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Abstract

¢CKS &a420AFft K2dzaAy3a &aSO02NJ Oy LX I &catbona A Iy AT
dioxide emissions. While academic research has explaeel energy performance of

housing at the design stage, these studies/e not consideredhe dynamic changeof

AYKEF oAl y idrénmthe lpiidpedtive deSiience how inhabitants learn from their
experiences and adapt these experiences to their everyday,limeshow A Y K 6 A G y i a

respord to changes adaptivgl

This thesis proposes a practitteeoretical framework incorporatingobustnessadaptation
andredundancythe three drivers of resilience, to better understand how people respond to
extreme events, such as the pandemic and -@fdiving crisis, and how energy use in social
housing is manifested through the practice of resilience. The thesis addresses the current
knowledge gap regarding robustness, adaptation and redundancy, which have not been
investigated systematically in pestcupancy housing studies. In particular, the connection
0SG6SSy az2O0Alf K2dza Ay 3 LiSwpbietdiscys€idhs dbgltR A Yy K
energyrelated practices remains largely implicit. A better understanding of these
discussions and how they can be articulated through robustness, redundancy and
adaptation can provide a new source of knowledge for developing resilient social housing in
the UK and beyond.

In this research, resilience in the home is examined through the practice theory lens in order
to understand the relatioships amonglesign, practices and resilience. In order to achieve
the aim and objectives of the research, a mixed method approach avighestiondriven
perspective is used. The research approach includes a literature review, case stuey, post
occupancy evaluation and data analysis. The four elements of practice theory help to
structure the investigation via a resilience matrix. The matrix developed by the researcher
was applied to map out the nexus between the four elements of practice theory and th

resilience drivers.

Finally, this thesis highlights the implications for futgm@ofing social housing and

recommends actions and policy changes to promote resilience in housing performance.
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CHAPTER 1: INTRODUCTION

1.1 Background

The global surface temperature increase is projected to exceed 1.5°Ghevads century,
leading to more frequent and prolonged heatwaves, as well as more intense precipitation in
many regionslftergovernmental Panel on Climate Chang621). According to th€limate
Change Act 200&0 maintain climate change within tolerable levels, carbon dioxide)(CO
emissions must be reduced to net zero in the UK by 2050. However, many climate experts
argue that achieving net zero carbon in the UK is more urgent and the target should be

brought forward to 2030 (RIBA, 2019; The UK Green Building CA&019l)

Energyefficient housing with reduced energy demand is considered critical for reducing CO
emissions and addressing the impacts of climate chaige et al., 2019) While much
attention is paid to increasing the energy performance of housing at the design stage,
Grandclément, Karvonen and Guy (2015) indicate that the occupation stage is the key to
achieving greater energy efficiency. @ilal. (2010) and Stevenson (2019) also argue that
comprehensive building performance evaluations through additional -postipancy
evaluation (POE) methods provide a better understanding of the monitored building
performance in relation to how humans actually inhabit their homes and how they use their
appliancesAccording tahe Office forNational Statistics (2023 report, 17.0% of all carbon
emissions in the UK were caused by the residential sector in 2022, placing this sector in a
critical position for reducing carbon emissions by improving building performance
(Intergovernmental Panel on Climate Chang®23). Additionally, the English Housing
Survey noted that 35% of the households who live in social housing in the UK struggled with
paying their energy bills due to the increased energy prices throughout gdd@gartment

for Levelling Up, Housing & Communities, 20Z19nsequently, a better understanding of
AY KL oAUl yelateddpraStigeS WiEhia social housing is necessary to understand the
underlying factors of resilience in these households. The scale of social housing provided by
housing associations and the specific opportunities for and challenges of providing adequate
heating and ventilation in lovncome households make this an appropriate sector for

research.



This thesis addresses the current knowledge gap by exploring robustness, adaptation and
NERdzy R yOeé Ay GSN¥a 2F AyKFEIoAGlIyGaQ LINFY OGAO
drivers of resilience have not been systematically investigated in-gmsipancy housing

studies. Further details about how these three key drivers were identified are provided in
Section 2.2. In this researchdaptation refers to the adjustments made to reduce the

impacts of social changes, and has been developed through social science to include the
capacity of individuals and groups to affect resilience, either intentionally or unintentionally
(Walker et al., 2004) Robustnessanother driver of resilience, is defined as the ability to

maintain the preferred housing performance despite social changes and the ability to
withstand shockgBusoet al., 2015) In this context, one social definition cédundancyis

WGKS SEGNI OFLIOAGASE OFAfLIOES (2 | K2dzA Ay 3
KSt L) GKSY ITRIFILIWG IyYyR {1SSLI O2yUNRft 2F GKSANJI |
(Stevenson, BaborsKkdarozny and Chatterton, 2016. 790. The following sections explore

the research gap by focusing on the housing problem in the UK, and present the research

aim and objectives.

1.2 Housing Problem in the UK

According to Palmeet al. (2016), the UK housing stock emits two or three times more

carbon than is calculated through design modelling. lfitergovernmental Panel on Climate
Change(2023) identified that improvements to housing are critical in order to reduce

carbon emissions and adapt to climate change. The updated UK Climate Change Act of 2019
mandates a 100% reduction of £@missions by 2050C{imate Change Act 20p8A POE

study from Baborskd | N2 oy &> {{iS@Syaz2zy |yR DNHzRI AZ&all ¢
newly built homes has increased during the summer in the UK due to climate change and its
effects. While there are adaptation strategies for concerns about ventilation, heating and
cooling in housing, no POE studies have yet demonstrated how to fptod homes such

that they are fully resilient to physical and social changes, revealing a research gap in this

area (Stevenson, 2019).

Gilleta.,6 Hamn0 | NBdzS (GKIFIG AYKFEFoAGEFydaQ oSKI @A 2 dz

equipment in their homes and the complexity of the design, reduce housing performance.



Despite significant attention being paid to energy performance of housing at the design
stage, Grandclément, Karvonen and Guy (2015) further develop the argument ef &ill
(2010), indicating that understanding the occupation stage is key to achieving energy
efficiency. This stage is not usually considered at the building design and implementation
stages, creating an energy performance gap. Grandclément, Karvonen and Guy (2015)
develop their argument by demonstrating the need for designing flexible housing to
accommodate diverse inhabitants with different demographics, profiles and practices.
However, no studies explore whether homes can carry on performing resiliently despite
shocks and social changes. This raises the question about the extent to which housing
RSOSt2LIYSyida IINB aSyaradAiAgdS o zrelatey fitdctids andy G & Q
how these interface with the key drivers of resilience: robustness, adaptation and

redundancy.

