there is a need to 

pilot new approaches, to contribute to the growing body of knowledge and identify 

realistic and scalable solutions that will inform the direction of the sector over the 

years to come.  

This report comprises two main phases: 

1. Rapid Evidence Assessment (REA): This assessment provides the 

preliminary evidence for identifying a number of pilots that would demonstrate 

the potential for transformational change within the housing sector in 

Scotland.  

2. Pilot Scoping: This section takes the findings from the REA and identifies four 

deep retrofit pilots with potential to make a significant contribution to 

achieving ambitions regarding fuel poverty mitigation and carbon reduction.  

The Rapid Evidence Assessment looked at existing retrofit projects in Scotland, the 

UK and Europe to inform this scoping study. The key findings are summarised here: 

• Deep Retrofit: Though the term ‘deep retrofit’ is widely used, there is no 

standard definition for this term. This report uses the definition set forward by 

the IEA Annex 61. This definition is a challenge for the Scottish housing 

context, as discussed in Section 1.2, and therefore the study expanded the 

scope to include a ‘whole house approach’. The ‘whole house approach’ goes 

beyond current domestic energy efficiency programmes which are generally 

                                                

1 Energy Efficient Scotland: route map, Scottish Government (2018) (link) 

https://www.gov.scot/publications/energy-efficient-scotland-route-map/pages/3/
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focussed on one or two measures such as external wall insulation (EWI) or 

loft insulation (LI). 

• Scotland/ UK projects: There are numerous examples of innovative retrofit 

projects across Scotland and the UK with multiple energy efficiency and low 

carbon heat measures installed in a ‘whole house approach’. However, most 

lack sufficient and readily available evaluation data to assess if they meet the 

IEA ‘deep retrofit’ definition. The examples include one-off projects carried out 

by homeowners with a focus on the innovative technical solutions for specific 

property archetypes; council-owned tower blocks that have undergone 

substantial retrofit; and an Energiesprong2 project that aims to transform 

social housing to be net-zero carbon. In England and Wales there is also new 

funding being made available for energy efficiency innovation3, with several 

interesting projects arising. 

• European projects: The Energiesprong approach has delivered 4,500 

completed home retrofits and new builds primarily in the social housing sector 

in the Netherlands as part of a 100,000 homes contract. A performance 

contracting model is adopted where the costs of the retrofit are paid by the 

occupants back to the housing association in the form of a service fee 

(increased rent). Separately the German bank KfW provide dedicated 

subsidised loans leading to substantial uptake of energy efficiency measures, 

both incremental and deep retro-fit. Other successful projects include the 

EnergiesPosit’IF energy performance contract offered by a semi-public 

Energy Service Company (ESCO) in the Ile de France Region of France. 

• Financing guidance: A number of review documents have been published 

looking at retrofit funding models in Europe in detail. These documents 

suggest where direct credit lines from established financial institutions are 

made easily available, the uptake of energy efficiency upgrades increases. 

Energy performance contracting, a creative financing method where funding 

is based on the modelled cost savings of implementing energy efficiency and 

heating upgrades, has the potential for growth though this is currently limited 

in the private rented and owner-occupied sectors, due to the long payback 

periods for some measures4 . A full assessment matrix of models can be 

found in Table 4, Table 5 and Table 6. 

• Data: There is a wide range of relevant data sets that can be used to help 

identify potential pilot projects. Although their availability and resolution vary, 

it is possible to identify specific geographical areas, tenures and archetypes. 

Data sources with more granularity such as Home Analytics could then be 

requested. The Scottish Government has proposed a new definition of fuel 

poverty which will mean that current fuel poverty data will need to be 

amended once the definition is agreed. 

                                                

2 EnergieSprong (link) 

3 BEIS Demonstration projects grant (link) 

4 Alternative financing schemes for energy efficiency in buildings, Buillier and Milin, 2013 (link) 

https://energiesprong.org/
https://www.gov.uk/government/publications/energy-efficiency-improvement-rates-local-supply-chain-demonstration-projects
http://www.buildup.eu/en/category/free-authors-tags/adrien-bullier-christophe-milin
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The Pilot Scoping drew on data from the Rapid Evidence Assessment, the policy 

context and outline data analysis to develop four pilot project priorities. Two of the 

pilots focus on a particular housing sector, while the other two focus on specific 

property types. The suggested sectors and housing types are priorities for the 

Scottish Government and have the potential to achieve significant carbon savings as 

well as impacting on fuel poverty levels. Each of these are described below: 

• Tenements: An archetype-based pilot, supporting residents of traditional 

stone-built tenements to install fabric improvement and low carbon heat 

measures in these typically hard to treat buildings. Such properties account 

for 23% of Scotland’s housing stock and are almost exclusively located in 

urban areas, particularly in the central belt. The pilot would take a whole block 

approach and engage all residents of the tenement – who are ‘willing to fund’ 

owner occupiers, social landlords and private landlords. Mixed occupancies 

within a block represent one of the biggest challenges with targeting and 

including all individual flats in a block or area.  

• Private rental sector (PRS): A sector-based pilot, supporting private sector 

landlords to take action and improve the energy efficiency of their rental 

properties. The PRS has received less focus compared to owner-occupied 

and social housing to date, although regulation for staged minimum energy 

performance standards will be introduced in 2019. There may be an option to 

explore options around ‘comfort as a service’ as an engagement tool, as 

highlighted through some of the case studies. This pilot could be combined 

with the first pilot focussing on tenements. 

• (Rural) off-gas cottages: A whole house approach to reduce heat loss and 

allow for installation of a low carbon heating system, will help to address 

these archetypes which have some of the lowest Energy Performance 

Certificate (EPC) ratings in Scotland. These properties will be challenging 

because of their remote location and issues with the supply chain. Harnessing 

value from community owned renewables and strategic consideration of 

supply chain, could support such a pilot achieving significant carbon 

reductions and alleviating some of the worst levels of fuel poverty with 

reasonable capital expenditure. 

• Self-funded – suburban private householders: Focusing on timber-frame 

properties, a pilot could focus on an off-site manufactured cladding system 

and installation of low carbon heating and solar generation. This would be to 

demonstrate alternatives to mains gas heating in modern insulated properties 

constructed post 1984. The ‘willing to fund’ owner occupier sector is a 

significant priority for the Scottish Government and could offer major carbon 

savings if technical measures are complemented with innovative financing 

mechanisms due to existing long-term pay back periods. 

These pilot case studies show the opportunities and potential for deep-retrofit 

projects in Scotland. The recommended next step is to select one of the proposed 

pilots based on best fit with the following criteria: additionality, impact and fundability 

in order to deliver a near zero carbon property retrofit project, which will help inform 

and accelerate the Energy Efficient Scotland programme. This project should work 
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with partners to identify the location, scale, technical solution and project finance for 

delivery. 

 PROJECT OBJECTIVES 

In the UK, Scotland is taking a lead in tackling decarbonising domestic heat and 

power by putting in place the political consensus, legal framework, policies, 

strategies and programmes that will accelerate delivery of a low carbon, energy 

efficient housing stock. Although the challenges are considerable, positive steps are 

being taken to deploy innovative methods for highly energy efficient homes in 

Scotland.  

The next stage is to expand the scope and reach of these approaches to achieving 

near zero carbon housing, addressing both fuel poverty and climate change 

emissions. In relation to fuel poverty, the objectives are to illustrate how low carbon 

housing can also provide heating that is affordable and how poor energy efficiency as 

a driver of fuel poverty can be eliminated. 

This report aims to provide an overview of available evidence to inform the type of 

interventions, which archetypes and tenures to target, and what policy barriers need 

to be overcome.   

This report presents the findings of a Rapid Evidence Assessment (REA) of energy 

efficiency retrofit projects in Scotland, the UK and Europe that met a definition of 

‘deep retrofit’ devised for this report. It also presents the results from assessing the 

available datasets to help plan deep retrofit pilots in Scotland. Finally, this report 

outlines the pilot scoping element and how this was undertaken, resulting in four 

suggested pilot projects.  

It considered a wide range of models to deliver near zero carbon homes in the 

existing stock across a range of tenures and property archetypes. It identifies a short 

list of deep retrofit projects, which were used to inform the development of four novel 

pilot schemes and identify areas where the opportunity to pilot would be greatest. 

These projects have been evaluated using a set of assessment criteria to address 

the key aspects of successful large-scale retrofit programmes.  

The publicly available datasets assessed were required to answer questions 

regarding: 

• Fuel poverty: What data is available to identify fuel poor areas in Scotland, 

both under the current and proposed fuel poverty definition? 

• Energy efficiency: What data is available as open or through Scottish 

Government and local authorities to identify areas with low energy efficiency 

housing, and what are the dominant property types and tenure types of low 

energy efficiency housing? 

• Energy use: What data is available as open data or guarded by the 
government or organisations like the Energy Saving Trust, to identify areas 
with either high or low energy use (i.e. underuse)? 
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The pilot scoping task following the REA identified where the need is greatest to 

make rapid progress on energy performance with relation to the following contextual 

factors: 

• Housing stock data: Assessment of the current picture. 

• Policy: UK and Scottish Government targets and strategies around energy 

efficiency, heat decarbonisation and fuel poverty alleviation. 

• Relevant trends: Relating to policy, development and technology. 

• Historical context of energy efficiency upgrades and low carbon 

heating: Identification of areas previously and currently subject to focus. 

Figure 1 below shows the process for developing a pilot project. In this report stages 

1 to 3 are undertaken, providing clear direction for designing the pilot project at stage 

4. 

 

Figure 1 - Methodology for pilot scoping study 

 

 

 

 

Stage 1 - REA

• Determine Scottish trends in housing, insulation and households

• Review relevant climate change and fuel poverty policies Scottish Government

• Review historical energy efficiency schemes

Stage 2 - Pilot 
Scoping

• Analyse open datasets for archetypes with large potential carbon savings per property type

• Determine what property types could realise large carbon savings at a national level because of their 
abundance 

Stage 3 - Pilot 
Identification

• Combine results from Stage 1 and Stage 2 to determine 4 to 5 potential pilot schemes to propose

• Map areas in Scotland where pilot schemes would be located

Stage 4 - Pilot 
Design

• Select one or more pilots to progress based on selection criteria

• Develop partnerships with relevant stakeholders

• Liaise with local authorities for data use agreements Home Analytics

• Select postcodes/streets with most appropriate properties for pilot scheme using Home Analytics 
data

• Select the most suitable technical solutions for the property archetype 

• Design the financial structure of the pilot project
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 CONTEXT 

2.1 Scottish housing context 

The Scottish housing stock is diverse and varies between rural and urban areas. 

There are 2.6 million dwellings, of which 2.45 million households, with the remainder 

unoccupied (second homes, vacant properties)5. The proportion of occupied 

dwellings by age band and type are summarised in Table 1. Of the households 

defined as being fuel poor under the current definition (estimated to be 31%, 

corresponding to 760k households), 23% were built before 1919, 65% between 1919 

and 1982 and the remaining 13% post– 1982.6 Thirty percent of the fuel poor live in 

flats (corresponding to about 228k households) and 70% in houses (corresponding to 

532k households) of which 24% are detached, 19% are semi-detached and 26% are 

terraced.   

Table 1: Proportion of occupied dwellings by age band and type (Scottish Government, 2017) 

Age of 

dwelling 
Detached 

Semi-

detached 
Terraced Tenement 

Other 

flats 
Total 

Pre-1919 5% 3% 2% 8% 3% 20% 

1919-1944 2% 4% 1% 2% 4% 12% 

1945-1964 2% 5% 7% 4% 3% 21% 

1965–1982 5% 4% 7% 4% 2% 22% 

Post-1982 10% 4% 3% 6% 2% 25% 

Total 23% 19% 22% 23% 13% 100% 

 

As highlighted in section 5, although there are a number of data sources there are 

limitations to the detail of the Scottish housing stock in the publicly available data. 

However, drawing from what is available and the experience of the research team, 

some of the challenges that would need to be addressed in a pilot deep retrofit 

energy efficiency project in Scotland include: 

• Diversity in the construction of the housing stock (Table 1) means that 

multiple technical solutions will need to be explored. 

• Non-traditional buildings are hard to identify and although the number of non-

traditional homes is small (around 63,000 properties in Scotland7), their 

energy efficiency rating, prior to fabric improvements, is very low. These 

properties can be hard to treat, with a lack of suitable and comprehensive 

technical solutions. Mixed construction types within the same building can 

also bring additional complexity. 

                                                

5 National Records of Scotland (link) 

6 Scottish Government (2017) Scottish House Condition Survey: 2016 Key Findings. 

7 Scottish Government (2018) Local Authority Housing Stock (Link) . 

https://www.nrscotland.gov.uk/files/statistics/household-estimates/2017/house-est-17-publication.pdf
https://www2.gov.scot/Topics/Statistics/Browse/Housing-Regeneration/HSfS/StockPublicSector
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• Mixed tenure of buildings within the same archetype (both traditional and non-

traditional). National mixed tenure statistics are hard to find, but for the City of 

Edinburgh for example, about 11% of all households are situated in flatted 

buildings with both social and private tenure. 

• There are over 600 conservation areas and around 47,400 listed buildings 

(although not all residential) which provide limited options for retrofit due to 

alteration of the appearance (both internal and external). 

Table 2: Proportion of households in each dwelling type and age band (Scottish Government, 2017) 

Dwelling type and age band 
Older 

households 
Families 

Other 

households 

All 

household 

types 

Houses Pre-1919  11% 8% 9% 10% 

 1919-1982  43% 39% 31% 36% 

 Post-1982  16% 26% 15% 18% 

  Subtotal 71% 73% 55% 64% 

Flats Pre-1919  6% 6% 15% 10% 

 1919-1982  16% 17% 21% 19% 

 Post-1982  7% 5% 9% 7% 

  Subtotal 29% 27% 45% 36% 

Total   100% 100% 100% 100% 

 

Overall, families and older households tend to live in houses, rather than flats. More 

families live in properties built after 1982 than older or other households (Table 2). 

With tenure, most renters, both social and private, live in flats compared to houses 

(Table 3). 

Table 3: Proportion of dwellings in each tenure group by type of dwelling (Scottish Government, 2017) 

Tenure Houses Flats Total 

Owned 80% 20% 100% 

Mortgaged 76% 24% 100% 

Local Authority 48% 53% 100% 

Housing Association 40% 60% 100% 

Private rented 37% 63% 100% 
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2.2 Policy context 

Current Scottish and UK policies are primarily focused on retrofit that is of moderate 

cost and complexity. This approach does not facilitate deeper energy saving 

retrofits.8 

Scotland Policies 

Energy efficiency policy is devolved to the Scottish Parliament, while energy policy 

remains reserved to Westminster. The Scottish Government’s approach is seen as a 

strong example of an effective policy package to tackle fuel poverty and climate 

change. It includes: multi-year budget commitments, setting standards well in 

advance, phased regulation of the private rented sector and a potential regulatory 

backstop for owner-occupied homes.9 

Scotland’s 2018 Climate Change Plan (CCP)10 aims to reduce greenhouse gas 

emissions by 66% (against 1990 levels) by 2032. The residential sectors contribution 

is: 

By 2020: 

• 60% of walls will be insulated and 70% of lofts in homes will have at least 

200mm of insulation. 

By 2032: 

• Reduce emissions of the residential sector by 23% and non-domestic sector 

by 53%. 

• 35% of heat for domestic buildings heat will be supplied using low carbon 

technologies, where technically feasible and the buildings will be insulated to 

the maximum appropriate level. 

• 70% of heat and cooling for non-domestic buildings will be supplied using low 

carbon heat technologies. 

• Improvements to the building fabric of Scotland’s buildings will result in a 15% 

reduction in domestic and 20% in non-domestic heat demand. 

The Energy Efficient Scotland Route Map11 which sets out an ambition for “all 

Scottish homes to achieve an EPC rating of C by 2040 (where technically feasible 

and cost-effective)”. More specifically: 

• Private rented sector: Set mandatory energy performance standards for all 

private rented homes – EPC band E by 2022, and band D by 2025. Consult 

                                                

8 Rosenow, J., Kern, F., Rogge, K. (2017). The need for comprehensive and well targeted policy mixes to stimulate 
energy transitions: the case of energy efficiency policy. Energy Research & Social Science. (link) 

9 Committee on Climate Change (2018) Progress Report to Parliament (link) 

10 Scotland’s Climate Change Plan (2018) https://www.gov.scot/publications/scottish-governments-climate-change-
plan-third-report-proposals-policies-2018/ 

11 Energy Efficient Scotland: Route Map, Scottish Government (2018) (link) 

https://www.sciencedirect.com/science/article/pii/S2214629617302797
https://www.theccc.org.uk/publication/reducing-uk-emissions-2018-progress-report-to-parliament/
https://www.gov.scot/publications/energy-efficient-scotland-route-map/
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on getting all private rented homes to a C rating by 2030 (where technically 

feasible and cost effective). 

• Owner occupied sector: Encourage and support home owners to improve 

their homes to an EPC band C by 2030 (where technically feasible and cost 

effective), and to consider regulations to ensure all homes across Scotland 

reach this rating by 2040 at the latest. 

• Fuel poor households: Set a more ambitious target for fuel poor households 

of EPC band C by 2030 and EPC band B by 2040. 

• Social sector: Set a target to maximise the number of social rented homes at 

EPC band B by 2032. 

The route map also includes plans for Local Heat and Energy Efficiency 

Strategies (LHEES), which aim to link long-term targets and national policies with 

the delivery of energy efficiency and heat decarbonisation on the ground. These 

include continuing the existing programme of grants and loans, funding support for 

fuel poverty programmes, and area-based schemes.12  

Within LHEES the Scottish Government also has a focus on district heating and in 

the Heat Policy Statement13 sets targets of 1.5TWh and 40,000 homes connected to 

a heat network by 2020. There is support available for this through the Energy 

Saving Trust managed District Heating Loan.14 

The Scottish Government provides grant funding to cover the cost of installing energy 

efficiency measures in fuel poor households through its Home Energy Efficiency 

Programmes for Scotland (HEEPS). Individual HEEPS schemes work with other 

UK programmes, such as the Energy Supplier Obligation (ECO), in order to 

maximise opportunities available to households and councils.  

Next to tackling climate change through reducing carbon emissions, the Scottish 

Government has set ambitious goals for reducing fuel poverty. The Fuel Poverty Bill 

proposes a long-term goal that by the year 2040, no more than 5% of households are 

in fuel poverty15. Fuel poverty alleviation and carbon emission reductions can be 

combined through increased energy efficiency if the latter decreases fuel use and 

hence fuel bills. It should be noted that increased energy efficiency at times 

increases the householders’ comfort, rather than lowering their fuel use and other 

fuel poverty reduction measures (e.g. a switch to cheaper fuel) do not necessarily 

lead to lower carbon emissions. 

The Government’s fuel poverty programme, Warmer Homes Scotland, provides 

grants for insulation and heating measures for vulnerable households.  This includes 

replacing oil and gas-fired boilers and supporting new connections to a gas supply. 

While this will alleviate fuel poverty and reduce emissions temporarily, it could also 

                                                

12 Committee on Climate Change (2018) Progress Report to Parliament (link) 

13 Scottish Government (2015), Heat Policy Statement (link) 

14 Energy Saving Trust, District Heating Loan (link) 

15 Fuel Poverty Bill and Strategy 2018 (link) 

https://www.theccc.org.uk/publication/reducing-uk-emissions-2018-progress-report-to-parliament/
https://www2.gov.scot/Topics/Business-Industry/Energy/Energy-sources/19185/Heat
http://www.energysavingtrust.org.uk/scotland/grants-loans/district-heating-loan
https://www.gov.scot/publications/fuel-poverty-target-definition-strategy-scotland-bill-fuel-poverty-strategy-9781787810426/
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create a fossil fuel infrastructure lock in. This would add a further barrier to Scotland 

meeting its 2050 carbon reduction targets. 

