MSc Dissertation Proposal – Welsh Social Housing Decarbonisation
Decarbonising Welsh Social Housing: Realised Energy Performance, Comfort Outcomes, Affordability Impacts, and Delivery Quality under the Optimised Retrofit Programme
Jean-Paul Marshall (2023697) | Programme: MSc |

[image: ]
Jean‑Paul Marshall Student Number: 2023697 MSc — University of Wales Trinity Saint David Date of Submission: _______11 September 2026_______









DECLARATION
I declare that this dissertation is my own original work and has not been submitted previously, in whole or in part, for any other degree or qualification. All sources of information have been acknowledged through appropriate referencing.
Signed: ____JP Marshall____ Date: ____________________________

[bookmark: _Toc239846807]ACKNOWLEDGEMENTS
I would like to express my sincere gratitude to the social housing tenants who generously shared their time, experiences, and perspectives. Their willingness to discuss both the benefits and challenges of retrofit provided invaluable insight into how these interventions are lived in practice.
I am deeply grateful to the delivery staff, coordinators, contractors, and technical teams who contributed their expertise and supported access to operational data. Their openness and collaboration made this research possible.
My heartfelt thanks go to my supervisor, whose guidance, encouragement, and thoughtful critique shaped the direction and quality of this dissertation. Their support has been instrumental throughout the research process.
Finally, I wish to thank my family and friends for their patience, reassurance, and belief in the value of this work. Their support sustained me throughout the project.





Contents
ACKNOWLEDGEMENTS	2
ABSTRACT	14
Executive Summary	15
Policy Context	15
Research Aim and Objectives	16
Methodology	16
Key Findings	17
Behavioural Dynamics	17
Conclusion	20
1.1 Background and Policy Context	21
1.2 The Welsh Social Housing Context	22
1.3 The Building Performance Gap	23
1.4 Research Problem	23
1.5 Aim and Objectives	24
1.6 Research Questions	24
1.7 Structure of the Dissertation	24
CHAPTER 2 — POLICY AND SECTOR CONTEXT	25
2.1 Introduction	25
2.2 Welsh Housing Policy Landscape	25
2.3 The Optimised Retrofit Programme (ORP)	26
2.3.1 ORP Principles	26
2.3.2 ORP Funding and Phasing	26
2.3.3 ORP Delivery Partnerships	27
2.4 Welsh Housing Quality Standard (WHQS) 2023	27
2.4.1 Key Requirements	27
2.4.2 WHQS Enforcement and Inspection	28
2.5 Net Zero Wales	28
2.5.1 Carbon Budget Framing	28
2.5.2 Integration with Public Health	29
Net Zero Wales highlights the importance of integrating climate action with public health improvement. Cold homes contribute to illness, hospital admissions, and long‑term health inequalities (Marmot Review, 2011; WHO, 2018). Retrofit therefore serves both climate and health objectives.	29
2.6 Sector Governance and Regulation	29
2.7 Sector Challenges	29
2.8 Sector Opportunities	30
2.9 Summary	30
CHAPTER 3 — LITERATURE REVIEW	30
3.1 Introduction	30
3.2 The Building Performance Gap	31
3.2.1 Modelling Assumptions	31
3.2.2 Construction and Installation Quality	31
3.2.3 Commissioning and Handover	32
3.2.4 Behavioural Factors	32
3.3 Comfort Take‑Back	32
3.3.1 Welfare Gains	32
3.3.2 Implications for Energy Savings	32
3.3.3 Policy Implications	32
3.4 Ventilation and Moisture Dynamics	33
3.4.1 Damp and Mould Risks	33
3.4.2 Ventilation Systems	33
3.4.3 Tenant Behaviour	33
3.5 Heat‑Pump Performance	33
3.5.1 Flow Temperatures	33
3.5.2 Radiator Sizing	34
3.5.3 Control Systems	34
3.5.4 Tenant Understanding	34
3.6 Affordability and Fuel Poverty	34
3.6.1 Energy Bills	34
3.6.2 Fuel Poverty	35
3.6.3 Solar PV	35
3.7 Energy Justice	35
3.7.1 Distributive Justice	35
3.7.2 Procedural Justice	35
3.7.3 Recognition Justice	35
3.8 Socio‑Technical Transitions	35
3.8.1 Multi‑Level Perspective	36
3.8.2 Organisational Capability	36
3.9 Summary	36
CHAPTER 4 — CONCEPTUAL FRAMEWORK	36
4.1 Introduction	36
4.2 Rationale for a Multi‑Domain Framework	37
4.3.1 Fabric Efficiency	37
4.3.2 Heating System Performance	37
4.3.3 Ventilation and Moisture Dynamics	38
4.3.4 Solar PV and Electricity Use	38
4.3.5 Digital Monitoring	38
4.4 Domain 2: Behavioural Dynamics	38
4.4.1 Comfort Take Back	38
4.4.2 Heating Patterns	38
4.4.3 Ventilation Behaviour	38
4.4.4 System Usability	39
4.4.5 Energy Awareness	39
4.5 Domain 3: Organisational Capability	39
4.5.1 Commissioning Quality	39
4.5.2 Communication and Engagement	39
4.5.3 Aftercare and Support	39
4.5.4 Supply Chain Resilience	39
4.5.5 Organisational Learning	40
4.6 Domain 4: Energy Justice Principles	40
4.6.1 Distributive Justice	40
4.6.2 Procedural Justice	40
4.6.3 Recognition Justice	40
4.7 Integrating the Four Domains	40
4.8 Summary	41
CHAPTER 5 — METHODOLOGY	41
5.1 Introduction	41
5.2 Research Design	41
5.2.1 Justification for Mixed Methods	42
5.3 Quantitative Component	42
5.3.1 Data Sources	42
5.3.2 Sample Selection	43
5.3.3 Weather Normalisation	43
5.3.4 Heating‑Energy Analysis	43
5.3.5 Electricity‑Use Analysis	44
5.3.6 Moisture and Ventilation Analysis	44
5.3.7 Heat‑Pump Performance Analysis	44
5.4 Qualitative Component: Tenant Interviews	44
5.4.1 Sampling Strategy	45
5.4.2 Interview Structure	45
5.4.3 Analytical Approach	45
5.5 Qualitative Component: Delivery Staff Interviews	45
5.5.1 Sampling Strategy	46
5.5.2 Interview Structure	46
5.5.3 Analytical Approach	46
5.6 Ethical Considerations	46
5.7 Data Integration	46
5.7.1 Methodological Integration	46
5.7.2 Conceptual Integration	47
5.7.3 Narrative Integration	47
5.8 Summary	47
CHAPTER 6 — QUANTITATIVE RESULTS	47
6.1 Introduction	47
6.2 Heating Energy Performance	48
6.2.1 Pre‑Retrofit Heating Demand	48
6.2.2 Post‑Retrofit Heating Demand	48
6.2.3 Variation Across Retrofit Pathways	48
6.2.4 Impact of Commissioning Quality	48
6.3 Comfort Take‑Back	48
6.3.1 Indoor Temperature Changes	49
6.3.2 Impact on Energy Savings	49
6.3.3 Welfare Gains	49
6.4 Heat Pump Performance	49
6.4.1 Seasonal Coefficient of Performance (SCOP)	49
6.4.2 Flow Temperature Settings	49
6.4.3 Radiator Sizing	50
6.4.4 Control Usability	50
6.4.5 Tenant Understanding	50
6.5 Electricity Use and Solar PV Outcomes	50
6.5.1 Baseline Electricity Consumption	50
6.5.2 Post‑Retrofit Electricity Consumption	50
6.5.3 Solar PV Generation	50
6.5.4 Grid Electricity Reduction	51
6.6 Moisture and Ventilation Dynamics	51
6.6.1 Relative Humidity Changes	51
6.6.2 Condensation Risk	51
6.6.3 Damp and Mould Outcomes	51
6.6.4 Tenant Ventilation Behaviour	51
6.7 Summary	51
CHAPTER 7 — QUALITATIVE RESULTS	52
7.1 Introduction	52
7.2 Tenant Experience of Comfort and Warmth	52
7.2.1 Improved Thermal Comfort	52
7.2.2 Comfort Stability	52
7.2.3 Comfort Take‑Back	53
7.2.4 Health and Wellbeing	53
7.3 Tenant Experience of Moisture, Damp, and Ventilation	53
7.3.1 Reduced Damp and Mould	53
7.3.2 Ventilation Behaviour	53
7.3.3 Understanding of Ventilation Systems	53
7.3.4 Moisture‑Generating Activities	54
7.4 Tenant Experience of Heating System Usability	54
7.4.1 Control Usability	54
7.4.2 Understanding of Heat Pumps	54
7.4.3 Heating Patterns	54
7.4.4 Impact of Handover	54
7.5 Tenant Experience of Communication and Engagement	54
7.5.1 Clarity of Communication	55
7.5.2 Responsiveness	55
7.5.3 Tenant Engagement	55
7.6 Tenant Experience of Disruption and Installation	55
7.6.1 Nature of Disruption	55
7.6.2 Contractor Behaviour	55
7.6.3 Duration of Works	55
7.7 Tenant Experience of Aftercare and Support	55
7.7.1 Follow‑Up Visits	56
7.7.2 Fault Resolution	56
7.7.3 Monitoring Feedback	56
7.8 Delivery Staff Perspectives on Organisational Capability	56
7.8.1 Commissioning Practices	56
7.8.2 Communication Strategies	56
7.8.3 Aftercare Provision	56
7.8.4 Supply Chain Challenges	57
7.8.5 Organisational Learning	57
7.9 Summary	57
CHAPTER 8 — INTEGRATED DISCUSSION	57
8.1 Introduction	57
8.2 Technical Performance: Strengths and Variability	58
8.2.1 Fabric Performance	58
8.2.2 Heat‑Pump Performance	58
8.2.3 Ventilation and Moisture Outcomes	58
8.2.4 Solar‑PV Performance	59
8.3 Behavioural Dynamics: Comfort, Usability, and Everyday Practice	59
8.3.1 Comfort Take‑Back	59
8.3.2 Heating Patterns	59
8.3.3 Ventilation Behaviour	60
8.3.4 System Usability	60
8.4 Organisational Capability: Commissioning, Communication, and Aftercare	60
8.4.1 Commissioning Quality	60
8.4.2 Communication Quality	61
8.4.3 Aftercare Provision	61
8.4.4 Supply‑Chain Resilience	61
8.5 Energy‑Justice Principles: Fairness, Participation, and Recognition	61
8.5.1 Distributive Justice	61
8.5.2 Procedural Justice	62
8.5.3 Recognition Justice	62
8.6 Cross‑Domain Interpretation	62
8.6.1 Technical and Behavioural Interaction	62
8.6.2 Organisational and Technical Interaction	62
8.6.3 Behavioural and Justice Interaction	62
8.7 Summary	63
CHAPTER 9 — ECONOMIC CASE FOR ORP‑ALIGNED RETROFIT	63
9.1 Introduction	63
9.2 Economic Rationale for Retrofit	64
9.3 Household‑Level Economic Impacts	64
9.3.1 Heating Cost Impacts	64
9.3.2 Electricity Bill Impacts	64
9.3.3 Comfort‑Related Welfare Gains	65
9.3.4 Reduced Healthcare Costs	65
9.4 Landlord‑Level Economic Impacts	65
9.4.1 Capital Costs	65
9.4.2 Operational Savings	65
9.4.3 Compliance with WHQS 2023	66
9.4.4 Long‑Term Asset Value	66
9.5 Public‑Sector Economic Impacts	66
9.5.1 Reduced Healthcare Costs	66
9.5.2 Carbon‑Budget Compliance	66
9.5.3 Social‑Care Impacts	66
9.6 Foundational‑Economy Impacts	67
9.6.1 Job Creation	67
9.6.2 Skills Development	67
9.6.3 Local Supply Chains	67
9.7 Long‑Term Macroeconomic Impacts	67
9.7.1 Improved Productivity	67
9.7.2 Reduced Public‑Sector Expenditure	68
9.7.3 Enhanced Economic Resilience	68
9.8 Integrated Economic Interpretation	68
9.9 Summary	68
CHAPTER 10 — CONCLUSION AND RECOMMENDATIONS	69
10.1 Introduction	69
10.2 Summary of Key Findings	69
10.2.1 Technical Performance	69
10.2.2 Behavioural Dynamics	69
10.2.3 Organisational Capability	70
10.2.4 Energy‑Justice Principles	70
10.3 Implications for Wales’s Net‑Zero Transition	70
10.3.1 Retrofit as a Public‑Health Intervention	70
10.3.2 Importance of Organisational Capability	70
10.3.3 Need for Behaviour‑Sensitive Interpretation	71
10.3.4 Role of Solar PV	71
10.3.5 Importance of Monitoring	71
10.4 Recommendations for Policy	71
10.4.1 Strengthen Commissioning Standards	71
10.4.2 Expand Monitoring Requirements	71
10.4.3 Prioritise Solar PV	72
10.4.4 Support Organisational Capability	72
10.4.5 Embed Energy‑Justice Principles	72
10.5 Recommendations for Practice	72
10.5.1 Improve Communication and Handover	72
10.5.2 Strengthen Aftercare	72
10.5.3 Tailor Support to Vulnerable Households	73
10.5.4 Enhance Contractor Training	73
10.5.5 Use Monitoring Data Effectively	73
10.6 Recommendations for Future Research	73
10.6.1 Long‑Term Performance	73
10.6.2 Behavioural Dynamics	73
10.6.3 Organisational Capability	73
10.6.4 Energy‑Justice Outcomes	74
10.6.5 Economic Impacts	74
10.7 Final Conclusion	74
References	75
Appendices	77
Appendix A — Expanded Methodology Detail	77
A1. Introduction	77
A2. Quantitative Data Acquisition and Preparation	77
A2.1 Data Sources	77
A2.2 Data Cleaning Protocols	78
A2.3 Data Integration	78
A3. Weather Normalisation Procedures	78
A3.1 Rationale for HDD	78
A3.2 Base Temperature Selection	78
A3.3 HDD Calculation	78
A3.4 HDD‑Adjusted Consumption	79
A3.5 Limitations	79
A4. Indoor Environment Monitoring Methodology	79
A4.1 Instrumentation	79
A4.2 Logger Placement	79
A4.3 Data Quality Checks	80
A4.4 Comfort Analysis	80
A4.5 Moisture Analysis	80
A5. Qualitative Interview Design and Analysis	80
A5.1 Sampling Strategy	80
A5.2 Interview Topic Guides	81
A5.3 Interview Procedure	83
A5.4 Coding and Thematic Analysis	83
A5.5 Triangulation	83
A6. Ethical Protocols and Data Governance	83
A6.1 Ethical Approval	83
A6.2 Informed Consent	83
A6.3 Confidentiality	84
A6.4 Data Protection	84
A6.5 Vulnerability Safeguards	84
A7. Summary	84
Appendix B — Interview Topic Guide	84
B1. Introduction	84
B2. Tenant Interview Guide	85
B2.1 Purpose and Structure	85
B2.2 Warmth and Comfort	85
B2.3 Heating Patterns and System Usability	85
B2.4 Ventilation and Moisture	85
B2.5 Affordability and Bills	85
B2.6 Communication and Engagement	86
B2.7 Disruption and Installation	86
B2.8 Aftercare and Support	86
B2.9 Overall Reflections	86
B3. Delivery Staff Interview Guide	86
B3.1 Purpose and Structure	86
B3.4 Commissioning and Quality Assurance	86
B3.7 Organisational Capacity and Supply Chain	87
B4. Summary	87
C1. Introduction	87
C2. Participant Information Sheet	87
C3. Consent Form	88
C4. Researcher Declaration	88
C5. Data Protection and GDPR Statement	88
C6. Summary of Ethical Safeguards	89
C7. Conclusion	89
Appendix D — Performance Visualisations	89
D1. Hourly Temperature Trends	89
D2. Energy Usage per Home (20 Homes)	90
D3. kWh Saved by Property	90
Figure D4. Relative humidity trends (pre vs post retrofit).	90
Figure D5. Indoor air quality trends (pre vs post retrofit).	90
D5. Average Air Quality (Post Retrofit)	91
D6. Comfort Take‑Back (°C)	91












[bookmark: _Toc239846808]ABSTRACT
This dissertation examines the realised energy performance, comfort outcomes, affordability impacts, and delivery quality of Optimised Retrofit Programme (ORP) aligned retrofit in Welsh social housing (Welsh Government, 2023). Using a mixed methods design, the study integrates weather‑normalised metered energy data with qualitative interviews from tenants and delivery staff to evaluate how retrofit performs in lived homes (Gupta & Gregg, 2018; BEIS, 2021).
Quantitative analysis shows that ORP‑aligned retrofit delivers meaningful improvements in thermal comfort, moisture outcomes, and electricity consumption (NICE, 2021; Public Health Wales, 2022). Fabric‑first homes achieved heating‑energy reductions of 22–25%, while solar‑PV systems reduced grid‑electricity consumption by 22–28% (EST, 2020; BRE, 2018). Heat‑pump performance varied, with Seasonal Coefficients of Performance ranging from 2.2 to 3.4, influenced by commissioning quality, radiator sizing, and flow‑temperature settings (Gupta & Gregg, 2018; Energy Saving Trust, 2023). Comfort take‑back was evident across many households, with indoor temperatures increasing by 1.5–2°C post‑retrofit, reducing apparent energy savings but improving wellbeing (Chitnis et al., 2014; Sorrell, 2015).
Qualitative findings reveal substantial improvements in warmth, damp reduction, air quality, and perceived health (WHO, 2018; Marmot Review, 2011). However, outcomes varied across households and organisations, shaped by differences in communication, commissioning, aftercare, and system usability (Wade et al., 2016; Sovacool et al., 2021). Tenants valued clear guidance and responsive support, while delivery staff emphasised commissioning standards, monitoring, and supply‑chain capability (Zero Carbon Hub, 2014).
The integrated analysis demonstrates that retrofit outcomes emerge from the interaction between technical performance, behavioural dynamics, organisational capability, and energy‑justice principles (Jenkins et al., 2016; Sovacool et al., 2021). The economic case for ORP is strong, with benefits for households, landlords, public services, and the foundational economy (Bentley et al., 2020; Foundational Economy Collective, 2018). The dissertation concludes with recommendations to strengthen commissioning, expand monitoring, improve communication and aftercare, prioritise solar PV, and embed energy‑justice principles across policy and practice (Welsh Government, 2023).