¢KS GSN¥a& WK2dzaSQ YR WK2YSQ KI@ZS RAFFSNEByI
AY K2dzaAy3d aiddRASad wSaASIHNOK 2y GKS WK2dzaS¢
heating and cooling systems, building materials and appliances (Ellsta@tis, Reid and

Hunter, 2015). However, studies of the house generally do not pay attention to how
inhabitants use energy, assuming that the house users are passive, rather than
understanding the role of inhabitants (Shove and Walker, 2014; Ellswoehs, Reid and

| dzy G SNE HnamMpO® WI2YSQ Aa |y |0OGAGBS y2dzy=
AYKEFOAGlIy(laQ LKeaAOoOlrt FyR a20Alf tA@Sasz I yR
EllsworthY NE6&a> WSAR YR 1 dzyiSNE HampO® { (GddzRASA |
routines and practices shape performance, how they manage their home, and how they use
technology (Gupta and Chandiwala, 2010; Shove, Pantzar and Watson, 2012). Therefore, in
GKAa NBaSINOK GKS GSNX WK2YSQ Aa dzaSR 6AGK
dzy RSNA U YR A Y Kelatedi piakctige$ @ @ermS gt Sd¢iEl obustness, adaptation

and redundancy.

1.3 Social Housing in the UK

In the late 19' century, social housing was primarily for workitlgss households, providing
affordable and highguality homes (Pearce and Vine, 2014). As home ownership became

more accessible and a good investment for households, social housing became a viable



option for those who could not afford to access the private rental housing market (Pearce
and Vine, 2014). Boomsne al. (2017) refer to social housing as affordable housing that
provides homes for people who cannot afford to buy their own homes. Social housing can
also be defined as secure and decent homes for people who cannot afford private housing
market prices in the UKrabatabaei Samest al., 2015) In the UK, the social housing sector

is characterised by the institutional arrangements like state ownership and management,
mainly serving lowncome households (Stephens, Burns and MacKay, 2003). During the
1950s, the social housing sector in the UK began to focus on selecting residents, usually

prioritising those with urgent housing needs (Blackwell and Bengtsson, 2023).

The private housing market in the UK does not adequately meet the demand for housing,
leading groups, such as housing associations and local authorities, to take the initiative for
social housing (Karakusevic, 2018). The social housing market can be seen as a direct
provider of housing and is a growing industry with an increasing number of management
bodies, like housing associations, adapting to political and economic changes (Reeves,
2006). In the UK, housing associations act as developers and managers of properties, while
local authorities (such as councils) provide cash grants to housing associations to plan and

build social housing developments (Reeves, 2006).

According to theDepartment for Levelling Up, Housing & Communities (2022yial
K2dzaAy3a NBLINBaSyda mpotsz 2F GKS | YQa 0dzAif RAy
in the Yorkshire region. In 2022, 60% of social housing tenants rented their homes from a
housing association, and the rest from local authorities (Department for Levelling Up
Housing & Communitie022). Figure 1.1 shows that social housing renters tend to stay in

their homes longer than private renters. While owrmscupiers tend to live in their homes

the longest, it is clear that social housing renters also have long tenures, averaging at least

10 years, benefiting from the decent standard provided.

This research focuses on social housing, where financial limitations (such as lower rents and
tighter budgets) are a dominant factor in decisioraking(e.g, during theplanning stage)
However, unlike the private rental sector, which may involve individual landlords making
more fragmented decisions, social housing developments are managed by professional

landlords such as housing associations or lac#horities(SunikkaBlanket al., 2012) These



organisations have more resources and a more formal decrsi@king structure, making it
easier to implement decisions and policies (such as improving energy efficiency or
retrofitting homes)within social housingompared to private landlords who may lack these
capabilities(SunikkaBlanket al., 2012).

L

— e = BD
N R Oy 0 O

Number of years (mean)
=

8
6
4
2
0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Year
m Owner occupiers  m Private renters Social housing renters

Figure 11 Average number of years in current home by tenure typem 2011 to 2022
(adapted from theDepartment for Levelling Up, Housiagd Communities, 2022)

According to the National Housing Federation (2022) report, social housing renters have to
ALISYR mMpopr 2F GKSANI AyO02YS 2y KSFGAy3Z Sl|d:
annual income. Upgrading social housing to the net zero energy efficiency standard by 2030
could save inhabitants more than £700 million a year in heating costs, an average saving of
£567 per household per year (National Housing Federation, 2022). Since the energy crisis

and the increases in energy bills, having an eneffigient home has become a significant

and urgent need, particularly for lemcome households living in social housing. Therefore,

the social housing sector is a key subject to study to achieve the 2030 net zero energy

target.

Il O0O2NRAYy3 (2 {KSTFASER /Ale& [/ 2dzyOAf Qa O6HAMOD
is of higher quality than private sector housing, following the investment and improvement
strategy inthecity{f KSTFFASt RQa adzadl Ayl otS Ay@SadaySyid :

standards in the long term. Additionally, the lamcome households in social housing



developments need to have energfficient homes to reduce heating costs, as mentioned

in the National Housing Federation report (2022). Thus, the researcher chose Sheffield as
GKS OFras &aiGddRRée &aArAGS G2 SELX 2NB |yR dzyRSN&G |
within social housing, and to understand if these social housing developments perform as
designed.Additionally, Sheffield City Council (28) has an ambition taeduce housing

carbon emissions to net zero by 2680 | 2 6 SOSNE om: 2F {KSFFTASE
currently come from domestic energy use, and to achieve this ambition, the amount of
energy from domestic use needs to be reduced. Thus, doing research in Sheffield will help to
explain how inhabitants use the energglated equipment within their homes and increase
understanding of how to reduce domestic energy use and achieve the 2030 net zero energy

target.

Achieving the net zero energy target is vital for reducing carbon emissions; however, there is

still a need to understand thgap between the energy performance targets set during the

design stage of nessuild housing and their achievement in pract{¢ganget al., 2018).This
SYSNH& LISNF2NXYIFyOS 3+ L) Oy o0S FGONRO6dzISR (2
efficiency of systems in homes, and the thermal performance of the building materials
ODdzLIG Il FYR Y2G2L32dzZ SIFa>x Hnamy O d -deoidhiicatatist y G a Q
significantly impact energy use through their choices about using the heating and cooling
systems, hot water and electriciffrohaniset al,, 2008; Steemers and Yun, 2009; Fuentes,

Arce and Salom, 2018) ¢ Kdza > GKA&a GKS&aAa | AYa iektedlzy RS NE
practices within households and how these practices reflect resilience to have a better

understanding of this energy performance gap.