The Scottish Government has proposed a new definition in the Fuel Poverty Bill as 

set out below: 

Households in Scotland are in fuel poverty if:  
 

• They need to spend more than 10% of their after-housing costs income on 

heating and electricity in order to attain a healthy indoor environment that is 

commensurate with their vulnerability status 

and 

• If these housing and fuel costs were deducted they would have less than 90% 

of Scotland’s Minimum Income Standard16 as their residual income, from 

which to pay for all the other core necessities commensurate with a decent 

standard of living. 

 

The proposed change in fuel poverty definition would have an impact on the tenure 

and geographical location of those deemed to be at risk of fuel poverty. 

 

One of the primary drivers for this scoping study to identify an innovative deep retrofit 

strand of work to accelerate the transition to near zero carbon homes. The Existing 

Homes Alliance believes this should form part of the EES Route Map and that the 

vast majority of homes should reach EPC band C or higher by 2030. 

UK Policies 

Improving domestic energy efficiency in the UK has primarily occurred through large-

scale, Government-implemented schemes. In the past, retrofit policy centred on ‘low 

hanging fruit’ to boost the performance of buildings, e.g. increased loft insulation17. 

To increase the volume of installed retrofit measures, the UK Government launched 

a loan scheme in 2013, the Green Deal (GD) and the Energy Company Obligation 

(ECO) (GB’s major energy efficiency program). Non-financial policy mechanisms 

include EU mandated Energy Performance Certificates (EPCs), and limited 

regulation of the private rental sector18, while there are no regulated performance 

standards for properties post-retrofit.19 

The GD was designed to be a financing device which did not need public subsidy. It 

offered members of the public the opportunity to commence retrofit projects at a large 

scale, by allowing property owners to pay for energy efficiency improvements through 

                                                

16 The minimum income standard is the gross income required to reach a socially acceptable living standard, which 

varies among household types, calculated by Loughborough University (link) 

17 Rosenow J. & Eyre N (2013). The Green Deal and the Energy Company Obligation. Proceedings of the ICE – 

Energy (link) 

18 UK Government (2017), The Private Rented Property minimum standard (link) 

19 CXC (2018) Private household investment in home energy retrofit: reviewing the evidence and designing effective 

public policy (link) 

http://www.lboro.ac.uk/research/crsp/mis/
http://eng.janrosenow.com/uploads/4/7/1/2/4712328/rosenow_and_eyre_2013_the_green_deal_and_the_energy.pdf
https://www.climatexchange.org.uk/research/projects/private-household-investment-in-home-energy-retrofit-reviewing-the-evidence-and-designing-effective-public-policy/
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their energy bills (on-bill financing). Thus the loans were be tied to the property. 

However, despite initial plans to retrofit 14 million homes between 2013 and 2020, 

only 16,000 households were reached.20 This was largely due to the high interest 

rates of loans offered to residents (average 9.3% APR), which rendered many retrofit 

measures unaffordable and/or unattractive. Since the GD’s end in July 2015, a 

subsequent policy has yet to be developed. 

The ECO remains a major policy for domestic retrofits in the UK, although it only 

targets primary measures such as insulation and draught proofing rather than deep 

retrofits. The scheme functions as an obligation on large energy suppliers to 

subsidize energy-saving retrofits on households within their customer base. The 

costs of installing retrofit measures are passed on to all consumers through their 

energy bills. 

The UK Clean Growth Strategy (2017) further supports a smaller ECO until 2028 and 

aims for all fuel poor homes to be EPC band C by 2030, and to improve privately-

rented homes to EPC band C by 2035 where practical, cost-effective and affordable.  

Policy Performance 

Housing has been identified as a major sector for contributing to the 80% reduction in 

carbon emissions over the 1990 baseline by 2050, required by the UK Climate 

Change Act 2008. However, the Association for the Conservation of Energy and the 

Regulatory Assistance Project estimate that with current policies, the UK’s emissions 

from buildings will exceed those recommended by the Committee on Climate Change 

(CCC) in 2030 by 18%.21 However, the Scottish Climate Change Act and current 

Climate Change Bill in the Scottish Parliament are proposing even more ambitious 

targets for Scotland.22 

Arguably, the urgency of progressing housing retrofit is rooted in the slow progress to 

date of UK policy schemes. The BUILD UPON project23, which aimed to help 

European countries design and implement strong, long-term national strategies for 

the renovation of their existing buildings reached over 1000 stakeholders across 13 

EU countries. It concluded that the European retrofit industry does not know how to 

interact with the users, and current retrofit policies do not work effectively because 

they are not ambitious enough, not done by and for the citizen, not properly tracked, 

and do not respond to the quickly changing socio-economic situation. 

 

                                                

20 Gooding L.M. & Mehreen S.G. (2017) Enabling a self-sufficient energy efficient retrofit services sector future: A 

qualitative study (link) 

21 ACE & RAP (2016). Buildings and the 5th Carbon Budget (link) 

22 Scottish Government (2018), Climate Change (Emissions Reduction Targets) (Scotland),) (link) 

23 Build Upon (2016) (link) 

https://researchportal.hw.ac.uk/en/publications/enabling-a-self-sufficient-energy-efficient-retrofit-services-sec
https://www.ukace.org/wp-content/uploads/2016/09/ACE-RAP-report-2016-10-Buildings-and-the-5th-Carbon-Budget.pdf
http://www.parliament.scot/parliamentarybusiness/CurrentCommittees/108411.aspx
https://www.worldgbc.org/build-upon
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2.3 Historical context to energy efficiency upgrades 
 

Area-based schemes - Scotland 

In recent years, energy efficiency improvements through housing retrofit measures 

have occurred mostly through large-scale, Government-implemented schemes. 

Since 2009 the Scottish Government funded three area-based energy efficiency 

schemes: the Home Insulation Scheme (HIS), the Universal Home Insulation 

Scheme (UHIS) and the Home Energy Efficiency Programmes for Scotland: Area 

Based Schemes (HEEPS: ABS). The report, Taking the Temperature, provides a 

useful review of previous Scottish schemes.24 

HIS (2009-2011) mostly focussed on ‘low hanging fruit’, funding loft insulation and 

cavity wall insulation. UHIS (2011-2013) had a focus on cavity wall insulation, 

whereas with HEEP:ABS (2013 onwards) this focus shifted to hard-to-treat cavity 

wall insulation and solid wall insulation. The latter finances energy efficiency 

measures (not heating) for home owners in deprived areas and for the most recent 

year, 70% of the HEEPS:ABS measures were solid wall insulation. Most of this solid 

wall insulation was external for non-traditional housing types (e.g. ‘No fines’ and 

some Swedish Timber properties). Internal wall insulation has been installed under 

HEEP:ABS to a much lesser extent25.  

ECO 

ECO3 started in September 2018, having a focus on supporting low income, 

vulnerable and fuel poor households. Up to 2017, most ECO funding was used for 

fossil fuel heating and boiler upgrades (33%) and cavity wall insulation (35%), 

whereas internal wall insulation projects only represented 0.3% of the total ECO 

monies spent, versus 7% spent on external wall insulation. No ECO funding has 

been spent on heat pumps or micro-generation26.  

From the few deep retrofit projects previously undertaken in Scotland, a number 

show the potential of internal wall insulation projects, such as the 1890’s semi-

detached house at Abergeldie Road in Aberdeen, the tenements at Ballindalloch 

Street in Glasgow or the BRE Innovation Park Ravenscraig. However, as highlighted 

above, internal wall insulation has not been undertaken at a large scale through 

Government HEEPS:ABS or ECO funding, and neither has low-carbon heating.  

In addition, for both the Scottish area-based schemes and ECO, the focus has been 

on areas where households are fuel poor or at risk of fuel poverty. The self-funded 

market, where householders are not eligible for funding support is subsequently less 

explored and is therefore suitable for a deep retrofit pilot. It makes sense to target 

                                                

24 Taking the Temperature (2016) Citizens Advice Scotland (link) 

25 No national statistics that distinguish between internal and external wall insulation funded by HEEPS:ABS are 

available for the most recent years. For 2014-2015, the ratio internal vs external wall insulation was less than 1 to 7. 

26 Household Energy Efficiency National Statistics, headline release November 2018 (link) 

https://www.cas.org.uk/publications/taking-temperature
https://www.gov.uk/government/statistics/household-energy-efficiency-national-statistics-headline-release-november-2018
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high energy users in the self-funded market, as there would be a larger carbon 

saving potential in such households and can attract private investment rather than 

public money.  

Renewable Heat Incentive (RHI) 

The Domestic Renewable Heat Incentive (Domestic RHI) is a Government financial 

incentive to promote the use of low carbon heating for properties that are energy 

efficient (i.e. already have insulated walls and lofts). Households taking part in the 

scheme receive quarterly payments, depending on the type of renewable heat that 

was installed. By the end of October 2018, 12,731 domestic Scottish installations 

have been accredited under the RHI scheme since its start in 201427. Overall, there 

is ample opportunity in Scotland for continuing the promotion of domestic low carbon 

heating in properties with a high energy efficiency, but given the limited timeframe for 

RHI funding of the Government, with no replacement scheme yet proposed, this type 

of heating is more suitable for the self-funded market or should be financed by 

alternative mechanisms.  

 

2.4 Technical options in deep retrofit 

There are four key aspects to achieving near-zero carbon buildings through a 

process of deep retrofitting: 

• Building fabric: insulating external floors, walls and the roof of the building, 

and upgrading windows to reduce heat loss. The specific materials and 

methods are different dependant on the building construction type, but the 

principle is the same. 

• Heat supply: a low-carbon source of heat / hot water, such as an efficient 

gas boiler, or ground / air source heat pump. If the energy requirement for the 

building is reduced through a ‘fabric first’ approach, the space heating and 

domestic hot water provision may be paired with a mechanical ventilation and 

heat recovery (MVHR) system. 

• Building ventilation: the specific material and method to increase the 

airtightness of the building and reduce ventilation heat loss, similar to 

insulation measures, varies across differing construction types. Increasing 

airtightness will increase the suitability and effectiveness of a MVHR system. 

• Energy generation: low carbon generation, such as solar PV or solar thermal 

panels, can help to meet a building’s energy requirements in order to reduce 

or remove dependence on carbon intensive energy sources.  

The heat supply and generation aspects could be improved outwith the property 

itself, through decarbonisation of the electrical or gas supply at a local or grid level. 

This means near-zero carbon standards can be achieved, even for those properties 

that can’t reach near zero carbon for technical reasons or it is deemed not financially 

viable.  

                                                

27Domestic Renewable Heat Incentive Quarterly Report - Issue 18 (link) 

https://www.ofgem.gov.uk/publications-and-updates/domestic-renewable-heat-incentive-quarterly-report-issue-18
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However, in the majority of cases a building can achieve near-zero carbon through 

any combination of the four types of measures listed above.  

Three scenarios are summarised and their contribution towards near-zero carbon 

illustrated below in Figure 2: 

Home 1: Primarily focussed on building fabric. The small improvement in the heat 

supply could result from their initial supply not being very carbon intensive, so the 

upgrade has made less of an impact, or a level of grid decarbonisation. There is a 

small improvement through ventilation, which could be attributed to draught-proofing 

and finally some self-generation such as solar PV or thermal. 

Home 2: More of a focus on generation, so either the fabric improvements were not 

technically feasible or financially viable. The focus on generation may not be on the 

property, but at a local or grid level. The significant improvement from ventilation 

upgrades could be through either draughtproofing or a MVHR system 

Home 3: Indicative of a property that has addressed every aspect and yet has still 

not achieved near-zero carbon. Like Home 2, the necessary upgrades may not have 

been technically feasible or financially viable.  

 

Figure 2: Examples of utilising a combination of measures to achieve near-zero carbon 

 

0% 20% 40% 60% 80% 100%

Home 3
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Home 1
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2.5 Staged versus deep retrofit approach 

The right balance between costs, disruption and benefits over time can be difficult to 

find. Home Energy Scotland28, a nationally funded energy advice service, can 

provide independent, specialist advice on measures and availability of financial 

support. Architects and installers can also provide advice. Given the investment 

required and the lack of established deep retrofit programmes, it is unsurprising that 

80-90% of all retrofits undertaken are single measures rather than complete one-time 

deep energy refurbishments. 

In addition to reducing upfront costs, a phased approach to retrofitting tends to 

minimise disruption to residents by allowing improvements to be made over time, or 

to bundle energy efficient improvements with other planned improvements. The 

approach has made a contribution to alleviating fuel poverty in many dwellings, and 

locked in emissions reductions and bill savings for many. 

However, considering the Scottish Government’s ambition for all homes to be near-

zero carbon by 2050, complete reliance on phased retrofitting is unlikely to be the 

best strategy. The interdependencies between measures must be considered from 

the outset, and a master plan of the whole retrofit programme is needed to avoid 

costly alteration works due to short-sighted earlier measures. Otherwise moderate 

improvements made to a building now can prevent a building achieving a high level 

of energy efficiency in 20-30 years. This is known as the ‘lock-in’ effect.  

According to the recent Scaling Up Retrofit 205029 report, one-off deep retrofitting is 

the only way for the UK to achieve its carbon saving goals due to the scale of what is 

required. However, one-off deep-retrofit programmes come with high costs, upwards 

of £30,000, which when considering the average price of a property in Scotland is 

£148,51230 is a significant investment. The current reality for many building owners is 

that such programmes are financially and logistically not feasible to complete in one 

step. 

Therefore, the long-term retrofit strategy needs to include two strands: 1) deep retrofit 

where appropriate and feasible, helping to build demand and the supply chain; 2) an 

incremental approach setting out stages to achieve near-zero carbon over a longer 

time period, tailored to individual buildings. This offers a realistic approach which 

encourages improvements in all homes, while developing confidence and 

affordability for deep retrofit approaches to be taken up more widely over time. 

 

                                                

28 Home Energy Scotland (link) 

29 IET (2018); Scaling up Retrofit (link) 

30 UK Government (2018) UK Price Index Scotland: January 2018 (link) 

http://www.energysavingtrust.org.uk/scotland/home-energy-scotland
https://www.theiet.org/factfiles/built-env/retrofit.cfm
https://www.gov.uk/government/publications/uk-house-price-index-scotland-january-2018/uk-house-price-index-scotland-january-2018
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 RADID EVIDENCE ASSESSMENT 

3.1 Method 

The Rapid Evidence Assessment was conducted in the following phases: 

• Researching a definition of ‘deep retrofit’ 

• Identifying a long list of deep energy retrofit projects through desk research 

• Shortlisting projects based on availability and quality of information available 

online, as well as ensuring a suitable variety of tenure, archetypes and 

financial models 

• Semi-structured interviews with representatives of three projects in order to 

gather further information 

• Development of assessment criteria outlined in points 1 – 6 in the Introduction 

• Ranking of projects against assessment criteria. 

These phases, and their key findings are outlined in the following sections. 

3.2 Defining ‘Deep Retrofit’ 

In order to screen projects to include in the longlist, a definition of ‘deep retrofit’ was 

developed. There is currently no widely agreed upon definition of deep retrofit and to 

address this, desk-based research was undertaken to identify definitions that have 

been used in other studies. These definitions were then used to identify suitable 

criteria to determine projects that could be added to the long list for research. 

The most relevant descriptions and definitions of deep retrofit used to build the 

criteria for longlisting suitable projects are as follows: 

• The International Energy Agency (IEA), Energy in Buildings and 

Communities (EBC) program, Annex 61 has proposed the following criteria31: 

“Deep Energy Retrofit (DER) is a major building renovation project in which site 

energy use intensity (including plug loads) has been reduced by at least 50% from 

the pre-renovation baseline with a corresponding improvement in indoor 

environmental quality and comfort.” 

• Deep renovation is mentioned in the Energy Efficiency Directive32, but not 
defined. A study by Global Buildings Performance Network33, for which a poll 
was conducted among experts, showed that deep renovation is commonly 
understood as: 

 

                                                

31 IEA Annex 61 (2017) ‘Deep Energy Retrofit - A Guide for Decision Makers’, Energy in Buildings and Communities 

Programme (link) 

32 Europa; Energy Efficiency Directive (link) 

33 Global Buildings Performance Network (link) 

https://iea-annex61.org/files/results/Subtask_D_Guide_Final_Version_2017-11-06.pdf
https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficiency-directive
http://www.gbpn.org/activities/europe
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“one that focuses on the building envelope and achieves an energy reduction of 75% 
or more compared to the situation before the renovation.”  
 

• Also mentioned but not defined in the Energy Efficiency Directive is staged 
deep renovation, that is, deep renovation that happens in phases34, which 
also states: 

 
“upgrading the equipment in buildings (such as boilers) and not the building 
envelope. It generally achieves energy savings of 50% or more.” 
 

• From study in Renovation Tracks for Europe up to 2050. Boermans, T., 
Bettgenhäuser, K., Offermann, M., Schimschar, S., Building renovation in 
Europe – what are the choices? Ecofys, 201235: 

 
“Deep renovation could reduce energy demand for heating by 70% or more. It could 
cut the overall energy needed in buildings by half by 2050 compared to 2012, despite 
the estimated 45% growth of the overall building stock.” 
  

• Use of Passive House or EnerPHit Standards (Ed Lang, A., Implementing 
deep energy step-by-step retrofits. Passive House Institute, 2016)36: 
 

“Deep renovation, improving the building envelope and applying Passive House 
technologies and concepts can save over 80 % of the energy requirement of [EU] 
buildings.” 
 

• White Hill Design Studio – alternative vision for LHEES (White Hill Design 
Studio (2018)37: 

 
“Deep retrofit is a process that transforms existing houses into ultra-low energy 
buildings. Measures such as renewable energy sources, mechanical ventilation and 
air-tight insulating panels are applied to each house. At the end of the process, 
occupants are left with a warm, comfortable, sustainable building with radically 
reduced energy consumption.” 
 
As the definitions are quite wide ranging, with varying focus on heating requirement 

and total energy requirement, a decision was made to define projects suitable for this 

REA that go over and beyond ‘business as usual’, such as single measure 

installations, but are not so restricted that it would exclude any interesting or 

innovative components of other retrofit projects. See Appendix A for the list of criteria 

used to add projects to the long list.  

With regards to the technical solutions, although the details can vary across different 

building archetypes, the key aspects of the building must be addressed in any retrofit 

energy efficiency project: 

                                                

34 European Parliament, Briefing: Energy efficiency of buildings, A nearly zero-energy future? European Union, 2016 

(link) 

35 European Insulation Manufacturers Association; Renovation Tracks to Europe up to 2050 (link) 

36 EuroPHit (link) 

37 White Hill Design Studio; Deep Retrofit For Scotland (link) 

http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_BRI(2016)582022
https://www.eurima.org/publications/90/146/Renovation-Tracks-for-Europe-up-to-2050.html
https://europhit.eu/sites/europhit.eu/files/EuroPHit_brochure_final_PHI.pdf
http://www.whitehilldesignstudio.com/blog/infographic-retrofit/
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• Fabric: insulation applied to the floor, walls and roof of the building. The 

specific materials and methods are different dependant on the building 

construction type, but the principal is the same 

• Space heating/cooling and domestic hot water provision: Unless the fabric of 

the building is improved to the point where space heating/cooling is not 

required, a low carbon heat source may be installed. If the energy 

requirement for the building is reduced through a ‘fabric first’ approach, the 

space heating/cooling and domestic hot water provision may be paired with a 

mechanical ventilation and heat recovery (MVHR) system 

• Building ventilation: the specific material and method to increase the 

airtightness of the building and reduce ventilation heat loss, similar to 

insulation measures, varies across differing construction types. Increasing 

airtightness will usually be paired with a MVHR system.  