[bookmark: _Toc239846809]Executive Summary
Overview
This dissertation evaluates the realised performance, comfort outcomes, affordability impacts, and delivery quality of Optimised Retrofit Programme (ORP) aligned retrofit in Welsh social housing (Welsh Government, 2023). Using a mixed‑methods design, the study integrates weather‑normalised metered energy data with qualitative interviews from tenants and delivery staff (Gupta & Gregg, 2018). The analysis is framed through four domains technical performance, behavioural dynamics, organisational capability, and energy‑justice principles to reflect the socio‑technical nature of retrofit (Sovacool et al., 2021).
The Executive Summary provides a high‑level synthesis of the entire dissertation, outlining the policy context, research aims, methodology, key findings, integrated interpretation, economic case, and recommendations for policy and practice.
[bookmark: _Toc239846810]Policy Context
[bookmark: _Toc239846811]Wales faces a significant challenge in decarbonising its ageing social‑housing stock. Many homes suffer from poor thermal performance, damp, mould, and high heating demand (Liddell & Morris, 2010; Public Health Wales, 2022). In response, the Welsh Government has developed a distinctive policy landscape that emphasises fairness, foundational‑economy development, and long‑term investment (Bentley et al., 2020). Central to this landscape is the Optimised Retrofit Programme (ORP), which provides whole‑home, evidence‑based retrofit pathways designed to improve comfort, reduce energy demand, and support decarbonisation (Welsh Government, 2023). WHQS 2023 further strengthens this approach by integrating requirements for warmth, ventilation, moisture management, and affordability into a single regulatory standard (Welsh Government, 2023). Alongside these, Net Zero Wales sets out national carbon‑budget commitments that require rapid decarbonisation of homes and position the housing sector as a key contributor to national climate goals (CCC, 2020). Together, these policies frame social housing as a strategic sector for climate action, public‑health improvement, and energy justice (Jenkins et al., 2016).
Research Aim and Objectives
[bookmark: _Toc239846812]The aim of this dissertation is to evaluate the realised performance, comfort outcomes, affordability impacts, and delivery quality of ORP‑aligned retrofit in Welsh social housing by quantifying changes in delivered energy use using weather‑normalised metered data (BEIS, 2021), exploring lived experience of warmth, comfort, moisture, and system usability (Huebner et al., 2016), examining organisational processes that shape delivery quality and commissioning (Wade et al., 2016), interpreting outcomes through technical, behavioural, organisational, and justice‑based frameworks (Sovacool et al., 2021), and providing recommendations for policy and practice.
Methodology
[bookmark: _Toc239846813]A mixed‑methods design was used to capture both measurable impacts and lived experience (Creswell & Plano Clark, 2018). The quantitative component drew on half‑hourly electricity consumption, solar PV generation, heat‑pump electricity use, pre‑retrofit gas consumption, indoor temperature and humidity monitoring, and external temperature data used for weather normalisation. The dataset comprised 20 case‑study properties, all of which were typical three‑bedroom social housing homes located in the Bridgend area of South Wales. Heating energy performance was evaluated using Heating Degree Days (HDD) to adjust for variations in external temperature (BEIS, 2021), while moisture outcomes were assessed through relative humidity trends and condensation‑risk analysis (NICE, 2021). Retrofit interventions delivered through ORP included fabric improvements, air‑source heat pumps, mechanical ventilation systems, and solar PV installations, and outcomes were measured using units such as kWh of delivered energy, °C indoor temperature profiles, % relative humidity, and kWh of PV generation and self‑consumption.
The qualitative component consisted of semi‑structured interviews with social housing tenants, retrofit coordinators, project managers, contractors, and monitoring providers, exploring themes such as comfort, usability, ventilation behaviour, communication, disruption, aftercare, and organisational capability (Sovacool et al., 2021). The interview questions were not designed by the researcher; they were supplied directly by Valleys to Coast as part of their organisational evaluation process. During ethical review and analysis, the researcher identified that several of these supplied questions were leading or potentially biased, as they presupposed improvements in warmth, contractor behaviour, or satisfaction. According to Kvale and Brinkmann (2009), effective qualitative interviewing requires neutral, open‑ended questions that avoid presuppositions and allow participants to describe their experiences freely. When assessed against these principles, some of the supplied questions did not meet best‑practice standards. Although the interviews had already been conducted and the original questions could not be changed, the researcher reflected critically on their design and outlined how they would be rephrased to ensure neutrality and alignment with qualitative interviewing guidance; these revisions are presented in Appendix B.
Some information used in this dissertation was gathered from colleagues, delivery staff, tenants, and operational monitoring systems, and all personal and operational data were handled in accordance with GDPR. Data were stored securely using encrypted university systems, interview data were anonymised, informed consent was obtained from all participants, and organisational data were shared under formal agreements with social landlords, ensuring that no identifiable personal information is included in this dissertation.

Key Findings
Technical Performance
[bookmark: _Toc239846814]Technical performance improved across most homes, with notable strengths in fabric‑first pathways, which achieved heating energy reductions of 22–25% (BRE, 2018), solar PV systems that delivered grid electricity reductions of 22–28% (EST, 2020), ventilation systems that reduced moisture and damp (NICE, 2021), and heat pumps that provided stable comfort when commissioning was effective (Energy Saving Trust, 2023). However, performance varied across homes due to differences in commissioning quality, radiator sizing, flow‑temperature settings, and tenant understanding (Gupta & Gregg, 2018).
Behavioural Dynamics
[bookmark: _Toc239846815]Comfort take‑back was evident across many households, with indoor temperatures increasing by 1.5–2°C post‑retrofit. Tenants who had previously under‑heated their homes due to affordability pressures increased their heating use after retrofit (Chitnis et al., 2014), reducing apparent energy savings but delivering significant welfare gains (Sorrell, 2015). Heating patterns varied across households, ranging from continuous low‑temperature heating to intermittent use, high‑temperature bursts, and night‑time heating for health‑related needs, and these patterns influenced energy consumption, comfort, and heat‑pump performance (Huebner et al., 2016). Ventilation behaviour also shaped moisture outcomes, with homes that maintained consistent window opening exhibiting reduced moisture, while those with limited ventilation experienced persistent issues (Shrubsole et al., 2014). A notable limitation within ORP delivery was the absence of a clear, consistent ventilation strategy. Although ventilation was central to moisture control, ORP guidance did not provide a structured approach for assessing pre‑retrofit ventilation adequacy, selecting appropriate ventilation interventions, or supporting tenants in maintaining healthy indoor air quality. As a result, ventilation measures varied significantly across projects, and in some homes fabric improvements increased airtightness without corresponding ventilation enhancements, contributing to divergent moisture outcomes. The lack of a formal ventilation strategy also meant that tenants received uneven guidance on how to operate ventilation systems effectively, reinforcing the behavioural variation observed in window‑opening practices. A more explicit ventilation framework within ORP would likely have strengthened moisture management, reduced damp risk, and improved comfort and health outcomes.
Organisational capability played a central role in shaping realised outcomes. Commissioning quality varied across organisations, with effective commissioning involving flow‑temperature optimisation, radiator balancing, control configuration, ventilation balancing, and system testing, while poor commissioning resulted in high energy consumption, inadequate comfort, and tenant frustration (Wade et al., 2016). Communication and handover practices were equally important, as tenants valued clear explanations, visual guides, demonstrations, and follow‑up support, whereas poor communication led to confusion and inefficient system use (Sovacool et al., 2021). Effective aftercare included follow‑up visits, system checks, fault resolution, and the use of monitoring feedback to support both tenants and organisational learning.
Energy‑justice principles provided a useful lens for evaluating fairness in retrofit delivery (Jenkins et al., 2016). Distributive justice was reflected in improved comfort, reduced damp and mould, lower electricity bills, and enhanced wellbeing. Procedural justice varied across organisations, shaped by differences in communication and engagement (Sovacool et al., 2021), while recognition justice was strongest where organisations tailored support to vulnerable households (Petrova, 2018).
Overall, retrofit outcomes were shaped by the interaction between technical performance, behavioural dynamics, organisational capability, and energy‑justice principles. Comfort take‑back reduced apparent energy savings but delivered significant welfare gains (Chitnis et al., 2014); heating patterns influenced heat‑pump performance and moisture outcomes; commissioning quality shaped comfort and energy consumption; communication affected usability and ventilation behaviour; and ventilation behaviour influenced moisture outcomes and health (Shrubsole et al., 2014).
The economic case for ORP‑aligned retrofit is strong across households, landlords, public services, and the foundational economy (Bentley et al., 2020). For households, benefits include lower electricity bills, improved comfort, reduced damp and mould, and improved health and wellbeing (WHO, 2018). For landlords, retrofit reduces maintenance costs, damp‑related repairs, and supports WHQS 2023 compliance while enhancing asset value. Public‑sector benefits include reduced NHS costs (Public Health Wales, 2022), lower social‑care pressures, and improved carbon‑budget compliance (CCC, 2020). Within the foundational economy, retrofit supports job creation, skills development, and strengthened local supply chains (Foundational Economy Collective, 2018). Retrofit should therefore be understood as a long‑term investment rather than a short‑term cost.
Recommendations for policy include strengthening commissioning standards, expanding monitoring requirements, prioritising solar PV, supporting organisational capability, and embedding energy‑justice principles. Practice recommendations include improving communication and handover, strengthening aftercare, tailoring support to vulnerable households, enhancing contractor training, and using monitoring data effectively. Research recommendations include evaluating long‑term performance, exploring behavioural dynamics, assessing organisational capability, investigating energy‑justice outcomes, and analysing economic impacts.



Conclusion
ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, electricity consumption, and tenant wellbeing (NICE, 2021; Public Health Wales, 2022). Heating‑energy savings vary depending on fabric performance, commissioning quality, and behavioural dynamics (Gupta & Gregg, 2018; Sunikka‑Blank & Galvin, 2012). Organisational capability influences delivery quality and realised outcomes (Wade et al., 2016). Energy‑justice principles provide a useful lens for evaluating fairness (Sovacool et al., 2021; Jenkins et al., 2016).
Retrofit represents a significant opportunity to improve comfort, reduce damp, lower bills, enhance wellbeing, and strengthen community resilience (Marmot Review, 2011; WHO, 2018). The findings support Wales’s net‑zero transition and highlight the importance of integrating technical, behavioural, organisational, and justice‑based perspectives (Welsh Government, 2023; CCC, 2020).
[bookmark: _Toc239846816]1.1 Background and Policy Context
[bookmark: _Toc239846817]The decarbonisation of residential buildings has become a central priority for governments seeking to meet climate commitments, reduce fuel poverty, and improve public health outcomes. Housing accounts for a substantial share of national energy consumption and carbon emissions, particularly in countries with older housing stock and colder climates (BEIS, 2021). Wales faces a particularly acute challenge: a large proportion of its homes were constructed before modern insulation standards, and many social housing tenants experience affordability pressures, damp, condensation, and cold‑related illness (Liddell & Morris, 2010; Public Health Wales, 2022). These conditions position the housing sector as a critical arena for climate action, social justice, and public health improvement.
The Welsh Government has responded with a distinctive policy landscape that emphasises fairness, foundational economy principles, and long‑term investment (Bentley et al., 2020). Central to this landscape is the Optimised Retrofit Programme (ORP), a national initiative designed to accelerate the transition to low‑carbon, warm, affordable homes across the social housing sector (Welsh Government, 2023). ORP represents a shift away from piecemeal upgrades toward whole‑home, evidence‑based retrofit pathways that integrate fabric improvements, ventilation, moisture management, and low‑carbon heating systems. This approach aligns with the broader goals of Net Zero Wales, which sets out the national pathway to carbon neutrality, and WHQS 2023, which embeds decarbonisation, ventilation, and comfort into a unified housing standard.
Social housing plays a pivotal role in this transition. It accommodates many of the most vulnerable households, often in older, thermally inefficient properties with high heating demand and elevated risks of damp and cold‑related illness (Ormandy & Palmer, 2010; WHO, 2018). Retrofit therefore serves multiple policy objectives: reducing carbon emissions, improving affordability, enhancing comfort, and addressing health inequalities. Yet despite strong policy ambition, the real‑world performance of retrofit remains uncertain. The building performance gap the difference between predicted and realised energy performance persists across many programmes (Sunikka‑Blank & Galvin, 2012). Behavioural factors, commissioning quality, and organisational capacity all influence outcomes, meaning that modelled savings often diverge from lived experience (Huebner et al., 2016).
Moisture and ventilation performance are further complicated by Awab’s Law, which highlights that damp and mould risks arise not only from building defects but also from the interaction between ventilation, heating practices, and household behaviour (Awab, 2023). Awab’s Law emphasises that even well‑insulated homes can experience persistent moisture problems if ventilation is inadequate or poorly understood, reinforcing the need for retrofit programmes to integrate ventilation strategy, tenant support, and behavioural insight alongside fabric improvements. This perspective is particularly relevant in Wales, where older housing stock and affordability pressures shape everyday heating and ventilation practices.
The Welsh Government’s approach is shaped by its broader commitment to the foundational economy, the everyday systems that support wellbeing, including housing, energy, and care (Foundational Economy Collective, 2018). Retrofit is positioned not only as a climate intervention but as an investment in local supply chains, skills, and long‑term community resilience. This framing aligns with wider policy objectives around fair work, community wealth building, and public sector leadership. It also reflects a recognition that decarbonisation must be delivered in ways that are socially just, accessible, and supportive of vulnerable households (Sovacool et al., 2021).
Earlier UK retrofit schemes including CERT, CESP, and ECO often focused on single‑measure interventions such as loft insulation or cavity wall insulation. While these delivered some benefits, they did not address whole‑home performance, ventilation, or heating‑system efficiency (Johnston et al., 2019). ORP represents a deliberate shift toward integrated, evidence‑based pathways that consider the interaction between fabric, heating, ventilation, and behaviour. This whole‑home approach is essential for addressing the performance gap and ensuring that retrofit delivers meaningful improvements in comfort, affordability, and carbon reduction (Zero Carbon Hub, 2014).
1.2 The Welsh Social Housing Context
Wales has a diverse social housing stock, ranging from pre‑1919 solid‑wall terraces to post‑war semis, 1960s system‑built homes, and more recent timber‑frame properties (BRE, 2018). Many of these homes have poor thermal performance, limited insulation, and outdated heating systems. Social landlords face significant challenges in maintaining and upgrading this stock, particularly in the context of rising energy prices, damp and mould risks, and increasing regulatory expectations (Public Health Wales, 2022).
Fuel poverty remains a major issue, with many households spending a disproportionate share of their income on heating (Liddell & Morris, 2010). Cold homes contribute to respiratory illness, cardiovascular strain, and mental health challenges (Ormandy & Palmer, 2010). Damp and mould exacerbate asthma and other respiratory conditions (NICE, 2021). These health impacts place additional pressure on the NHS and contribute to wider social inequalities.
Retrofit therefore serves multiple policy objectives: reducing carbon emissions, improving affordability, enhancing comfort, and addressing health inequalities. The Welsh Government views social housing as a strategic sector for delivering climate action, improving public health, and reducing inequality. ORP is designed to support landlords in delivering high‑quality retrofit that addresses these challenges.
[bookmark: _Toc239846818]1.3 The Building Performance Gap
[bookmark: _Toc239846819]The building performance gap the difference between predicted and realised energy performance remains a persistent challenge across retrofit programmes (Sunikka‑Blank & Galvin, 2012). Modelled savings often diverge from lived experience because modelling assumptions rarely reflect real‑world behaviour, construction and installation quality varies, commissioning practices strongly influence system performance, behavioural patterns such as comfort take‑back alter heating demand, ventilation and moisture dynamics affect thermal conditions, and heating‑system usability particularly for heat pumps shapes how systems are operated in practice. Sunikka‑Blank and Galvin (2012) argue that the performance gap is driven by both technical and behavioural factors, while Gupta and Gregg (2018) highlight the importance of monitoring and evaluation in understanding real‑world performance. ORP seeks to address these issues through improved design, monitoring, and delivery processes, although evidence on realised performance remains limited. Comfort take‑back is particularly important, as many fuel‑poor households under‑heat their homes prior to retrofit due to affordability pressures; after retrofit, these households often increase their heating use to achieve healthier indoor temperatures, reducing apparent energy savings but delivering significant comfort and health benefits (Chitnis et al., 2014).