1.4 Research Gap and Research Questions

t NEOA2dza a0dzRASEA 2F AYKFIOAGIHYyGaQ LINI OGAOSa
redundancy together, nor have they explored the connection between these resilience
RNAOSNE (2 dzyRSNBROGFIYR AT a20Alf K2dzaAy3a Aa
energyrelated practices. Consequently, there is a need for a deeper understanding of
AYKEFEOAGlI YGEAQ RA &r@atedl fracicgsiandhontiozse ard yitSrdBtéd with
robustness, redundancy and adaptation as an opportunity for developing resilient social

housing in the UK.



This research studies how inhabitants discuss their social rules in the household by
examining energyelated practices to determine how robust, adaptable, and redundant the

social housing is in terms of accommodating social changes related to energy use. These
OKlI yaSa AyOfdzRS akKAFTla Ay AyKFIoAGlIylaQ KIFoA

rules, the way inhabitants use their homes, and changing technologies.
The above leads to the main research question and fourcaigstions:

Main research questionHow can social housing performance be futpreofed through a
0SUGSNI dzyRSNBRGFYRAY3I 2F AyKFIoAllydiaQ RA&Odz

redundancy and adaptation within resilience over time?

Subquestion 1: What are the main opportunities for and barriers to designing robust,

adaptable and redundant social housing in the UK?

Subquestion 2:What are the underlying factors of robustness, adaptation and redundancy

in social housing developments?

Subquestion 3:How do inhabitants discuss their enermplated practices in the household
and how do these discussions interface with robustness, adaptation and redundancy in

social housing design?

Subquestion 4: How can social housing be futupeoofed to become more robust,

adaptable and redundant over time?

1.5 Research Aim and Obijectives

The overall aim of this researchtis explore and understand robustness, adaptation and
NBRdzy Rl yO& Ay NBf | (-klated pracBcesiintie hauselivliiyathie®e Sy S NE

this aim, theresearch has been structured around four specific objectives:

Objective 1:Understand the state of the art of the discourse about robustness, adaptation

and redundancy of social housing in the UK.

Objective 2: Develop an understanding of underlying robustness, redundancy and

adaptation in a selected social housing case study.



Objective 3:Explore and explain robustness, adaptation and redundancy of the selected
a20A1f K2dzaAy3a RSaAAIY | YR *elatkd poadties.y 13 Q RA & Od

Objective 4:ldentify key insights for a new understanding of social housing robustness,
FRFLIWGFGAZ2Y YR NBRdzy Rl yO&  Aefated\fdcticas An2tile (2 A

household to help futurgoroof homes

1.6 Positionality of the Researcher

t2aA0A2y+FEAGE NBFSNR G2 | NBEaSFNOKSNQa ¢2N
conducting research (Coghlan and Bryddiler, 2014). As an architect from Turkey, my

view on the resilience of social housing in the UK is shaped by my cultural background,
professional training, and personal experiences in both the Turkish and international
architectural contextsl approached this research with the understanding that resilience is

not just a technical challenge but a social, governmental and cultural issue. In considering
resilience in social housing, | draw on the idea that architecture is both a reflection of and a
response to the social landscape, which includes the lived realities of communities and the
institutional structures that shape them. Therefore, | see resilience through a lens that
respects not only physical durability in the face of climate change, but also social

adaptability.

a@ adlyRLRAYG Fa 'y I NOKAGSOG A& GKIG GKS Ay
housing performance. In Turkey, social housing developments have been both a solution and

I OKIFffSy3aST Ay Y& addzRé RdzZNAYy3 Y& YI aidSNRa
complexities of providing affordable housing in rapidly urbanising regions such as Istanbul
(Ozen and Aksoy, 2021). My professional background emphasises the importance of
NEaAaAfASYyOS Ay K2dzaAy3a RSaAdy IyR GKS | yYyQa &z
of resilience compared to Turkey, where social housing is more subjected to policy debates
around sustainability, funding cuts and community resilie(i€arakusevic, 2018My own

experiences as a researcher, knowledge as a carrier of practices, and the time of data
collection (which coincided with Covi®) are considered mindfully throughout and made

visible where appropriate.



As a researcher and an architect, my worldview is to understand the meaning behind human
O0SKI@A2dzN) YR K2¢g (GKA&a fSIFRa G2 LIS2LX SQa | C
WNBIFfAGE2Qd L 0 Sobjécteé] Bis shépkdiby mNBan inferacionshaad shaged
understandings. Thus, | embraced the interpretivist philosophical stance to emphasise the

role of meaning and interactions in knowledge production, and to understand human and

social reality (Crotty, 1998, p. 67; William, 2024). What the researcher observes is only a

LI NIALFE @GASe 2F +y AYRAGARIzZ £ Qa NBFfAGE Ay
AVIiSNIBASsa O6SELXFAYSR Ay {SOGA2Yy not0 Ad | f¢g
knowledge (May and Perry, 201 An entirely objective interpretation of data is not realistic,

meaning that interpretive research is susceptible to misinterpretation or bias. This risk can

be reduced by adopting a reflexive approach, which involves critically examining the
NEaSIHNDODKSNQa 26y |aadzYLliaAzya |yR SELX 2NAy3 |
Perry,2000 ® Ly (GKA& NBAaASINODKXZ L FLILXASR {OK2f0SQ
discontinuity between experience and reality, and between the investigator and the object
AYy@SaidAalr iSRQ o6{O0OK2fdS> mMdpTtnX LI nopvX FyR |
GKS NBaSINDODKSN) YR LI NGAOALIF yia GKIFG NBI dza NJ
GKS AYyGSNYOGA2ya sAlGK GK2aS o0SAy3a Ay@SadAral i

1.7 Scope and Limitations

This study was carried out in newild social housing, as these homes are required to be
WIRRBR f AGeQ K2YSa GKIFG FNB SySNHe STFFAOASY(:
improved air quality(Balaban and Puppim de Oliveira, 2017; Martiskainen and Kivimaa,
2019). This study purposefully focused on social housing association homes, as this sector
has been at the forefront of developing and managing gqudlity and affordable homes

and remains a major developer of new homes in the UK. This reseagltonfined to a
particular social housing association in Sheffield that adheres to UK building regulations,
thereby eliminating the influence of policies from other countries. The selected social
housing comprises lowent homes, as these are typically occupied and rented by
households with low incomes, potentially influencing their heating and ventilation practices.
Research participants included inhabitants and design team members (project developer,
project coordinator and architect) to enable considgon of both design intentions and the

actual practices of inhabitants. In the present study, the majority of research participants



are over 50, mirroring the demographic profile of social renters in the UK. However,
households with children are in the minority in this study, because the selected housing
association primarily accommodates older people; therefore, this group represents a

research gap for further research.