3.3 Project Longlist  

A long list (Appendix A) of (possible) deep retrofit projects in Scotland, UK and 

Europe was compiled which included the search terms: “retrofit for the future” and 

“deep retrofit”. These were reviewed for compliance with the definition of deep-retrofit 

used in this project as defined in 3.2 above, and the availability of a project 

evaluation. The findings are summarised in Appendix A alongside the decision and 

reason in relation to carrying them through to the next phase of assessment. It 

should be noted that this is not intended to be an exhaustive list of deep retrofit 

projects and additional research may uncover more projects and more in-depth 

evaluation information. 

Some research-led projects provided a thorough, in-depth evaluation of the works 

carried out, finances and impact (energy, carbon and comfort) such as the IEA EBC 

Annex 61 projects. However, in most cases there was little or no evaluation available. 

Missing information included details such as: total cost of project, actual or modelled 

energy or carbon savings or comfort implications for residents. This is particularly 

true of the single property, pioneer projects where there is no obligation to monitor 

and evaluate the project. In these instances, the information that was available was 

used to establish whether or not there would be a benefit to gathering further 

information through an interview. This decision was based primarily on whether or 

not it was part of a funding ‘scheme’, i.e. if there had been an attempt to replicate 

beyond a single project and if there was some evidence of a meaningful evaluation. 

3.4 Assessment Matrix 

In order to compare existing projects, a set of measurable assessment criterion was 

formed. Each project was then ranked from 1 – 3 on each criterion where:  

1 = Definitely does not meet the criteria or highly unlikely to based on available 

evidence 

2 = Potential or likely to meet criteria based on available evidence 

3 = Demonstrated and reported to meet criteria 
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Where the matrix has been left blank, it has been deemed there is not sufficient, 

readily available evidence to provide a ranking. 

3.5 Project Shortlist 

The long list was ranked against the assessment criteria, the results are shown in 

Appendix A Table 21 (Scottish, UK and European). Where projects were not 

considered, they either did not have enough available data from the initial desk-

based research to show if they met one of the three aspects of the deep retrofit 

definition used for this project, or the data that was available showed that they did not 

meet the definition.  

The projects that met the definition were then scored against the assessment criteria. 

Where a project scored well or looked to be of interest it was added to the shortlist 

and researched in more detail. Specific case studies were then expanded on where 

there was either a significant impact or the approach taken would relate to the 

Scottish housing context. 

The shortlisted projects (Table 4) are then rated 1 to 3 on each assessment criteria 

as described in the Method section.  

The following six points were highlighted where the information was available: 

1. Impact : Based on available evidence, what has been the impact of past pilots 

(for example on energy consumption and energy performance ratings where 

possible)? What are the costs per household, and the likely economies of 

scale if replicated across many properties? What scale of pilot is required to 

demonstrate the efficacy of an approach? 

2. Financing: Provide an overview of which innovative financing models are 

under investigation/piloting, and any conclusions that have been reached 

regarding applicability to Scotland and its different tenure types. 

3. Replication: Where results have been positive, have they had a ripple effect? 

If not, what have been the barriers to replication? 

4. Engagement: How did the project engage with householders to make deep 

retrofit attractive and what impact did this have?  

5. Stakeholders: Who are the stakeholders who need to be involved? How do 

they need to interact with each other so that the model of measures, and 

successful approach deployed becomes embedded in Scotland's fuel 

poverty/energy efficient retrofit strategies? 

6. Expertise: What is the best blend of local and external expertise for a 

successful project, and which organisations/people hold this expertise to plan 

deep retrofit pilots in Scotland? 

To supplement the available desk-based research of the shortlisted projects, three 

interviews were undertaken with organisations involved in the top scoring projects:   

• EnergieSprong 

• John Gilbert Architects 

• Oxford City Council 
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Scotland 

Based on the qualifying criteria there were six projects based in Scotland carried over 

to the shortlist for a more detailed evaluation. Using the evaluation criteria, the two 

highest scoring (Table 4 following the case studies) were Abergeldie Road and 

Howden Hall Road, both single property deep retrofits funded by the homeowner. 

These ‘early adopter’ projects are useful for demonstrating technical capabilities and 

providing market opportunities, but are limited in what they can contribute to 

discussions of funding models for large scale deep retrofit roll out. This is because 

they do not provide any information on successes and failures of a funding model. 

The John Gilbert Architects modelled project for pre-1919 tenement properties at 

Ballindalloch Street was included as it offers a solution to a ‘hard to treat’ housing 

type in Scotland. 
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Scotland, Aberdeen, Abergeldie Road 

House Type: 1890’s granite semi-detached house 

Sector: One-off owner occupier 

Brief: Draught proofing and insulation project carried out by the 

homeowner over eight years (2006-2014) to improve thermal 

comfort, minimise fuel bills and reduce carbon footprint. These 

modifications were done while home improvements and room 

redecoration were being carried out. 

Impact / Carbon saving etc: 

• Energy bills reduced by 30% 

• Improved comfort levels 

• Increased home value 

• Capital expenditure of £30,620 to achieve annual reduction in energy bills of £730. Payback period calculated at 

over 60 years 

Financing: Funded by homeowner.  

Replication: The experimental project was well-documented to provide recommendations for DIY homeowners undertaking 

similar projects38. The write-up is not an assessment of the lowest-cost option, or best possible materials – it provides a 

personal account with recommendations for Government aid for hard to treat homes. The owner provided detailed cost 

information on materials and labour (2012 prices) 

Engagement: Project was undertaken by an enthusiast with an engineering background. 

Stakeholders: All design work and most installation work carried out by homeowner (many jobs were deemed not 

worthwhile by contractors). Contractors installed insulation between studs and fitted new windows.  

Expertise: Reported that tradesmen’s knowledge and understanding of making buildings thermally efficient varied from non-

existent to excellent. Getting tradesmen rather than home owners to do draught-proofing or insulation work is therefore no 

guarantee of quality. 

Technical Solutions: 

• Replacement of doors and windows (BBA certified) 

• Sealing and airtightness 

• Loft insulation 

• Multi-fuel stove 

• Insulated stainless steel flue 

• Fibre insulation (internal wall insulation) 

• Wind-induced ventilation 

• Thermostatic radiator valves (TRVs) 

• Zoned heating control 

• Underfloor insulation 

• Condensing boiler 

• Compact fluorescent spotlights 

                                                

38 Full write up and Short guide on improving the energy efficiency of traditional stone houses, Bob Pringle (2015) 

Source: Sustainability in practice, reproduced with permission 

https://sustainability-in-practice.org.uk/wp-content/uploads/2017/08/BuildingRefurb-SecondEdition-16-01-15.pdf
https://sustainability-in-practice.org.uk/wp-content/uploads/2017/08/BuildingRefurb-ShortGuide-25-02-15.pdf
http://www.sustainability-in-practice.org.uk/
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Scotland, BRE Innovation Park 

Ravenscraig - Plot 9: Refurbished 

House 

House Type: Four-in-a-block 

Sector: Demonstration project 

Brief: The project enables a robust assessment to be made on 

the most cost-effective solutions of fabric upgrades for this 

building style for both energy and acoustics (Sustainable Thermal 

and Acoustic Retrofit or STAR). All four properties had separate 

refurbishment options which were selected based on; affordability, applicability, 

repeatability. Although unoccupied, the scenarios were based on various 

occupancy and implementation options. Completed in 2013. 

Impact / Carbon saving etc: Across the four options the uplift ranged between 38% and 71% improvement on baseline. 

More detail can be found in Appendix D. 

Financing: ERACO STAR project funding support from Edinburgh Napier University, Historic Scotland and Scottish 

Government 

Replication: The project allows comparisons to be drawn between the four flats which were all refurbished in different ways. 

Two flats were retrofitted with minimal disruption to simulate occupied flats, and two flats had more disruptive work. 

However, the block was built from new without the inherent problems of an older property 

Alongside the retrofit, BRE developed Retrofit Lab app to help users to choose appropriate retrofit improvements with 

minimum disruption. 

Engagement: stakeholders were invited to provide retrofit solutions which the project could demonstrate. These were 

evaluated by BRE for inclusion in the project.  

Stakeholders: European ERACO STAR project led by BRE. Design and Construction team: Cruden Building & Renewals, 

Kraft Architecture, Edinburgh Napier University, Hannah Reed Consulting Engineers. 

Expertise: Actual performance of retrofit solutions is monitored for effectiveness by Edinburgh Napier and Strathclyde 

Universities. This includes indoor air quality tests, air tightness tests, acoustic testing, dynamic simulation analysis calibrated 

by conditions monitoring, thermography and thermal modelling. 

Technical Solutions: 

• As listed for each property in Appendix D 

 

 

 

 

 

Source: BRE, reproduced with permission 

https://itunes.apple.com/lc/app/retrofitlab/id1024504681?mt=8
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Scotland, Edinburgh, Howden Hall 

Road 

House Type: Bungalow (1930s) 

Sector: One-off owner occupier 

Brief: Project by head of Edinburgh Napier University’s 

Centre for Offsite Construction + Innovative Structures 

(COCIS). The house was completely upgraded using offsite 

and modern methods construction (MMC), renewable 

technologies and innovative products. Completed 2015. 

Impact / Carbon saving etc: Energy rating increased from 

EPC rating E53 to B82 

Financing: No information. Retrofit Scotland reports an “extremely high level of cost benefit”. Solar PV was financed 

through a Home Energy Scotland (HES) home renewables interest free loan. 

Replication: Project demonstrates the use of off-site construction methods, which allowed the house to remain occupied.  

Standardised offsite components can be used to offer customised solutions when combined with traditional onsite skills as 

appropriate. 

Tolerances are even more critical when interfacing offsite systems with an existing build as part of a retrofit. 

Engagement: n/a as project was undertaken by the homeowner 

Stakeholders: Edinburgh Napier University, David Blaikie Architects, MAKAR Construction, Harley Haddow Engineers, 

Accsys Technology, NorBuild, Tree Craft and Blake Group. 

Expertise: Coordination of trades and the communication between the onsite traditional skill set and offsite skill set was key, 

particularly when innovative technologies were being employed. 

Technical Solutions: 

• High specification double glazing 

• Cavity wall insulation 

• Loft top up insulation 

• Underfloor insulation 

• LED light bulbs 

• Solar PV (2.5kW) 

• Wood burning stove (4.8kW) 

• Accoya wood cladding 

 

 

 

 

 

 

Source: Accoya 

Source: Accsys Technologies, reproduced with permission 
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Scotland, Glasgow, Ballindalloch Street 

(Milnbank HA) 

House Type: Three flats in a traditional sandstone tenement  

Sector: Housing Association 

Brief: PassivTEN research project by John Gilbert Architects for 

Milnbank HA. The project explores how to upgrade tenement 

buildings to Passivhaus standard. Modelling published 2013. 

Impact / Carbon saving etc: 

Three levels of refurbishment were specified: 

• Bronze – 30% reduction in energy 

• Silver – 50% reduction in energy 

• Gold – Passivhaus (EnerPHit) standard  

 

Financing: Estimated costs for the three different flats and three specification levels are as follows: 

 

 

 

 

 

 

Replication: This is a theoretical study which demonstrates: 

• airtightness in tenements should be considered as important as thermal insulation 

• the benefits of considering tenements on a close-by-close basis rather than individual flats 

• comprehensive testing and analysis of tenements (thermal imaging / airtightness / intrusive testing) 

• detailed costing information - the costs are significant 

• it is theoretically possible to meet the EnerPHit standards with a tenement close 

• The position of the flat has a significant impact on the capital cost of the refurbishment works (top and ground floor 

flats are the most expensive) 

 

Engagement: n/a – all three flats were unoccupied 

Stakeholders: John Gilbert Architects, The Mackintosh Environmental Architecture Research Unit and Towler and Hyslop 

Ltd (Quantity Surveyors) 

Expertise: Undertook visual surveys, intrusive surveys, thermal imaging and airtightness testing to determine the 

appropriate solutions.  

Technical Solutions: 

• Internal wall insulation 

• Ceiling / roof insulation 

• Airtightness (for Passivhaus) 

• Mechanical ventilation with heat recovery (MVHR) 

• Communal heating (gas-fired) 

• Solar thermal panels 

• Passivhaus compliant triple glazed windows 

• Draught-proofing 

• Use of natural materials 
 

 Flat A Flat B Flat C 

 Ground floor – 2 bed Top floor – 1 bed Mid floor – 3 bed 

Bronze £30,000 £19,000 £27,000 

Silver £54,000 £42,000 £48,000 

Gold (EnerPHit) £80,000 £65,000 £82,000 

 

Source: Changeworks 
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Scotland, HabLab Partnerships (John 

Gilbert Architects) 

House Type: Various 

Sector: Architect Project with five Housing Associations 

Brief: An evidence-based approach using real performance data, 

through Building Performance Evaluation (BPE). Undertaken 

2015/16. 

Impact / Carbon saving etc: impacts are measured through: 

• Indoor air quality – Ta, RH, CO2 

• Thermography 

• Fabric improvement 

• Energy consumption – though this is challenging in short monitoring periods 

• Air tightness (based on SAP guidelines) 

• SAP energy modelling (compliance) 

Financing: Funding from Knowledge Transfer Partnership 

Replication: Recognising the drawbacks of typical large scale BPE, the project developed a ‘light-touch’ cost-effective BPE 

method to gather data. This focuses retrofit projects on actual rather than modelled data. 

Concluded that the general problem for housing associations and local authorities is retrofitting occupied properties. If deep 

retrofit is required in a short space of time, the property needs to be unoccupied. 

Engagement: HabLab Partnership provided workshops, training, occupant engagement programmes. 

Stakeholders: John Gilbert Architects, The Mackintosh Environmental Architecture Research Unit (MEARU) -Glasgow 

School of Art, West of Scotland Knowledge Transfer Partnership (KTP), Ayrshire Housing, Renfrewshire Council, Govanhill 

Housing Association, Reidvale Housing Association, Clyde Valley Housing Association 

Expertise: Engaging installers is challenging, industry is a bit behind - partly due to best practice not being supported by 

legislation. 

Expertise and knowledge exist at an academic level but need to be translated into the real world to installers and suppliers.  

Technical Solutions (two HabLab examples) 

Example project 1 

• No fines construction social housing with theoretical 50% energy reduction (through modelling). 

• Measures included EWI, mechanical extract ventilation. 

• Project had a strong focus on comparing design advice to the local authority’s current plan with EWI installer; they 
worked with EWI installer to improve problematic practices in previous work. 

• Funded by ECO with extra 15% government contribution 

Example project 2 

• Working with private block owners in 60/70’s build, focussing on thermal bridges 

• Challenge in engaging private owners who will have to invest minimum of 30% total cost to get Scottish Government 
funding 

• This is a difficult process as people are reluctant to invest in unfamiliar energy efficiency technologies 

 

 

Source: Changeworks 

Source: Changeworks 
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Scotland, Lochore, Rosewell Drive - 

Ore Valley HA 

House Type: Four-in-a-block 

Sector: Housing Association 

Brief: Derelict properties in Rosewell Drive demolished for plot-

renewal. One block was preserved for a retrofit project to 

reactivate the derelict building. The aim was to implement the 

SBS Section 739 criteria and experiment with commercially 

available products for retrofits. The project compared the costs 

and suitability of plot-renewal vs refurbishment. Undertaken 

2014/15. 

Impact / Carbon saving etc: Average energy consumption across the 4 flats is 5800kWh/year (near 5-times saving on 

Scottish average) 

Financing: Grant from Scottish Enterprise. Product partners donated expertise or materials. 

Replication: Analysis of the as-designed (predicted) performance and as-built (actual) performance in terms of thermal 

testing, in-situ U-value and air permeability testing found that: 

• the U-values for nearly all components were higher than designed, meaning the flats would experience more fabric 

heat loss that designed 

• space heating energy requirements were between 12% and 41% higher than designed, which is strongly related to 

envelope performance 

• gaps around sockets and between junctions caused excess air infiltration. Many of the apertures could have been 

sealed if specific workmanship checks were conducted on these areas. 

 

Engagement: No evaluation data available 

Stakeholders: Ore Valley Housing Association, Edinburgh Napier University, Sharp Construction, Fife Council and the 

Institute for Sustainable Construction 

Technical Solutions: 

 Flat G1 Flat F1 Flat G2 Flat F2 

Approach 
Cavity & internal 

insulation 

Cavity, internal & 

external insulation 

Cavity & internal 

insulation 

Cavity, internal & 

external insulation 

Fenestration Triple glazing uPVC Double glazing uPVC Double glazing uPVC Triple glazing uPVC 

Space / water heating Combi boiler 
System boiler & 165L 

cylinder 

System boiler & 165L 

cylinder 
Combi boiler 

Ventilation 
Natural & fan 

extractors 
Natural & fan extractors MVHR Natural & fan extractors 

Renewables 1.05kWp solar PV 
4.5m2 solar thermal 

panel 

6.8m2 solar thermal 

panel 
0.9kWh solar PV 

Whole building solutions: 

• New render 

• Offsite roof fabrication (Moduroof) 

• Underfloor heating 

• Programmable thermostats 

 
 

                                                

39 Scottish Building Standards 2017 (link) 

Source: Julio Bros-Williamson, Scottish Energy Centre, 2015. 
Reproduced with permission. 

https://www.gov.scot/publications/building-standards-2017-domestic/
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Table 4: Scottish deep retrofit projects assessment matrix 
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Milnbank HA 
 

3 
  

3 1 3 3 3 

BRE refurbished 
house 

1 2 3 
   

3 3 3 

Abergeldie Road 1 
 

3 
  

1 3 
 

3 

Howden Hall Rd 1 1 
    

3 3 3 

Ore Valley HA 
 

3 
       

John Gilbert* 
 

3 
  

3 1 3 3 3 

 

*Based on modelled data rather than a completed project 

UK and European projects 

There are a vast number of demonstration projects in the UK which again add to the 

wealth of experience of deep retrofit projects on different property archetypes. Case 

studies provided further detail and interesting insights into larger scale retrofit which 

has not been undertaken in any of the case studies from Scotland. These are 

outlined below: 

Wilmcote House, Portsmouth 

In terms of larger scale projects in the UK, the Wilmcote House retrofit in Portsmouth 

is well known for achieving EnerPhit40 standard, a certification of meeting Passive 

House Standard on an existing property, at scale. The project has also been well 

researched from an academic perspective in terms of occupant thermal comfort and 

wellbeing.41,42,43 The key findings from the academic research are firstly that post 

retrofit energy use is not always as low as predicted since prior to retrofit occupants 

may be significantly underheating. However, the benefits to occupants in terms of 

                                                

40 EnerPHit (link) 

41 Teli, D. et al. (2015) ‘Fuel poverty induced “rebound effect” in achieving the anticipated carbon savings from social 

housing retrofit’, Building Services Engineering Research and Technology, 0(0), pp. 1–18. doi: 

10.1177/0143624415621028. 