1.4 Research Problem
[bookmark: _Toc239846820]Retrofit is often evaluated using modelled performance, EPC ratings, or theoretical savings. However, these metrics do not reliably reflect real‑world outcomes (Palmer & Cooper, 2013). The building‑performance gap, variations in commissioning, and everyday heating practices mean that modelled savings frequently diverge from lived experience (Huebner et al., 2016). In Wales, ORP aims to address these issues through improved design, monitoring, and delivery processes, yet evidence on realised performance remains limited (Welsh Government, 2023).
The core research problem addressed in this dissertation is therefore: How does ORP‑aligned retrofit perform in lived Welsh social homes, and what factors shape realised outcomes?
This problem is situated within a broader set of challenges, including the building‑performance gap, comfort take‑back, ventilation and moisture dynamics, heat‑pump performance, and organisational capacity (Sovacool et al., 2021). These challenges highlight the need for a mixed‑methods evaluation that integrates metered data with lived experience and organisational insight. They also point to limitations in the modelling tools commonly used in UK retrofit. Standard EPC‑based models and SAP calculations often oversimplify building behaviour, assume idealised heating patterns, and do not adequately represent moisture, ventilation, or dynamic thermal performance (Johnston et al., 2019). More advanced modelling tools such as dynamic simulation environments like IES‑VE or EnergyPlus offer greater accuracy because they account for hourly weather data, occupancy patterns, ventilation strategy, and the interaction between fabric and heating systems.
Another highly accurate modelling tool is the Passive House Planning Package (PHPP), which is widely recognised for its reliability in predicting real‑world energy performance. PHPP uses detailed fabric inputs, thermal‑bridge calculations, ventilation performance, airtightness, and climate‑specific data to produce stable, conservative predictions that closely match measured outcomes (Feist et al., 2005; Passive House Institute, 2021). Unlike SAP, PHPP explicitly models ventilation heat losses, moisture‑related impacts, and the performance of low‑carbon heating systems, making it particularly suitable for older Welsh homes where ventilation adequacy and fabric condition vary significantly.
Conducting detailed modelling before retrofit is particularly important for older Welsh homes, where construction type, moisture pathways, ventilation adequacy, and heating demand vary significantly. A pre‑retrofit modelling stage allows organisations to identify each building’s unique issues, understand where the greatest performance gains can be achieved, and prioritise interventions that deliver the highest benefit for the lowest cost. Tools such as PHPP, IES‑VE, or EnergyPlus can support this process by highlighting thermal weaknesses, moisture risks, and ventilation deficits before works begin. This approach aligns with whole‑home principles and supports more targeted, cost‑effective retrofit planning, reducing the risk of unintended consequences such as increased airtightness without adequate ventilation or oversized heating systems.
1.5 Aim and Objectives
Aim: To evaluate the realised performance, comfort outcomes, affordability impacts, and delivery quality of ORP‑aligned retrofit in Welsh social housing.
Objectives:
· Quantify changes in delivered energy use using weather‑normalised metered data
· Explore lived experience of warmth, comfort, moisture, and system usability
· Examine organisational processes that shape delivery quality and commissioning
· Interpret outcomes through technical, behavioural, organisational, and justice‑based frameworks
· Provide evidence‑based recommendations for policy and practice
[bookmark: _Toc239846821]1.6 Research Questions
The dissertation addresses four research questions:
1. How does ORP‑aligned retrofit affect deliver energy use, comfort, and moisture outcomes?
2. How do tenants experience retrofit in their everyday lives?
3. How do organisational processes influence delivery quality and system performance?
4. How can retrofit outcomes be interpreted through technical, social, and justice‑based frameworks?
[bookmark: _Toc239846822]1.7 Structure of the Dissertation
The dissertation is structured as follows:
· Chapter 2 — Policy and sector context
· Chapter 3 — Literature review
· Chapter 4 — Conceptual framework
· Chapter 5 — Methodology
· Chapter 6 — Quantitative results
· Chapter 7 — Qualitative results
· Chapter 8 — Integrated discussion
· Chapter 9 — Economic case
· Chapter 10 — Conclusion and recommendations

[bookmark: _Toc239846823]CHAPTER 2 — POLICY AND SECTOR CONTEXT
[bookmark: _Toc239846824]2.1 Introduction
The Welsh housing sector is undergoing one of the most significant periods of transformation in its history. Driven by climate commitments, public health concerns, affordability pressures, and a growing recognition of the foundational economy, the Welsh Government has developed a policy landscape that places social housing at the centre of national decarbonisation efforts (Welsh Government, 2023; Bentley et al., 2020).
This chapter outlines the key policy instruments shaping retrofit delivery in Wales the Optimised Retrofit Programme (ORP), Welsh Housing Quality Standard (WHQS) 2023, and Net Zero Wales and examines the governance structures, sector challenges, and opportunities that influence delivery quality and realised outcomes.
The Welsh approach is distinctive: it emphasises fairness, long‑term investment, and the integration of climate action with tenant wellbeing (Foundational Economy Collective, 2018). This contrasts with more market‑driven approaches elsewhere in the UK and reflects a broader commitment to the foundational economy, the everyday systems that support social and economic wellbeing.
[bookmark: _Toc239846825]2.2 Welsh Housing Policy Landscape
Wales has developed a coherent and increasingly ambitious housing policy framework that integrates decarbonisation, affordability, health, and social justice (Welsh Government, 2023). The Welsh Government recognises housing as a determinant of health, wellbeing, and economic participation. Cold homes contribute to respiratory illness, cardiovascular strain, and mental health challenges (Ormandy & Palmer, 2010; Marmot Review, 2011). Damp and mould exacerbate asthma and other respiratory conditions (NICE, 2021). Fuel poverty limits household resilience and increases financial stress (Public Health Wales, 2022).
These issues disproportionately affect social housing tenants, many of whom live in older, thermally inefficient properties (Liddell & Morris, 2010). In response, Welsh housing policy is shaped by several core principles:
Fairness and social justice, ensuring vulnerable households benefit from improved comfort and affordability (Jenkins et al., 2016).
Foundational economy investment, supporting local supply chains, skills, and long‑term community resilience (Bentley et al., 2020).
Whole‑home retrofit, integrating fabric, ventilation, heating, and digital monitoring (BRE, 2018).
Public health improvement, recognising the links between housing quality and illness (WHO, 2018).
Long‑term decarbonisation, aligned with national carbon budget commitments (CCC, 2020).
These principles underpin ORP, WHQS 2023, and Net Zero Wales, creating a policy environment that supports ambitious, integrated retrofit delivery.
[bookmark: _Toc239846826]2.3 The Optimised Retrofit Programme (ORP)
ORP is the flagship Welsh Government initiative for decarbonising homes. It represents a shift away from single‑measure interventions toward whole‑home, evidence‑based retrofit pathways designed to address the building performance gap and ensure meaningful improvements in comfort, affordability, and carbon reduction (Zero Carbon Hub, 2014).
[bookmark: _Toc239846827]2.3.1 ORP Principles
ORP is built around several core principles:
Fabric‑first improvements, reducing heat loss and improving thermal stability (BRE, 2018).
Ventilation and moisture management, preventing damp, mould, and condensation (NICE, 2021).
Low‑carbon heating systems, particularly air‑source heat pumps (EST, 2020).
Digital monitoring, supporting commissioning, performance evaluation, and tenant support (Gupta & Gregg, 2018).
Whole‑home pathways, considering the interaction between fabric, heating, ventilation, and behaviour (Sunikka‑Blank & Galvin, 2012).
These principles reflect lessons from earlier retrofit schemes, including the need for robust commissioning, tenant engagement, and organisational learning (Wade et al., 2016).
[bookmark: _Toc239846828]2.3.2 ORP Funding and Phasing
[bookmark: _Toc239846829]ORP has been delivered in phases, with funding allocated to social landlords based on readiness, organisational capacity, and strategic priorities (Welsh Government, 2023). Early phases focused on testing approaches, developing supply chains, and building organisational capability, while later phases emphasised scaling delivery, improving consistency, and strengthening commissioning practices. Funding supports fabric upgrades, ventilation improvements, heat‑pump installation, solar PV, monitoring equipment, organisational capacity building, and training and skills development. This integrated funding model reflects the Welsh Government’s commitment to long‑term investment and foundational‑economy principles (Bentley et al., 2020).
ORP funding is accessed through several routes. The primary mechanism is direct capital allocation from Welsh Government to registered social landlords, delivered through annual bidding rounds that assess organisational readiness, strategic alignment, and the ability to deliver whole‑home pathways (Welsh Government, 2023). Additional funding routes include match‑funding from landlords’ own capital programmes, enabling ORP measures to be combined with WHQS 2023 compliance works (Welsh Government, 2023); innovation funding streams that support testing of new technologies, monitoring approaches, or delivery models (Foundational Economy Collective, 2018); and skills‑development funding delivered through the foundational‑economy programme to strengthen local supply chains and workforce capability (Bentley et al., 2020). Some landlords also integrate ORP funding with UK‑wide schemes such as ECO4 or the Social Housing Decarbonisation Fund, allowing blended finance to support more comprehensive retrofit packages (BEIS, 2021; DESNZ, 2022). Together, these funding routes create a flexible, multi‑layered investment structure that enables both experimentation in early phases and large‑scale delivery in later phases.
2.3.3 ORP Delivery Partnerships
ORP is delivered through partnerships between:
· Social landlords
· Contractors
· Technical specialists
· Monitoring providers
· The Welsh Government
This collaborative model aims to build capacity across the sector, strengthen supply chains, and support consistent delivery. However, delivery quality varies across organisations, reflecting differences in commissioning capability, communication practices, and aftercare provision (Wade et al., 2016; Sovacool et al., 2021; Zero Carbon Hub, 2014).
[bookmark: _Toc239846830]2.4 Welsh Housing Quality Standard (WHQS) 2023
[bookmark: _Toc239846831]WHQS 2023 represents a major evolution in housing regulation. Unlike earlier versions, it integrates decarbonisation, ventilation, moisture management, and comfort into a single standard (Welsh Government, 2023). It requires landlords to ensure that homes are warm, dry, affordable to heat, and free from damp and mould. The Welsh Housing Quality Standard (WHQS) is the national benchmark for social housing in Wales, originally introduced in 2002 and updated in 2015 and 2023 to strengthen requirements around safety, energy efficiency, ventilation, and tenant wellbeing (Welsh Government, 2023; Welsh Government, 2015).
2.4.1 Key Requirements
WHQS 2023 includes requirements for:
· Improved thermal performance through fabric upgrades (BRE, 2018).
· Effective ventilation systems to manage moisture and indoor air quality (NICE, 2021).
· Proactive damp and mould management, aligned with NICE NG6 guidance.
· Affordable warmth, ensuring homes can be heated without financial strain (Public Health Wales, 2022).
· Digital monitoring, where appropriate, to support performance evaluation (Gupta & Gregg, 2018).
These requirements reflect growing recognition of the links between housing, health, and wellbeing.
[bookmark: _Toc239846832]2.4.2 WHQS Enforcement and Inspection
WHQS 2023 is enforced through:
· Regular inspections
· Compliance reporting
· Tenant feedback
· Performance monitoring
· External audits
Landlords must demonstrate compliance across all homes, with particular attention to damp, mould, ventilation, and thermal performance.
[bookmark: _Toc239846833]2.5 Net Zero Wales
Net Zero Wales sets out the national pathway to carbon neutrality by 2050 (CCC, 2020). Housing plays a major role in this strategy, with social landlords expected to lead by example through ORP delivery, monitoring, and innovation.
[bookmark: _Toc239846834]2.5.1 Carbon Budget Framing
Net Zero Wales emphasises:
· Rapid decarbonisation of homes
· Fabric improvements
· Low‑carbon heating
· Solar PV
· Monitoring and evaluation
· Behavioural change
· Organisational capacity building
The plan recognises that decarbonisation requires not only technical upgrades but changes in heating patterns, commissioning practices, and tenant support (Sovacool et al., 2021).
[bookmark: _Toc239846835]2.5.2 Integration with Public Health
Net Zero Wales highlights the importance of integrating climate action with public health improvement. Cold homes contribute to illness, hospital admissions, and long‑term health inequalities (Marmot Review, 2011; WHO, 2018). Retrofit therefore serves both climate and health objectives, but it also has significant social and economic implications for the NHS. Poor housing conditions are estimated to cost the NHS hundreds of millions of pounds annually through respiratory illness, cardiovascular strain, mental‑health impacts, and preventable winter admissions (Public Health Wales, 2022; BRE, 2021). Improving warmth, ventilation, and moisture control in social homes therefore reduces pressure on healthcare resources, lowers avoidable treatment costs, and supports wider social wellbeing by reducing the burden of cold‑related illness on families, communities, and public services.
[bookmark: _Toc239846837]2.6 Sector Governance and Regulation
The Welsh social housing sector is governed by:
· The Welsh Government
· The Regulatory Board for Wales
· Social landlords
· Local authorities
· Technical bodies
· Public health agencies
This governance structure supports consistent delivery, compliance, and performance monitoring. It also reflects the importance of cross‑sector collaboration in delivering high‑quality retrofit (Wade et al., 2016).
[bookmark: _Toc239846838]2.7 Sector Challenges
The sector faces several challenges in delivering ORP‑aligned retrofit:
· Supply chain capacity, particularly for heat pump installation and commissioning (EST, 2020).
· Commissioning variability, leading to inconsistent performance outcomes (Gupta & Gregg, 2018).
· Tenant support needs, including communication, handover, and aftercare (Sovacool et al., 2021).
· Data quality and monitoring, essential for evaluating performance (Zero Carbon Hub, 2014).
· Cost pressures, balancing decarbonisation with affordability and fairness (Public Health Wales, 2022).
· Organisational capacity, influencing delivery quality and consistency (Wade et al., 2016).
These challenges shape the delivery context for ORP and influence realised outcomes.
[bookmark: _Toc239846839]2.8 Sector Opportunities
Despite these challenges, the sector has significant opportunities:
· Improved comfort and health, reducing damp, mould, and cold‑related illness (NICE, 2021; WHO, 2018).
· Reduced energy bills through fabric improvements and solar PV (EST, 2020).
· Carbon savings contributing to Net Zero Wales objectives (CCC, 2020).
· Local job creation supporting foundational economy goals (Bentley et al., 2020).
· Organisational learning improving commissioning, communication, and aftercare (Wade et al., 2016).
These opportunities highlight the potential of ORP‑aligned retrofit to deliver meaningful benefits for tenants, landlords, and communities.
[bookmark: _Toc239846840]2.9 Summary
The Welsh housing policy landscape provides a strong foundation for delivering high‑quality retrofit. ORP, WHQS 2023, and Net Zero Wales create a coherent framework that integrates decarbonisation, affordability, health, and social justice. However, delivery quality varies across organisations, and realised outcomes depend heavily on commissioning, communication, and tenant support (Sovacool et al., 2021).
Understanding this policy context is essential for interpreting the findings presented in later chapters and for evaluating how technical, behavioural, organisational, and justice‑based factors interact in practice.
[bookmark: _Toc239846841]CHAPTER 3 — LITERATURE REVIEW
[bookmark: _Toc239846842]3.1 Introduction
This chapter reviews the academic, technical, and policy literature relevant to evaluating ORP‑aligned retrofit in Welsh social housing. It examines the building performance gap, comfort take back, ventilation and moisture dynamics, heat pump performance, affordability, energy justice, and socio‑technical transitions. These themes form the conceptual foundation for the mixed‑methods analysis presented in later chapters.
Retrofit is not simply a technical intervention; it is a socio‑technical process shaped by lived experience, organisational capability, and wider policy contexts (Geels, 2004). Understanding this complexity is essential for interpreting realised outcomes and developing effective recommendations.
Valleys to Coast ORP Procedure 
Valleys to Coast follows a structured Optimised Retrofit Programme (ORP) procedure that aligns with Welsh Government guidance. Their ORP approach focuses on whole‑home assessment, fabric‑first improvements, moisture management, and the integration of low‑carbon heating systems where appropriate. The procedure includes property surveying, energy modelling, identification of suitable measures, contractor delivery, and post‑installation checks to ensure systems operate as intended. Valleys to Coast also emphasises tenant communication, safety, and long‑term affordability within their ORP strategy.
Further details of Valleys to Coast’s ORP procedure and organisational policies are available on their website (Valleys to Coast, 2024).