1.8 Thesis Structure

The overall research approach is illustrated in Figure 1.2, adapted from the research onion
diagram by Saunders, Lewis and Thornhill (2009), and sets out an exploratory study of the
research topic. A practice theory approach is adopted, taking Gramy a 8 Sy Q& O H N
definition as the basis, using both inductive and abductive reasoning. The methodology
adopted is mixed methods, using a case study approach. The case study design employs
semistructured interviews, usability survey, document study methods, and mapping, within

2yS GAYS LISNAZ2R® ¢KS O 4SS & G2dxRheS yAIiss RDS fl S MINPF
LINE GARS GKS WYIFEAYdzY OFENAFGA2YQ 2F OKI NI OGSNH
in Section 4.3.1. Table 1.1 outlines the scope of each chapter and sets out the thesis

structure.

Practice theory

Inductive &
Abductive Reasoning

Mixed methods

Case study
(cases-within-a-case
approach)

Cross-sectional

Semi-structured
interviews

Usability Survey
Document review

Mapping

Figure 12 Research onion (adapted
from Saunders, Lewis and Thornhil
2009)

10



Table 11 Thesis structure

Thesis Chapter

Chapter Content

1

Introduction

Context of climate change, housing problem in the UK, s
housing in the UK

Knowledge gap and research questions

Research aim and objectives

Scope of the study and limitations

Thesis structure

The following chaptelocates the research topic in a wid
context and the gap in the knowledge is evidenced.

Resilience of
SocialHousing:
State-of-the-art

Critical review of literature, including existing research &
government documents, relatedtsocial housingnd heating
and ventilation system

Research gap is explored and evidenced

In the next chapter, the theoretical framework is explained \
the reasons for the approach selected.

The Practice
Theory
Framework

Presenting theesearch approach and the reaséor choosing
practicetheory

The roots, development and continuing evaluationpoéctice
theory

GramHanssen's definition ogpractice theory and elements o
social practices as an analytical tool

The followingchapter explains the methodology adopted
this research and methods for investigating the gap in
knowledge, using the theoretical framework adopted.

Methodology

Methodological approach and rationale, data collect
methods, data analysis methods

The following chapter sets out the findings and analysis of
collected data thaarerelated to the heating practices.

Heating Practices
in the Social
HousingCase
Study

Analysis of heating practices in the selected case stindgrms
of the framework described in Chapter 3, by looking at b
inhabitanta &d design team @erspective

The following chapter sets out the findings and analysis of
collected data thatrerelated to the ventilation practices.

Ventilation
Practices irthe

Analysis of ventilation practices in the selected case stud
terms of using the framework described in Chapter 3,

11



Social Housing | looking at boththe inhabitan& &hd design teaf @erspective

Case Study
In the next chapter, the analysis of heating and ventilat

practices of the inhabitantsf social housing based on Chapts
5 and 6, are discussed.

7 Discussion Resilience matrix developed by the researcher is defined
discussed by using the analysis on the eneglgted practices
described in Chapters 5 and 6

The interrelationship between the inhabitants and design te
is discussed in terms of futw@roofing policies for social
housing

In the final chapter, the research questions are answerg(
drawing on the findings, analysis and discussions.
contributions and limitations of the research are explained
directions for future work are suggested.

8 Conclusion Aim and context of the resear@re summarsed
Key research findings arabntributions to theory, knowledge
policy and practices are explained with reference to
literature and the themes in Chapter 7

Recommendations for policy and practice

Limitations and further research

1.9 Summary

This chapter has presented an overview of the research background. The housing problem in
GKS 'Y 61 &a SELXIFITAYSR 68 KAIKEAIKGAYT GKS AY
energyrelated practices within the home. Social housing in the UK was discussed to explain

why the social housing provided by housing associations was the appropriate sector for this
research. The research gap and research questions were identified. The research aim and
objectives were presented, followed by the scope and limitations of the research. The
overall research approach and thesis structure were illustrated in Section 1.6. The following

chapter provides a critical review of the literature and evidences the knowledge gap.

12



CHAPTER 2: RESILIENGEOCRAHOUSING: STADETHEART

2.1 Introduction

The broader context for this research is the resilience of social housing and its relation to
AYKFoAGlIyGaQ LN OGAOSAa yR a20Alf OKIy3aSo
and policies in order to identify the gap in the literature. The theoretical underpinning of this

research is then presented in Chapter 3.

2.2 Definitions of Resilience

2.2.1 Resilience in the Context of Climate and Sfxmmomic Crisis

Resilience is the capacity to resist or absorb the social, economic and environmental impacts
of disruption and to recover from these impacts by maintaining stability and adapting
flexibly to a new state or system (Wallketral., 2004; Tyler and Moench, 2012; van Zagdt

al., 2012). The concept of resilience has been expanding and developing since the 1970s,
when Holling (1973) defined it as the ability of systems to absorb disturbances while
maintaining their functions. Resilience has also been described as the opposite of
vulnerability, requiring flexibility, change and learning in urban, ecological and-socio
ecological systems (Tyler and Moench, 2012; Intergovernmental Panel on Climate Change,
2022a). Biggset al. (2012) further discuss resilience processes in secaogical systems

and describe how communities interact with their environment and governance by

exchanging information necessary to function and recover after disturbances.

W{20AItf NBaAftASYyOSQ Oly o6S O2y&aARSNBR | a
experiences and demands of people facing adversity (Ungar and Liebenberg, 2011). It can be
enhanced by identifying underlying qualities and issues, and helping people cope with minor
stressors and disturbances and serious environmental events more effectively (Fletcher and
Sarkar, 2013; Grant and Kinman, 2P1Governments worldwide have recognised the need

to empower communities and individuals, particularly in developing countries, to reduce the
impact of floods, severe storms, pandemics and so on (Boon, Cottrell and King, 2016). This is

crucial, as developing countries have fewer resources and lower budgets for recovery.

13
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2.22 Framing Resilience in Housing Research

The global surface temperature is projected to increase by 1.5°C over theettury
(Intergovernmental Panel on Climate Change, 2022b). According to the Intergovernmental
Panel on Climate Chan@2021), heatwaves are likely to occur more often and last longer,
and in many regions extreme events like storms and flooding will occur more intensely. The
UK Climate Change Committee (2023) states that-teng plans to reduce the impacts of
climate change include adapting buildings to have cooling and insulation measures. In
addition, the global financial crisis of 2007/08 and the CAdddarisis that started at the end

of 2019 both affected UK housing production and created space pressures for occupants in

households (Earley, 2021).