42 Teli, D. et al. (2016) ‘Thermal adaptation to high indoor temperatures during winter in two UK social housing tower 

blocks’, in Proceedings of the 9th Windsor Conference: Making Comfort Relevant, Cumberland Lodge, Windsor UK, 

7-10 April 2016. 

43 Gauthier, S. et al. (2016) ‘Investigating the impact of communal heating charges on internal temperature profiles, 

thermal expectation and excess in energy demand’, in DEMAND Centre Conference, Lancaster, 13-15 April. 

https://passipedia.org/certification/enerphit
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health, wellbeing and comfort and the subsequent impact on other social care 

services, should not be understated.44 The project cost £12.9 million and targeted 

321 dwellings constructed in 1968 (~£40,000 per flat) and undertaken between 2013 

and 2017. While this is a technically well-accredited and insightful project, it was 

funded by the Council and was not part of a larger scheme targeting renovation.  

Oxford City Council, Oxford 

In a similar vein to Wilmcote House, some interesting research work has come from 

a project conducted in Oxford between 2014 and 2018 where the Council undertook 

a deep renovation of 5 blocks; this is referred to as ‘OCC’ in Table 5. In this instance, 

the research focussed on the legal and governance issues, and the particular 

problem of mixed tenure in social housing resulting from the ‘right-to-buy’ scheme of 

the 1980’s.45 In this case study, 15% of the properties in the 5 blocks were privately 

owned and were initially required to pay £50,000 each for the renovation works.46 

This was contested by the owners and resulted in a tribunal which led to a reduced 

charge of £10,000. The case study highlights the challenges of dealing with mixed 

tenure, which is common in the UK, and the associated issues with affordability. 

EnergieSprong, Nottingham (and the Netherlands) 

The EnergieSprong model has received much attention in discussions of deep retrofit 

roll out. The model was developed through a government programme in the 

Netherlands to accelerate renovation programmes. The project has recently set up a 

UK arm with 10 demonstration homes managed by Nottingham City Homes 

completing renovation in January 2018. Monitoring and evaluation data are available 

for the first two quarters of 2018, with further evaluation to be made available once a 

full heating season has been completed.  

The scheme promises a ‘Comfort Plan’ for residents which meets pre-determined 

specifications, including an indoor temperature of 21oC and 140 litres of hot water per 

day with a 30-year guarantee of comfort, energy and maintenance costs to landlord 

and tenant. Measures installed typically include external wall insulation manufactured 

off-site, airtight layer built in to prefabricated walls, MVHR, PV, smart monitors and 

controls and lighting/appliances47. In exchange for the Comfort Plan, householders 

pay a fixed monthly fee and any additional energy usage is paid directly to the energy 

supplier. The total monthly cost to residents (Comfort Plan plus electricity bill) is 

guaranteed by the contractor to deliver the Comfort Plan guarantees and normal 

                                                

44 Howden-Chapman, P. et al. (2007) ‘Effect of insulating existing houses on health inequality: cluster randomised 

study in the community.’, BMJ (Clinical research ed.). British Medical Journal Publishing Group, 334(7591), p. 460. 

doi: 10.1136/bmj.39070.573032.80. 

45 Murie, A. (2015) ‘The Right to Buy: History and Prospect’, Policy Paper (link) 

46 Bright, S., Willis, R. and Weatherall, D. (2017) ‘A case study of deep retrofit in mixed tenure (rented and owned) UK 

social apartment blocks’, ECEE Summer Study Proceedings, pp. 1429–1438 

47 EnergieSprong (2015) ‘Transition Zero’ (link) 

 

http://www.historyandpolicy.org/policy-papers/papers/the-right-to-buy-history-and-prospect
http://energiesprong.eu/
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power use. The approach is designed to target social housing first and take on the 

owner occupied and private rented sector in due course, when it is hoped costs have 

been reduced through economies of scale afforded by housing associations and local 

authorities take up. One of the key factors of the finance model, and why the focus 

has been on registered social landlords so far, is that the ongoing property 

maintenance costs are taken into consideration. The long-term thinking (20-40 years) 

allows for more initial capital investment from the property owners.  
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England, Portsmouth, Wilmcote 

House 

House type: 11 storey, 3 tower, housing block. 

Sector: Local authority - Portsmouth City Council 

Brief: To refurbish the towers to meet EnerPHit 

standard - to lower the demand for heating within the 

dwellings by 90% and extend the building’s life by a 

minimum of 30 years. Undertaken between 2013 and 

2017. 

Impact / Carbon saving etc: Achievement of EnerPHit will in 

theory reduce annual heating and hot water costs by approximately 90%, saving around £750 per dwelling per annum in 

energy bills  

Financing: The project cost £12.9m (~£40,000 per flat). The project team secured ECO funding and funding from the 

EuroPHit programme which helped to fund intensive training for the consultant and contractor supply chain in Passivhaus 

methodology. 

Replication: Retrofit carried out whilst buildings were occupied - largest residential EnerPHit project delivered with residents 

in situ in the world.  

Engagement: Consultation with residents to determine the social and comfort concerns such as heating bills, mould, lack of 

temperature control, safety of balconies etc. Community engagement strategy was well received. According to preliminary 

research by LSE: 

• 66% of residents felt well-informed on progress so far 

• 80% believed their views were taken on board 

• 73% agreed they were engaged with the project and understood the expected benefits of the renovation.  

Stakeholders: PCC, Wilmcote residents, ECD Architects, Keegans (quantity surveyors / project managers), Wilde Carter 

Clack (structural engineers), contractor Keepmoat/Engie, outside research bodies including Southampton University and the 

LSE. 

Expertise: Project started as a simple overcladding project with a £3m budget 

On-site mock-ups of the cladding and steel connections were used to familiarise subcontractors with the Passivhaus 

construction methods and sequencing required to ensure air-tightness and insulation continuity. Other local authorities have 

been able to visit and learn from the scheme.  

Technical Solutions: 

• External wall insulation 

• External cladding 

• New heating systems 

• Roof insulation and flat roof conversion 

• High performance triple glazed windows 

• Replaced external doors 

• MVHR system in each dwelling 

• Enclosure of balconies/ communal corridors 

 

Source: Portsmouth City Council, reproduced with permission 
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England, Oxford, Oxford 

Tower Blocks (Oxford 

City Council) 

 

House Type: Tower blocks (384 flats) 

Sector: Mixed tenure (LA tenants and 

owner-occupiers under right to buy) 

Brief: Refurbishment programme over four years (2014-2018) including significant energy efficiency improvements on five 

tower blocks. The programme also included general repair and maintenance, and improvements in aesthetics and safety.  

Properties remained fully occupied during the refurbishment. 

Impact / Carbon saving etc: Overall aim was 10% improvement on building standard (in terms of u-value) and EPC 

improvement. 

Financing: The project cost £20 million for all five blocks, funded from the Council’s Housing Revenue Account. Social 

housing tenants made no payments and private owners were initially presented with bills of £40,000 – £60,000. However, a 

tribunal took place and the bills were dramatically reduced to £10,000. 

Replication: Project raised questions about property law, allocation of project costs / benefits, and issues of communication, 

engagement and decision-making 

Engagement: Governance issues in this project may have been exacerbated by the consultation, as private flat owners 

appeared not to understand the costs and energy efficiency benefits. 

Single contractor, with a dedicated community officer on-site worked well; residents knew them, asked them questions when 

needed and generally engaged well. This provided continuity. 

Stakeholders: Oxford City Council, Willmott Dixon Energy Services (construction contractor), OCC tenants, leaseholders 

(who bought council flats through RTB), Oxford Tower Leaseholders' Association (OTLA) 

Expertise: Legal issues were primarily over the distinction between whether this was an ‘improvement’ or ‘repair and 

maintenance’ project.  

Technical Solutions: 

• Over-cladding (since removed, after Grenfell Tower) 

• External wall insulation 

• Windows replaced (double glazing) 

• Enclosed balconies for added solar gain 

• Ventilation units 

• Storage heaters replaced with electric panel heaters 

• Solar PV 

 

 

 

 

 

Source: Oxford City Council. Reproduced with permission 
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England, Nottingham, Sneinton - 

EnergieSprong 

 

House Type: seven terraced homes and three bungalows (all 

1960s) 

Sector: Local Authority pilot with EnergieSprong 

Brief: The EnergieSprong approach involves wrapping an 

existing property with pre-fabricated wall and roof panels to 

achieve ‘net-zero’ carbon. The household pays an ‘Energy 

plan’, so both the tenant and the landlord benefit from the 

energy bill savings.  

Impact / Carbon saving etc: Impact has not yet been measured as the refurbished properties are yet to see a full heating 

season (indicative, measured, theoretical) 

Financing: Pilot was funded by Nottingham City Homes and REMOURBAN (a H2020 project).  

Tenants do not pay directly but contribute £35 monthly (first 6 months of pilot was free).  

The aspiration is that EnergieSprong homes can be retrofitted at a cost approaching £40,000. As the Nottingham pilot was 

the first of its kind in the UK, however, the fixed price was £65,000. 

The objective is to make the model suitable for all tenure types but starting with social housing to bring volume to the 

market. 

Replication: Aimed at social housing for economy of scale, but the approach can be ‘readily adapted’ to owner occupied or 
private rented market. 

The idea is that the model is bespoke for each house/project, but enough components are standardised so solutions can be 
produced at scale. Each project will be different with Nottingham providing a blueprint. 

Engagement: Nottingham City Homes led engagement strategy. Tenants were engaged throughout the process, through 

individual and group householder meetings. They were involved in the procurement, and contractors who embraced 

engagement were prioritised. Buy-in from tenants increased throughout the project.  

Stakeholders: Nottingham City Homes (ALMO of Nottingham City Council), EnergieSprong, Melius Homes (construction 

partners) 

Expertise: The contractors were customer focussed and managed the supply chain very well. EnergieSprong brought 

practical experience and consulted others where needed. 

Technical Solutions: 

• Prefabricated external insulation 

• Roof reskinned with insulated cassette 

• Solar PV 

• Battery storage (32kWh) 

• Community energy centre 

• Ground source heat pump 

• Thermal stores 

 

 

 

 

 

Source: National Energy Foundation (supported by 
REMOURBAN and Transition Zero). Reproduced with permission 
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Table 5: UK deep retrofit projects assessment matrix 
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EnergieSprong 248 3 3 3 2 1 3 3 3 

OCC   3  2  1   3 

Passfield Drive 1  3 - 2 1 3 3 3 

Grove Road 1  3 - 2 1 3 3 3 

Lena Gardens, 
London 

1  3 - 2 - 3 3 3 

PassiveHousePlus 
- Dartmoor 

1 3  - 3 1 3  3 

PassiveHousePlus 
- Shrewsbury 

1 3  - 3 1 3  3 

PassiveHousePlus 
- Rochestown 

1 3  - 3 1   3 

PassiveHousePlus 
-West Yorkshire 

1 3  - 3 1 3  3 

PassiveHousePlus 
- South Wales 

 3 3 - 3  3  3 

LEBD - 5Pev, 
Chortlon 

1   -   3 3 3 

LEBD - 
Conservation 
area, Bristol,  

   -   3 3 3 

LEBD - Victorian 
Townhouse, 
Clapham 

   - 3  3 3 3 

LEBD - Redlands, 
Devon, UK 

   - 3  3 3 3 

LEBD - Grove HA, 
Belfast,  

   -   3 3 3 

LEBD - Wakefield 
and District 
Housing 

  - -   3 3 3 

Wilmcote House, 
Portsmouth 

1  3 3 3 1 3  3 

 

                                                

48 Although EnergieSprong only have one current project in the UK, the approach has been replicated at scale in the 

Netherlands 
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There have been a few, well evaluated deep-retrofit demonstration projects in 

Europe, mostly through EU funded projects such as BEEM-UP (2014) and LEAF 

(2018). In addition, the International Energy Agency Energy, Buildings and 

Communities programme (IEA EBC) Annex 61 has carried out well documented 

demonstration projects in a number of European countries and produced a guidance 

document for decision makers.49,50 European projects are assessed in Table 6 below. 

Although the objectives, durations and approaches of the EBC Annex 61 pilot 

projects differed, they provide transferrable “lessons learned” for future deep energy 

retrofit (DER) projects, and should be considered in the design of the pilot projects: 

• The key to making a DER cost effective is to time the retrofit as part of a 

major building renovation that already has allocated funds, including those 

required to meet minimum energy requirements.  

• In addition to the traditional areas of operating cost reduction, other bankable 

cost reduction and income-generating opportunities resulting from DER 

should be considered in a Life-Cycle Cost Analysis. 

• Lower energy prices (in the United States) had a negative impact on the cost-

effectiveness of a DER refurbishment. 

• Cost-effectiveness is more likely to be achieved in buildings with minimal 

systems, especially when no or minor air-conditioning and cooling is 

considered. 

• A reduction of the energy baseline by 50% is only achievable with significant 

measures on the building envelope and investment costs of more than 200-

550 €/m2 (£490/m2). 

• The behaviour of building users has a major influence on the performance of 

a DER project. Misunderstanding of building users and facility management 

staff can lead to a significant underperformance of the DER project. To 

ensure optimal performance, users and facility management staff have to be 

integrated in the preparation and planning phase of the project so they are 

able to provide valuable contributions to the design of the concept. In such 

cases, the acceptance of the DER project will also be improved.  

 

 

 

                                                

49 EBC Annex 61 (2017) ‘Deep Energy Retrofit Pilot Projects’, International Energy Agency Annex 61, Subtask C 

(link) 

50 IEA Annex 61 (2017) ‘Deep Energy Retrofit - A Guide for Decision Makers’, Energy in Buildings and Communities 

Programme (link) 

 

https://iea-annex61.org/files/results/Annex_61_Subtask_C_2017-11-06.pdf
http://www.buildup.eu/en/explore/links/iea-ebc-annex-61-0
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Table 6: EU deep retrofit projects assessment matrix 
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EBC Annex 61 - 
Austria 

1 
 

3 
  

1 3 
 

3 

EBC Annex 61 - 
Germany 

1 
 

3 
  

1 3 
 

3 

EBC Annex 61 - 
Germany 

1 
 

3 
  

1 3 
 

3 

EBC Anne 61 - 
Ireland 

1 
     

3 
 

3 

BEEM-UP - 
Sweden 

1 
 

3 3 2 1 3 
 

3 

LEAF - France 1 
  

3 
  

3 2 3 

 

3.6 Key Considerations 

While there have been no specific energy efficiency schemes targeting deep retrofit 

in Scotland, there is guidance on technical solutions for varying building archetypes 

from private firms promoting deep retrofit approaches and the Scottish Ecological 

Design Association.51 A number of documents have been produced relating to 

supporting energy efficiency retrofit schemes some of which are relevant to all of 

                                                

51 SEDA (2005) Design Guides (link) 

https://www.seda.uk.net/design-guides
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Europe 52,53,54,55,56,57,58,59,60 where others are more country specific.61,62,63 PAS 203564 

is the over-arching document in the retrofit standards framework, with which holders 

of the Quality Mark will be required to comply when carrying out domestic retrofit 

work. All the other standards referred to in this PAS (such as PAS 2030) are part of 

the retrofit standards framework. It is expected that in time ECO, and all other 

government supported retrofit projects, will require compliance with PAS 2035. 

The Buildings Performance Institute Europe (BPIE) report on scaling up deep energy 

renovation presents an overview of success factors and recommendations grouped 

into seven key considerations. A more complete exploration of the key considerations 

is presented in their full report65. 

 1) Legislation  

- Rules and incentives to enable deep energy renovation through 

legislation 

- Dialogue and collaboration across all levels of governance 

2) Business model 

- Start from the final energy target when creating a renovation service 

- Create a facilitator role 

 

                                                

52 BPIE (2016) Scaling Up Deep Energy Renovation: Unleashing the Potential Through Innovation and 

Industrialisation(link) 

53 BPIE (2017) ‘A Snapshot of National Renovation Strategies— Examples from selected EU Member States - 

Briefing’ (link) 

54 Bullier, A. and Milin, C. (2013) Alternative financing schemes for energy efficiency in buildings (link) 

55EBC Annex 61 (2017) ‘Deep Energy Retrofit Pilot Projects’, International Energy Agency Annex 61, Subtask C 

(link) 

56 EEFIG (2015) Energy Efficiency-the first fuel for the EU Economy: How to drive new finance for energy efficiency 

investments (link) 

57 Energy Cities (2017) Infinite Solutions Guidebook: Financing the energy renovation of residential buildings through 

soft loans and third-party investment schemes (link) 

58 EURIMA (2012b) Renovation tracks for Europe up to 2050: Building renovation in Europe - what are the choices? 

(link) 

59 EURIMA (2012a) Financing Mechanisms for Europe’s Buildings Renovation: Assessment and Structuring 

Recommendations for Funding European 2020 Retrofit Targets (link) 

60 Paulou, J. et al. (2014) Technical Guidance: Financing the energy renovation of buildings with Cohesion Policy 

funding (link) 

61 BPIE (2009) ‘Renovating Germany’s building stock: An economic appraisal from the investors’ perspective’ (link) 

62 Institute for Sustainability (2012) Retrofit insights: perspectives for an emerging industry Key Findings: Analysis of a 

selection of Retrofit for the Future projects, Low Carbon Demostic Retrofit. (link) 

63 FMEAE (2015) Energy Efficiency Strategy for Buildings: Methods for achieving a virtually climate neutral building 

stock (link) 

64 BSI Group (2018) PAS2035:2018 Specification for the energy retrofit of domestic buildings (link) 

65 BPIE (2014) Renovation strategies of selected EU countries a status report on compliance with article 4 of the 

energy efficiency directive (link) 

 

http://i2-4c.eu/wp-content/uploads/2016/10/BPIE_i24c_deepretrofits.pdf
http://bpie.eu/publication/a-snapshot-of-national-renovation-strategies-examples-from-selected-eu-member-states/
http://www.buildup.eu/en/practices/publications/alternative-financing-schemes-energy-efficiency-buildings
https://iea-annex61.org/files/results/Annex_61_Subtask_C_2017-11-06.pdf
http://www.unepfi.org/fileadmin/documents/EnergyEfficiencyInvestment.pdf
http://www.energy-cities.eu/IMG/pdf/guidebook_softloans_web.pdf
https://www.eurima.org/uploads/ModuleXtender/Publications/90/Renovation_tracks_for_Europe_08_06_2012_FINAL.pdf
https://www.eurima.org/financing
https://ec.europa.eu/regional_policy/en/information/publications/guides/2014/financing-the-energy-renovation-of-buildings-with-cohesion-policy-funding
http://bpie.eu/publication/renovating-germanys-building-stock/
https://www.climatexchange.org.uk/media/2078/eu_case_studies_-_germany_heat.pdf
https://standardsdevelopment.bsigroup.com/projects/2017-04146
http://bpie.eu/uploads/lib/document/attachment/86/Renovation_Strategies_EU_BPIE_2014.pdf
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3) Value chain ecosystem and its leadership 

- Open up the value chain for innovators 

- Empower local authorities in pilot projects 

4) Marketing and awareness raising 

- Switch from product-centred to end-user-centred focus 

- Build market confidence for industrialised renovation 

5) Financing models 

- Create new financing products with a long-term perspective 

- De-risk deep energy renovations 

6) Technical solutions and products 

- Develop renovation solutions integrating the buildings interaction with 

the energy system 

- Design integrated solutions with the end-use in mind 

7) Aggregation of demand 

- Aggregate demand to provide sufficient scale 

- Drive market transformation through deep energy renovation of public 

and commercial buildings. 

