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Sustainable Behaviour
Insights to understand how people can make more sustainable, healthier choices in their home, work, and travel decisions.

Sustainable Buildings
Research for more sustainable buildings based around building physics, building performance evaluation, operational steady state, and 
dynamic energy modelling, and hygrothermal simulations.

Sustainable Urban Environments
Exploring air quality, heat islands, embodied carbon, and environmental monitoring to promote healthier, more sustainable cities and 
communities.

Core Cities 
retrofit

Thin IWI 
retrofit

DEEP retrofit
literature review



Why are buildings important (unique?) for climate action?



Climate Change Commission
UK historical emissions compared to the Government’s pathway by sector (MtCO2e)
https://www.theccc.org.uk/wp-content/uploads/2022/06/Progress-in-reducing-emissions-2022-Report-to-Parliament.pdf



How have we decarbonised?



BEIS, Digest of UK Energy Statistics Annual data for 
UK, 2021



BEIS, Digest of UK Energy Statistics Annual data for 
UK, 2021

Electricity is the easy bit…



BEIS, Digest of UK Energy Statistics Annual data for 
UK, 2021

Gas still allowed to heat new homes until 2035



BEIS, Digest of UK Energy Statistics Annual data for 
UK, 2021

Getting heat from renewables is hard



Can we use low carbon electricity to heat our homes?



Watson et. al., 2019 
https://www.sciencedirect.com/science/article/pii/S0301421518307249



Can we just build more energy efficient homes?



BEIS, Live tables on EPCs, 2021
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How do we make existing homes more energy efficient?



BEIS, National Energy Efficiency Data-Framework (NEED): 
Summary of Analysis, Great Britain, 2021



BEIS, National Energy Efficiency Data-Framework (NEED): 
Summary of Analysis, Great Britain, 2021

Retrofitting means we are using less per home, but we have stagnated



BEIS, National Energy Efficiency Data-Framework (NEED): 
Summary of Analysis, Great Britain, 2021

The benefit  of retrofit deteriorates over time



BEIS, WHAT DOES IT COST TO RETROFIT HOMES? Updating the 
Cost Assumptions for BEIS’s Energy Efficiency Modelling, 2017

Cost per home Annual Savings Payback

Cavity wall insulation £ 1,500 - £2,500 £ 180 8 years

Solid wall insulation £ 15,000 - £ 30,000 £ 360 40 years

Loft insulation £ 1,000 - £ 3,000 £ 80 30 years

Floor insulation £ 4,000 - £ 6,000 £ ? 50 years + +?

New windows £ 7,000 - £ 10,000 £ ? 50 years + +?

Gas Boiler £ 2,000 - £4,000 £ 100 30 years

Air source heat pump £ 8,000 - £ 15,000 £ ? 50 years + +?

Ground source heat 
pump

£ 10,000 - £25,000 £ ? 50 years + +?



BRE The cost of poor housing in England 2021 Briefing paper

This a market failure, so needs intervention



Source: Based on BEIS, Home Energy Efficiency Statistics; Northern Ireland Housing Statistics; Home 

Energy Efficiency Programmes Scotland (HEEPS) evaluation reports; Nest evaluation reports; Annex A, 

Frontier Economics, Affordable Warmth, Clean Growth (2017)

Policy had been slowing down



BEIS, National Energy Efficiency Data-Framework 
(NEED), 2021

EPC targets are the key policy drives



Performance gap can be as high as the EPC error

The Building Fabric Thermal Performance of Passivhaus Dwellings—Does It Do 
What It Says on the Tin? David Johnston and Mark Siddall, Sustainability,  2015



LSI Research project



Leeds Beckett Research – Heat pumps

Heat Pump Ready
User behaviour for domestic heat 

pumps

RHINOS
Uptake of high density heat pumps



Leeds Beckett Research – hydrogen

H21 project
Understanding the perception of 

hydrogen heating in the UK

Tridrogen 

Engaging people about hydrogen trials



Leeds Beckett Research – New build homes

Billingley New Build
Measuring the performance of new low 

carbon homes

WIKI house
Life Cycle Assessment (LCA) of 

modular homes

Hy4Homes
In Use monitoring of a trial  100% 

Hydrogen home.