Ever since the olil crisis of the early 1970s, significant attention has been paid to increasing
the energy performance of housing at the design stage, as noted by Painter (2014).
However, many studies indicate that the occupation stage and how people actually use their
homes are key to understanding how to achieve greater energy efficiencei@ill 2010;
Grandclément, Karvonen and Guy, 2015; Stevenson, 2019). Recently, the increasing focus on
climate change has driven efforte understand whether buildings and communities are

resilient enough for the unpredictable events that might occur in the future.

Having outlined key aspects of resilience in this section, it is next necessary to explore the
state of the art in relation to the development of resilience in the context of housing. A
literature review was undertaken to find all the relevant studies in relation to this field,
synthesise the findings and identify research gaps (Jesson, Matheson and Lacey, 2011). This
literature review first explored the latest developments and research in relation to the field

of inquiry (BettanySaltikov and McSherry, 2016) and included:
1 Conducting a comprehensive search using all available information sources;

1 Creating a matrix of resilience drivers, including robustness, adaptation, and

redundancy;

1 Listing the opportunities and barriers according to the literature review;

14



1 Identifying key existing and potential social shocks and stresses related to occupancy

change according to the literature review.

The review included selected databases: Scopus, Web of Science and Science Direct. First,
GKS 1S@62NR WNBaAtASYyOSQ g+ a &aSIkNOKSR Ay (K
Figure 2.1). Over the past decade, the number of papers published about resilience has
AYONBIF&aSR aA3IyATAOlIylGted ¢KS (Seg2NRa WNBaA:
same databases and timeframe (see Figure 2.2). Figure 2.2 shows that the number of
AOASYUGATAO LI LISNAR LlzoftAaKSR 2y WNBaAfASyOS |
8SFNARA® 5SaLIAGS | at Aa3KG RSONBIFrasS Ay (KS ydzyo
2F {OASYyOS RI{GlI01aS 06SG6SSY HAHM YR HAHHZ
K2dzaAy3aQ Ay (GKS aFYS RIGFOoF&S RdzNAYy3I GKFG LIS

(@]

Figure 2Lb dzY 6 SNJ 2 F A OASYOGATAO | NLAOEfSa |
Science Direct databases from 2012 to 2022
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e S COPUS Web of Science Science Direct

Figure 2b dzY 6 SNJ 2F AOASYGATFTAO | NIAOEf Sa | ¢
of Science and Science Direct databases from 2012 to 2022

The next stage of the literature review was to combine the key research terms with the
actors and location (see Table 2.1). In order to reach mowepth literature around the
research aim, different combinations of key research terms were used, as shown in Table
2.1. When the irdepth detailed hits were found, to exclude noslevant articles, all titles

and abstracts were read. After excluding A@hevant articles, the remaining articles were
grouped to identify which areas of resilience had been covered, revealing the research gaps.
Three key drivers of resilience were identified: robustness, redundancy and adaptation.
These drivers were reviewed separately, and none of the studies covered all three drivers
together in relation to resilience and social housing. Some key articles on resilience in UK
housing from the last 10 years are presented in Table 2.2. These papers were selected

because they are representative of resilience research in UK housing.

16



Table 21 Search strategy string by comhtions ofkeywords

Terms Actors Location
1- Resilience 6- Inhabitant 13- UK
2- Hous* 7- Occupant
3- Energyuse 8- User
4- Behaviour 9- Resident
10- Dweller

11- Household

5- Combine 34 using 12- Combine 5 with 6011 14- Combine 512-13
Wl b5Q dzaAy3a W! dzaAy3a W!

Table 22 Key representative studies about resilience in UK housvegthe last 10 years

Author Representative Articles Key Themes

Empirical assessment of indoor ai
quality and overheating in lowwarbon
social housing dwellings England, U

Resilience in termr
of adaptation

Gupta and Kapsali
(2016)

A societechnical perspective of
ventilation practices in UK social
Behar (2016)  housing with whole house ventilatio
systems; design, everyday life anc
change

Resilience in termr
of adaptation

Resilience in termr
of robustness ant
adaptation

Gupta andGregg Assessing energy use and overhea
(2018a) risk in net zero energy dwellings in |

Continuous mechanical ventilation i . .
. . Resilience in termr
BaborskaNarozny housingg understanding the gap of redundancy an
and Stevenson (201 between intended and actual <y
adaptation
performance and use

Stevenson, Baborsk  Resilience, redundancy and lew
Narozny and  carbon living: cgproducing individua
Chatterton (2016) and community learning

Resilience in termr
of redundancy

17



Assessing vulnerability, resilience aResilience in terrr
Jones et al. (2013) adaptive capacity of a UK Social of robustness anc
Landlord adaptation

W{dzo2SOUGABS NB

Jones and Tanner perceptions to quantify household

(2017) resilience to climate extremes and
disasters

Resilience in termr
of robustness ant
adaptation

Fresh air and lovearbon: a practice
Brierley (2021) approach to maintaining home
ventilation

Resilience in termr
of robustness

Gupta and Kapsali (201@nalysed qualitative and quantitative data related to energy
performance, occupant feedback, environmental conditions and adaptation. Their findings
reveal that indoor environmental conditions in dwellings are determined not only by the
building systems and fabric, but also by the interactions of inhabitants with these systems.

They note a lack of adjustability in the systems, such as usable home user guides or usable
controls for energy systems in the home, hindering adaptation. They argue that the disparity
0S06SSy RSarAaly AyaGSyildrazya I|yR AyKFEoAGIYydaQ
performance gap in terms of energy and environment. However, they do not cover the

robustness and redundancy aspects of resilience.

Behar (2016plso focuses on the adaptation and social practice theory in her thesis on the
ventilation practices within lovenergy social housing in the UK. Her key finding is that
AYKIFIoAGlryda R2 y244 Ffgleéea F2ftt2¢ (GKS RSaA3,
ventilation practices slowly adapt to changes in ventilation systems, others are unpredictable

AY ITRFELGAYy3 G2 (KSasS OKlFy3aSaod . SKIFENXRa GKSahi
inhabitants and their adaptability to design intentions, but does not address robustness and
NERdzy RI yOoeod {KS YSyidAazya GKIG Ad ¢2dfdR 06S 0o

using alternative qualitative methods to find out more about their daily lifestyles.

Similarly,Gupta and Gregg (20&Bexplore energy use and overheating risks in net zero
energy housing using the adaptive comfort methodology. They conducted climate change

simulations and analysed the energy end use for different climate projections to improve

18



nextgeneration housing despite extreme conditions. Their study focuses on the adaptive
measures of technologies in the home and physical robustness to improve housing as the
climate warms. However, they do not cover redundancy aspects or other ersejgd

practices beyond overheating.