3.7 Financing Instruments 

Typical financing instruments for deep energy renovation include grant, subsidies 

and loans. Grants and subsidies may be financed through local (or state) authorities 

or ring-fenced taxes. The following criteria are set out by IEA Annex 6166 for 

consideration when developing financing schemes: 

• Flexibility in the time schedule for debt repayment 

• Flexibility to amend investment cost totals i.e. increase borrowed sum 

• Inherited and specific risk associated with deep energy retrofit 

• Cost effectiveness of the financial instrument i.e. cost of preparing the 

financing agreement 

• Combination with grant or soft loan programs e.g. KfW which targets more 

ambitious renovation than stipulated by building regulations 

• Relevance for the debt-balance of the public building owner. 

The Energy Efficiency Financial Institutions Group (EEFIG)67 was formed in 2013 by 

the European Commission Directorate-General for Energy (DG Energy) and United 

Nations Environment Program Finance Initiative (UNEP FI). To “create an open 

dialogue and work platform for public and private financial institutions, industry 

representatives and sector experts, to identify the barriers to the long-term financing 

of energy efficiency and propose policy and market solutions to them”. They found a 

number of financing instruments for energy retrofit with advantages, disadvantages 

                                                

66 IEA Annex 61 (2017) ‘Deep Energy Retrofit - A Guide for Decision Makers’, Energy in Buildings and Communities 

Programme (link) 

67 Energy Efficiency Financial Institutions Group (link) 

https://iea-annex61.org/files/results/Subtask_D_Guide_Final_Version_2017-11-06.pdf
http://www.eefig.com/
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and best practice examples (where applicable).68 These are shown below separated 

as mature (Table 7 7) and emerging (Table 8) financial instruments and ranked by 

level of ‘usefulness’ for mature instruments and level of ‘potential’ for emerging 

instruments. The original report can be referenced for a full review.  

Table 7: Ranking of mature financial instruments for energy renovation where 0 = not applicable, 1 = 

marginally useful, 2 = useful, 3 = very useful.69  

Mature financial instrument Commercial Public 
Public 

rental 

Private 

rental 

Owner 

occupied 

Dedicated credit lines 3 2 3 3 3 

Energy performance contracting 3 3 3 1 1 

Risk sharing facilities 2 1 2 2 2 

Direct and equity investments 2 1 1 2 0 

Subordinated loans 1 1 1 1 1 

Covered bonds 1 1 1 0 0 

Leasing 0 1 0 0 0 

Table 8: Ranking of emerging financial instruments for energy renovation where 0 = zero potential, 1 = 

some potential, 2 = potential, 3 = strong potential.70  

Emerging financial instrument Commercial Public 
Public 

rental 

Private 

rental 

Owner 

occupied 

On-bill repayment 2 1 2 3 3 

On-tax finance 2 1 1 2 3 

Energy efficiency investment 

funds 

3 2 2 1 1 

Energy services agreement 3 3 2 1 1 

Public ESCOs for renovation of 

housing 

0 0 3 2 2 

Factoring fund for energy 

performance contracts 

2 2 1 1 0 

Public ESCOs for renovation of 

public buildings 

0 3 3 0 0 

Green bonds 3 1 0 0 0 

Citizens financing 0 0 0 1 2 

 

Following the full analysis, EEFIG (2015) highlight the following key insights: 

• Dedicated credit lines, such as KfW in Germany, where financing is made 

more easily available for energy efficiency upgrades, have the widest 

applicability as a result of the long term track record of several EU public 

financial institutions.71 Useful insights into the difference between the German 

                                                

68 EEFIG (2015) Energy Efficiency-the first fuel for the EU Economy: How to drive new finance for energy efficiency 

investments (link) 

69 Ibid  

70 Ibid 

71 Schröder, M. et al. (2011) ‘The KfW experience in the reduction of energy use and CO2 emissions from buildings: 

operation, impacts and lessons for the UK’ (link) 

http://www.unepfi.org/fileadmin/documents/EnergyEfficiencyInvestment.pdf
https://www.igbc.ie/wp-content/uploads/2015/02/KfWFullReport.pdf
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and UK context is provided by Schröder et al. (2011) and Rosenow et al. 

(2013a; 2013b).72,73 

• Energy performance contracting, where funding for energy performance 

upgrades is based on their implemented cost reductions, is growing and has 

the potential to grow further with the development of public ESCOs, such as 

Energies Posit’IF74 and OSER75 in France, and a factoring fund for energy 

performance contracts. An assessment of the requirements of supporting 

private energy performance contracting is provided by Bullier & Milin (2013). 

76 

• Risk sharing facilities have been found to be useful in many sectors. 

• There is potential for on-bill repayment and on-tax finance to promote growth 

in the energy efficiency market. 

• Energy efficiency funds and energy service agreements show potential for 

public and commercial buildings. 

3.8 Financing Retrofit in Scotland 

Currently in Scotland the Scottish Government energy efficiency and fuel poverty 

programmes have the following strands: 

• Area Based Schemes (ABS), which hand responsibility to the individual local 

authorities and is primarily focussed on the most deprived areas, can provide 

up to 100% funding for suitable technical measures such as external wall 

insulation (EWI) is available to all tenures. 

• ECO (Energy Company Obligation), is a UK wide scheme which can be used 

across tenures in Scotland to support retrofit projects. 

• Warmer Homes Scotland, managed by Warmworks Scotland, the scheme 

targets owner occupiers and registered private sector landlords where the 

residents qualify by being in receipt of specific benefits. Energy efficiency 

measures and heating replacements are available.  

• The Home Energy Scotland Loan Scheme is available to owner occupiers 

and registered private sector landlords for the installation of energy efficiency 

measures, heating replacements and renewables. The loans are interest-free, 

unsecured and up to £32,500 per property. 

• Equity Loan Pilot Scheme provides equity loans to owner occupiers and small 

landlords that qualify through a low-income threshold. It is only available in 

the pilot areas of Argyll and Bute, Dundee, Inverclyde, Glasgow, Perth and 

                                                

72 Rosenow, J. et al. (2013a) ‘Overcoming the Upfront Investment Barrier — Comparing the German Co 2 Building 

Rehabilitation Programme and the British Green Deal’, Energy & Environment, 24(1 & 2), pp. 83–103. doi: 

10.1260/0958-305X.24.1-2.83 (link) 

73 Rosenow, J. and Galvin, R. (2013b) ‘Evaluating the evaluations: Evidence from energy efficiency programmes in 

Germany and the UK’, Energy and Buildings, 62, pp. 450–458. doi: 10.1016/j.enbuild.2013.03.021 (link) 

74 Energy Cities (2014) ‘A semi-public company: SEM Energies Posit’IF’ (link) 

75 CITYNVEST (2015) ‘Increasing capacities in cities for innovating financing in energy efficiency. A review of local 

authority innovative large scale retrofit financing and operational models’(link) 

76 Bullier, A. and Milin, C. (2013) Alternative financing schemes for energy efficiency in buildings (link) 

https://journals.sagepub.com/doi/abs/10.1260/0958-305X.24.1-2.83
https://www.researchgate.net/publication/257227730_Evaluating_the_evaluations_Evidence_from_energy_efficiency_programmes_in_Germany_and_the_UK
http://www.energiespositif.fr/
http://citynvest.eu/sites/default/files/library-documents/20151202_WP2_Final_Report-V1.5.PDF
http://www.buildup.eu/en/practices/publications/alternative-financing-schemes-energy-efficiency-buildings
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Kinross, Renfrewshire, Stirling and the Western Isles. The loan value is up to 

£40,000 and can cover remedial repairs required in order to install energy 

efficiency measures, but 45% must be to cover the cost of the measures 

themselves. 

In addition, there is also the UK Government programme: Domestic Renewable Heat 

Incentive (RHI) until 2021 which pays owner occupiers, registered social landlords 

and private landlords a tariff rate for seven years dependant on the low carbon heat 

technology that has been installed at the property.  

As we have seen in the research the primary difference in financing retrofit in 

Scotland to some areas in Europe is the involvement of the larger financial 

institutions. Although there is a zero-interest loan from the Scottish Government, the 

full value of the works needs to be paid prior to claiming the loan, adding an 

administrative barrier. With trusted financial institutions offering finance to enable 

retrofit measures at preferable rates and conditions, there is the possibility of 

property owners in Scotland being more encouraged to uptake a deep retrofit 

approach.  

Green mortgages77 are a possible finance route being explored in the UK, with the 

Scottish Government involved in defining the definition. There are similarities to the 

Green Deal where on-bill repayment was introduced. 

Another funding approach that has not been explored in Scotland is ‘comfort as a 

service’ similar to that used by EnergieSprong. Although this method suits the deep 

retrofit approach, it could also be implemented alongside an incremental approach.  

Some local authorities in Scotland are exploring the impacts of investing funds 

allocated for new build development, into retrofit or developing a longer-term strategy 

combining building maintenance and repair projects with retrofit, such as explored on 

the EnergieSprong case study.  

3.9 Supply Chain  

With any energy efficiency retrofit project, specifically when analysing the replicability 

and the upfront costs to the property owner, the supply chain is critical. The case 

studies analysed for the REA were primarily single properties, and so not of a scale 

where the supply chain could be viewed and assessed in great detail. However, from 

previous single measure area-based programmes, such as HEEPS:ABS and some 

solar PV area-based schemes, we have seen significant reductions – up to 20% - in 

the capital costs through a ‘bulk purchase’ approach78.  

                                                

77 Global Energy World, Energy Efficient Mortgages: A Greener Future for Europe (link) 

78 From the experience of the Programme Management team at Changeworks, who have been responsible for 

HEEPS:ABS projects across multiple local authority areas, bulk purchase through a focussed area-based scheme 

can be expected to reduce the capital costs by 10-20%.  

http://www.globalenergyworld.com/news/sustainable-energy/2018/12/03/energy-efficient-mortgages-greener-future-europe?hash=d241a26d66d45b6fe45f8a5fea831215&campaignid=56596&messageid=58295&l=2&utm_source=gew&utm_medium=email&utm_campaign=day-z1-n3-hlb&utm_content=btn
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In developing a pilot project, the following supply chain challenges need to be 

considered; 

• Rural areas: For more rural locations the required expertise and skills may 

not be found locally, resulting in higher capital costs 

• Combination of measures: As the technical solutions for deep-retrofit are 

based on four key aspects (fabric, heating, ventilation and generation), in 

order to reduce capital costs and impact on the residents the supplier may 

require skills across them all. Alternatively, a supplier consortium or 

framework would be required 

• Hard to treat properties: Although the supply chain is available for standard 

measures, support will be required to develop skills in more innovative 

technical solutions tailored to suit particular needs of non-traditional 

construction types and traditional properties. Off-site construction, offering a 

solution for both new build and existing properties, would also require support  

• Quality assurance: With any innovative approach being developed, it is 

critical to ensure systems are in place to ensure the quality of work meets the 

specifications. 

The Scottish Government has a Short Life Working Group on Quality Assurance, 

Consumer Protection, Skills and Supply Chain for the Energy Efficient Scotland 

programme and plans to publish its findings in January 2019. 

 PILOT SCOPING 

This section describes the way the housing stock and developments in Scottish 

energy efficiency policy shaped the choice for the proposed pilots and describes 

these proposals. The research undertaken as part of the REA provided confidence 

that there are multiple technical solutions for all building types to achieve near-zero 

carbon. The case studies show the potential for significant improvement in energy 

efficiency standards the Scottish housing stock above and beyond ‘business as 

usual’. From the REA we were able to identify potential finance mechanisms that 

could be paired with suggested pilots, from existing support through to more 

innovative approaches. 

4.1 Policy 

Scottish policy on housing and climate change focusses mostly on reducing carbon 

emissions through upgrading the energy efficiency of the housing stock, changing to 

low carbon heating and alleviating fuel poverty.  

It is not clear if the policies described in section 2.2 actually set out a credible 

pathway to achieve near zero carbon housing by 2050. EXHA believes the routemap 

should include a distinct strand that takes forward deep retrofit where appropriate 

and most needed. Thus, there is a need for pilot projects that would address the 

most common archetypes where a deep retrofit would result in a radical reduction in 

energy demand per individual property, even if they cover a smaller portion of the 

Scottish housing stock.  
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4.2 Relevant trends in the housing stock 

The insulation status of the current Scottish housing stock and the type of 

households living in those properties (e.g. tenure, fuel poverty levels), as well as the 

way these are changing, will determine the type of pilot projects that are most 

relevant to help identify pathways to achieving near zero carbon homes by 2050.  

Tenure 

One of the most apparent trends in Scottish housing has been the increase in private 

renting. The proportion of households in the private rented sector grew steadily from 

five per cent in 1999 to 15 per cent in 2016, an estimated increase of 250,000 

households79. In addition, the most recent public attitudes tracker from BEIS showed 

that the vast majority of private renters in the UK do not know anything (66%), or not 

very much (24%) about the minimum energy standards for rental properties80. Given 

this lack of knowledge and awareness, coupled with a growing proportion of private 

tenants and their higher mean carbon emissions per property type, a pilot supporting 

the private rental sector in upgrading the stock seems timely and appropriate.  

Wall insulation 

Wall insulation has seen an increase in the past decade and currently 58% of the 

walls in domestic properties in Scotland are insulated4. However, there is a 

substantial difference in abundance of cavity and solid wall insulation. Cavity wall 

insulation increased from 66% of the relevant properties being insulated in 2012 to 

72% in 2016, whereas solid wall insulation increased from 11% to 15% in those 

respective years. This indicates that there is ample scope for addressing solid wall 

insulation opportunities.  

Fuel Poverty 

Fuel poverty (10% of income is spent on energy costs) has decreased over the past 

few years (from 35.8% in 2013 to 26.5% in 2016), with improved energy performance 

contributing towards one third of this decrease81.  

The proposed new definition, compared to the ‘10%’ definition, would see: 

• Same levels of fuel poverty under the current heating regime standard, and 

although the newly proposed heating regime increases fuel poverty levels, it 

does so less under the new fuel poverty definition 

• More flat occupants than house occupants in fuel poverty  

• Relatively less owner occupants, more private and social tenants  

• A more even distribution between older households, families, and other 

households in fuel poverty (bias used to be older households) 

                                                

79 Scottish House Condition Survey 2016. NB, the results of the SCHS 2017 are to be published December 2018. 

80 BEIS Public Attitudes Tracker September 2018 (link) 

81 Energy Efficient Scotland (link) 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/754515/W27_Summary_Report.pdf
https://www.gov.scot/policies/energy-efficiency/energy-efficient-scotland/#longterm
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• Less households in G-F-rated houses (60% in old definition, 40% in 

proposed), and more in ABC rated properties (20% vs 30% in proposed) 

• Less households in remote rural areas (60% of HH in old definition vs 40% in 
proposed). 
 

The proposed new heating regime, for vulnerable households only, changes the 

required temperature for ‘other rooms’ from 18oC to 20oC, while the living room 

temperature is maintained at 23oC. The Minimum Income Standard will be used in 

the proposed new definition, which subtracts housing costs and heating from the 

income rather than just income and fuel bills. This will then place more urban areas, 

with higher housing costs but more efficient properties, at risk of fuel poverty.  

There is considerable concern that the proposed definition does not give sufficient 

recognition of the higher cost of living in remote rural areas and therefore does not 

take proper account of fuel poverty levels in these areas.  

Given the partial shift in property types, household types and tenures in fuel poverty 

under the proposed new definition, deep retrofit projects aiming to alleviate fuel 

poverty should take this into account, and increase a focus on urban privately rented 

flats. However, action should still be supported in rural areas due to the reasons 

noted above. 

Self-funded market 

Given their carbon reduction goals, the Scottish Government recently started piloting 

projects that deliver energy efficiency and heat decarbonisation programmes for the 

‘able to pay’ or ‘self-funded’ sector82. The latter concerns property owners (owner 

occupants or private landlords) that cannot access grants for upgrades because they 

are not fuel poor or living in deprived areas. Instead, the transition projects receive 

funding to support the development and delivery of local 'hand-holding' services for 

the self-funded property owner. The first phase of these pilot projects started in 2017-

18, and a second phase was funded in 2018-19. Trying to engage the self-funded 

market with targeted area-based projects is a new direction for the Scottish 

Government, who previously aimed their area-based efforts to providing grants for 

fuel poor areas (see section 6.3) 

Some of the trends described above combined with the ambitions of the Scottish 

Government point towards obvious property types and tenures that are priorities. For 

example, with an increase in private tenants, more private tenants in fuel poverty, 

upcoming mandatory energy performance standards for that sector, and the fuel 

poverty alleviation goals of the government, an obvious choice for a deep retrofit pilot 

would be the private rental sector. At the same time, although less households in G-F 

rated properties will qualify as fuel poor under the new fuel poverty definition, 

property types with such low energy efficiency ratings would be very appropriate for a 

                                                

82Energy Efficient Scotland (link) 

https://www.gov.scot/policies/energy-efficiency/energy-efficient-scotland/#longterm
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deep retrofitting pilot, given the carbon emission reduction and fuel bill savings 

potential of these properties.  

4.3 Housing stock data 

In addition to the Scottish carbon reduction aims, trends in fuel poverty and 

households, and historical investments in energy efficiency upgrades, the physical 

housing stock and its energy efficiency status determines the type of pilots that will 

be most suitable for deep retrofit.  

Overall, Scottish property types show a large variability in abundance, spread 

throughout the country, and energy efficiency status. For example, when looking at 

property type and age bands alone, there is not a single combination that dominates 

the housing stock (Table 9).  

Table 9: Proportion of dwellings by age band and type (Scottish House Condition Survey 2016) 

Age of 

dwelling 
Detached 

Semi-

detached 
Terraced Tenement 

Other 

flats 
Total 

Pre-1919 5% 3% 2% 8% 3% 20% 

1919-1944 2% 4% 1% 2% 4% 12% 

1945-1964 2% 5% 7% 4% 3% 21% 

1965–1982 5% 4% 7% 4% 2% 22% 

Post-1982 10% 4% 3% 6% 2% 25% 

Total 23% 19% 22% 23% 13% 100% 

 

The EPC data confirmed the observations from the Scottish Housing Condition 

Survey, where properties with walls suitable for solid wall insulation (e.g. sandstone, 

granite) are mostly uninsulated (Table 10). Properties with these wall types, 

regardless of the property type show the most potential for piloting innovative energy 

efficiency upgrades. 

Table 10: Proportion of overall and insulated wall types described in EPC records 2012-2017 

Flat walls  % from EPCs % Uninsulated per wall type 

Solid brick 11% 75% 

Cavity wall 48% 37% 

Granite or whinstone 4% 86% 

System built 10% 59% 

Sandstone or limestone 13% 91% 

Timber frame 15% 1% 

Overall  100% 53% 
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4.4 Data analysis 

To determine what type of deep retrofit pilots to propose, both the current and future 

Scottish housing and energy efficiency policy, as well as the status of the Scottish 

housing stock and household tenure were considered.  

Data availability and use 

The analysis of available datasets in the Rapid Evidence Assessment showed that 

not all data concerning the Scottish housing stock is openly available. To use Home 

Analytics (which covers variables such as wall type, insulation status, and energy bill 

estimates) an agreed collaboration with the local authority and the Energy Saving 

Trust is needed. It was decided that such a collaboration should be sought after 

stage 1 to 3 of the pilot scoping, as it is impractical to gather permission to use Home 

Analytics for all 32 Scottish local authorities. 