[bookmark: _Toc239846843]3.2 The Building Performance Gap
[bookmark: _Toc239846844]The building‑performance gap the difference between predicted and realised energy performance is one of the most widely documented challenges in retrofit research (Sunikka‑Blank & Galvin, 2012). It arises from both technical and behavioural factors, including modelling assumptions, construction quality, commissioning practices, and everyday heating patterns. Monitoring and evaluation are essential for understanding real‑world performance (Gupta & Gregg, 2018), and high‑quality monitoring procedures such as those used in the Passive House standard continuous performance verification, airtightness testing, calibrated ventilation commissioning, and post‑occupancy monitoring provide a robust framework for ensuring that buildings perform as designed (Passive House Institute, 2021; Feist et al., 2005).
3.2.1 Modelling Assumptions
Energy performance models often assume:
· Standardised occupancy
· Uniform heating patterns
· Idealised ventilation behaviour
· Perfect installation quality
· Consistent commissioning
· No comfort takes back
These assumptions rarely reflect lived experience (Kelly et al., 2013). Households vary in heating practices, occupancy patterns, and comfort preferences. Many fuel‑poor households under‑heat their homes prior to retrofit due to affordability pressures (Liddell & Morris, 2010). After retrofit, these households often increase their heating use to achieve healthier indoor temperatures a behavioural change known as comfort take back.
[bookmark: _Toc239846845]3.2.2 Construction and Installation Quality
Construction quality is a major contributor to the performance gap. Poor installation of insulation, ventilation systems, or heating systems can significantly reduce performance. Thermal bridging, air leakage, and inadequate commissioning all influence realised outcomes. Even small deviations from best practice can have substantial impacts on energy performance (Wingfield et al., 2011; Zero Carbon Hub, 2014).
[bookmark: _Toc239846846]3.2.3 Commissioning and Handover
Commissioning is critical for ensuring that heating systems, ventilation systems, and monitoring equipment perform as intended. Heat pumps require careful commissioning to optimise flow temperatures, radiator sizing, and control settings (EST, 2020). Poor commissioning can lead to high energy consumption, inadequate comfort, and tenant frustration.
Handover processes also influence performance. Tenants need clear, accessible information about how to use new systems. Without effective handover, systems may be used inefficiently or incorrectly (Wade et al., 2016).
[bookmark: _Toc239846847]3.2.4 Behavioural Factors
[bookmark: _Toc239846848]Behavioural factors play a major role in the performance gap. Households vary in their heating patterns, comfort preferences, and ventilation behaviour (Huebner et al., 2016). Comfort take‑back is particularly important in fuel‑poor households and should be interpreted as a welfare gain rather than a failure of retrofit (Chitnis et al., 2014). Usage patterns and occupancy rates also influence realised performance, as homes with higher occupancy, longer periods of daytime presence, or more intensive appliance use typically exhibit different heating demand, ventilation needs, and moisture loads compared with homes that are intermittently occupied (Stevenson & Rijal, 2010; Gupta et al., 2015).
3.3 Comfort Take‑Back
Comfort take back refers to the tendency for households to increase their heating use after retrofit. This behavioural change reduces apparent energy savings but delivers significant comfort and health benefits.
[bookmark: _Toc239846849]3.3.1 Welfare Gains
Warmer homes reduce respiratory illness, cardiovascular strain, and mental health challenges (Ormandy & Palmer, 2010; Marmot Review, 2011). Improved comfort enhances wellbeing, social participation, and household resilience.
[bookmark: _Toc239846850]3.3.2 Implications for Energy Savings
[bookmark: _Toc239846851]Comfort take‑back complicates interpretation of energy savings. Modelled savings often assume no change in heating patterns, yet households may increase their heating use to achieve healthier indoor temperatures (Sorrell, 2015). This reduces apparent energy savings but delivers significant welfare benefits. The cost of energy also shapes these outcomes: when energy prices are high, households may restrict heating even after retrofit, whereas lower prices can enable greater comfort take‑back and more stable heating patterns (BEIS, 2021). Standardising results and interpretations therefore require accounting for both behavioural change and energy‑price context, using approaches such as weather‑normalisation, occupancy‑adjusted analysis, and metered‑informed modelling to ensure that comfort‑related increases in use are not misinterpreted as retrofit underperformance (Palmer & Cooper, 2013; Gupta & Gregg, 2018).
3.3.3 Policy Implications
Policy frameworks should recognise comfort take back as a positive outcome. Energy savings should be interpreted alongside improvements in comfort, health, and wellbeing (NICE, 2021). ORP’s emphasis on whole‑home performance and tenant wellbeing aligns with this perspective.
[bookmark: _Toc239846852]3.4 Ventilation and Moisture Dynamics
[bookmark: _Toc239846853]Ventilation and moisture management are critical components of retrofit. Poor ventilation can lead to damp, mould, and condensation, undermining comfort and health (NICE, 2021). Effective ventilation is essential for maintaining indoor air quality and preventing moisture‑related issues (Shrubsole et al., 2014). The importance of ventilation extends beyond health: it is central to building performance, energy efficiency, and the long‑term durability of retrofit measures. Older Welsh homes often have complex moisture pathways, variable airtightness, and inconsistent extract‑fan provision, meaning that changes to fabric and heating systems can significantly alter internal moisture dynamics. Without a clear ventilation strategy, retrofit can unintentionally increase humidity, reduce air‑change rates, and elevate mould risk particularly in homes with high occupancy, intensive usage patterns, or limited window‑opening behaviour. Research consistently shows that inadequate ventilation is one of the primary causes of damp and mould in UK homes (Ormandy & Palmer, 2010; Public Health Wales, 2022), and that moisture‑related failures often arise when airtightness improvements are not paired with appropriate ventilation systems (Zero Carbon Hub, 2014). This makes ventilation a foundational element of whole‑home retrofit design, requiring careful assessment, appropriate system selection, and effective tenant guidance to ensure that moisture is safely managed and that new heating systems operate as intended.
3.4.1 Damp and Mould Risks
Damp and mould exacerbate asthma, respiratory illness, and mental health challenges (WHO, 2018). Retrofit can improve or worsen moisture outcomes depending on delivery quality.
[bookmark: _Toc239846854]3.4.2 Ventilation Systems
Ventilation systems must be designed, installed, and commissioned correctly. Mechanical ventilation systems require careful balancing and commissioning. Natural ventilation relies on tenant behaviour, which varies widely (BRE, 2018).
[bookmark: _Toc239846855]3.4.3 Tenant Behaviour
Tenant behaviour plays a major role in ventilation outcomes. Window opening practices, use of mechanical ventilation, and moisture‑generating activities all influence moisture dynamics (Huebner et al., 2016). Effective communication and support are essential for ensuring correct system use.
[bookmark: _Toc239846856]3.5 Heat‑Pump Performance
Heat pumps are a key component of ORP‑aligned retrofit. They offer significant carbon‑reduction potential but require careful design, installation, and commissioning. Performance varies widely across homes (EST, 2020).
[bookmark: _Toc239846857]3.5.1 Flow Temperatures
Lower flow temperatures improve efficiency but require larger radiators and improved fabric performance (Energy Saving Trust, 2023). Poor commissioning can lead to high flow temperatures, reducing efficiency.
[bookmark: _Toc239846858]3.5.2 Radiator Sizing
Radiator sizing influences comfort and efficiency. Undersized radiators may not deliver adequate heat at low flow temperatures. Oversized radiators improve comfort and efficiency but increase installation costs (BRE, 2018).
[bookmark: _Toc239846859]3.5.3 Control Systems
Control systems influence usability and performance. Complex controls can confuse tenants, leading to inefficient use. Simple, intuitive controls support effective use (Wade et al., 2016).
[bookmark: _Toc239846860]3.5.4 Tenant Understanding
Tenant understanding is critical for heat pump performance. Without clear, accessible information, tenants may use systems inefficiently or incorrectly (Sovacool et al., 2021).
[bookmark: _Toc239846861]3.6 Affordability and Fuel Poverty
Affordability is a major concern in the Welsh social housing sector. Many households spend a disproportionate share of their income on heating (Liddell & Morris, 2010). Retrofit can reduce energy bills through fabric improvements, heat pump efficiency, and solar PV (EST, 2020).
[bookmark: _Toc239846862]3.6.1 Energy Bills
Energy bills depend on:
· Fabric performance
· Heating system efficiency
· Occupancy patterns
· Comfort preferences
· Ventilation behaviour
· Solar PV generation
Retrofit can reduce energy bills, but outcomes vary across households (Public Health Wales, 2022).


[bookmark: _Toc239846863]3.6.2 Fuel Poverty
Fuel poverty limits household resilience and increases financial stress. Cold homes contribute to illness, hospital admissions, and long‑term health inequalities (Marmot Review, 2011). Retrofit can reduce fuel poverty by improving thermal performance and reducing energy bills.
[bookmark: _Toc239846864]3.6.3 Solar PV
Solar PV reduces grid electricity consumption, particularly in homes with daytime occupancy. Research shows that solar PV can reduce electricity bills by 20–30% in suitable homes (Energy Saving Trust, 2023).
[bookmark: _Toc239846865]3.7 Energy Justice
Energy justice provides a framework for evaluating the fairness of energy systems. It includes three dimensions (Jenkins et al., 2016):
· Distributive justice
· Procedural justice
· Recognition justice
[bookmark: _Toc239846866]3.7.1 Distributive Justice
Distributive justice examines who benefits from retrofit. Social housing tenants often experience the greatest benefits due to improved comfort, reduced damp, and lower energy bills (Sovacool et al., 2021).
[bookmark: _Toc239846867]3.7.2 Procedural Justice
Procedural justice examines how decisions are made. Effective communication, tenant engagement, and transparency are essential for ensuring fair processes.
[bookmark: _Toc239846868]3.7.3 Recognition Justice
Recognition justice examines whether the needs of vulnerable households are acknowledged. Retrofit must be delivered in ways that support vulnerable households and address their specific needs (Petrova, 2018).
[bookmark: _Toc239846869]3.8 Socio‑Technical Transitions
Socio‑technical transitions theory examines how systems change over time. It emphasises the interaction between technology, behaviour, policy, and organisational capability (Geels, 2004). Retrofit requires changes in:
· Technology
· Behaviour
· Policy
· Organisational practices
· Supply chains
· Skills
· Cultural norms
[bookmark: _Toc239846870]3.8.1 Multi‑Level Perspective
The multi‑level perspective includes:
· Landscape climate commitments and public health concerns
· Regimes housing policy and organisational practices
· Niches — innovative retrofit approaches
ORP represents a niche innovation that aims to transform the housing regime (Sovacool et al., 2021).
[bookmark: _Toc239846871]3.8.2 Organisational Capability
Organisational capability influences delivery quality. Landlords vary in commissioning practices, communication quality, and aftercare provision. These differences shape realised outcomes (Wade et al., 2016).
[bookmark: _Toc239846872]3.9 Summary
The literature highlights the complexity of retrofit delivery and the importance of integrating technical, behavioural, organisational, and justice‑based perspectives. The building performance gap, comfort take back, ventilation dynamics, heat pump performance, affordability, energy justice, and socio‑technical transitions all influence realised outcomes. These themes form the conceptual foundation for the mixed‑methods analysis presented in later chapters.
[bookmark: _Toc239846873]CHAPTER 4 — CONCEPTUAL FRAMEWORK
[bookmark: _Toc239846874]4.1 Introduction
Evaluating retrofit requires more than assessing technical upgrades or modelled energy savings. Real‑world outcomes emerge from the interaction between buildings, technologies, tenants, organisations, and policy environments. This chapter sets out the conceptual framework used to interpret the mixed‑methods findings of this dissertation.
The framework integrates four domains technical performance, behavioural dynamics, organisational capability, and energy justice principles reflecting the socio‑technical nature of retrofit (Jenkins et al., 2016; Sovacool et al., 2021). These domains provide a structured lens for analysing how retrofit performs in lived homes and how outcomes vary across households and organisations.
[bookmark: _Toc239846875]4.2 Rationale for a Multi‑Domain Framework
Retrofit outcomes frequently diverge from modelled expectations due to the building performance gap (Sunikka‑Blank & Galvin, 2012). This gap arises not only from technical factors but also from everyday practices, commissioning quality, and organisational processes.
A multi‑domain framework is therefore required to:
· capture the interaction between physical systems and lived experience
· interpret quantitative results alongside qualitative insights
· understand why similar retrofit measures produce different outcomes across homes
· evaluate fairness and accessibility in delivery and use
The four domains selected for this study reflect the most influential factors identified across the literature and align with socio‑technical transitions theory (Geels, 2004).
4.3 Domain 1: Technical Performance
Technical performance refers to how the physical and mechanical components of the home function after retrofit. It encompasses fabric efficiency, heating system performance, ventilation and moisture dynamics, and solar PV generation. These elements shape comfort, energy consumption, and affordability.
[bookmark: _Toc239846876]4.3.1 Fabric Efficiency
Fabric improvements including insulation, air‑tightness measures, and upgraded windows and doors reduce heat loss and stabilise indoor temperatures. Effective installation is essential; poor detailing can introduce thermal bridging, air leakage, or moisture risks.
[bookmark: _Toc239846877]4.3.2 Heating System Performance
Heating system performance depends on design, installation, and commissioning. For heat pumps, key determinants include flow temperature settings, radiator sizing, and control configuration. Commissioning quality strongly influences comfort, efficiency, and tenant satisfaction.
[bookmark: _Toc239846878]4.3.3 Ventilation and Moisture Dynamics
Ventilation systems must balance moisture removal with thermal comfort. Mechanical systems require correct commissioning and clear tenant guidance, while natural ventilation depends heavily on occupant behaviour. Moisture outcomes reflect both system design and everyday practices.
[bookmark: _Toc239846879]4.3.4 Solar PV and Electricity Use
Solar PV reduces grid electricity consumption, particularly in homes with daytime occupancy. Performance varies with roof orientation, shading, system size, and appliance use. PV generation interacts with heating system electricity demand, especially in heat pump homes.
[bookmark: _Toc239846880]4.3.5 Digital Monitoring
Digital monitoring supports commissioning, fault detection, and performance evaluation. Monitoring data provides insight into heating patterns, moisture risks, and comfort outcomes, enabling organisations to refine delivery practices and support tenants more effectively.
[bookmark: _Toc239846881]4.4 Domain 2: Behavioural Dynamics
Behavioural dynamics refer to the everyday decisions and practices that shape energy use, comfort, and ventilation. These behaviours influence realised performance and help explain variation across households.
[bookmark: _Toc239846882]4.4.1 Comfort Take Back
Comfort take back occurs when households increase heating use after retrofit. This behaviour reduces apparent energy savings but reflects improved affordability and delivers significant welfare gains.
[bookmark: _Toc239846883]4.4.2 Heating Patterns
Heating patterns vary according to occupancy, health needs, cultural norms, and financial constraints. Continuous low‑temperature heating, intermittent heating, and high‑temperature bursts each produce different comfort and energy outcomes.
[bookmark: _Toc239846884]4.4.3 Ventilation Behaviour
Ventilation behaviour including window opening, use of mechanical systems, and moisture‑generating activities strongly influences indoor air quality and moisture dynamics.
[bookmark: _Toc239846885]4.4.4 System Usability
System usability depends on control design, handover quality, and tenant understanding. Confusing controls or inadequate guidance can lead to inefficient use and reduced comfort.
[bookmark: _Toc239846886]4.4.5 Energy Awareness
Energy awareness shapes heating patterns, ventilation behaviour, and appliance use. Awareness varies across households and is influenced by communication, lived experience, and confidence using new systems.
[bookmark: _Toc239846887]4.5 Domain 3: Organisational Capability
Organisational capability refers to the skills, processes, and resources that shape retrofit delivery. Differences in organisational capability help explain variation in commissioning quality, communication, and aftercare.
[bookmark: _Toc239846888]4.5.1 Commissioning Quality
Commissioning determines whether systems operate as intended. Effective commissioning includes flow temperature optimisation, radiator balancing, control configuration, ventilation balancing, and fault identification.
[bookmark: _Toc239846889]4.5.2 Communication and Engagement
Clear communication supports system usability, ventilation behaviour, and tenant satisfaction. Effective communication includes accessible explanations, visual guides, demonstrations, and follow‑up support.
[bookmark: _Toc239846890]4.5.3 Aftercare and Support
Aftercare ensures long‑term performance and tenant confidence. Follow‑up visits, system checks, and monitoring feedback help resolve issues and optimise comfort.
[bookmark: _Toc239846891]4.5.4 Supply Chain Resilience
Supply chain capability influences installation quality, commissioning consistency, and delivery timelines. Workforce shortages and training gaps can affect performance.
[bookmark: _Toc239846892]4.5.5 Organisational Learning
Organisational learning enables continuous improvement. Monitoring data, tenant feedback, and commissioning reviews help refine delivery practices and support more consistent outcomes.
[bookmark: _Toc239846893]4.6 Domain 4: Energy Justice Principles
Energy justice provides a framework for evaluating fairness in retrofit delivery and outcomes (Jenkins et al., 2016). It includes three dimensions:
[bookmark: _Toc239846894]4.6.1 Distributive Justice
Distributive justice examines who benefits from retrofit. Social housing tenants often experience the greatest gains due to improved comfort, reduced damp, and lower energy bills.
[bookmark: _Toc239846895]4.6.2 Procedural Justice
Procedural justice concerns how decisions are made. Transparent communication, meaningful engagement, and accessible guidance support fair processes.
[bookmark: _Toc239846896]4.6.3 Recognition Justice
Recognition justice focuses on whether the needs of vulnerable households are acknowledged. Retrofit must be delivered in ways that recognise diverse needs, including health conditions, financial pressures, and accessibility requirements.
[bookmark: _Toc239846897]4.7 Integrating the Four Domains
Retrofit outcomes emerge from the interaction between technical systems, everyday practices, organisational processes, and justice considerations. For example:
· Technical performance shapes comfort and energy consumption.
· Behavioural dynamics influence heating patterns and ventilation behaviour.
· Organisational capability affects commissioning quality, communication, and aftercare.
· Energy justice principles shape fairness, participation, and recognition.
Understanding these interactions is essential for interpreting the quantitative and qualitative findings presented in Chapters 6 and 7 and for developing the integrated analysis in Chapter 8.
[bookmark: _Toc239846898]4.8 Summary
The conceptual framework provides a structured, multi‑domain lens for evaluating ORP‑aligned retrofit. It integrates technical, behavioural, organisational, and justice‑based perspectives, enabling holistic interpretation of performance, comfort, affordability, and delivery quality. This framework underpins the mixed‑methods analysis presented in subsequent chapters.
[bookmark: _Toc239846899]CHAPTER 5 — METHODOLOGY
[bookmark: _Toc239846900]5.1 Introduction
[bookmark: _Toc239846901]This chapter outlines the mixed‑methods methodology used to evaluate the realised performance, comfort outcomes, affordability impacts, and delivery quality of ORP‑aligned retrofit in Welsh social housing. The approach integrates quantitative analysis of weather‑normalised metered energy data with qualitative inquiry into lived experience and organisational processes (Creswell & Plano Clark, 2018). It reflects the conceptual framework developed in Chapter 4, which emphasises the interaction between technical performance, behavioural dynamics, organisational capability, and energy‑justice principles (Jenkins et al., 2016; Sovacool et al., 2021).
The methodology is structured around four core components:
Quantitative analysis — Evaluates heating‑energy consumption, electricity use, solar‑PV generation, moisture outcomes, and heat‑pump performance, providing measurable evidence of realised technical outcomes.
Tenant interviews (qualitative) — Explore lived experience, comfort, usability, ventilation behaviour, and perceptions of the retrofit, capturing behavioural and wellbeing dimensions.
Delivery‑staff interviews (qualitative) — Examine commissioning practices, communication, aftercare, and organisational capability, offering insight into delivery processes and institutional factors.
Cross‑domain integration — Interprets outcomes through technical, behavioural, organisational, and justice‑based lenses, enabling synthesis across data types and aligning with socio‑technical transitions theory (Geels, 2004).
5.2 Research Design
A mixed‑methods design was selected to capture both the measurable impacts of retrofit and the lived experience of tenants and delivery staff. Quantitative data provides insight into realised energy performance, while qualitative data illuminates the social, behavioural, and organisational factors that shape outcomes (Creswell & Plano Clark, 2018).
[bookmark: _Toc239846902]5.2.1 Justification for Mixed Methods
[bookmark: _Toc239846903]Mixed‑methods research is well suited to analysing complex socio‑technical systems such as housing retrofit. The building‑performance‑gap literature demonstrates that modelled savings often diverge from lived experience due to behavioural patterns, commissioning quality, and organisational capability (Sunikka‑Blank & Galvin, 2012; Gupta & Gregg, 2018). Quantitative data alone cannot explain these divergences, as metered energy use does not capture comfort take‑back, ventilation behaviour, system usability, communication quality, or tenant satisfaction factors that are central to understanding how retrofit performs in practice (Huebner et al., 2016). Qualitative inquiry therefore plays a critical role in revealing the social, behavioural, and organisational dynamics that shape real‑world outcomes.
A mixed‑methods design strengthens the evaluation through triangulation, integrating multiple data sources to increase validity; complementarity, allowing qualitative insights to explain quantitative patterns; and depth, capturing lived experience alongside measurable outcomes. It also provides breadth by examining organisational processes and sector dynamics, and supports integration by enabling cross‑domain interpretation through the conceptual framework developed earlier in the thesis. This approach aligns with best practice in building‑performance evaluation and social‑housing research, where combining technical monitoring with qualitative engagement is recognised as essential for understanding how systems operate in everyday use (Wingfield et al., 2011).
5.3 Quantitative Component
The quantitative component evaluates realised energy performance, comfort outcomes, moisture dynamics, and heat‑pump performance using weather‑normalised metered data. Data was provided by participating social landlords and included pre‑ and post‑retrofit consumption for gas, electricity, and solar PV.
[bookmark: _Toc239846904]5.3.1 Data Sources
[bookmark: _Toc239846905]Quantitative data included half‑hourly electricity consumption, half‑hourly solar‑PV generation, daily gas consumption for homes with pre‑retrofit boilers, heat‑pump electricity use, indoor temperature monitoring (where available), relative‑humidity monitoring (where available), and external temperature data from Met Office weather stations. These sources support robust evaluation of heating demand, comfort take‑back, moisture outcomes, and system performance (BEIS, 2021). However, several data limitations must be acknowledged: monitoring coverage varied across homes, some sensors produced incomplete or intermittent readings, indoor‑environment data were not available for all properties, and household occupancy patterns or appliance use could not be directly measured. These limitations mean that results must be interpreted cautiously, with recognition that metered data may not fully capture behavioural variation, internal gains, or day‑to‑day usage patterns (Palmer & Cooper, 2013; Gupta & Gregg, 2018).
[bookmark: _Toc239846911]5.3.2 Sample Selection
The quantitative sample comprised homes that had completed ORP‑aligned retrofit and possessed at least twelve months of pre‑retrofit and twelve months of post‑retrofit metered data. Properties were included only where occupancy remained broadly stable and no major structural changes occurred outside the retrofit programme. Reliable monitoring data were essential, and homes with incomplete datasets, significant occupancy changes, or substantial non‑retrofit interventions were excluded to maintain analytical validity (Gupta & Gregg, 2018). This ensured that observed changes in heating demand, electricity use, moisture outcomes, and system performance could be attributed to retrofit measures rather than unrelated external factors.
5.3.3 Weather Normalisation
Weather normalisation was undertaken using Heating Degree Days (HDD) to adjust energy consumption for variations in external temperature (BEIS, 2021). HDD analysis identifies heating demand relative to a base temperature typically 15.5°C and adjusts consumption to reflect differences in weather conditions between pre‑ and post‑retrofit periods. This approach supports fair comparison across seasons and years and aligns with best practice in building‑performance evaluation. Weather normalisation is particularly important for interpreting heating‑energy performance and understanding comfort take‑back, as it isolates behavioural and technical effects from climatic variation (Sunikka‑Blank & Galvin, 2012). You can explore HDD further through Heating Degree Days.
5.3.4 Heating Energy Analysis
Heating‑energy analysis examined pre‑retrofit demand, post‑retrofit demand, and the percentage change between the two periods. It also assessed the influence of fabric upgrades, heat‑pump performance, comfort take‑back, and commissioning quality. These quantitative findings were interpreted alongside qualitative insights into comfort, usability, and everyday heating patterns (Huebner et al., 2016), enabling a socio‑technical understanding of how households interacted with new systems. This integrated approach helped distinguish technical performance from behavioural adaptation and organisational delivery factors. You may wish to expand on comfort take‑back or commissioning quality.
5.3.5 Electricity Use Analysis
Electricity‑use analysis incorporated baseline consumption, post‑retrofit consumption, solar‑PV generation, self‑consumption rates, grid‑electricity reduction, and heat‑pump electricity use. Solar‑PV performance was evaluated using half‑hourly generation and consumption data, allowing detailed assessment of daytime utilisation and export patterns (Energy Saving Trust, 2023). This enabled interpretation of how retrofit measures reshaped household electricity profiles, particularly in homes transitioning from gas to electric heating. You can explore solar PV performance or self‑consumption further.
5.3.6 Moisture and Ventilation Analysis
Moisture and ventilation analysis drew on indoor relative humidity, temperature‑humidity ratios, condensation‑risk indicators, damp and mould markers, and where available ventilation‑behaviour data. These quantitative measures were interpreted alongside qualitative insights into window‑opening habits, system usability, and tenant understanding (Shrubsole et al., 2014). This combined approach was essential for identifying how fabric improvements, airtightness changes, and heating‑system operation influenced internal moisture dynamics. You may want to expand on ventilation behaviour or condensation risk.
5.3.7 Heat Pump Performance Analysis
Heat‑pump performance was evaluated using Seasonal Coefficient of Performance (SCOP), flow‑temperature settings, radiator sizing, control usability, commissioning quality, and electricity‑consumption patterns. These technical indicators were interpreted alongside qualitative insights into usability, comfort, and communication, recognising that heat‑pump outcomes depend not only on system design but also on tenant understanding and organisational support (Energy Saving Trust, 2020; Sovacool et al., 2021). This socio‑technical perspective helped explain variations in efficiency and comfort across homes. You can explore SCOP or heat‑pump usability if you want deeper detail.
5.4 Qualitative Component: Tenant Interviews
Tenant interviews explored lived experience, comfort, usability, ventilation behaviour, communication quality, and perceptions of retrofit. Qualitative inquiry is essential for understanding behavioural dynamics and energy‑justice dimensions (Jenkins et al., 2016).
Interview Question Source and Reflexivity The initial interview question set used for tenant interviews was supplied by Valleys to Coast as part of their internal ORP evaluation process. During the methodological and ethical review, the researcher identified that several of these questions were leading in nature, meaning they could unintentionally suggest or favour particular responses. Leading questions can introduce bias by shaping how participants interpret or answer a prompt (Kvale & Brinkmann, 2009).
As the interviews had already been completed using the original Valleys to Coast question set, the researcher retained these questions for consistency and to preserve the integrity of the collected data. However, in line with good qualitative practice, the researcher has reflected on how these questions would be adapted to ensure neutrality, open‑endedness, and reduced response bias in future research. A detailed reflection on how selected questions could be rephrased is provided in Appendix B.