BaborskaNarozny and Stevenson (2016pnducted a building performance evaluation

study, particularly focusing on mechanical ventilation in two UK-dawon housing
developments, by using practice theory related to adaptation and redundancy. They found

that, despite the adjustments to the ventilation systems, most inhabitants still rely on hybrid
ventilation as a backup. To increase the success of interactions with mechanical ventilation
aeaidsSvya Ay K2YSaz (GKS dzaloAfAde 2F (GKS &adeads
Their study does not cover robustness or enemgated practices besides ventilation.

Similarly, the study of Stevenson, Babordlaozny and Chatterton (2016) introduces the

concept of redundancy in lowarbon cohousing practice and makes recommendations for

various stakeholders to futurproof housing developments.

A recent study on reducing carbon emissions in response to climate change was conducted
UKNRdzZK . NASNX SéQad oHnumMO (GKSaraszr o#mOK | RR
maintenance of ventilation systems in lemergy housing association homes in England.

She adopted a practice theory approach to comprehend the complexity of maintenance
practices and the various ways they are shaped, bundled and constrained withenkrgy

homes.Her work provides a new perspective on ventilation practices and the challenges to
effective maintenance in these homes. While this study focuses on existing ventilation
YFAYGSyFyOS LIN} OGAO0Sasz . NASNI S&Qa NBaSlk NDK
response to changing inhabitant behaviour, policy shifts or emerging technologies.

Ly adzyYYrNEBXZ GKS&S LI LISNER F20dza 2y AYyKFOoAlGLlY
resilience, but do not link these resilience drivers together in relation to social housing. To

future-proof homes, the nexus between robustness, redundancy and adaptation in terms of
AYKLE oAl yeladdpraSige Sredtis to be revealed.
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2.2.3 Cros®isciplinary Understandings of Resilience

A number of scholars from a diverse range of disciplines, including ecology, engineering,
social sciences and economics, have reviewed the concept of resiliencéalsiee23). In

terms of engineering, resilience is the ability of a material or a system to withstand change
and continue to function (Porter, Steele and Stone, 2018). In ecological studies, resilience is
the ability to function even if there is a change and disturbance to the ecosystem (Holling,
1973. The ecological perspective of resilience differs from the engineering perspective
because ecological resilience measures the extent of disturbance before there is a change in
the ecosystem (Cretney, 2014). Adger (2000) and Shaw (2012) describe resilience as the
ability to change, evolve and learn, rather than continuing to do the same thing. Porter,
Steele and Stone (2018) define resilience from a housing studies perspective, suggesting that
adaptation is a critical indicator of resilience that explains how well a system can withstand
disturbances. This argument is crucial because extreme events, such asd G afigct both

the housing system and the inhabitants living in it.

Table 23 Resilience definitions in different fields

Author Research Area Definition

Stability and the ability t

function even if there is .

change and disturbance
the ecosystem

Holling (1973) Ecological studies

The ability of individuals
Social and ecological  and social groups to
studies withstand external shock
and stresses

Adger (2000)

The ability to respond tc
events by estimating
possible threats and

opportunities

Hollnagel (2010) Engineering studies

The ability to pursue
Economics studies  output close to potential
after a shock

Duval, ElImeskov and Vo
(2011)
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Author Research Area Definition

A bridge between the
implementation of
Hassler and Kohler (201 Housing studies sustainability targets ant
adaptation to shocks an
stresses

The responsibility of an
individual to behave in ¢
Schwarz (2018) Psychological studies way that influences his ¢
her life course while
avoiding threats

Hassler and Kohler (2014) and Moffatt (2014) indicate that sustainability and resilience are
concepts that change according to differences in scale, such as building, neighbourhood or
city scale, allowing the loAaggrm development of the built environment, innovation in
timing, and approaches such as planning and design to adapt to changing conditions.
According to Berkes, Johan and Folke (2003), the concept of resilience can also be viewed as
an analytical tool that can be used to retain sustainability despite change. Hassler and
Kohler (2014) similarly identified resilience as a bridge between the implementation of
sustainability targets and adaptation to shocks and stresses. Despite the stresses and
problems, a resilient community is one that reacts to these stresses in a positive way
(Garrefaet al, 2021).

The ongoing development of resilience as a concept within built environment research is
supported by the ongoing sustainability debate, climate change research, and the
awareness of increased risks (Hassler and Kohler, 2014). Resilience has become a positive
indicator for communities where various factors, such as social and physical changes, harm
the welkbeing of the occupants (Stollmann, 2016). According to Tyler and Moench (2012),
increasing the resilience of urban environments involves reducing the fragility of the
systems (e.g., water and food supply, power networks, transportation, communication) by
adapting them, enhancing the capacities of social agents to develop adaptive responses, and
determining the institutional factors (e.g., social injustices) that prevent effective responses.
Resilience can also integrate the ability of housing to respond to change and crisis through

housing policy discourse (Pablo, Littleton and London, 2024).

21



Given these definitions of resilience in different fields, the role of resilience in shaping
housing developments becomes increasingly critical. Social housing, in particular, is at the
intersection of soci@conomic constraints and poligdriven interventions (Blackwell and
Bengtsson, 2023). Understanding how resilience affects social housing is essential for
evaluating the lived experiences of inhabitants and the effectiveness of housing pdltoges.
following section explores resilience as a concept that addresses social, environmental and

economic contexts within social housing.

2.3 Resiliencas a Multifaceted Concept

Resilience is a multifaceted concept that is viewed through social, environmental and
economic lenses (McCarthgt al., 2011). These dimensions help explain resilience in a
holistic way, particularly in relation to housing, by emphasising socigration,
affordability and improvements in energy efficiency (Tsenkova, 2021i%. section explains
what resilience means in different domains and how these contexts interact within social
housing. By examining these contexts, this thesis aims to contribute to a more
comprehensive understanding of resilience, emphasising energy practices within housing

research.
2.3.1 Social Context

The social impact of resilience is predominantly explored in secw@bgical studies. Follet

al. (2003) highlights key social features that are essential for the resilience of-social
ecological systems, such as monitoring and responding to environmental feedback, enabling
legislation and social networks. However, it is unclear whether these social features play a
similarly significant role in the resilience of housing systems. Social aspects of resilience are
very useful when there is a need for more understanding of the capacities of individuals and
communities to cope with change (Brown and Westaway, 2011); however, Brown (2014)
notes that social factors, particularly power dynamics and social differences, lack adequate
recognition in social science disciplines. Maclesinal. (2017) describe resilience as a
process rather than an outcome, highlighting social impacts such as flexibility, adaptive
capacity and durability. Baldwin and King (2018) look at the social impacts of resilience using
I RAFTFSNBYOG FLIWNRIFOKE adldaya GKFHG AL Ayd:

communicate with and behave towards each other, and their everyday behaviours.
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Conducting research and experiments on social housing sites can be a strategic way to
increase quality and efficiency, set new standards, and aid recovery from a crisis such as
Covid19 (Brai, Mangialardi and Scarpelli, 2022). According to a United Nations Human
WAITKG& NBLRNISX K2HAYFEIREEOHYYS WIKSBY FNRPENRY |
importance of access to adequate and resilient housing (United Nations Human Rights,
2020). The Covithndp LI YRSYA O Ol dzASR &aA3IYyATFAOFIYyd OKLly
system: households improvised to enable their homes to function as places to work and

study (for example, by creating home offices), and cooking and eating at home increased
(Pablo, Littleton and London, 2024)hese diverse perspectives indicate that resilience in

housing should be viewed as extending beyond physical infrastructure and should instead be

examined through the lived experiences and social dynamics of its inhabitants.