 

Central to the pilot scoping were the Scottish House Condition Survey (SHCS) and 

the database of EPC certificates at postcode sector level, which are both open 

datasets. The Scottish Index of Multiple Deprivation (2016) was used in the data 

analysis as well. Although some open datasets from the Census were mentioned in 

the Rapid Evidence Assessment, other data was favoured as they were considered 

relatively old (the last Census was in 2011). Likewise, the Changeworks Fuel Poverty 

map from 2015 was not used for the pilot scoping, given the proposal for a new fuel 

poverty definition.  

 

Scottish House Condition Survey 

The Scottish House Condition Survey is conducted each year and is the only national 

survey to look at the physical condition of Scotland's homes as well as the 

experiences of householders. 

 

For the pilot scoping the 2016 SHCS83 was used to determine:  

 

1. National trends in tenure 

2. Trends in insulation status of cavity and solid walls for all property types 

3. Carbon emissions per square meter per tenure type from 2010 to 2016 

4. Carbon emissions by property type and age. 

 

Domestic Energy Performance Certificates at postcode level 

This open dataset presents environmental data from every current Domestic EPC 

assessment held by the Scottish Energy Performance Certificate Register (EPCR) 

                                                

83 Note that the results from the 2017 Scottish House Condition Survey are expected to be published in Dec 2018, 

and 2016 results were the most recent.  
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from October 201284 to the end of the first quarter of 2017. Building address 

information is provided individually but simplified to postcode sector level. 

Entries to the dataset do not contain property age, but among the attributes, there is 

a description of the wall type, insulation status and type of heating. This data set was 

used to analyse both the relative abundance of uninsulated wall types and property 

types, as well as determining their geographical occurrence.  

For the pilot scoping the EPC dataset was used to determine:  

 

1. Proportion of wall types and their insulation status 

2. Proportion of insulated wall types per property types 

3. Proportion of detached off-gas properties with no low carbon heating  

4. Local authorities with the highest percentage and number of granite or 

sandstone cottages and tenement flats 

Combined with 33% least income deprived areas from the SIMD and 6-fold urban-

rural indicators, the EPC dataset was also used to determine:  

5.  Location of postcode sectors with highest percentage and number of 

suburban (semi-)detached timber frame properties. 

The relevant data analysis results are discussed per proposed in the Pilots section. 

Overall, the data analysis mostly highlighted potential in pre-1919 property types with 

relatively low energy efficiency ratings and low insulation levels.  

 PILOTS 

The proposed pilot project examples are based on evidence gathered through the 

Rapid Evidence Assessment, Scottish Government policy, outline data analysis of 

the identified data sets and Changeworks in-depth knowledge of the Scottish housing 

stock.  

The purpose of these pilots is to demonstrate how a sectoral and/or archetype-based 

approach can increase impact and uptake of energy efficiency measures and 

accelerate the transition to achieving near-zero carbon buildings. Three of the four 

pilots described below are all priority areas for the Scottish Government, with 

potential to achieve high carbon savings and tackle fuel poverty in properties that 

have some of the lowest levels of energy efficiency. The fourth pilot is a priority focus 

for the Scottish Government and with the potential to achieve high carbon savings 

but with less of a potential impact on fuel poverty. The pilots have been chosen to 

focus on properties and demographics where there is a need for increased levels of 

the installation of retrofit measures, and where there has been little focus through the 

previous energy efficiency schemes described earlier in this report. The pilots will aim 

to identify solutions across a range of archetypes and sectors and address the 

barriers/ challenges as well as the benefits and risks. 

                                                

84 The central lodgement of the current EPC format started in October 2012 



EXHA Warm Homes Programme Scoping Study Final Report January 2019 

 

50 

The four pilots are focused on: 

• Tenements – building type focus 

• Private rental sector – sectoral focus 

• (Off gas) rural cottages – building type focus 

• Self-funded – suburban private householders – building type and sectoral 

focus. 

The information in this section shows the opportunity, scale and areas for each pilot 

derived from a range of information and data sources. The pilots will focus on the 

four key aspects to achieving near-zero carbon buildings through a process of deep 

retrofitting: 

• Building Fabric 

• Heat Supply 

• Building Ventilation 

• Energy Generation. 

The individual technical considerations are outlined within each pilot with associated 

costs per property/measure. The successful delivery of these pilots would help to 

demonstrate the potential for transformational change in the housing sector. 

5.1 Tenements  

An archetype-based pilot supporting residents of traditional stone-built tenements to 

install fabric improvement and low carbon heat measures in these typically hard to 

treat buildings. The pilot will take a whole house approach (fabric, heating, 

ventilation) but as a whole block and engagement will focus on all residents of the 

tenement who are ‘willing to fund’, whether they are owner occupiers or private 

landlords. 

Having historically been seen as hard to treat, many tenements properties remain 

uninsulated. However, there are significant innovative solutions to improve the 

energy efficiency of tenements and this pilot will focus primarily on the building fabric 

of a block of tenement flats, rather than the individual properties. Learnings will be 

taken from previous projects and research identified in the REA, such as the work 

undertaken by John Gilbert Architects for Milnbank Housing Association. This pilot 

will move beyond business as usual by applying multiple measures together across a 

whole block of mixed tenure properties. 

Rationale 

Scotland has a high number of uninsulated tenement properties which are a priority 

area for building energy efficiency retrofit. These properties often have relatively low 

energy efficiency ratings, however the John Gilbert Architects project, reviewed in the 

REA, shows an example of what is achievable on this particular construction type. 
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The low level of insulation in granite and sandstone flats is reflected in the modelled 

carbon emissions for older flats. The abundance of pre-1919 tenement flats with low 

levels of wall insulation make them a priority area for retrofit. 

Location 

In Scotland, 23% of the housing stock consists of tenement buildings (SHCS 2016), 

and one third of tenements were built before 1919 (Table 11), 8% of the total housing 

stock. 98% are located in urban areas (SHCS 2016).  

Table 11: Proportion of occupied dwellings by age band and type (Scottish House Condition Survey 

2016) 

Age of 

dwelling 
Detached 

Semi-

detached 
Terraced Tenement 

Other 

flats 
Total 

Pre-1919 5% 3% 2% 8% 3% 20% 

1919-1944 2% 4% 1% 2% 4% 12% 

1945-1964 2% 5% 7% 4% 3% 21% 

1965–1982 5% 4% 7% 4% 2% 22% 

Post-1982 10% 4% 3% 6% 2% 25% 

Total 23% 19% 22% 23% 13% 100% 
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Figure 3: Flats with uninsulated sandstone or granite walls, at postcode sector level 
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Opportunity 

The Scottish EPC register data shows that 53% of the flats are uninsulated (weighted 

average). Moreover, particularly flats with sandstone or granite walls, i.e. the typical 

pre-1919 tenement style flat, have uninsulated walls (91% and 89%), which is much 

higher compared to those with cavity walls (38%, Table 12). Therefore, the pilots will 

target pre-1919 tenement properties in the centre of Edinburgh or Glasgow and will 

take a whole house approach across a whole block. Learnings from the case studies 

shown earlier in this report will be considered to allow for a real-life comparison 

against those modelled findings. 

By addressing a block of tenement flats as a single project, there would be an 

opportunity to reduce capital costs through bulk purchase. As the technical measures 

modelled are well established and the location of the pilot is within the two major 

urban areas of Scotland, the challenge associated around the supply chain will be 

ensuring the work is undertaken at speed to limit disruption. With residents most 

likely required to vacate the properties while the work is being undertaken timescales 

will be critical.  

The challenges, in addition to high capital cost, that this pilot will be able to address 

are primarily around occupancy and ownership of the individual tenement flats 

themselves. The range of locations and heating fuels will be tackled through the 

installation of a wide range of technical solutions. Although there are still some whole 

tenement blocks owned by a single Registered Social Landlord (RSL), multiple 

ownerships and tenures are widespread. In previous retrofit projects with multiple 

tenure blocks such as HEEPS:ABS funded work, early engagement with the tenants 

and owners has been seen as a key driver to success.  

With many pre-1919 stone built tenement blocks being within Conservation Areas 

and/or being listed themselves, the pilot would require early involvement of both the 

local authority and Historic Environment Scotland and the measures installed would 

need to be in keeping with the restrictions imposed. 

Table 12: Proportion overall and insulated wall types described in EPC records 2012-2017 

Flat walls  % flats from EPCs 
% Uninsulated per wall 

type 

Solid brick 17% 78% 

Cavity wall 42% 38% 

Granite or whinstone 4% 89% 

System built 10% 59% 

Sandstone or limestone 20% 91% 

Timber frame 8% 0% 

Overall  100% 53% 
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Tenements  

House type: Pre-1919 Tenements (Glasgow / 

Edinburgh) 

Sector: Willing to fund owner occupiers and 

Private Sector Landlords 

Brief: An archetype focused pilot supporting 

residents of traditional stone-built tenements in 

Glasgow and Edinburgh to install fabric 

improvement measures in typically hard to treat 

buildings. The pilot will take a whole house/ 

whole block approach and engagement will 

focus on all residents of the tenement. 

Challenges to overcome: Lack of engagement, occupant disruption, owner occupier funding, lengthy 

paybacks, availability of finance 

Technical Solutions to be considered:   
Internal wall insulation 
Ceiling / roof insulation 
Mechanical ventilation with heat recovery (MVHR) 
Communal heating- Low and Zero Carbon technology (LZC) 
High heat retention storage heaters 
Solar thermal panels 
Draught-proofing 
John Gilbert HabLab and Milnbank HA model 

 
Costs and impact Based on single ground floor flat 

The table below models the impact of each of the potential technical measures (using RdSAP data) on the 

building type and could be introduced as an incremental approach or one-off deep-retrofit 

Measure Cost 
EE rating 
increase 

Fuel cost 
savings (p/a) 

CO2 savings 
(tonnes p/a) 

Internal wall insulation £7,400 10 £205 (24%) 1.18 (29%) 

Floor insulation (solid floor) £6,000 3 £60 (7%) 0.316 (8%) 

Draughtproofing (door) £200 0 £5 (1%) 0.027 (1%) 

Double glazing £6,500 4 £81 (9%) 0.45 (11%) 

District heating (CHP) £8,000 5 £112 (13%) 0.501 (12%) 

Total £28,100 22 £463 (54%) 2.474 (61%) 

 

Case study learnings The John Gilbert Architects modelled case study at Ballindalloch Street could be 

the technical solution implemented. Although the costs are significantly higher, the impact is greater also 

 

 

 

 

 

Source: Changeworks 
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5.2 Private Rental Sector 

A sector-based pilot supporting Private Sector Landlords to take action and improve 

the energy efficiency of their rental properties is to be explored. Historically, the 

Private Rental Sector has had little focus compared to social housing and owner 

occupiers. Legislation and a focused sectoral approach offer an opportunity to see 

significant improvements in this area. 

Due to a lack of understanding of energy efficiency standards85 and the rising ratio of 

private tenants86, a pilot supporting the private rental sector in upgrading the stock is 

timely and appropriate.  

Rationale 

The Energy Efficient Scotland route map sets out an ambition for “all Scottish homes 

to achieve an EPC rating of C by 2040 (where technically feasible and cost-effective)”. 

Regulations will be introduced in 2019 to improve the energy efficiency of properties 

EPC band E by 2022, and band D by 2025 in the Private Rental Sector, with a proposal 

to reach EPC band C by 2030.  

The proportion of households in the private rented sector grew steadily from five per 

cent in 1999 to 15 per cent in 2016, an estimated increase of 250,000 households, 

although the proportion has remained similar at 15 per cent in the latest year 2016. 

Location 

This growth has largely been concentrated in urban areas where the private rented 

sector went from 80,000 households in 1999 to 280,000 households in 2016. Given 

the high portion of flats in urban areas, the majority of privately rented properties are 

flats (Table 13). 

Table 13: Tenure per housing type in Scotland (Scottish House condition Survey 2016) 

Scotland 2017 
Owner 

Occupier 

Social 

sector 

Private 

rent 
Other All 

House 80% 44% 37% 59% 66% 

Flat 19% 56% 62% 39% 34% 

Other 0% 1% 1% 1% 1% 

All 100% 100% 100% 100% 100% 

 

Private renting is present at similar levels throughout all deprivation levels: 21% of 

the privately renting households live in the most deprived datazones, whereas 18% 

live in the least deprived datazones (Table 14).  

                                                

85 BEIS Public Attitudes Tracker, September 2018 (link) 

86 ClimateXchange, Private rental sector and home energy retrofit investment – scoping report (link) 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/754515/W27_Summary_Report.pdf
https://www.climatexchange.org.uk/media/3259/private-rental-sector-and-home-energy-retrofit-investment.pdf
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Table 14: Representation of tenure per Scottish Index of Multiple Deprivation quantile (Scottish House 
condition Survey 2016) 

SIMD quantile 
Owner 

occupier 

Social 

sector 

Private 

rent 
Other All 

1 - Most Deprived 12% 47% 21% 24% 21% 

2 17% 28% 20% 18% 20% 

3 21% 16% 22% 26% 20% 

4 24% 7% 19% 20% 19% 

5 - Least Deprived 26% 2% 18% 12% 20% 

All 100% 100% 100% 100% 100% 

 

Opportunity 

Privately rented dwellings on average have a lower energy efficiency (average SAP 

2012 score 60.9), particularly compared to social housing (average SAP 2012 score 

66.9) and has almost twice the level of G and F-rated properties compared to the 

national average (9% vs 5%). Furthermore, the private renting sector has the highest 

modelled carbon emission per square meter (Table 15). 

Due to the relative crossover, the Private Rental Sector pilot could be combined with 

the pilot focused on pre-1919 tenements in urban areas. 

The challenges that could be addressed with a Private Rental Sector pilot would be 

very similar to those of the pre-1919 tenements, with added value in raising 

awareness of the need to comply with energy efficiency standards and Scottish 

Government targets.  

The pilot could demonstrate the value of deep retrofit over incremental stages as a 

wise investment for landlords, offering a more cost-effective whole house approach 

and future proofing the building asset for the owner. 

Due to the levels of disruption when installing the technical measures, and the 

escalating standards over time, there would also be an opportunity to showcase a 

deep retrofit solution as having a lesser impact on the tenants, and demonstrate 

differences in costs between whole house approach and incremental installation of 

measures.  

Although there are current schemes to support the capital expenditure of installing 

the technical energy efficiency measures such as the Home Energy Scotland loan, 

HEEPS Equity Loan and Resource Efficient Scotland SME Loan, the Private Sector 

Landlords don’t recoup any of the financial savings as the tenants pay their own 

heating costs. In some cases, they could raise rents to recoup some of the costs and 

provide the increases don’t exceed the bill savings the tenant would be no worse off. 

An alternative would be to explore options around ‘comfort as a service’, similar to 

what has been demonstrated by EnergieSprong in the projects reviewed as part of 

the REA. However, this approach would not alleviate fuel poverty as the relative 

costs for the tenants would remain the same. This pilot would also provide an 

opportunity to determine whether rental properties that have a higher EPC rating and 
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lower heating costs impact on occupancy levels, tenant wellbeing, rent defaults and 

property value. 

Table 15: Carbon emissions per square meter per tenure type from 2010-2016 (Scottish House 
Condition Survey 2017) Note: Data for 2010 to 2013 does not include households living rent free. * 

Figures for 2014-2016 are therefore not fully comparable to previous years. 

Average Modelled Emissions (kg/m2) per Tenure, 2010-2016* 

 Tenure 2016* 2015* 2014* 2013 2012 2011 2010 

Owned outright 78 79 81 81 94 92 98 

Mortgaged 73 74 78 79 85 90 90 

Local Authority 76 78 77 79 82 84 89 

Housing Association 66 70 71 70 79 79 79 

Private rental sector 86 87 89 90 93 100 101 

All Tenures  76 78 80 80 88 90 92 
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Private Rental Sector  

House type: Variable but could be 

combined with pre-1919 Tenements pilot 

Sector: Private Sector Landlords 

Brief: A sector-based pilot supporting 

Private Sector Landlords to take action and 

improve the energy efficiency of their rental 

properties. The PRS has had little focus 

compared to social housing and owner 

occupiers and a focused sectoral approach 

is necessary in order to see significant 

improvements in this area. 

Challenges addressed: Lack of engagement, unsuitable financial incentives, occupant disruption, 

lengthy paybacks, split incentive, meeting standards and legislation. 

Technical Solutions to be considered:   

• Internal / External / Cavity wall insulation 

• Ceiling / roof insulation 

• Underfloor insulation 

• Mechanical ventilation with heat recovery (MVHR) 

• Communal heating (LZC technology) 

• High heat retention storage heaters 

• Solar thermal panels 

• Draught-proofing 

• High performing double / triple glazing 
 
 
Costs: Variable dependant on property type 

Case study learnings The PSL sector would be able to use the ‘comfort as a service’ model as seen 

in the EnergieSprong case study as well as the technical solutions implemented across all of the case 

studies 

 

 

 

 

 

 

 

 

 

 

Source: Changeworks 
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5.3 (Rural) off-gas cottages 

Rural stone-built cottages have some of the lowest EPC ratings in Scotland and due 

to their construction, heating fuel and exposed location remain an archetype with 

some of the highest carbon emissions. This pilot will aim to target fabric 

improvements and heat de-carbonisation in stone built rural cottages that are not 

connected to the mains gas network. A whole house approach will be required to 

reduce heat loss and modernise the fabric to allow the installation of a low carbon 

heating system.   

Rationale 

In the EPC dataset, 70% of the sandstone and granite detached cottages from the 

EPC dataset have no wall insulation, and are not connected to the gas network or 

heated by a low carbon heat source (heat pump or biomass).  

These properties represent a relatively low percentage of the overall housing stock, 

between 1 and 2%, and 6% of all detached properties (Table 16). However, with a 

SAP rating of 33 the average energy efficiency of these properties is very low, 

translating to an F band, which combined with higher, off-gas fuel prices, put 

occupants at a higher risk of fuel poverty. The replacement of off-gas heating such as 

heating oil and LPG fuelled boilers will also fit into the Scottish Government’s 

intention to “roll out low-carbon heat where it makes sense, regardless of long-term 

decisions87”. 

Table 16: Statistics from detached granite and sandstone cottages (‘bungalows’) described in EPC 
records (2012-2017)88 

% of overall EPC 

records 

% of detached 

properties 

Average EPC 

score (1-100) 

Average energy 

efficiency Band 

1.5% 6% 33 F 

 

Location 

Local authorities with the highest occurrence of this type of property are in the 

Highlands and Islands, as well as in Argyll and Bute and Dumfries and Galloway 

(Table 17, Figure 4). 