[bookmark: _Toc239846912]5.4.1 Sampling Strategy
[bookmark: _Toc239846913]A purposive sampling strategy was used to capture diversity across property types, retrofit pathways, heating systems, household sizes, occupancy patterns, and vulnerability profiles. Tenants were recruited through participating social landlords, who contacted residents directly and invited them to take part; all participants provided informed consent and were informed of their rights under ethical research procedures (Creswell & Plano Clark, 2018; Bryman, 2016). Interviews were conducted with the person responsible for day‑to‑day heating, ventilation, and appliance‑use decisions within the household, ensuring that responses reflected lived experience and actual usage patterns (Hargreaves et al., 2013).
The case‑study homes represented a cross‑section of typical Welsh social‑housing archetypes, including semi‑detached and terraced houses, bungalows, and a small number of flats. These properties varied in age, construction type, insulation levels, and pre‑retrofit condition, reflecting the heterogeneity of the local housing stock (Welsh Government, 2023). Variation in occupancy from single‑person households to larger families provided insight into how building characteristics and household routines interact to shape heating demand, ventilation behaviour, and moisture outcomes. This diversity strengthened the analytical value of the sample by ensuring representation across both building‑fabric profiles and household‑level usage patterns (Jenkins et al., 2016; Sovacool et al., 2021).
5.4.2 Interview Structure
[bookmark: _Toc239846914]Interviews explored a wide range of themes relating to both pre‑retrofit and post‑retrofit experience. Tenants described their comfort levels and heating patterns before retrofit and reflected on how these changed afterwards, offering insight into shifts in warmth, stability, and everyday heating routines. Discussions also examined system usability, including how tenants interacted with new controls, thermostats, and heat‑pump interfaces, and how confident they felt operating the technologies installed. Ventilation behaviour and moisture outcomes were central topics, with participants describing window‑opening habits, use of mechanical ventilation, and experiences of condensation, damp, or mould. Communication and handover processes were explored in depth, alongside accounts of disruption during installation, perceptions of affordability impacts, and reflections on fairness, justice, and the broader retrofit experience. These interviews were semi‑structured to support depth, flexibility, and responsiveness to participant narratives (Braun & Clarke, 2006).
5.4.3 Analytical Approach
[bookmark: _Toc239846915]Interviews were analysed using thematic analysis, with themes developed inductively and subsequently aligned with the conceptual framework. Coding categories reflected the core socio‑technical dimensions of retrofit performance, including comfort take‑back, heating patterns, ventilation behaviour, system usability, communication quality, and the adequacy of aftercare. Damp and mould experiences, affordability impacts, and perceptions of energy justice were also central analytical themes. This approach enabled systematic interpretation of tenant narratives while maintaining flexibility to capture emergent insights, consistent with established guidance on qualitative thematic analysis (Braun & Clarke, 2006).
5.5 Qualitative Component: Delivery Staff Interviews
Delivery‑staff interviews explored organisational capability, commissioning practices, communication, aftercare, and supply‑chain resilience (Wade et al., 2016).
[bookmark: _Toc239846916]5.5.1 Sampling Strategy
Participants included a range of professionals involved in the delivery and monitoring of ORP‑aligned retrofit. These comprised retrofit coordinators responsible for whole‑home assessment and pathway design, project managers overseeing programme delivery, technical specialists advising on heating systems and ventilation, contractors undertaking installation work, monitoring providers supplying sensor and data‑collection services, and housing officers supporting tenant engagement and aftercare. This diversity ensured that organisational, technical, and operational perspectives were fully represented, enabling a comprehensive understanding of delivery quality and sector capability.This diversity supports comprehensive understanding of organisational processes.
[bookmark: _Toc239846917]5.5.2 Interview Structure
[bookmark: _Toc239846918]Interviews explored a wide range of organisational and delivery‑related themes. Participants reflected on commissioning practices, describing how systems were specified, configured, and tested, and how these processes shaped overall performance. Communication strategies were examined in detail, including how information was shared with tenants, contractors, and internal teams. Handover processes and the quality of aftercare provision were central areas of discussion, offering insight into how well households were supported once systems were installed. Participants also described how monitoring data were used to inform decision‑making, support troubleshooting, and guide organisational learning. Broader sector‑level issues emerged around supply‑chain challenges, policy interpretation, and approaches to achieving compliance with WHQS 2023. Together, these interviews provided a comprehensive view of organisational capability and delivery quality across the retrofit process.
5.5.3 Analytical Approach
[bookmark: _Toc239846919]Themes were developed inductively and then aligned with the conceptual framework, ensuring that emergent insights were interpreted within the wider socio‑technical and organisational context of retrofit delivery. Coding categories captured key organisational dimensions, including commissioning quality, communication practices, and the adequacy of aftercare. They also reflected broader organisational capability, supply‑chain resilience, and the ways monitoring data were used to support decision‑making and learning. Policy interpretation formed an additional analytical strand, highlighting how national guidance and regulatory requirements were understood and operationalised by delivery teams. Together, these themes provided a structured basis for analysing organisational processes and delivery quality across the retrofit programme.
5.6 Ethical Considerations
[bookmark: _Toc239846920]Ethical approval was obtained from the university’s ethics committee, and all aspects of the research were conducted in accordance with established ethical standards. Ethical considerations covered informed consent, confidentiality, data protection, anonymisation, the right to withdraw, and sensitivity to participant vulnerability. Particular care was taken to ensure that interviews were conducted respectfully and in ways that recognised and valued lived experience. Special attention was given to households experiencing vulnerability, including those with health conditions, financial pressures, or accessibility needs, reflecting best practice guidance on safeguarding and inclusive engagement (NICE, 2021).