This study primarily focuses on the social impacts of resilience in social housing due to the
need for greater understanding of the social aspects in housing and energy studies.
However, this study also touches on the environmental and economic aspects that affect

housing and participants where relevant.

2.3.2 Environmental Context

This section discusses the key environmental impacts that affect social housing. Climate
change and extreme weather events, such as heatwaves and flooding, necessitate high
quality homes with adequate space and equipment, and without negative externalities,
specifically in the social housing sector, where residents are more vulnerable to these
extreme events (M-Habitat, 2009; Climate Change Committee, 2023). Different regions
experience natural hazards at different levels, influenced by climate change and the severity
of their impact can depend on local housing management plans (Moghim and Garna, 2019).
Moghim and Garna (2019) state that the environmental context of resilience includes the
impacts of disasters such as flooding, earthquakes, extreme temperatures, and landslides,
and the ability to recover from these impacts. Vulnerable communities are more susceptible
to the negative effects of these extreme events due to improper management palldies

et al, 2007; Baker, 2012)

Housing is one of the main sectors that suffers the consequences of global warming, but it

also has great potential to reduce these impacts (United Nations Environment Programme,
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2022). Webster and Bogunovich (2021) state that planning, designing and using housing
effectively will determine energy consumption and greenhouse gas emissions, meaning
there is a need for housing that is not only affordable, but also resilient to the consequences
of climate change. Research indicates that energy is invisible to the households who have
little or no awareness of how the energy is generated, thus they are not aware of and do not
consider the increased energy consumption of their hor(&serriffet al, 2019; Ambrose,
2020)

This thesis explores the environmental context concerning the negative effects of climate
change on social housing and how this intpathe energyrelated practices of its

inhabitants.

2.3.3 Economic Context

TheCovid19 pandemic and the energy crisis following the war in Ukrhaee putthe UK's
energy system under pressunesulting inhigh energy pricewith increased vulnerability of

the population (International Energy Agency, 2022b; Burlingtnal, 2024) For instance,
Guanet al. (2023) state that lowincome households and vulnerable groups like pensioners
face a difficult choice between paying for energy and other necessities, thus it is necessary
to mitigate the increased energy costs (Deller, Turner and Waddams Price, 2021).
Additionally, the rising costs of both ownreccupier and rental housing is an area of concern

for vulnerable populations, as they are likely to suffer from a lack of access to quality and
affordable housingRowleyet al, 2023) According to Burlinsoet al. (2024), one of the
economic impacts related to the energy crisis is the affordability of household bills, which

RANBOGEE FHFFSO0GA AyKlbeidgil yiaQ ljdd t AdGe 2F tAT

Improving the resilience of housing infrastructure across its lifespan whilst considering
different household demographics is essential for designing more liveable housing for the
future, as it might be difficult for some households, such as pensioners, to pay for costly
renovations (Kraatz, 2018). However, policy interventions that protect consumers from price
shocks and the availability of unconditional financial support might lead some households
(particularly those who can afford to pay for the energy prices) to not adjust their

consumption behaviour@urlinsoret al., 2024)
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This studyfocuses orthe economic impactgelated toincreased energy bills due to Covifl

and the energy crisis examinng how these factorsaffect inhabitant€Qenergyrelated
practices.To summarise, this thesisighlights the critical need to understand the social
context of resilience within social housing, particularly in housing and energy studies. While
the main focus is on social resilience, this thesis also acknowledges the interconnected
nature of resilience by considering environmental and economic contexts where relevant.
The following section highlights the importance of resilience drivers in shaping how social

housing and its inhabitants respond to external disruptions.

2.4 Resilienc®riversin Social Housing

Adger (2000) emphasises resilience as an important factor for adapting to environmental
change. A similar approach is proposed by Maguire and Cartwright (2008), who examine
resilience across three dimensions: stability, recovery and transformation. These dimensions
show that, when subjected to environmental changes, a community can either withstand
minor disruptions, recover from more severe ones, or fail to be resilient. However, these
dimensions often overlook the dynamic change of communities through transformational
resilience, where people learn from their experiences and adapt these experiences to their
everyday lives, thus responding to change adaptively. Therefore, a deeper understanding of
robustness, adaptation and redundancy is needed to understand how people respond to
extreme events, and how this relates to home energy use. This section explains how the
multifaceted concept of resilience is actively maintained and strengthened through its key

drivers.

2.4.1 Robustness

According to Anderiegt al. (2013), robustness is typically associated with consistency or
precision in the designed systems or algorithms, such as robust control systems or robust
decision algorithms. In these computational contexts, robustness captures the idea that
some computational methods work well even if the information about the system is
incomplete. Applied to the housing context, robustness can be defined as reduced sensitivity

to shocks and stress€Anderieset al., 2013)
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w20dzaliySaa Aa I RNAOSNI 2F NBaAtASyOS GKFG |
lifespan (Anderies, 2014; Kotireddy, Hoes and Hensen, 2018). It is further defined as the
oAt AGEe G2 adadlAy | o0dzif RAy3IQa SySNHE& LISNF
conditions, and the ability to withstand shocks, such as heatwdBesoet al, 2015)

Kotireddy, Hoes and Hensen (2018) support this principle by defining robustness as the
0dzZAf RAYy3Qa OFLIoAfAGE 2F LISNF2NX¥VAYy3A |0 GKS
RATFSNBY UG dzy OSNIFAYyGASa 2 00dzniy (Z09)RidiNgs y 3 (i k
robustness in the building performance context as the ability to withstand uncertainties and
GKA& adGdzRé | RRNBaasSa GKS 3Jl LA Ay adadlAylo
behaviour and climate change. Similarly, Looretnal. (2017) evaluate robustness of

o0dzZAf RAYy3aQ StSYSyida Ay (GSN¥Ya 2F AyKIFIoAGlIyda
Robustness is also highlighted in the building performance gap studies of Favctt

(2012) and de Wilde (2014), who define robustness as reducing the performance gap
between the predicted and actual energy performance by ensuring the predicted
LISNF2NXIFyOS 20SN) 0KS o0dzAf RAy3aQa fAFSALI YOO wz
robustness from a different perspective and define a mobust building as one that
LISNF2NXYE RAFTFSNByilGfteée (KIy LINBRAOGSRET 27F0Sy

behaviour when measuring the energy performance of buildings.