 

 

 

                                                

87 Scottish Government (2018) Energy Efficient Scotland: route map (link) 

88 Domestic Energy Performance Certificates, Scottish Government (2018) (link) 

https://www.gov.scot/publications/energy-efficient-scotland-route-map/pages/3/
https://statistics.gov.scot/resource?uri=http%3A%2F%2Fstatistics.gov.scot%2Fdata%2Fdomestic-energy-performance-certificates
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Table 17: Local authorities with the most detached granite and sandstone cottages (‘bungalows’) 
described in EPC records (2012-2017)89 

Local authority 
% of overall EPC 

records 

Projected properties 

overall 

Na h-Eileanan Siar 15% 2,000 

Orkney Islands 10% 1,000 

Shetland Islands 7% 750 

Argyll and Bute 6% 2,250 

Dumfries and Galloway 5% 3,500 

Highland 5% 5,500 

 

                                                

89 Domestic Energy Performance Certificates, Scottish Government (2018) (link) 

https://statistics.gov.scot/resource?uri=http%3A%2F%2Fstatistics.gov.scot%2Fdata%2Fdomestic-energy-performance-certificates
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Figure 4: Detached cottages (‘bungalows’) with uninsulated sandstone or granite walls, at postcode 

sector level  
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Opportunity 

These buildings generally have a very low level of energy efficiency, with low levels 

of wall insulation, and as not connected to the mains gas network rely on high carbon 

heating fuels such as oil, LPG and electricity. This makes them a sector where there 

is significant opportunity to reduce carbon emissions and improve comfort through a 

deep retrofit pilot. 

Although the technical solutions required to upgrade this building type are common 

practice, the remote locations and low property density where these properties lie will 

raise challenges with the supply chain that need to be addressed. The costs of 

undertaking any renovation or construction project in the potential project locations 

can be significantly higher than closer to the urban centres. The relatively high fuel 

costs can offset some of the increased capital costs, however this pilot may benefit 

from a more holistic whole energy systems approach. If community owned local 

renewable electricity generation is taken into consideration, with power purchase 

agreements in place for the local residents, low carbon heating systems suitable for 

the upgraded properties may reduce the running costs further. This has been 

explored in Scotland at limited scale, with the ACCESS project on Mull the most 

relevant90.  

 

 

 

 

 

 

 

 

 

 

                                                

90 Local Energy Scotland: ACCESS project summary (link) 

https://www.localenergy.scot/funding/local-energy-challenge-fund/capital-demonstration-projects/round-1-2015/access/


EXHA Warm Homes Programme Scoping Study Final Report January 2019 

 

63 

(Rural) off-gas cottages 

House type: Detached stone built 

uninsulated bungalows 

Sector: All (Willing to Fund, social housing, 

private rental) 

Brief: Rural stone-built cottages have some 

of the lowest EPC ratings in Scotland and 

due to their location remain an archetype 

with some of the highest carbon emissions. 

This pilot will aim to target improve stone 

built rural cottages that are not connected 

to the mains gas network. A whole house                                                                                 

approach will be required to reduce heat 

loss and modernise the fabric to allow the 

installation of a low carbon heating system.   

In the EPC dataset, 70% of the sandstone and granite detached cottages from the EPC dataset have 

no wall insulation and are not connected to the gas network or heated by a low carbon heat source 

(heat pump or biomass).  

Challenges to overcome: Location, rural areas, availability of supply chain, occupant disruption, 

availability of finance 

 

Technical Solutions: 

• Off-site manufactured external cladding  

• Internal wall insulation 

• Low carbon heating systems – ASHP and Biomass 

• Roof insulation  

• High performance triple glazed windows 

• Replaced external doors 

• MVHR system in each dwelling 

• Solar PV 

• Solar Thermal 

• Holistic local energy systems approach 

Costs and impact Based on a single detached pre-1919 stone cottage 

The table below models the impact of each of the potential technical measures on the building type 

and could be introduced as an incremental approach or one-off deep-retrofit 

 

Case study learnings There is an opportunity to learn from the Abergeldie Road and Howdenhall 

Road case studies, looking at one-off deep-retrofit to implement all of the measures  

Measure Cost 
EE rating 
increase 

Fuel cost 
savings (p/a) 

CO2 savings 
(tonnes p/a) 

Loft insulation (virgin) £395 17 £853 (28%) 4.722 (28%) 

Internal wall insulation £7,400 25 £840 (27%) 4.647 (28%) 

Floor insulation (timber floor) £1,300 8 £226 (7%) 1.249 (7%) 

Double glazing £6,500 8 £206 (7%) 1.14 (7%) 

High efficiency doors £2,000 2 £58 (2%) 0.32 (2%) 

Air Source Heat Pump £7,000 9 £268 (9%) 2.521 (15%) 

Solar Hot Water £4,500 3 £77 (3%) 0.409 (2%) 

Solar PV £6,200 12 £257 (8%) 0.794 (5%) 

Total £35,295 91 £2,785 (91%) 15.802 (94%) 

 

Source: Changeworks 
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5.4 Self-funded – suburban owner-occupiers 

The fourth distinct pilot project is aimed at self-funded households living in detached 

and semi-detached timber framed properties in urban/suburban areas. This pilot 

could focus on an off-site manufactured cladding system and installation of low 

carbon heating and solar generation to demonstrate alternatives to mains gas 

heating in modern insulated properties. 

Rationale 

These properties are seen to be relatively energy efficient (band D), although there is 

significant potential for building upgrades and a move towards a zero-carbon home 

and improved energy efficiency ratings. This sector is a priority area for the Scottish 

Government, with several Energy Efficient Scotland pilots focussing on ‘willing to 

fund’ owner occupiers. 

Location 

To identify a suitable ‘self-funded’ pilot it was necessary to select the top 33% of the 

SIMD income deprivation domain (SIMS 2016), and only those in urban areas (1, 2 

and 3 on the 6-fold urban-rural scale91). The majority of the suitable properties can be 

found in and around Aberdeen, Fife, Edinburgh, East Dunbartonshire and Angus 

(Table 18, Figure 5).  

Table 18: Local authorities with the most suburban timber frame (semi-)detached properties described in 
EPC records (2012-2017). Note that only properties in the 3% least income deprived datazones were 
selected 

Local authority 
% of overall EPC 

records 

Projected properties 

overall 

Aberdeen and 

Aberdeenshire 3% 6,500 

Fife 2% 2,750 

City of Edinburgh 1% 2,250 

East Dumbartonshire 4% 1,750 

Angus 3% 1,500 

 

                                                

91 Scottish Government Urban Rural Classification (link) 

https://www2.gov.scot/Topics/Statistics/About/Methodology/UrbanRuralClassification
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Figure 5: Suburban (semi-)detached timber frame properties described in EPC records at postcode 

sector level  
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Opportunity 

There is significant opportunity to achieve high carbon savings through a pilot 

focused on this property type. An off-site manufactured cladding system and 

installation of low carbon heating and solar generation will demonstrate alternatives 

to mains gas heating in modern insulated properties. 

Timber frame (semi-)detached properties represent around 5.3% of the EPC register, 

and the SAP score is average (D) compared to the rest of Scotland’s housing stock 

(Table 19).  

This pilot will provide an opportunity to address the challenges of owner-occupier’s 

behaviours and motivations relating to high capital cost upgrades to their properties. 

With the current cost of natural gas being relatively low compared to other European 

nations92, the high costs of both the fabric upgrades and low carbon heating reduce 

the impact of cost savings as an incentive. This pilot will demonstrate the impact on 

capital cost reductions of off-site construction combined with an area-based 

approach and ‘comfort as a service’ finance model.  

Table 19: Statistics from suburban timber frame (semi-)detached properties described in EPC records 
(2012-2017) 

% of overall 

stock  

% of 33% least 

income 

deprivation, and 

non-rural areas 

Average EPC 

score (1-100) 

Average energy 

efficiency Band 

5% 10% 65 D 

 

                                                

92 Europa natural gas price statistics (link) 

https://ec.europa.eu/eurostat/statistics-explained/index.php/Natural_gas_price_statistics
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Self-Funded – Suburban private householders 

House type: Semi-detached 1980s timber frame / 

traditional construction 

Sector: Willing to Fund 

Brief: This pilot project targets self-funded households 

living in detached and semi-detached properties in 

urban/suburban areas. This pilot will focus on an off-site 

manufactured cladding system and installation of low 

carbon heating and solar generation to demonstrate 

alternatives to mains gas heating in modern insulated 

properties. 

These properties are seen to be energy efficient (band D) although there is significant potential for building 

upgrades and a move towards a zero-carbon home. This sector is a priority for the Scottish Government. 

Challenges to overcome: lack of engagement, lengthy pay backs, increased running costs, availability of finance 

Technical Solutions: 

• Off-site manufactured external cladding 

• Low carbon heating systems - ASHP 

• Roof insulation  

• High performance triple glazed windows 

• Replaced external doors 

• MVHR system  

• Solar PV 

• Solar Thermal 

Costs and impact 

The table below models the impact of each of the potential technical measures on the building type and could be 

introduced as an incremental approach or one-off deep-retrofit 

Measure Cost 
 EE rating 
increase 

Fuel cost 
savings (p/a) 

CO2 savings 
(tonnes p/a) 

External wall insulation £13,000 1 £46 (5%) 0.252 (6%) 

Floor insulation (timber floor) £1,300 3 £73 (8%) 0.4 (9%) 

Loft insulation top-up £290 1 £37 (4%) 0.202 (5%) 

Double glazing £6,500 3 £76 (8%) 0.418 (10%) 

High efficiency doors £2,000 1 £23 (3%) 0.129 (3%) 

Air Source Heat Pump £7,000 -1 £-109 (-12%) 0.545 (13%) 

Solar Hot Water £4,500 5 £120 (13%) 0.388 (9%) 

Solar PV £6,200 12 £336 (37%) 1.038 (24%) 

Total £40,790 25 £602 (65%) 3.372 (78%) 

 

Case study learnings 

There is an opportunity to learn from the EnergieSprong case study, looking at ‘comfort as a service’ and off-site 

construction to reduce capital costs. 

 

 

Source: Changeworks 
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 DISCUSSION AND NEXT STEPS 

As per the schematic overview of methodology for pilot scoping (Figure 1), the next 

stage will be to decide a suitable pilot project to explore further. This will require 

engagement with the local authority in order to access the Home Analytics data 

which will be used to isolate the specific geographical location of the pilot project.  

Alongside isolating the area, the pilot would need to be further developed, with the 

specific technical solutions identified and modelled suitable to the building type, the 

financial approach refined with an engagement plan to ensure success.  

We are aware of the primary barriers to deployment of any retrofit project, both 

incremental and deep: 

• Capital cost and payback (affordability) 

• Resident impact (disruption during installation, behaviour change post 

installation) 

• Lack of resident understanding and knowledge 

• Technical suitability 

• Supply chain. 

Therefore, it is imperative that the pilot project addresses the barriers above. The 

middle three barriers are relatively straightforward to address with investment in solid 

engagement with stakeholders, and a room-by-room approach for example reducing 

the impact on residents and selecting the most appropriate technologies for the 

property and residents. 

However, the first barrier, relating to the capital costs and payback, will require a 

more innovative approach. We are aware that energy efficiency measures are not a 

priority for many homeowners93, with many focussing on decorative or refurbishment 

investments instead. A successful pilot would draw out more than just the energy 

savings and focus on the additional benefits such as improved comfort, acoustics, 

visual appeal and maintenance, linking in with mainstream refurbishment plans. The 

pilot would also need to demonstrate a funding mechanism that would build a 

platform for further replication. 

Table 20 shows the proposed pilot projects marked against key criteria (listed below) 

to determine which project best fits the project objectives in section 1. The scale is 

based on 1= does not meet the criteria, to 3= does meet the criteria. 

Additionality 

Where the pilot project can offer more than business as usual, with innovative 

aspects that are not part of planned government programmes. All four pilots score 

highly. Although the technical solutions have been repeated elsewhere, they have 

                                                

93 Citizens Advice 2016, Driving Installation of Energy Efficiency Measures (link) 

https://www.citizensadvice.org.uk/Global/CitizensAdvice/Energy/Driving%20Installation%20of%20Energy%20Efficiency%20Measures-%20Customer%20Research%20Findings.pdf
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not been applied at scale and as a whole house approach. In addition; the specific 

sectors and property types have not historically received much focus. 

Opportunity, external drivers 

Outside influences and current trends that will add weight to the pilot project. The 

suburban timber framed pilot does not score highly here as they are seen to already 

being energy efficient (EPC D and above) so there is a lack of policy drive. 

Fundability 

As the funding from ECF does not cover capital costs, this is rated against the 

potential to attract capital funding based on existing incentives and programmes. It is 

not known at this time how Scottish Government programmes will adapt to meet the 

targets set out in the Energy Efficient Scotland Route Map. The rural (off-gas) pilot 

scores higher here, as Scottish Government provides funding through the 

Community and Renewable Energy Scheme (CARES) for innovative local energy 

system projects, as well as the individual properties being able to take advantage of 

interest free loans, HEEPS:ABS, ECO and RHI funding. Where the pilots don’t score 

highly, it highlights an area where an opportunity to explore new financing models 

arises.  

Impact per property (carbon reduction) 

Based on the technical solutions available and the impact they will have on the 

energy efficiency improvement of the property – which leads to emissions reductions. 

The scoring for this criterion is based on the carbon savings that can be achieved in 

each property through deep-retrofit. Where the score is low, it is due to the energy 

requirement for the building type being quite low, or the efficiency of the current stock 

already being at a relatively high standard. 

Impact per property (fuel poverty alleviation) 

Based on the relative levels of fuel poverty risk within the demographics of the 

occupants of each of the pilot projects.  

Impact on housing stock 

This criterion relates to the number of properties that fall under the pilot project 

building types and the relative impact of the energy saving from each. Rural (off-gas) 

scores low due to the relatively small number of properties, even though the impact 

per property would be significant.  
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Table 20: Matrix showing pilot impacts against key criteria 

Criteria Tenements 
Private 
rental 
sector 

Rural (off-
gas) 

cottages 

Suburban 
(semi-) 

detached  

Additionality 
(innovation, beyond 
business as usual) 

3 3 3 3 

Opportunity, external 
drivers 

3 3 2 1 

Fundability 1 1 2 1 

Impact per property 
(carbon reduction) 

2 3 3 2 

Impact per property 
(fuel poverty 
alleviation) 

2 3 3 1 

Impact on housing 
stock 

3 2 1 1 

 

Conclusion 

A deep-retrofit approach must form a part of the transition to near-zero carbon 

housing. It would therefore be beneficial to focus on the areas highlighted in the 

suggested pilot projects to change attitudes and drive change. The proposed projects 

for tenements, private rented sector and rural cottages score well against the 

selection criteria and would help meet the project objectives. The primary 

considerations will be to identify whether the approach should be a one-off deep-

retrofit solution, or a more staged approach to reach near-zero carbon (such as a 

Building Renovation Passport94) to ensure that initial incremental measures don’t 

preclude further measures during the deep-retrofit period. 

There is confidence that technical solutions are available to achieve near-zero 

carbon on Scotland’s domestic housing stock. Though significant barriers remain in 

relation to policy, financing and engagement, this report gives examples on how 

these barriers can be addressed and tested through pilot projects, paying the way for 

a growing number of deep retrofit initiatives in Scotland.   

  

 

 

                                                

94 Building Renovation Passports – Customised roadmaps towards deep renovation and better homes (link) 

 

http://bpie.eu/publication/renovation-passports/
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 APPENDICES 

Appendix A – Longlist of case studies 

Any project meeting the following criteria, where the information was readily available 

in an online search, was included in the long list: 

• Post retrofit space heating demand < 95 kWh/m2y (based on £25,000 retrofit 

budget for a pre-1920 three-storey terraced, solid wall dwelling in the Scottish 

climate).95 

OR 

• More than 3 retrofit measures implemented (where all changes to the building 

envelope are considered 1 measure), referred to as a ‘whole house’ approach 

in this report. 

In addition, 

Any project where there was a reduction of occupant discomfort and negative health 

implications by achieving minimum indoor temperatures (> 18oC during the heating 

season as per the European EN15251 Standard Category III for existing dwellings).96 

Table 21: - Longlist of projects, Scotland, UK and European 

Project Decision/Reason 

Scotland 

Milnbank Housing Association No evaluation available 

Green Building Store case studies 
- Ex-foresters house 
- East Lothian 

 
No evaluation available, single property 
No evaluation available, single property 

LEAF Telford case study Available data doesn’t meet the three 
requirements for this project 

Retrofit Scotland case studies 
- Abergeldie Road, Aberdeen 
- Howden Hall Road, Edinburgh 
- Monreith Road East, Glasgow 
- Ore Valley Housing Association 

 
Included* 
Included* 
No evaluation available, single property 
No evaluation available 

BRE Refurbished House Included* 

Superhomes Database 
- Broughton Road, Biggar 
- Duke Street Cromarty 
- Howdenbank, Hawick 
- MacTaggart Way, Glenrothes 

 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
Single property 

SEEP Phase 1 Pilots 
- Aberdeen City  

 
No evaluation available 

                                                

95 Pelsmakers, S. (2012) The Environmental Design Pocketbook. London: RIBA Publishing. 

96 CEN (2007) ‘BS EN ISO 15251: Indoor environmental input parameters for design and assessment of energy 

performance of buildings addressing indoor air quality, thermal environment, lighting and acoustics’, Comité 

Européen de Normalistion, Brussels (link) 

 

https://shop.bsigroup.com/ProductDetail/?pid=000000000030133865
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- Aberdeenshire  
- Edinburgh  
- Fife  
- Glasgow  
- Midlothian  
- Shetlands  
- South Lanarkshire  
- Stirling  
- West Lothian buildings 
SEEP Phase 2 Pilots 

- Argyll & Bute 
- Dumfries and Galloway 
- East Ayrshire 
- Edinburgh 
- Glasgow  
- South Ayrshire 

No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 
No evaluation available 

HEEPS:ABS Available data doesn’t meet the three 
requirements for this project 

UK 

EnergieSprong Nottingham Limited evaluation available 

Oxford City Council Limited evaluation available 

LEAF case study – College Court, 
Bristol 

Available data doesn’t meet the three 
requirements for this project 

Wilmcote House, Portsmouth Included* 

Green Building Store case studies 
- Sheffield 
- Sussex 
- Huddersfield 
- Yorkshire 
- Kent 
- Reading 
- London 
- Leeds 
- Wales 
- Manchester 
- Bristol 
- Oxfordshire 
- Nottingham 
- Cornwall 
- Cheshire 
- Hertfordshire 
- Nottingham 
- Hereford 
- London 

 
Limited evaluation, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 

PassivHousePlus case studies 

- Dartmoor 
- Shrewsbury 
- Rochestown 
- West Yorkshire 
- South Wales 

 
Single property* 
Single property* 
Included* 
Single property* 
Single property* 

Passivhaus Trust 
- Chestnut Grove, Ealing, London 
- Grove Cottage, Hereford 
- Hiley Road, London 

 
No evaluation available, single property 
Single property* 
No evaluation available, single property 
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- Lena Gardens, London 
- Passmore Street, London 
- Rectory Cottage, Wales 
- Thornhill Road, Derby 
- Westcott House, Chagford, Devon 
- Elliott Drive, Wellesbourne 
- Erneley Close, Manchester 
- Octavia Housing, London 

Single property* 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available 
No evaluation available, single property 

bere:architects  
- Highbury Quadrant, London 
- Dyne Road, London 
- Passfield Drive, London 
- Grove Road, London 

 
No evaluation available, single property 
Limited evaluation, single property 
Single property, Included* 
Single property, Included* 

Low Energy Building Database 
- 5Pev, Chortlon 
- Conservation area, Bristol 
- Victorian Townhouse, Clapham 
- Grayshott, Surrey 
- Hay Tor, Shrewsbury 

 
- Redlands, Devon 
- Ladybarn, Manchester 

 
- Victorian mid-terrace, Salford 
- Steel frame bungalow, Hereford 
- Wake Green Road, Birmingham 
- Northholt, London 
- Almshouses, Cambridge 
- Barbrook, Devon 
- BISF Steel Frame, Cambridge 
- City West Homes, London 
- Compton, Berkshire 
- 1990s mid-terrace, London 
- Grove HA, Belfast 
- Semi-detached, Bolton 
- Colne, Lancashire 
- Ealing, London 
- Metropolitan Housing Trust 
- EnviroCluster, Peterborough 
- Wakefield and District Housing 

 
Single property, Included* 
Single property, Included* 
Single property, Included* 
No evaluation available, single property 
Available data doesn’t meet the three 
requirements for this project  
Single property, Included* 
Available data doesn’t meet the three 
requirements for this project 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
No evaluation available, single property 
Limited evaluation, single property 
Limited evaluation, single property 
Included* 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 
Single property, Included* 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 
Included* 

TCosyTM (Beattie Passive) 
- Solihull 
- Birmingham 
- Woodstock 

 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 

European 

EBC Annex 61 Domestic Case Studies 
- Kapfenberg, Austria 
- Ludwigshafen-Mundernheim, 

Germany 
- Nurnberg, Germany 
- Dún Laoghaire, Ireland 

 
Included* 
Included* 
Included* 
Included* 
Limited evaluation available 

BEEM-UP case studies 
- Paris, France 

 

 
Available data doesn’t meet the three 
requirements for this project 
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- Alingsås, Sweden 
- Delft, The Netherlands 

 Included* 
Available data doesn’t meet the three 
requirements for this project 

LEAF case studies 

- Schillgasse, Vienna 
 

- Les Mouliniers, Saint Etienne 
- Klosterweiher, Aachen 

 

- Dolgozó 2, Budapest 
-  
- Hästagatan, Visby 
 

 
Available data doesn’t meet the three 
requirements for this project 
Included* 
Available data doesn’t meet the three 
requirements for this project 
Available data doesn’t meet the three 
requirements for this project  
Available data doesn’t meet the three 
requirements for this project 

EuroPHit 
- Sweden 
- Germany 
- France 
- Spain 
- France 

 
Limited evaluation, single property 
Limited evaluation, single property 
Limited evaluation, single property 
No evaluation available 
Limited evaluation, single property 

4RinEU 
- Haugerundsenteret, Norway 
- Mariënburg Soest, Netherlands 
- Alsamora 6, Spain 

 
No evaluation available 
No evaluation available 
No evaluation available 

DREEM Pilots 
- Padiham, UK 
- Treviso, Italy 
- Berlin, Germany 

 
No evaluation available 
No evaluation available 
No evaluation available 

 

Appendix B - Pilot Scoping modelling 

To provide indicative costs and savings for three of the four pilots, modelling was 

carried out using online Elmhurst RdSAP software on all suitable measures. 