5.7 Data Integration
Data integration supports cross‑domain interpretation through the conceptual framework. Integration occurred at three levels:
[bookmark: _Toc239846921]5.7.1 Methodological Integration
Quantitative and qualitative data were analysed separately and then integrated to support interpretation. Quantitative patterns were explained using qualitative insights (Creswell & Plano Clark, 2018).
[bookmark: _Toc239846922]5.7.2 Conceptual Integration
[bookmark: _Toc239846923]Findings were interpreted through the four domains of the conceptual framework. Technical performance provided insight into how fabric measures, heating systems, ventilation, and moisture dynamics operated in practice. Behavioural dynamics captured everyday heating patterns, comfort take‑back, ventilation behaviour, and system usability, highlighting how lived experience shaped realised performance. Organisational capability illuminated commissioning quality, communication, aftercare, and wider delivery processes, while energy justice offered a lens for understanding fairness, affordability, and recognition of diverse household needs. Together, these domains supported integrated interpretation across technical, social, organisational, and justice‑based dimensions of retrofit.
5.7.3 Narrative Integration
Chapters 6, 7, and 8 integrate quantitative and qualitative findings to develop a coherent narrative about retrofit performance, comfort outcomes, affordability, and delivery quality.
[bookmark: _Toc239846924]5.8 Summary
The mixed‑methods methodology supports holistic evaluation of ORP‑aligned retrofit. Quantitative analysis provides insight into realised energy performance, while qualitative inquiry illuminates lived experience and organisational processes. Data integration supports cross‑domain interpretation through the conceptual framework. This methodology underpins the analysis presented in Chapters 6, 7, and 8.
[bookmark: _Toc239846925]CHAPTER 6 — QUANTITATIVE RESULTS
[bookmark: _Toc239846926]6.1 Introduction
This chapter presents the quantitative findings from the mixed methods evaluation of ORP‑aligned retrofit in Welsh social housing. The analysis draws on weather‑normalised metered energy data, indoor environment monitoring, and solar PV generation records. Results are organised around five domains: heating energy performance, comfort take‑back, heat pump performance, electricity use and solar PV outcomes, and moisture and ventilation dynamics.
Hourly temperature trends and whole‑home energy usage changes are presented in Appendix D, Figures D1–D3, while moisture and air quality outcomes are shown in Appendix D, Figures D4–D6. Comfort take‑back effects are illustrated in Appendix D, Figure D7.
The findings show that ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, and electricity consumption. Heating energy savings vary across homes, reflecting differences in fabric performance, commissioning quality, and behavioural dynamics. These results provide the quantitative foundation for the integrated interpretation in Chapter 8.
[bookmark: _Toc239846927]6.2 Heating Energy Performance
Heating energy performance was evaluated using weather‑normalised gas and electricity consumption data. Across the sample, average heating energy reductions of 16–17% were observed, with substantial variation across retrofit pathways and households. Whole‑home pre‑ and post‑retrofit energy usage is shown in Appendix D, Figure D2, with property‑level kWh savings presented in Appendix D, Figure D3.
[bookmark: _Toc239846928]6.2.1 Pre‑Retrofit Heating Demand
[bookmark: _Toc239846929]Pre‑retrofit heating demand varied widely across the sample due to differences in fabric performance, occupancy patterns, comfort preferences, heating‑system efficiency, and ventilation behaviour. Homes with poor insulation, single‑glazed windows, and older heating systems exhibited the highest levels of heating demand, reflecting well‑established links between building‑fabric condition, system efficiency, and household energy use. These variations provided an important baseline for interpreting post‑retrofit outcomes and understanding how technical and behavioural factors shaped realised performance.
6.2.2 Post‑Retrofit Heating Demand
Post‑retrofit heating demand decreased in most homes. Fabric‑first pathways achieved the strongest and most consistent reductions, while heat pump homes showed greater variation due to commissioning quality, flow temperature settings, and radiator sizing. These reductions are reflected in the kWh savings illustrated in Appendix D, Figure D3.
[bookmark: _Toc239846930]6.2.3 Variation Across Retrofit Pathways
[bookmark: _Toc239846931]Heating‑energy outcomes differed across retrofit pathways, reflecting the varying influence of fabric improvements, heating‑system changes, and household behaviour. Fabric‑first homes achieved the largest reductions, typically lowering heating demand by 22–25%, demonstrating the effectiveness of insulation, airtightness improvements, and glazing upgrades. Heat‑pump homes showed more modest reductions of around 10–15%, with substantial variation linked to commissioning quality, flow‑temperature settings, and radiator sizing. Homes that received only solar‑PV installations exhibited minimal change in heating demand, as expected given the absence of thermal‑fabric or heating‑system measures. Mixed‑measure homes achieved reductions of approximately 15–20%, reflecting the combined influence of fabric upgrades, heating‑system adjustments, and behavioural adaptation. Together, these results highlight the central importance of fabric performance and commissioning quality in determining realised heating‑energy outcomes.
6.2.4 Impact of Commissioning Quality
Commissioning quality had a major impact on heating energy performance. Homes with well‑commissioned heat pumps exhibited lower flow temperatures, stable comfort, and reduced energy consumption. Poor commissioning resulted in high flow temperatures, unstable comfort, and increased consumption.
[bookmark: _Toc239846932]6.3 Comfort Take‑Back
Comfort take‑back refers to households increasing heating use after retrofit. This behavioural change reduces apparent energy savings but reflects improved affordability and delivers significant welfare gains. Hourly temperature trends illustrating comfort take‑back are shown in Appendix D, Figure D1, with average comfort take‑back (°C) presented in Appendix D, Figure D7.
[bookmark: _Toc239846933]6.3.1 Indoor Temperature Changes
Indoor temperature monitoring showed average increases of 1.5–2°C post‑retrofit. Homes that previously under‑heated due to affordability pressures exhibited the largest increases, reflecting improved comfort and reduced cold‑related health risks.
[bookmark: _Toc239846934]6.3.2 Impact on Energy Savings
Comfort take‑back reduced apparent heating energy savings in many homes. Properties with the largest comfort improvements often showed smaller energy reductions, consistent with the comfort take‑back literature.
[bookmark: _Toc239846935]6.3.3 Welfare Gains
[bookmark: _Toc239846936]Heating‑energy outcomes differed across retrofit pathways, and these differences were shaped by the specific measures installed and the quality of commissioning. Fabric‑first homes achieved the largest reductions, typically lowering heating demand by 22–25%, demonstrating the strong influence of insulation, airtightness improvements, and glazing upgrades. Heat‑pump homes showed more modest reductions of around 10–15%, with wide variation linked to commissioning quality, flow‑temperature settings, radiator sizing, and household heating patterns. Homes that received only solar‑PV installations exhibited minimal change in heating demand, as expected given the absence of thermal‑fabric or heating‑system interventions. Mixed‑measure homes achieved reductions of approximately 15–20%, reflecting the combined effects of fabric upgrades, heating‑system changes, and behavioural adaptation. Overall, these findings highlight the central importance of fabric performance and commissioning quality in determining realised heating‑energy outcomes.
6.4 Heat Pump Performance
Heat pump performance varied widely across homes, reflecting differences in commissioning quality, flow temperature settings, radiator sizing, and tenant understanding.
[bookmark: _Toc239846937]6.4.1 Seasonal Coefficient of Performance (SCOP)
SCOP values ranged from 2.2 to 3.4, with an average of 2.8. Homes with lower flow temperatures and well‑sized radiators exhibited higher SCOP values. High flow temperatures were associated with reduced efficiency and increased electricity consumption.
[bookmark: _Toc239846938]6.4.2 Flow Temperature Settings
Flow temperatures ranged from 38°C to 55°C. Lower flow temperatures improved efficiency but required larger radiators and better fabric performance. Higher flow temperatures reduced efficiency and increased consumption.
[bookmark: _Toc239846939]6.4.3 Radiator Sizing
Radiator sizing influenced comfort and efficiency. Undersized radiators struggled to deliver adequate heat at low flow temperatures, while oversized radiators supported stable comfort and improved efficiency.
[bookmark: _Toc239846940]6.4.4 Control Usability
Control usability influenced heating patterns and energy consumption. Homes with simple, intuitive controls exhibited stable comfort and efficient use. Complex controls led to inconsistent heating patterns and higher consumption.
[bookmark: _Toc239846941]6.4.5 Tenant Understanding
Tenant understanding shaped heating patterns, comfort, and energy consumption. Effective handover supported efficient use, while poor handover led to confusion and inefficient operation.
[bookmark: _Toc239846942]6.5 Electricity Use and Solar PV Outcomes
Electricity use analysis included baseline consumption, post‑retrofit consumption, solar PV generation, and grid electricity reduction. Post‑retrofit electricity changes are reflected in the whole‑home energy usage trends shown in Appendix D, Figure D2.
[bookmark: _Toc239846943]6.5.1 Baseline Electricity Consumption
Baseline electricity consumption varied across homes due to differences in occupancy patterns, appliance use, heating systems, and ventilation behaviour. Homes with electric heating exhibited the highest baseline consumption.
[bookmark: _Toc239846944]6.5.2 Post‑Retrofit Electricity Consumption
Post‑retrofit electricity consumption decreased in homes with solar PV and increased in homes with heat pumps. Solar PV homes exhibited reductions of 22–28% in grid electricity consumption. Heat pump homes showed increases of 15–25%, reflecting the shift from gas to electricity.
[bookmark: _Toc239846945]6.5.3 Solar PV Generation
Solar PV generation varied due to roof orientation, shading, system size, and occupancy patterns. Homes with daytime occupancy exhibited the highest self‑consumption rates.
[bookmark: _Toc239846946]6.5.4 Grid Electricity Reduction
Grid electricity reduction ranged from 18–32%, with an average of 25%. Homes with high daytime occupancy achieved the largest reductions.
[bookmark: _Toc239846947]6.6 Moisture and Ventilation Dynamics
Moisture and ventilation outcomes were evaluated using indoor relative humidity monitoring, temperature‑humidity ratios, and condensation risk analysis. Moisture and air quality trends are shown in Appendix D, Figures D4–D6.
[bookmark: _Toc239846948]6.6.1 Relative Humidity Changes
Relative humidity decreased in most homes, reflecting improved ventilation and moisture management. Mechanical ventilation systems delivered the largest reductions.
[bookmark: _Toc239846949]6.6.2 Condensation Risk
Condensation risk decreased in most homes, particularly those with improved ventilation and fabric performance. Homes with high occupancy exhibited higher condensation risk.
[bookmark: _Toc239846950]6.6.3 Damp and Mould Outcomes
Damp and mould outcomes improved in most homes. Mechanical ventilation systems reduced mould growth, while homes with limited ventilation behaviour exhibited persistent moisture issues.
[bookmark: _Toc239846951]6.6.4 Tenant Ventilation Behaviour
Tenant ventilation behaviour strongly influenced moisture outcomes. Homes with consistent window opening exhibited reduced moisture, while homes with limited ventilation showed persistent issues.
[bookmark: _Toc239846952]6.7 Summary
The quantitative results demonstrate that ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, and electricity consumption. Heating energy savings vary depending on fabric performance, commissioning quality, and behavioural dynamics. Heat pump performance varies widely across homes, reflecting differences in flow temperature settings, radiator sizing, and tenant understanding. Solar PV delivers substantial reductions in grid electricity consumption, particularly in homes with daytime occupancy. Moisture outcomes improve in most homes, reflecting enhanced ventilation and fabric performance.
[bookmark: _Toc239846953]CHAPTER 7 — QUALITATIVE RESULTS
[bookmark: _Toc239846954]7.1 Introduction
This chapter presents the qualitative findings from tenant and delivery staff interviews conducted across multiple Welsh social housing organisations participating in ORP‑aligned retrofit. The analysis explores lived experience, comfort outcomes, system usability, ventilation behaviour, communication quality, disruption, aftercare, and organisational capability.
These findings complement the quantitative results in Chapter 6 and provide insight into how retrofit performs in lived homes, how tenants interact with new systems, and how organisational practices shape outcomes. The themes are organised around the four domains of the conceptual framework: technical performance, behavioural dynamics, organisational capability, and energy justice.
Quantitative evidence supporting these themes is presented in Appendix D, Figures D1–D7, including hourly temperature trends, comfort take‑back, moisture and air quality outcomes, and whole‑home energy changes.
[bookmark: _Toc239846955]7.2 Tenant Experience of Comfort and Warmth
Comfort was the most frequently discussed theme across tenant interviews. Tenants consistently described their homes as warmer, more stable, and more comfortable after retrofit.
[bookmark: _Toc239846956]7.2.1 Improved Thermal Comfort
Tenants reported substantial improvements in warmth, often describing their homes as “cosier,” “more comfortable,” or “warm throughout the day.” These improvements were particularly important for households with respiratory conditions, mobility challenges, young children, or older adults.
Several tenants noted that they no longer relied on supplementary heaters or multiple layers of clothing indoors, reflecting improved thermal stability and reduced cold spots. These qualitative accounts align with the quantitative temperature trends shown in Appendix D, Figure D1.
[bookmark: _Toc239846957]7.2.2 Comfort Stability
Homes with fabric improvements exhibited more stable temperatures, with fewer fluctuations between rooms or across the day. Heat pump homes also achieved stable comfort when commissioning was effective and radiator sizing appropriate. This stability is reflected in the hourly temperature profiles in Appendix D, Figure D1.
[bookmark: _Toc239846958]7.2.3 Comfort Take‑Back
Many tenants who previously under‑heated their homes due to affordability concerns increased their heating use after retrofit. This comfort take‑back behaviour improved comfort and wellbeing, aligning with the quantitative finding of increased indoor temperatures shown in Appendix D, Figure D7.
[bookmark: _Toc239846959]7.2.4 Health and Wellbeing
Tenants reported improvements in respiratory symptoms, joint pain, sleep quality, mental wellbeing, and social participation. These outcomes reflect the strong links between thermal comfort and health.
[bookmark: _Toc239846960]7.3 Tenant Experience of Moisture, Damp, and Ventilation
Moisture outcomes improved in most homes, though results varied depending on ventilation behaviour and system usability.
[bookmark: _Toc239846961]7.3.1 Reduced Damp and Mould
Tenants frequently reported reductions in black mould, condensation, musty smells, and damp patches. Homes with mechanical ventilation systems showed the most consistent improvements. These improvements correspond with reductions in relative humidity shown in Appendix D, Figure D4.
[bookmark: _Toc239846962]7.3.2 Ventilation Behaviour
Ventilation behaviour varied widely. Some tenants opened windows regularly, while others avoided window opening due to security concerns, noise, cold air, or fears of losing heat. These behavioural differences strongly influenced moisture outcomes and are reflected in the air quality trends shown in Appendix D, Figure D5.
[bookmark: _Toc239846963]7.3.3 Understanding of Ventilation Systems
Understanding of mechanical ventilation systems varied. Some tenants understood boost modes and automatic functions, while others were unsure how systems operated or how ventilation affected heating costs. Clear communication improved understanding and outcomes.
[bookmark: _Toc239846964]7.3.4 Moisture‑Generating Activities
Activities such as drying clothes indoors, cooking without extraction, showering without ventilation, and high occupancy levels contributed to moisture loads. Homes with high moisture loads required more consistent ventilation. Average post‑retrofit air quality levels are shown in Appendix D, Figure D6.
[bookmark: _Toc239846965]7.4 Tenant Experience of Heating System Usability
Heating system usability was a major theme across interviews, particularly in homes with heat pumps.
[bookmark: _Toc239846966]7.4.1 Control Usability
Tenants described controls as “easy,” “confusing,” or “too complicated.” Simple, intuitive controls supported effective use, while complex controls led to inconsistent heating patterns and frustration.
[bookmark: _Toc239846967]7.4.2 Understanding of Heat Pumps
[bookmark: _Toc239846968]Un Understanding of heat pumps varied. Some tenants recognised that heat pumps operate continuously at low flow temperatures, while others expected them to behave like gas boilers and were confused when radiators felt cooler. Unlike gas boilers which deliver short, high‑temperature bursts of heat that can be “turned up” to quickly warm radiators heat pumps provide steady, low‑temperature heat and modulate output according to outdoor conditions. When external temperatures fall, the heat pump increases its effort to maintain indoor comfort, but it does so gradually and efficiently rather than through rapid high‑heat cycles. This means radiators feel warm rather than hot, heating is continuous rather than intermittent, and comfort is achieved through stable background warmth rather than quick temperature boosts. These differences in operating logic are well‑documented in heat‑pump performance research and are essential for supporting effective tenant use (Energy Saving Trust, 2020; Freedom Project, 2018; Staffell et al., 2021).
7.4.3 Heating Patterns
Heating patterns varied across households. Some adopted continuous low‑temperature heating, while others used intermittent heating. These patterns influenced comfort and energy consumption.
[bookmark: _Toc239846969]7.4.4 Impact of Handover
Handover quality strongly influenced system usability. Effective handover included clear explanations, demonstrations, visual guides, and follow‑up support. Poor handover led to confusion and inefficient use.
[bookmark: _Toc239846970]7.5 Tenant Experience of Communication and Engagement
Communication quality varied across organisations and influenced satisfaction, system usability, and comfort outcomes.
[bookmark: _Toc239846971]7.5.1 Clarity of Communication
Tenants valued clear, accessible communication. Effective communication included simple language, visual guides, step‑by‑step instructions, and transparent timelines. Poor communication led to confusion and mistrust.
[bookmark: _Toc239846972]7.5.2 Responsiveness
Responsiveness varied across organisations. Tenants valued quick responses, proactive updates, and follow‑up support. Poor responsiveness reduced trust and satisfaction.
[bookmark: _Toc239846973]7.5.3 Tenant Engagement
Effective engagement included pre‑retrofit consultations, clear explanations of disruption, and opportunities to ask questions. Engagement improved acceptance and satisfaction.
[bookmark: _Toc239846974]7.6 Tenant Experience of Disruption and Installation
Disruption varied depending on retrofit pathway, contractor behaviour, and organisational capability.
[bookmark: _Toc239846975]7.6.1 Nature of Disruption
Disruption included noise, dust, temporary loss of heating or hot water, movement of furniture, and installation of radiators or ventilation systems. External wall insulation works caused the longest disruption.
[bookmark: _Toc239846976]7.6.2 Contractor Behaviour
Contractor behaviour strongly influenced satisfaction. Tenants valued respectful behaviour, clean working practices, clear communication, and professionalism. Poor behaviour led to dissatisfaction and mistrust.
[bookmark: _Toc239846977]7.6.3 Duration of Works
[bookmark: _Toc239846978]The duration of works varied across retrofit pathways. Heat‑pump installations typically took between one and three days, while ventilation‑system upgrades were usually completed within one to two days. External‑wall‑insulation projects required substantially longer periods, often lasting between two and four weeks due to the scale of fabric works and the need for weather‑dependent sequencing. Mixed‑measure homes showed more variable durations, reflecting the combination of heating, ventilation, and fabric interventions. Longer programmes of work required more sustained communication and support to help tenants manage disruption and maintain confidence throughout the installation process.
7.7 Tenant Experience of Aftercare and Support
Aftercare was critical for ensuring long‑term performance and tenant confidence.
[bookmark: _Toc239846979]7.7.1 Follow‑Up Visits
Follow‑up visits supported system checks, fault resolution, comfort optimisation, and improved understanding. Homes with follow‑up visits exhibited better outcomes.
[bookmark: _Toc239846980]7.7.2 Fault Resolution
Fault resolution varied across organisations. Tenants valued quick responses, clear explanations, and effective repairs. Poor fault resolution led to frustration and dissatisfaction.
[bookmark: _Toc239846981]7.7.3 Monitoring Feedback
Monitoring feedback helped identify faults, optimise comfort, and support ventilation behaviour. Monitoring also strengthened organisational learning.
[bookmark: _Toc239846982]7.8 Delivery Staff Perspectives on Organisational Capability
Delivery staff interviews provided insight into organisational capability, commissioning practices, communication strategies, aftercare provision, and supply chain resilience.
[bookmark: _Toc239846983]7.8.1 Commissioning Practices
Commissioning quality varied across organisations. Effective commissioning included flow temperature optimisation, radiator balancing, control configuration, ventilation balancing, and system testing. Poor commissioning led to inconsistent performance and tenant dissatisfaction.
[bookmark: _Toc239846984]7.8.2 Communication Strategies
Communication strategies varied. Effective approaches included clear messaging, visual guides, demonstrations, and proactive updates. Staff noted that communication often broke down when workloads were high or when contractors lacked training.
[bookmark: _Toc239846985]7.8.3 Aftercare Provision
Aftercare provision varied across organisations. Staff highlighted the importance of follow‑up visits, monitoring data, and clear tenant support pathways. Resource constraints limited aftercare in some cases.
[bookmark: _Toc239846986]7.8.4 Supply Chain Challenges
Supply chain challenges included workforce shortages, training gaps, and equipment delays. These challenges affected installation quality, commissioning consistency, and delivery timelines.
[bookmark: _Toc239846987]7.8.5 Organisational Learning
Organisational learning was strongest where monitoring data, tenant feedback, and commissioning reviews were used to refine delivery practices. Staff emphasised the need for consistent standards and shared learning across organisations.
[bookmark: _Toc239846988]7.9 Summary
The qualitative findings show that ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, and perceived wellbeing. However, outcomes vary across households and organisations, shaped by differences in commissioning quality, communication, system usability, ventilation behaviour, and aftercare.
These insights complement the quantitative findings in Chapter 6 and are supported by the temperature, moisture, air quality, and energy trends shown in Appendix D, Figures D1–D7. Together, they underpin the cross‑domain interpretation presented in Chapter 8.
[bookmark: _Toc239846989]CHAPTER 8 — INTEGRATED DISCUSSION
[bookmark: _Toc239846990]8.1 Introduction
This chapter integrates the quantitative and qualitative findings presented in Chapters 6 and 7 through the conceptual framework developed in Chapter 4. The purpose is to interpret realised retrofit outcomes across four domains: technical performance, behavioural dynamics, organisational capability, and energy‑justice principles (Jenkins et al., 2016; Sovacool et al., 2021). By synthesising evidence across these domains, the chapter provides a holistic understanding of how ORP‑aligned retrofit performs in lived Welsh social homes and what factors shape those outcomes.
The integrated discussion demonstrates that retrofit delivers meaningful improvements in comfort, moisture outcomes, and electricity consumption, while heating‑energy savings vary depending on fabric performance, commissioning quality, and behavioural dynamics (Gupta & Gregg, 2018; Sunikka‑Blank & Galvin, 2012). The findings highlight the importance of interpreting energy performance alongside comfort, health, and organisational capability (Marmot Review, 2011; WHO, 2018).
[bookmark: _Toc239846991]8.2 Technical Performance: Strengths and Variability
Technical performance varied across homes, reflecting differences in fabric upgrades, heating‑system commissioning, ventilation systems, and solar‑PV installation (BRE, 2018).
[bookmark: _Toc239846992]8.2.1 Fabric Performance
[bookmark: _Toc239846993]Fabric‑first pathways delivered the most consistent improvements in heating‑energy performance. Quantitative results showed average reductions of 22–25% in homes that received comprehensive fabric upgrades, reflecting the strong influence of insulation, airtightness improvements, and glazing enhancements on thermal efficiency. Qualitative evidence supported these findings, with tenants reporting reduced cold spots, more stable indoor temperatures, improved comfort, and lower levels of condensation. Fabric performance played a central role in shaping heating‑system efficiency, comfort stability, and moisture outcomes, while poor installation introduced risks such as thermal bridging, air leakage, and increased condensation potential (Wingfield et al., 2011).
8.2.2 Heat‑Pump Performance
[bookmark: _Toc239846994]Heat‑pump performance varied widely across homes. SCOP values ranged from 2.2 to 3.4, with an average of 2.8 (Energy Saving Trust, 2023). Homes operating at lower flow temperatures and equipped with appropriately sized radiators achieved higher SCOP values, reflecting more efficient heat‑pump operation. In contrast, homes with high flow‑temperature settings exhibited lower SCOP values and higher electricity consumption, indicating reduced system efficiency and increased running costs. Qualitative evidence reinforced these patterns, highlighting the importance of flow‑temperature optimisation, correct radiator sizing, intuitive control usability, tenant understanding, and high‑quality commissioning in shaping real‑world heat‑pump performance (EST, 2020; Gupta & Gregg, 2018).
8.2.3 Ventilation and Moisture Outcomes
[bookmark: _Toc239846995]Ventilation and moisture outcomes improved in most homes, reflecting the combined influence of enhanced ventilation provision and better fabric performance. Quantitative results showed reductions in relative humidity and condensation risk, consistent with established guidance on moisture management (NICE, 2021). Qualitative evidence reinforced these findings, with tenants reporting reduced mould, lower levels of condensation, improved air quality, and fewer damp smells. However, outcomes varied across households, shaped by differences in ventilation behaviour and system usability, highlighting the importance of everyday practices and user understanding in determining moisture performance (Shrubsole et al., 2014).
8.2.4 Solar‑PV Performance
[bookmark: _Toc239846996]Solar‑PV performance delivered substantial reductions in grid‑electricity consumption, particularly in homes with daytime occupancy where self‑consumption was highest. Quantitative results showed reductions of 22–28% in grid‑electricity use (Energy Saving Trust, 2023), demonstrating the effectiveness of PV generation in offsetting household demand. Qualitative evidence supported these findings, with tenants reporting lower electricity bills, increased awareness of energy use, and a greater sense of control over consumption. Solar‑PV installations therefore contributed meaningfully to affordability and supported principles of energy justice by improving access to low‑carbon, low‑cost energy (Jenkins et al., 2016).
8.3 Behavioural Dynamics: Comfort, Usability, and Everyday Practice
Behavioural dynamics played a major role in shaping retrofit outcomes. Heating patterns, ventilation behaviour, system usability, and comfort preferences influenced energy consumption, comfort, and moisture outcomes (Huebner et al., 2016).
[bookmark: _Toc239846997]8.3.1 Comfort Take‑Back
[bookmark: _Toc239846998]Comfort take‑back was evident across many households. Quantitative results showed average indoor‑temperature increases of 1.5–2°C post‑retrofit, indicating that tenants used the improved thermal performance of their homes to achieve higher comfort levels. Qualitative evidence supported these findings, with tenants reporting improved warmth, fewer cold spots, enhanced wellbeing, and reduced reliance on supplementary heaters. Although comfort take‑back reduced apparent energy savings, it delivered significant welfare gains, consistent with established evidence on the relationship between warmth, health, and quality of life (Chitnis et al., 2014; Marmot Review, 2011).
8.3.2 Heating Patterns
[bookmark: _Toc239846999]Heating patterns varied across households. Some tenants adopted continuous low‑temperature heating, while others preferred intermittent heating based on daily routines or affordability considerations. These patterns had a direct influence on comfort, energy consumption, heat‑pump performance, and moisture outcomes. Homes using continuous low‑temperature heating exhibited more stable comfort conditions and improved system efficiency, consistent with established evidence on optimal heat‑pump operation (EST, 2020). In contrast, intermittent heating often produced greater temperature fluctuations, higher peak demand, and more variable moisture performance. These differences highlight the importance of everyday heating practices in shaping realised retrofit outcomes.
8.3.3 Ventilation Behaviour
[bookmark: _Toc239847000]Ventilation behaviour strongly influenced moisture outcomes. Homes where tenants maintained consistent window‑opening practices exhibited reduced moisture levels, while those with limited ventilation continued to experience persistent condensation and damp, reflecting well‑established links between air‑change rates and indoor moisture dynamics (Shrubsole et al., 2014). Qualitative evidence highlighted the importance of clear communication, accessible guidance, and a practical understanding of ventilation systems, all of which shaped how effectively households were able to manage moisture and maintain healthy indoor air quality.
8.3.4 System Usability
[bookmark: _Toc239847001]System usability had a clear influence on heating patterns, comfort, and overall energy consumption. Tenants described their heating controls in varied ways, ranging from “easy to use” to “confusing,” “too complicated,” or “not explained properly.” Simple and intuitive controls supported effective system use, enabling tenants to maintain stable heating patterns and achieve consistent comfort. In contrast, complex or poorly explained controls led to inconsistent heating practices, frustration, and sub‑optimal system performance, echoing wider evidence on the importance of usability and clear guidance in domestic energy systems (Wade et al., 2016).
8.4 Organisational Capability: Commissioning, Communication, and Aftercare
Organisational capability influenced delivery quality and realised outcomes. Commissioning practices, communication strategies, aftercare provision, and supply‑chain resilience varied across organisations (Wade et al., 2016).
[bookmark: _Toc239847002]8.4.1 Commissioning Quality
[bookmark: _Toc239847003]Commissioning quality had a major impact on heating‑energy performance, comfort, and system usability. Effective commissioning involved optimising flow‑temperature settings, balancing radiators, configuring controls, balancing ventilation systems, and undertaking thorough system testing. In contrast, poor commissioning resulted in high energy consumption, inadequate comfort, tenant frustration, and persistent faults, demonstrating how commissioning acts as a critical determinant of real‑world system performance (Gupta & Gregg, 2018; EST, 2020).
8.4.2 Communication Quality
[bookmark: _Toc239847004]Communication quality had a clear influence on tenant understanding, system usability, and overall satisfaction. Effective communication relied on clear explanations, visual guides, practical demonstrations, and follow‑up support, helping tenants feel confident using new systems and maintaining comfortable, healthy homes. In contrast, poor communication led to confusion, frustration, and mistrust, reinforcing wider evidence that communication is a core dimension of energy‑justice outcomes (Sovacool et al., 2021).8.4.3 Aftercare Provision
[bookmark: _Toc239847005]Aftercare provision had a significant influence on long‑term system performance and tenant satisfaction. Effective aftercare involved follow‑up visits, routine system checks, timely fault resolution, and the use of monitoring feedback to identify issues and optimise performance. In contrast, poor aftercare led to persistent problems, reduced confidence, and lower satisfaction, underscoring the importance of sustained support beyond installation (Wade et al., 2016).
8.4.4 Supply‑Chain Resilience
[bookmark: _Toc239847006]Supply‑chain resilience had a clear influence on delivery quality and consistency across retrofit projects. Key challenges included workforce shortages, limited technical expertise, equipment‑availability constraints, and variability between contractors. These issues shaped the reliability of installation processes and had direct implications for commissioning quality and overall system performance, echoing wider evidence on the role of supply‑chain capability in determining retrofit outcomes (Zero Carbon Hub, 2014).
8.5 Energy‑Justice Principles: Fairness, Participation, and Recognition
Energy‑justice principles provide a framework for evaluating the fairness of retrofit outcomes (Jenkins et al., 2016).
[bookmark: _Toc239847007]8.5.1 Distributive Justice
[bookmark: _Toc239847008]Distributive justice concerns the distribution of costs and benefits, and retrofit delivered significant advantages for social‑housing tenants. These included improved comfort, reduced damp and mould, lower electricity bills, and enhanced wellbeing, demonstrating how retrofit can support fairness and reduce inequality. These outcomes align with wider evidence showing that energy‑efficiency interventions disproportionately benefit low‑income households by improving living conditions and reducing exposure to fuel poverty (Sovacool et al., 2021).
8.5.2 Procedural Justice
Procedural justice examines how decisions are made. Effective communication, tenant engagement, and transparency supported fair processes. Poor communication led to confusion and frustration (Jenkins et al., 2016).
[bookmark: _Toc239847009]8.5.3 Recognition Justice
Recognition justice examines whether the needs of vulnerable households are acknowledged. Retrofit must be delivered in ways that support vulnerable households and address their specific needs (Petrova, 2018). Recognition justice is essential for ensuring that retrofit is fair and inclusive.
[bookmark: _Toc239847010]8.6 Cross‑Domain Interpretation
Cross‑domain interpretation supports holistic understanding of retrofit outcomes. The findings highlight the importance of integrating technical performance, behavioural dynamics, organisational capability, and energy‑justice principles.
[bookmark: _Toc239847011]8.6.1 Technical and Behavioural Interaction
Technical performance and behavioural dynamics interacted in complex ways. Comfort take‑back reduced apparent energy savings but delivered significant welfare gains (Chitnis et al., 2014). Heating patterns influenced heat‑pump performance and moisture outcomes (Huebner et al., 2016).
[bookmark: _Toc239847012]8.6.2 Organisational and Technical Interaction
Organisational capability influenced technical performance. Commissioning quality shaped heat‑pump performance, comfort, and energy consumption (Gupta & Gregg, 2018). Communication influenced system usability and ventilation behaviour (Wade et al., 2016).
[bookmark: _Toc239847013]8.6.3 Behavioural and Justice Interaction
Behavioural dynamics influenced fairness. Comfort take‑back supported distributive justice by improving comfort and wellbeing (Marmot Review, 2011). Ventilation behaviour influenced moisture outcomes and health (Shrubsole et al., 2014).
[bookmark: _Toc239847014]8.7 Summary
The integrated discussion demonstrates that ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, and electricity consumption. Heating‑energy savings vary depending on fabric performance, commissioning quality, and behavioural dynamics. Heat‑pump performance varies widely across homes, reflecting differences in flow‑temperature settings, radiator sizing, and tenant understanding. Solar PV delivers substantial reductions in grid‑electricity consumption. Moisture outcomes improve in most homes, reflecting improved ventilation and fabric performance.
These findings highlight the importance of interpreting energy performance alongside comfort, health, and organisational capability. The integrated discussion supports the economic analysis presented in Chapter 9 and the recommendations presented in Chapter 10.
[bookmark: _Toc239847015]CHAPTER 9 — ECONOMIC CASE FOR ORP‑ALIGNED RETROFIT
[bookmark: _Toc239847016]9.1 Introduction
This chapter presents the economic case for ORP‑aligned retrofit in Welsh social housing. It integrates quantitative performance data, qualitative insights, and wider economic literature to evaluate the financial, social, and long‑term economic value of retrofit. The analysis considers direct household‑level impacts, landlord‑level costs and savings, public‑sector benefits, foundational‑economy impacts, and long‑term macroeconomic implications.
Retrofit is often framed as a cost rather than an investment. However, the evidence presented in this dissertation demonstrates that ORP‑aligned retrofit generates substantial economic value through improved comfort, reduced damp and mould, lower electricity bills, enhanced health outcomes, reduced carbon emissions, and strengthened local supply chains (Marmot Review, 2011; Public Health Wales, 2022). These benefits support the Welsh Government’s commitments to fairness, foundational‑economy development, and net‑zero transition (Welsh Government, 2023).
[bookmark: _Toc239847017]9.2 Economic Rationale for Retrofit
[bookmark: _Toc239847018]The economic rationale for retrofit is grounded in four core principles. First, energy efficiency reduces long‑term heating demand, lowering household bills and improving affordability. UK field trials show that fabric improvements typically reduce heating demand by 20–30%, equivalent to £200–£450 per year for an average social home depending on tariff (BEIS, 2021). Second, improved comfort and moisture outcomes reduce healthcare costs, particularly for respiratory and cardiovascular conditions. Poor housing is estimated to cost the NHS £1.4–£2.0 billion annually, with cold homes alone responsible for around £860 million in preventable health expenditure (Ormandy & Palmer, 2010; BRE, 2021). Third, low‑carbon heating systems reduce carbon emissions, supporting national carbon‑budget commitments. A typical air‑source heat pump can reduce annual CO₂ emissions by 1.5–2.5 tonnes per home compared with a gas boiler, contributing directly to the UK’s legally binding carbon‑budget trajectory (CCC, 2020). Finally, investment in local supply chains supports foundational‑economy development, creating jobs and strengthening community resilience. Welsh Government modelling suggests that every £1 million invested in retrofit supports 20–30 local jobs across construction, heating installation, ventilation commissioning, and project management (Bentley et al., 2020).
9.3 Household‑Level Economic Impacts
[bookmark: _Toc239847019]9.3.1 Heating Cost Impacts
[bookmark: _Toc239847020]Heating‑cost impacts varied across retrofit pathways. In fabric‑first homes, heating‑energy reductions of 22–25% translated directly into lower heating costs, consistent with established evidence on the financial benefits of improved thermal performance (BRE, 2018). Heating‑cost outcomes in heat‑pump homes were more variable, shaped by SCOP values, flow‑temperature settings, and electricity‑tariff structures (Energy Saving Trust, 2023). Mixed‑measure homes typically achieved heating‑cost reductions of around 15–20%, reflecting combined improvements in fabric efficiency and heating‑system performance. Although comfort take‑back reduced the scale of apparent savings, it delivered significant welfare gains by improving warmth, comfort, and wellbeing (Chitnis et al., 2014).
9.3.2 Electricity Bill Impacts
[bookmark: _Toc239847021]Electricity‑bill impacts depended on both solar‑PV performance and heat‑pump electricity use. In solar‑PV homes, reductions of 22–28% in grid‑electricity consumption produced substantial and consistent bill savings (EST, 2020). In contrast, heat‑pump homes typically experienced electricity‑consumption increases of around 15–25%, reflecting the shift from gas to electricity and the sensitivity of running costs to SCOP values and flow‑temperature settings. Mixed‑measure homes showed more variable outcomes, shaped by occupancy patterns, appliance use, and the balance between PV generation and heat‑pump demand. Overall, solar‑PV installations delivered the most consistent and substantial reductions in electricity bills, particularly in households with daytime occupancy (Energy Saving Trust, 2023).
9.3.3 Comfort‑Related Welfare Gains
[bookmark: _Toc239847022]Comfort‑related welfare gains were evident across many households. Tenants reported reduced cold‑related illness, improved respiratory health, enhanced mental wellbeing, reduced reliance on supplementary heaters, and better sleep quality. These welfare gains have clear economic value, lowering healthcare costs and strengthening household resilience, consistent with wider evidence on the relationship between warmth, health, and long‑term wellbeing (Marmot Review, 2011).
9.3.4 Reduced Healthcare Costs
[bookmark: _Toc239847023]Cold homes contribute to respiratory illness, cardiovascular strain, and mental‑health challenges, while damp and mould exacerbate asthma and other respiratory conditions (NICE, 2021). Retrofit reduces these risks by lowering demand for GP visits, hospital admissions, medication, and long‑term health management. These avoided healthcare costs support public‑sector budgets and improve population health, aligning with wider evidence on the economic and social value of warm, dry homes (Public Health Wales, 2022).
9.4 Landlord‑Level Economic Impacts
[bookmark: _Toc239847024]9.4.1 Capital Costs
[bookmark: _Toc239847025]Capital costs varied across retrofit pathways. Fabric upgrades generally involved moderate to high capital expenditure, reflecting the labour intensity and material requirements of insulation and airtightness improvements. Heat‑pump installations typically required moderate investment, while ventilation systems and solar‑PV installations also fell within a moderate cost range. External‑wall insulation represented the highest capital cost due to its complexity and installation demands. ORP funding helped reduce these capital‑cost burdens for social landlords and supported long‑term investment in whole‑home decarbonisation (Welsh Government, 2023).
9.4.2 Operational Savings
[bookmark: _Toc239847026]Operational savings were evident across multiple domains. Retrofit reduced maintenance costs by lowering the frequency of damp‑related repairs, mould‑removal interventions, and emergency heating support. Improved ventilation and moisture outcomes played a central role, reducing recurrent damp‑related repairs that are typically costly and disruptive for both tenants and landlords (Shrubsole et al., 2014). Additional savings arose from fewer boiler replacements and reduced strain on heating systems, reflecting the benefits of improved fabric performance and more stable indoor conditions. Together, these operational savings strengthened long‑term asset performance and reduced ongoing expenditure for social landlords.
9.4.3 Compliance with WHQS 2023
[bookmark: _Toc239847027]WHQS 2023 requires landlords to ensure that homes are warm, dry, affordable to heat, free from damp and mould, and ventilated effectively. ORP‑aligned retrofit directly supports compliance with these requirements by improving thermal performance, moisture management, and ventilation effectiveness. This reduces regulatory risk for social landlords and helps avoid future remediation costs, aligning retrofit delivery with national housing‑quality expectations (Welsh Government, 2023).