Leeds Beckett Research – Retrofitting homes

DEEP Retrofit
Establishing the risks and benefits of 

retrofitting solid walls & how to 
improving retrofit models

WDH retrofits
Post Occupancy Evaluation (POE) of low 
carbon retrofits for Wakefield District 

Housing

UKGBC Retrofit Toolkit
Standardising neighbourhood

retrofit evaluation



DEEP Retrofit
Establishing the risks and benefits of 

retrofitting solid walls & how to 
improving retrofit models

WDH retrofits
Post Occupancy Evaluation (POE) of low 
carbon retrofits for Wakefield District 

Housing

Low carbon homes: Retrofit

Building performance



Low carbon homes: Toolkits & Innovation

UKGBC Retrofit Toolkit
Standardising neighbourhood

retrofit evaluation

Ofgem Technical Advisory Panel 
Supporting energy efficiency 

innovations

Building performance



Thin Internal Wall Insulation 
Evaluating the performance & risks 

of internal wall insulation

Low carbon product evaluation

Insulated eaves ventilator
Developing, testing & patent

Building performance



SMETER
Validating the performance of in-use 

energy data assessments 

Smart meters  & energy data

SERL
Using Smart meters to investigate 

energy efficiency of homes

Building performance



Pulse
Validating the use of novel air tightness 

technology

New Building Performance Evaluation  tools

QUB PhD
Validating the use of rapid whole house  

heat  measurements technology

Building performance



14 DEEP Retrofit case studies

41 Retrofits

7    Airtightness

4    Loft

4    Room in roof

5    Glazing

12 Ground floor

1    Internal wall (IWI)

3    External wall (EWI)

1    Hybrid wall (IWI & EWI)

4    Whole house approach



Link to DEEP retrofit research project introduction video

https://youtu.be/VX-ZYjZKrL4

https://eur02.safelinks.protection.outlook.com/?url=https%3A%2F%2Fyoutu.be%2FVX-ZYjZKrL4&data=05%7C01%7CD.W.Glew%40leedsbeckett.ac.uk%7Ce98acb3d71bf46d7ecc608db61b74795%7Cd79a81124fbe417aa112cd0fb490d85c%7C0%7C0%7C638211212050017079%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=mKlLhfrCrZ1kDEjNd0FWs0Mk6xJaYp65a7QUBG6wSnY%3D&reserved=0


Case studies Laboratory tests Modelling

DEEP Retrofit research design



Recent findings



43 Coheating tests & 
over 50 QUB tests

• Whole house heat loss or 
Heat Transfer Coefficient 
(HTC)

• Compare pre vs. post 
retrofit HTC 

• Compare measured vs. 
modelled HTC

DEEP Retrofit case studies methods



DEEP Retrofit case studies methods

410 Heat flux density 
measurements

• U-values (W/m².K)

• Compare pre vs. post 
retrofit U-values 

• Identify the performance 
gap & the modelling gap



DEEP Retrofit case studies methods

118 blower door tests & 77 pulse tests

• Mean air permeability 
(m³/m²@50p & ACH)

• Compare pre vs. post 
retrofit airtightness

• Compare measured vs. 
default RdSAP assumptions

• Air leakage detection &
thermography

• 11 homes Co pressurised



DEEP Retrofit case studies methods

116 Junctions modelled

• Thermal bridging software (TRISCO)

• Compare pre vs. post retrofit 
thermal bridging heat loss (y-values 
and psi [Ψ] values)

• Compare and pre vs. post retrofit 
surface condensation risk via 
temperature factor (ƒRSi) 

• Evaluate severity of discontinuities



1. EPC accuracy

Findings

RdSAP default inputs do not capture the variability of homes’ construction or occupants, and 
this contributes to the prebound effect.

Recommendation

RdSAP inputs could more comprehensively and accurately reflect building characteristics and 
occupants.



2. Is PAS2035 worth it?

Findings

Whole house approach retrofits have lower risks than piecemeal retrofits but may have 
similar fuel bill reductions and higher costs.

Recommendation

Guidance and models could inform which retrofit measures, installation techniques, and 
interactions have high or acceptable risks.



3. EPC Band C

Findings

Only solid wall insulation is likely to bring sold walled homes up to an EPC band C, or 
significantly reduce condensation and overheating risks.

Recommendation

Retrofit policy mechanisms should better reflect the significance of solid wall insulation in 
achieving broader policy goals.



4. Measuring energy savings

Findings

Coheating tests in DEEP had an average uncertainty of 6% and was able to identify significant 
differences in 13 of 27 cases.

Recommendation

Use of smart meter data  which have uncertainties above 15% are not likely to be able to give 
house-by-house savings, so alternative approaches are needed.



Conclusions

The DEEP retrofit project could have significant impact on retrofit policy and industry practice

• Identifies how models can be improved

• Quantifies the significance of solid wall insulation

• Provides recommendations on how to implement the whole house approach and adopt 
risk-based approaches to retrofits in solid walled homes

22 DEEP reports to be published in July 2023 (launch event sold out)

Preliminary launch at the Building Centre Retorfit23 exhibition in London on 14th June



Professor David Glew

Director of the Leeds Sustainability Institute  
Head of Energy Efficiency and Policy

d.w.glew@leedseckett.ac.uk
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