Costs 

 

For most of the measures, average costs were used as provided by the Energy 

Saving Trust or via those provided on an Energy Performance Certificate. 

Modelling 

 

Using RdSAP software three baseline scenarios were used: 

1. A pre-1919 tenement flat (ground floor) for case study 1 

2. A solid wall rural (detached) cottage for case study 3 

3. A 1980s build timber frame (semi-detached) house for case 4. 

As pilot 2 (Private Rental Sector) would entail a wide range of property types, no 

modelling could be conducted that would provide meaningful and representative 

outputs. 
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The floor areas for each of the three archetypes were based on those assumed by 

the Energy Saving Trust97. A baseline was created for each of the archetypes, where 

upon the set of measures could be modelled incrementally starting with fabric 

improvements. Each of the baselines are outlined below: 

Table 22: Baseline assumptions 

Case 
study 

Archetype 
Floor 
area 

Wall 
Loft 

Insulation 
Heating 

EE  
rating/ 
band 

1 
Pre-1919 
tenement 

60m2 Sandstone (600mm) N/A 
Non-condensing gas 
boiler 

57 (D) 

3 Rural cottage 67m2 Granite (600mm) None Electric storage heaters 7 (G) 

4 
1980s timber 
frame 

89m2 Timber frame * 100mm 
Non-condensing gas 
boiler 

67 (D) 

* Software assumed insulation as built (1984-91 - u-value of 0.4 
W/m2k)    

 

Details of the modelling results are provided in the tables below. Please note as the 

measures are incremental the results assume that each of the preceding measures 

have been carried out. It is also worth noting that all estimated annual running costs 

and CO2 emissions are based on the fuel use for heating, hot water, lighting and 

ventilation. They do not take into account any other appliance use. 

 
Table 23: Case study 1 – incremental modelling details and results 

Measure Details of measure modelled 
EE rating/ 

band 
Running 

costs (p/a) 

CO2   
tonnes/ 

pa) 

Baseline   57 (D) £855 4.070 

Internal wall 
insulation 

External and corridor walls insulated internally 
to equivalent of 150mm loose fibre to achieve 
u-values of 0.23 W/m2k and 0.21 W/m2k 
respectively. 

67 (D) £650 2.890 

Floor insulation Solid floor insulated to equivalent of 150mm 
loose fibre to achieve a u-value of 0.16 W/m2k. 

70 (C) £590 2.574 

Draughtproofing Main door to corridor. 70 (C) £585 2.547 

Double glazing 
Single glazed (not draughtproofed) upgraded to 
high-efficient glazing to achieve a u-value of 
1.4 W/m2k. 

74 (C) £504 2.097 

District heating Mains gas district heating with CHP (charged 
system linked to use). 

79 (C) £392 1.596 

Cumulative savings  22 £463 2.474 

 

 

 

                                                

97 Energy Saving Trust calculations (link) 
 

http://www.energysavingtrust.org.uk/about-us/our-calculations
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Table 24: Case study 3 – incremental modelling details and results 

Measure Details of measure modelled 
EE rating/ 

band 
Running 

costs (p/a) 

CO2   
tonnes/ 

pa) 

Baseline   7 (G) £3,073 16.806 

Loft insulation (virgin) 
No loft insulation upgraded to 
300mm of loft quilt. 

24 (F) £2,220 12.084 

Internal wall insulation 
Walls insulated to equivalent of 
150mm loose fibre to achieve a u-
value of 0.23 W/m2k  

49 (E) £1,380 7.437 

Floor insulation (timber floor) 

Suspended timber floor insulated 
to equivalent of 150mm loose fibre 
to achieve a u-value of 0.17 
W/m2k. 

57 (D) £1,154 6.188 

Double glazing 
Single glazed (not draughtproofed) 
upgraded to high-efficient glazing 
to achieve a u-value of 1.4 W/m2k. 

65 (D) £948 5.048 

High efficiency doors 
Two external doors replaced with 
high-efficiency doors with a u-
value of 1.1 W/m2k. 

67 (D) £890 4.728 

Air Source Heat Pump 
A 5kW system with Economy 10 
dual tariff was modelled. 

76 (C) £622 2.207 

Solar Hot Water Software default was used. 79 (C) £545 1.798 

Solar PV 
2 kWp system on south facing roof 
with no or little shading was 
assumed. 

91 (B) £288 1.004 

Cumulative savings 84 £2,785 15.802 
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Table 25: Case study 4 – incremental modelling details and results 

Measure Details of measure modelled 
EE rating/ 

band 
Running 

costs (p/a) 

CO2   
tonnes/ 

pa) 

Baseline   67 (D) £920 4.343 

External wall insulation 
Walls insulated to achieve a u-
value of 0.2 W/m2k . 

68 (D) £874 4.091 

Floor insulation (timber floor) 

Suspended timber floor insulated 
to equivalent of 150mm loose fibre 
to achieve a u-value of 0.17 
W/m2k. 

71 (C) £801 3.691 

Loft insulation top-up 
100mm of loft quilt topped-up to 
300mm of loft quilt. 

72 (C) £764 3.489 

Double glazing 
Pre-2003 double glazing upgraded 
to high-efficient glazing to achieve 
a u-value of 1.4 W/m2k. 

75 (C) £688 3.071 

High efficiency doors 
Two external doors replaced 
with.high efficiency doors with a u-
value of 1.1 W/m2k. 

76 (C) £665 2.942 

Air Source Heat Pump 
An 8.5kW system with Economy 
10 dual tariff was modelled. 

75 (C) £774 2.397 

Solar Hot Water Software default was used. 80 (C) £654 2.009 

Solar PV 
2.5 kWp system on south facing 
roof with no or little shading was 
assumed. 

92 (A) £318 0.971 

Cumulative savings 75 £602 3.372 

 

Appendix C – Identification of existing datasets  
 

Datasets relevant for the pilot scoping, including data on income, tenure, property 

types and fuel poverty, are summarised in Table 25. This table details the availability 

of the datasets, their resolution, and the advantages and drawbacks in using them. 

As mentioned above, depending on what criteria are ultimately set for choosing a 

retrofit area, maps with data at a postcode sector, datazone and postcode level can 

be overlaid to determine where the selection criteria overlap regionally (Figure 6 two 

example maps). After subsequently liaising with the relevant local authorities, access 

to housing stock data at address level (i.e. Home Analytics and if available housing 

data from relevant RSLs) can be gained, after which it is possible to determine more 

precisely (i.e. at street level) where a pilot would be most suitable. The open datasets 

mentioned were used, particularly the Scottish House Condition Survey and the 

public EPC database. The latter is available as a dataset at postcode sector level, 

with a postcode sector containing 2,000-2,500 properties. Address level data as 

found in Home Analytics was not available at this stage of the data analysis.  
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Fuel poverty data 

If fuel poverty or fuel poor areas are a selection criterion, it is important to highlight 

that a new fuel poverty definition has been proposed by the Scottish Government98. 

However, to our knowledge (after enquiring with the relevant statistics departments), 

the Scottish Government is not planning on producing a fuel poverty risk map of the 

new definition. 

Note that under the new definition just under 30% of the households in A-C graded 

properties will be in fuel poverty, compared to 20% under the current definition99. This 

means that for the A-C energy efficiency band group, (deep/ whole house) retrofitting 

is an unlikely solution for lifting them out of fuel poverty since their properties are 

already relatively energy efficient. In addition, from a carbon emission reduction 

viewpoint, this group already meets the energy efficiency goals of the Energy 

Efficiency Scotland Route Map up to 2040100, with the Scottish Government’s target 

to improve the efficiency of all tenures as a driver of fuel poverty101. So, properties 

with EPC ratings of D or lower should be prioritised. Pilot areas aimed at reducing 

fuel poverty should therefore ideally combine areas with: 

1. High risk of fuel poverty 

2. Low energy efficiency properties  

3. High fuel bills (through expensive fuel or high heat demand).  

                                                

98 Scottish Government (link) 

99 Scottish Government (2017); A new definition of fuel poverty in Scotland (link) 

100 Energy Efficient Scotland; Route map, May 2018 (link) 

101 Draft Fuel Poverty Strategy for Scotland, Scottish Government (2018) (link) 

https://www.gov.scot/publications/new-definition-fuel-poverty-scotland-review-recent-evidence/
https://www.gov.scot/binaries/content/documents/govscot/publications/report/2017/11/new-definition-fuel-poverty-scotland-review-recent-evidence/documents/00527017-pdf/00527017-pdf/govscot%3Adocument
http://www.gov.scot/Resource/0053/00534980.pdf
https://www.gov.scot/publications/draft-fuel-poverty-scotland-2018/


 

 

 

Table 26: Summary of available datasets including remarks, advantages and drawbacks 

Dataset  
Resolution of 

data 
Remarks, drawbacks, advantages 

ENERGY EFFICIENCY  

EPC energy band and 

rating 
Postcode Sector  

Open dataset. Based on all logged EPC certificates since 2012. Coarse granularity makes it suitable for first 

scoping, but not for detailed studies at street level. 

EPC energy band and 

rating from Home 

Analytics 

Address level  

Not available openly – can be requested from local authorities and EST. Home Analytics is funded by the Scottish 

Government and made available to local authorities and other registered social landlords at no cost for targeting 

energy efficiency retrofit measure. Recommended to use once the region to focus on has been determined in the 

first steps of the pilot scoping. Not practical for initial scoping (2.3 million entries, needing permission and data 

agreements with 32 local authorities). 

FUEL POVERTY and INCOME DATA 

Changeworks fuel poverty 

Map 2015 
Datazone  

Fuel Poverty definition is to change in near future, so this map overestimates rural fuel poverty, and 

underestimates fuel poverty in rented flats. For relative comparisons it can still be useful.  

EPC energy band and 

rating from Home 

Analytics 

Address level  

Not available openly – can potentially be requested from local authorities and EST (see above). Note that the 

address level data is apportioned from local authority level fuel poverty rates from the Scottish Household 

condition survey (like the Changeworks Fuel Poverty Map) using a statistical model. The release notes from Home 

Analytics v3.3 note that: ‘Apportioned models provide a good indicator of vulnerability but are inherently inaccurate 

because they assume all properties within a certain area have the same probability equal to the area average’. 

This data is best used to rank areas, rather than using the given values as absolute percentages. Recommended 

to use once the region to focus on has been determined in the first steps of the pilot scoping. 

Estimated underuse of 

domestic heat map 
Datazone 

Map modelled with BEIS gas use and Census property type and geodemographics data (to map). The advantage 

is that this map uses real heat use where gas is the main heating fuel, rather than potentially overestimated fuel 

bills from EPC certificates (which overestimates gas use up to 40%, depending on the wall construction). For off-

gas areas this map uses extrapolated data. Open data, so suitable to use in initial stages of pilot scoping. 
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Dataset  
Resolution of 

data 
Remarks, drawbacks, advantages 

Gross Household Income 

Index 2014 
Datazone  

Does not include housing costs, which would be needed for the newly proposed fuel poverty calculations. Has not 

been updated since 2014, so preferably used to compare areas rather than as absolute income data. Open data, 

so suitable to use in initial stages of pilot scoping. 

Scottish Index of Multiple 

deprivation (SIMD) 
Datazone 

Open dataset. The housing domain of the SIMD does not address energy efficiency. Indicates per datazone the 

level of income deprivation, so can be used to identify areas with a low income. However, a low level of income 

deprivation does not correspond with high levels of income per se, so it is less useful to identify areas with high 

earning households for a ‘willing to fund project. 

ENERGY USE 

BEIS gas and electricity 

use 

Postcode to 

datazone 

Open dataset based on real energy use rather than modelled data. Only useful for on-gas communities, as 

electricity use data is harder to interpret due to the difference in households and meters.  

Scottish Heat Map Datazone 

Available through Scottish Government. The advantage of the Scottish Heat Map is that it includes all known 

domestic and non-domestic properties in Scotland, and therefore enables heat demand estimates per area in 

absolute terms. However, this is mostly based on modelled data (based on EPC estimates that are known to 

overestimate heat demand in pre-1919 property types), and standardised values per property archetype – this is a 

disadvantage when using it at a small scale.   

Estimated fuel bills from 

Home Analytics 
Address level  

Not available openly – can be requested from local authorities and EST (see above). Recommended to use once 

the region to focus on has been determined. Fuel bills in Home Analytics are based on EPC records that can 

overestimate actual bills, particularly for in pre-1919 property types. In addition, fuel bills are calculated according 

to fuel prices when the EPC was made and not updated to current prices.  

TENURE 

Census data on tenure 
Output area and 

datazone 

Open dataset, covering the whole of Scotland. Last updated in 2011, so likely to underestimate private rental 

percentages.  

Tenure from Home 

Analytics 
Address level  

Not available openly – can potentially be requested from Local authorities and EST (as described above). 

Recommended to use once the region to focus on has been determined. 

 



 

 

 

Tenure data 

If a specific tenure type (such as private renting) is preferred as the focus of the pilot, 

there are several data sources available.  

Private renting in Scotland has increased substantially over the past years, at the 

expense of home ownership and social renting (Table 27)102 Private renting is 

especially prominent in urban areas such as Edinburgh (26%), Dundee (23%), 

Aberdeen (19%), and Glasgow (19%). In addition, the average SAP rating is 7.5 SAP 

points (SAP2012) lower in privately rented accommodation (58) than in social 

housing (65.5), and 2.3 points lower than owner occupied housing (62.3)103. 

Table 27: Summary of tenure of Scottish properties from 2006 to 2016 

Year Private 

renting 

Owner 

occupants 

Social 

renting 

2006 9% 62% 25% 

2008 10% 62% 24% 

2010 12% 61% 24% 

2012 14% 58% 24% 

2014 15% 58% 23% 

2016 15% 58% 23% 

 

Missing data 

One drawback of the proposed fuel poverty definition, is that currently there is no 

good openly available dataset that estimates housing costs at datazone level (or a 

higher resolution). Even with a relative estimate of gross income and using MIS data 

that takes into account higher living costs in the Scottish rural areas, it will be 

challenging to recreate the fuel poverty map based on openly available data. 

                                                

102 Housing Statistics for Scotland 2016 (link) 

103 Scottish Housing Condition Survey 2016 (link) 

http://www.gov.scot/Topics/Statistics/Browse/Housing-Regeneration/HSfS/KeyInfoTables
http://www.gov.scot/Publications/2017/12/5401
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Figure 6: Examples of data mapping using EPC data at the postcode sector level, and tenure data 

derived from the 2011 Census. 
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Appendix D - Further information on BRE Ravenscraig case 

study 

The refurbishment strategies accounted for varying tenancy/occupancy scenarios, 
identified through consultation with local authorities and housing associations and 
reflected common situations found in existing housing as follows:  

 

• G1 Occupied apartment – minimal disruption strategy 

• G2 Decanted tenants or unoccupied apartment – intrusive retrofit strategy 

• F1 Occupied apartment – minimal disruption strategy 

• F2 Decanted tenants or unoccupied apartment – intrusive retrofit strategy. 
 
 

 G1 

Scenario Occupied apartment – minimal disruption strategy 

Improvement SAP 76C – 11kWh/ m2 – 69% improvement on baseline 

Approach External Fabric Improvements / Basic Heating Upgrade 

Measures Gas Combi Boiler with Gas Flue Saver Technology 

Cavity Fill / EWI Insulation 

Low Energy Individual Mechanical Extract Fans 

6.53 q50 Air Tightness 

Low Energy Timber Windows & Door 

Independent Living / Adaptations 

 

 G2 

Scenario Decanted tenants or unoccupied apartment – intrusive retrofit strategy 

Improvement SAP 85 – 21.6kWh/ m2 – 38% improvement on baseline 

Approach Internal Fabric Improvements / Heritage / No gas scenario 

Measures Electric Combi Heat store / Underfloor heating 

Cavity fill / Moisture buffering internal insulation and lining 

Insulating ground floor 

New acoustic ceiling and separating wall treatments 

6.11 q50 Air Tightness 

Heritage timber windows and door 

Intermittent room only heat recovery 

 

 F1 

Scenario Occupied apartment – minimal disruption strategy 

Improvement SAP 82 – 20kWh/ m2 – 43% improvement on baseline 

Approach External Fabric Improvements / Full Heating Upgrade 

Measures SedBUK AGAS System Boiler 

4m2 solar thermal system & 210 litre cylinder 

Cavity fill / External insulation 

Basic additional loft insulation 

Positive input ventilation (loft) 

7.53 q50 Air tightness 

Low energy timber windows and doors 
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 F2 

Scenario Decanted tenants or unoccupied apartment – intrusive retrofit strategy 

Improvement SAP 83 - 10.2 kWh/ m2 – 71% improvement on baseline 

Approach Internal Fabric Improvements / No gas scenario 

Measures Air source heat pump with radiators 

2kw solar PV array 

Cavity fill and loft insulation 

6.04 q50 Air tightness 

MVHR system 

Super low energy windows and door 

Feed in tariff income 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  