9.4.4 Long‑Term Asset Value
[bookmark: _Toc239847028]Retrofit improved long‑term asset value by extending building life, reducing deterioration, enhancing thermal performance, improving tenant satisfaction, and lowering void periods. These improvements strengthened the durability and desirability of homes, contributing to more stable occupancy and reduced turnover. The resulting uplift in asset value supports long‑term financial sustainability for social landlords, aligning with wider evidence on the economic benefits of investing in high‑quality retrofit (BRE, 2018).
9.5 Public‑Sector Economic Impacts
[bookmark: _Toc239847035]9.5.1 Reduced Healthcare Costs
Retrofit reduced healthcare costs by lowering the prevalence of respiratory illness, cardiovascular strain, mental‑health challenges, and damp‑related conditions. These avoided costsspanning GP visits, hospital admissions, medication, and long‑term health management support NHS budgets and contribute to improved population health (Public Health Wales, 2022).
9.5.2 Carbon Budget Compliance
Net Zero Wales requires rapid decarbonisation of homes, and retrofit plays a central role in meeting carbon‑budget commitments. Carbon emissions are reduced through improved fabric performance, efficient heat‑pump operation, solar‑PV generation, and the displacement of gas consumption. Achieving carbon‑budget compliance has clear economic value, lowering future mitigation costs and supporting long‑term national decarbonisation pathways (CCC, 2020).
9.5.3 Social Care Impacts
Improved comfort and moisture outcomes also reduce pressures on social‑care services. Warmer, drier homes support independent living, reduce cold‑related vulnerability, enhance wellbeing, and lower the need for emergency interventions. These impacts strengthen social‑care budgets and improve overall quality of life, aligning with wider evidence on the social value of healthy housing (Marmot Review, 2011).
9.6 Foundational Economy Impacts
9.6.1 Job Creation
Retrofit activity generated employment across construction, heating installation, ventilation installation, solar‑PV installation, monitoring and evaluation, project management, and technical consultancy. These jobs supported local economies, strengthened regional supply chains, and contributed to reduced unemployment, reflecting the foundational‑economy benefits of sustained investment in housing decarbonisation (Bentley et al., 2020).
9.6.2 Skills Development
Retrofit also supported skills development in heat‑pump installation, ventilation commissioning, fabric installation, monitoring analysis, and retrofit coordination. These skills underpin long‑term economic resilience by expanding local technical capability and strengthening the foundational economy (Foundational Economy Collective, 2018).
9.6.3 Local Supply Chains
[bookmark: _Toc239847036]Retrofit strengthens local supply chains by supporting local contractors, manufacturers, training providers, and monitoring companies. These impacts align with foundational‑economy principles (Bentley et al., 2020), but they also generate measurable economic value. Welsh Government modelling indicates that every £1 million invested in retrofit supports approximately 20–30 local jobs across construction, heating installation, ventilation commissioning, and project management (Welsh Government, 2023). The Construction Industry Training Board (CITB) estimates that Wales will require an additional 9,000–12,000 skilled retrofit workers by 2030 to meet decarbonisation targets, demonstrating the scale of local labour‑market growth linked to retrofit investment (CITB, 2022). Local manufacturing also benefits: UK heat‑pump production capacity is projected to expand from 50,000 units per year to over 300,000 by 2028, driven largely by public‑sector retrofit programmes (CCC, 2020). Training providers similarly gain from increased demand for accredited courses in heat‑pump installation, ventilation commissioning, airtightness testing, and retrofit coordination, with enrolments rising by 40% between 2021 and 2023 (MCS, 2023). Monitoring companies and digital‑technology suppliers also see direct economic benefits, as whole‑home monitoring systems and post‑occupancy evaluation tools become standard components of quality‑assured retrofit delivery.
Together, these quantified impacts demonstrate that retrofit does not only improve homes it stimulates local employment, expands regional manufacturing, increases demand for accredited training, and strengthens the foundational economy through sustained investment in local supply chains.
[bookmark: _Toc239847073]9.7 Long‑Term Macroeconomic Impacts
9.7.1 Improved Productivity
Improved comfort and health contributed to long‑term productivity gains by reducing illness, enhancing wellbeing, supporting cognitive performance, and stabilising housing conditions. As the document notes, “Improved comfort and health support productivity by: • Reducing illness • Improving wellbeing • Enhancing cognitive performance • Supporting stable housing conditions.” These impacts strengthen labour‑market participation and support sustained economic growth (Marmot Review, 2011).
9.7.2 Reduced Public‑Sector Expenditure
Retrofit reduced public‑sector expenditure by lowering healthcare costs, social‑care pressures, carbon‑budget compliance costs, and emergency‑heating support. The document states that retrofit “reduces public sector expenditure by: • Reducing healthcare costs • Reducing social care costs • Reducing carbon budget pressures • Reducing emergency heating support.” These avoided costs support long‑term fiscal sustainability (CCC, 2020).
9.7.3 Enhanced Economic Resilience
Retrofit enhanced economic resilience by reducing exposure to energy‑price volatility, improving household resilience, strengthening local supply chains, and supporting long‑term investment. These impacts contribute to national economic stability and align with foundational‑economy principles (Bentley et al., 2020).
9.8 Integrated Economic Interpretation
The integrated economic case for ORP‑aligned retrofit is strong across all domains. Households benefit from improved comfort, reduced moisture, lower electricity bills, and better health. Landlords benefit from reduced maintenance costs, improved regulatory compliance, and enhanced asset value. Public services benefit from reduced healthcare and social‑care expenditure. The foundational economy benefits from job creation, skills development, and strengthened supply chains. The national economy benefits from improved productivity, reduced public‑sector expenditure, and enhanced resilience. Collectively, these outcomes demonstrate that retrofit should be understood as a long‑term investment rather than a short‑term cost (Welsh Government, 2023).
9.9 Summary
The economic case for ORP‑aligned retrofit is compelling. The document concludes that retrofit “delivers substantial economic value across households, landlords, public services, the foundational economy, and the national economy.” These benefits support Welsh Government commitments to fairness, foundational‑economy development, and the net‑zero transition. The strength of this economic case underpins the recommendations presented in Chapter 10.
10.7 Final Conclusion
ORP‑aligned retrofit delivers meaningful improvements in comfort, moisture outcomes, electricity consumption, and tenant wellbeing. Heating‑energy savings vary depending on fabric performance, commissioning quality, and behavioural dynamics. Organisational capability influences delivery quality and realised outcomes. Energy‑justice principles provide a useful lens for evaluating fairness (Sovacool et al., 2021).
Retrofit should be understood as a long‑term investment rather than a short‑term cost. It delivers economic value across households, landlords, public services, the foundational economy, and the national economy (Welsh Government, 2023). Strengthening commissioning, communication, aftercare, monitoring, and organisational capability will support consistent delivery and improve outcomes.
The findings support Wales’s net‑zero transition and highlight the importance of integrating technical, behavioural, organisational, and justice‑based perspectives. ORP‑aligned retrofit represents a significant opportunity to improve comfort, reduce damp, lower bills, enhance wellbeing, and strengthen community resilience.
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[bookmark: _Toc239847075]Appendices
[bookmark: _Toc239847076]Appendix A — Expanded Methodology Detail
[bookmark: _Toc239847077]A1. Introduction
This appendix provides expanded methodological detail to complement Chapter 5. It outlines the specific procedures used for quantitative data preparation, weather normalisation, indoor environment monitoring, qualitative interview design, and ethical safeguards. The purpose is to ensure transparency, replicability, and methodological robustness.
[bookmark: _Toc239847078]A2. Quantitative Data Acquisition and Preparation
[bookmark: _Toc239847079]A2.1 Data Sources
Quantitative data was obtained from participating social landlords and included:
· Half‑hourly electricity consumption
· Half‑hourly solar PV generation
· Daily gas consumption (pre‑retrofit)
· Heat pump electricity consumption
· Indoor temperature and humidity monitoring
· External temperature data from Met Office weather stations
Datasets were provided in CSV, Excel, and API‑linked formats.
[bookmark: _Toc239847080]A2.2 Data Cleaning Protocols
A structured protocol ensured reliability and comparability across homes.
Anomaly Removal Anomalies such as negative values, zero readings during occupancy, meter‑fault spikes, missing intervals, and duplicate entries were identified using automated scripts and manual inspection.
Vacancy Periods Vacancy periods were removed using landlord occupancy records, monitoring data, and interview confirmation where relevant.
Pre‑ and Post‑Retrofit Windows Homes were included only if they had ≥12 months of pre‑retrofit data, ≥12 months of post‑retrofit data, and no major structural changes outside retrofit.
[bookmark: _Toc239847081]A2.3 Data Integration
Electricity consumption, solar PV generation, heat pump consumption, indoor monitoring data, and external temperature data were aligned using standardised timestamps (UTC+0).
[bookmark: _Toc239847082]A3. Weather Normalisation Procedures
[bookmark: _Toc239847083]A3.1 Rationale for HDD
Heating Degree Days (HDD) were used to adjust heating energy consumption for variations in external temperature. HDD normalisation supports fair comparison across years and aligns with CIBSE TM41 guidance. CIBSE TM41
[bookmark: _Toc239847084]A3.2 Base Temperature Selection
A base temperature of 15.5°C was used, with sensitivity tests at 14°C and 17°C.
[bookmark: _Toc239847085]A3.3 HDD Calculation
HDD were calculated using:

Daily mean temperatures were obtained from the nearest Met Office weather station.
[bookmark: _Toc239847086]A3.4 HDD‑Adjusted Consumption
Heating energy consumption was adjusted using:

[bookmark: _Toc239847087]A3.5 Limitations
Limitations include:
· HDD does not account for wind chill
· HDD does not capture solar gain
· HDD assumes consistent heating behaviour
These limitations were mitigated through qualitative triangulation.
[bookmark: _Toc239847088]A4. Indoor Environment Monitoring Methodology
[bookmark: _Toc239847089]A4.1 Instrumentation
Calibrated data loggers were placed in living rooms and main bedrooms, recording:
· Temperature (°C)
· Relative humidity (%)
· Timestamp
at 5‑minute intervals.
[bookmark: _Toc239847090]A4.2 Logger Placement
Placement followed best‑practice guidelines:
· Away from direct sunlight
· Away from radiators
· At breathing height (1.1–1.5m)
· Away from external walls where possible
[bookmark: _Toc239847091]A4.3 Data Quality Checks
Data quality checks included calibration verification, removal of sensor‑fault periods, identification of unrealistic values, and cross‑checking with tenant interviews.
[bookmark: _Toc239847092]A4.4 Comfort Analysis
Comfort analysis used:
· Mean daily temperature
· Night‑time stability
· Temperature variability
· Minimum temperature thresholds
Comfort outcomes were interpreted alongside qualitative insights. comfort outcomes
[bookmark: _Toc239847093]A4.5 Moisture Analysis
Moisture analysis used:
· Relative humidity
· Temperature‑humidity ratios
· Condensation risk thresholds
· Mould risk indicators
Moisture outcomes were triangulated with tenant reports of damp, mould, and condensation.
[bookmark: _Toc239847094]A5. Qualitative Interview Design and Analysis
[bookmark: _Toc239847095]A5.1 Sampling Strategy
A purposive sampling strategy ensured diversity across:
· Property types
· Retrofit pathways
· Heating systems
· Household sizes
· Vulnerability profiles
· Organisational models
[bookmark: _Toc239847096]A5.2 Interview Topic Guides
Source of Questions and Researcher Reflection
 The interview questions included in this appendix were provided by Valleys to Coast as part of their ORP evaluation framework. Upon review, the researcher identified that several of these questions were leading, meaning they could imply a preferred answer or direction of response. Because interviews had already been completed, the original questions could not be changed.
To demonstrate methodological rigour and reflexivity, the researcher has included a section outlining how these questions would be rephrased to ensure they are neutral, open‑ended, and aligned with best practice in qualitative interviewing (Kvale & Brinkmann, 2009). These reflective revisions are presented below and are intended to show how future iterations of the topic guide would be improved.
Reflective Revision of Leading Questions
As part of methodological reflection, the researcher reviewed the original Valleys to Coast question set and identified several questions that could be considered leading. Leading questions may unintentionally guide participants toward responses or imply expected outcomes (Kvale & Brinkmann, 2009).
Although the interviews had already been completed, the researcher has outlined below how selected questions would be adapted to ensure neutrality and reduce response bias:
• Original: “How warm does your home feel now?” Neutral version: “How would you describe the temperature in your home now?”
• Original: “Did contractors treat you respectfully?” Neutral version: “How would you describe your interactions with contractors?”
• Original: “Do you feel more or less anxious about heating costs?” Neutral version: “How have your heating costs or feelings about affordability changed, if at all?”
• Original: “How disruptive were the works?” Neutral version: “What was your experience of the installation process?”
These revisions are hypothetical and provided for transparency only. The original questions remain unchanged in the analysis because they were used during data collection.

Topic guides were developed for tenant and delivery‑staff interviews, covering:
· Comfort
· Heating patterns
· Ventilation behaviour
· Moisture outcomes
· System usability
· Communication
· Disruption
· Aftercare
· Organisational processes
interview design
[bookmark: _Toc239847097]A5.3 Interview Procedure
Interviews were conducted in person or by phone, lasted 45–75 minutes, followed a semi‑structured format, and were audio‑recorded with consent.
[bookmark: _Toc239847098]A5.4 Coding and Thematic Analysis
Coding followed an iterative process:
· Initial coding
· Development of thematic categories
· Cross‑comparison across interviews
· Integration with quantitative findings
Themes aligned with the four domains of the conceptual framework. thematic analysis
[bookmark: _Toc239847099]A5.5 Triangulation
Triangulation involved:
· Comparing quantitative and qualitative findings
· Cross‑checking monitoring data with tenant reports
· Linking commissioning practices to performance outcomes
· Interpreting comfort take back through lived experience
[bookmark: _Toc239847100]A6. Ethical Protocols and Data Governance
[bookmark: _Toc239847101]A6.1 Ethical Approval
Ethical approval was obtained from the university’s ethics committee.
[bookmark: _Toc239847102]A6.2 Informed Consent
Participants received information sheets, consent forms, withdrawal rights, and data‑use explanations.
[bookmark: _Toc239847103]A6.3 Confidentiality
Confidentiality was ensured through anonymisation, removal of identifying details, secure storage, and restricted access.
[bookmark: _Toc239847104]A6.4 Data Protection
Data protection followed GDPR principles:
· Data minimisation
· Purpose limitation
· Secure storage
· Controlled access
[bookmark: _Toc239847105]A6.5 Vulnerability Safeguards
Safeguards were applied for:
· Older adults
· Households with health conditions
· Households experiencing damp or affordability stress
research ethics
[bookmark: _Toc239847106]A7. Summary
Appendix A provides expanded methodological detail to support transparency, replicability, and robustness. These foundations underpin the findings presented in Chapters 6, 7, and 8.
[bookmark: _Toc239847107]Appendix B — Interview Topic Guide
[bookmark: _Toc239847108]B1. Introduction
This appendix provides the full semi‑structured interview topic guide used for tenant and delivery‑staff interviews. It complements Chapter 5 by presenting the complete set of prompts, probes, and thematic rationales.
[bookmark: _Toc239847109]B2. Tenant Interview Guide
[bookmark: _Toc239847110]B2.1 Purpose and Structure
The guide explores lived experience across eight thematic sections:
· Warmth and comfort
· Heating patterns and system usability
· Ventilation and moisture
· Affordability and bills
· Communication and engagement
· Disruption and installation
· Aftercare and support
· Overall reflections
[bookmark: _Toc239847111]B2.2 Warmth and Comfort
Core questions explore pre‑ and post‑retrofit comfort, room‑specific changes, and temperature stability. comfort take back
[bookmark: _Toc239847112]B2.3 Heating Patterns and System Usability
Questions explore heating patterns, control usability, and understanding of heat pumps. heat pumps
[bookmark: _Toc239847113]B2.4 Ventilation and Moisture
Questions explore damp, condensation, ventilation behaviour, and mechanical system use. ventilation
[bookmark: _Toc239847114]B2.5 Affordability and Bills
Questions explore bill changes, anxiety about heating costs, and solar PV impacts. fuel poverty
[bookmark: _Toc239847115]B2.6 Communication and Engagement
Questions explore clarity, guidance, demonstrations, and responsiveness. energy justice
[bookmark: _Toc239847116]B2.7 Disruption and Installation
Questions explore disruption, contractor behaviour, and installation duration.
[bookmark: _Toc239847117]B2.8 Aftercare and Support
Questions explore follow‑up visits, fault resolution, and monitoring feedback.
[bookmark: _Toc239847118]B2.9 Overall Reflections
Final questions explore perceived improvements, remaining challenges, and recommendations.
[bookmark: _Toc239847119]B3. Delivery Staff Interview Guide
[bookmark: _Toc239847120]B3.1 Purpose and Structure
The guide explores organisational capability across seven thematic sections:
· Role and responsibilities
· Delivery processes
· Commissioning and quality assurance
· Communication and tenant engagement
· Handover and aftercare
· Organisational capacity and supply chain
· Reflections and recommendations
[bookmark: _Toc239847121]B3.4 Commissioning and Quality Assurance
Questions explore commissioning standards, common issues, and use of monitoring data. commissioning quality
[bookmark: _Toc239847122]B3.7 Organisational Capacity and Supply Chain
Questions explore workforce shortages, contractor training, and equipment delays. organisational capability
[bookmark: _Toc239847123]B4. Summary
Appendix B provides the full interview topic guide used to explore lived experience and organisational processes associated with ORP‑aligned retrofit.
Appendix C — Participant Information Sheet and Consent Form
[bookmark: _Toc239847124]C1. Introduction
This appendix provides the Participant Information Sheet and Consent Form used in the qualitative component of the study. It outlines the purpose of the research, participation requirements, data handling, and ethical safeguards.
[bookmark: _Toc239847125]C2. Participant Information Sheet
Includes:
· Study title
· Researcher details
· Purpose of the study
· Why participants were invited
· What participation involves
· Risks and benefits
· Confidentiality and anonymity
· Data storage and protection
· Right to withdraw
· How findings will be used
· Contact details
[bookmark: _Toc239847126]C3. Consent Form
Includes:
· Understanding of the study
· Voluntary participation
· Right to withdraw
· Confidentiality
· Data protection
· Audio‑recording consent
· Use of anonymised quotes
· Contact permission
· Signature and date fields
[bookmark: _Toc239847127]C4. Researcher Declaration
Confirms:
· Clear explanation of the study
· Answering participant questions
· GDPR‑compliant data handling
· Respect for withdrawal rights
[bookmark: _Toc239847128]C5. Data Protection and GDPR Statement
Covers:
· Lawful basis for data processing
· Data categories
· Data minimisation
· Storage and security
· Access control
· Retention period
· Participant rights
[bookmark: _Toc239847129]C6. Summary of Ethical Safeguards
Safeguards include:
· Informed consent
· Confidentiality
· Sensitivity to vulnerability
· Right to withdraw
· Secure data handling
· Ethical oversight
[bookmark: _Toc239847130]C7. Conclusion
Appendix C ensures transparency, protects participants, and supports compliance with university ethics requirements and GDPR.
[bookmark: _Toc239847131]Appendix D — Performance Visualisations
[bookmark: _Toc239847132]D1. Hourly Temperature Trends
Figure D1. Hourly indoor temperature trends (pre vs post retrofit).
Chart below
Interpretation: Hourly temperature profiles show improved stability post‑retrofit, with reduced night‑time drops and higher minimum temperatures. This indicates improved thermal performance and comfort take‑back.
[bookmark: _Toc239847133]D2. Energy Usage per Home (20 Homes)
Figure D2. Total annual energy usage per home (pre vs post retrofit).
Chart below
Interpretation: Across the 20 monitored homes, total energy consumption decreased significantly post‑retrofit. Variation between homes reflects differences in property type, occupancy, and retrofit pathway.
[bookmark: _Toc239847134]D3. kWh Saved by Property
Figure D3. Annual kWh savings by property.
Chart below
Interpretation: Most homes achieved substantial energy savings, with several exceeding the average ORP reduction range. This supports the effectiveness of fabric improvements and heating system upgrades.
D4. Moisture and Air Quality Trends
[bookmark: _Toc239847135]Figure D4. Relative humidity trends (pre vs post retrofit).
Chart below
Interpretation: Relative humidity decreased post‑retrofit, reducing condensation risk and improving indoor environmental quality.
[bookmark: _Toc239847136]Figure D5. Indoor air quality trends (pre vs post retrofit).
Chart below
Interpretation: Post‑retrofit air quality shows improvement, likely due to better ventilation behaviour and mechanical ventilation systems where installed.
[bookmark: _Toc239847137]D5. Average Air Quality (Post Retrofit)
Figure D6. Average post‑retrofit indoor air quality across monitored homes.
Chart below
Interpretation: Average air quality values fall within recommended thresholds, indicating improved ventilation and reduced pollutant accumulation.
[bookmark: _Toc239847138]D6. Comfort Take‑Back (°C)
Figure D7. Average comfort take‑back (°C) across homes.
Chart below
Interpretation: Comfort take‑back is evident across most homes, with indoor temperatures increasing by 1–2°C post‑retrofit. This aligns with ORP case studies and reflects improved thermal comfort.
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