For the purposes of this studs2 6 dza (il y Sa & théabiRySdFmaiitsirkhe preierred
K2dzaAy3a LISNF2NXIyOS RSALIAGS a20Alf OKFy3aSa 2
robustness is needed to understamhether energy systems in the home (e.geating and

ventilation systemsganwithstand sudden shocks and social changes.

2.4.2 Adaptation

Adaptation focuses on measuring function in relation to crisis and dynamic possibilities

Ot 2NISNE {GSSES YR {(2yST HamyO® ¢NIRAGAZ2YI
behaviour and characteristics that increase its ability to overcome external shocks and
stresses (Brooks, 2003). The term adaptation has also been developed further through social
sciences to include the capacity of individuals and groups acting to affect resilience, either
intentionally or unintentionally (Walker et al, 2004). According to Adger, Arnell and

Tompkins (2005), adaptation can also protect economic-lthg or improve safety to
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benefit the individual or the community. These authors explain that a successful adaptation
strategy, however, depends on how the action meets the objectives and the ability of
achieving the adaptation goal in response to social changes. Gupta and Gregg (2018a)
describe adaptation as an adjustment to reduce the impacts of physical and social changes.
Garrefaet al. (2021) also argue that sustainability should be an objective that guides the
actions of adaptation towards resilience. Brooks (2003) and Maguire and Cartwright (2008)

suggest that adaptation should allow actions to reduce vulnerabilities, and Chatterton

(2050 RSaONAO0Sa K2g WwWO2ffSOGALBS fSFENYyAy3IQ LX I

performance.

C2NJ 0KS LlJzN1J2aS 2F (GKAA addzRes -térRleddingto A 2 y
2PSNDO2YS (GKS SFFSOGa 2F az2z0Alf akz201a IyR
to understand how adaptable the home is in relation to social changes, involving aviiagee
relationship among inhabitants, discussions and homes. For example, an individual is in the
habit of keeping the boiler on during the night and off during the day, and he also discusses
the boiler with his partner. However, something happens to change his habit and he starts to
keep the boiler on all day, increasing the energy usage in the home. The social adaptability
O2yaARSNBR KSNX RSLISYRa 2y K2g OKlIy3aSa Ay

home to adapt.

2.4.3 Redundancy

Ly GKS O2ydSEG 2F NBaAtASyOSs GKS GSNY WNBF

resilience studies. In an ecosystem, if one species goes extinct, other species with similar
roles can continue to function and maintain the stability of the ecosystem; this is called

functional redundancy (Walker, 1992; Morelli and Tryjanowski, 2016). Functional

redundancy is also used in housing studies, where housing can be seen as an ecosystem that

has different organisms within it that take on different functions hbusing, different pieces

of equipment can perform similar functions; for example, shading, windows, doors,

photovoltaic lighting, blinds, etc., can provide similar functions of ventilation, heating,

cooling, etc., that can take over if a piece of equipment fails. For instance, mechanical

ventilation and windows are different types of equipment in the home, but they perform the
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same function of ventilation. If the mechanical ventilation fails, windows can continue to

provide ventilation in order to maintain the performance of home.

The role of redundancy is critical for housing communities andclarvon living due to the

poor resilience of housing generally (Maguire and Cartwright, 2008; Stevenson, Baborska

bl NeTye YR [/ KIGGSNI2yS Hamc0O®d® hyS RSFAYADL.
available to a housing community, compared with a single individual, to help them adapt

FYR 1SSL)I O2yiNRE 2F (GKSANI K2YS SYy@ANRYYSyila
Narozny and Chatterton, 2016, p. 790). Middlemiss and Parrish (2010) highlight that
AYONBIaAay3a GKS dzaS 2F NBRdzyRIFIyOe STFSOUGAODSE &
experiences. Petcou and Petrescu (2015) argue that the residents themselves can propose
alternative solutions and test their safianagement and seffroduction of a project. These
WEEOGSNYFGAZSaQ FNB | YSItya 2F SaidlofAakKAay3a o
home and within a community, for example, by using solar energy generation, rainwater
collection and compostJ2 4 SNBER KSI GAy3 & Wl tuseSaNdeheigy 0S a Q
consumption. Stevenson, BaborsKarozny and Chatterton (2016) also argue that social
diversity is another major aspect of redundancy in the commudoégtyed Low Impact Living

Affordable Community (LILAC) field study. In this study, the housing development has
developed a considerable amount of physical and social redundancy to enable its occupants

to achieve the goal of lowmpact living(Biggset al., 2012) While social, economic and

LIK& aA Ol f I 3LJSO0Ga 2F NBRdzyRFyOé | NBE ONUzOA I f
NBERdzy R yOeQ Ydzad o6S FT@P2ARSR (2 LINBGSYyild dzyy:

confusion (Stevenson, Baborskiarozny and Chatterton, 2016).

For the purpose of this studyS Rdzy R yO&8 Aa RSFAYSR | & WKI@Ay3
that have similar functions, in order to maintain housing performance (if one of the
alternatives fa#) for future proofng, and for its inhabitants tamaintain a lowimpact

fAFSadtet SQo

Examining resilience in social housing through robustness, adaptation and redundancy is
essential, as these key drivers determine the effectiveness of housing energy systems and
GKSANI AYKFEOoOAGIyYy(GiaQ NBalLlyasSa (2 SEGSNYIf RAZ

heightened vulnerabilities due to having financial constraints and being an ageing
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population that is more susceptible to external shocks such as climate change and energy
crises(Stephens, Burns and MacKay, 2003; Boomstvad., 2017) By analysing the energy

related practices of inhabitants and their social housing in relation to these key drivers of
NEaAt ASyOSs GKAa aiddzRRe O2y dNAROdzi Sa -taim2 | RS
learning adaptability (adaptation), the ability of energy systems to withstand disruptions and

social changes (robustness), and the ability to maintain housing functionality and
AYKEFEOAGIyGaQ LINY OGAOSa o6& KI@GAy3 fAaSNYyIFGABS

2 KAfS ARSYOGAFTeAy3ad GKS 1S@ RNAGSNE 2F NBaAfA
practices within social housing, as discussed in this section, it is also essential to examine the

key opportunities and barriers that influence the design of resilient social housing in the UK.
Consequently, the following section examines the main opportunities for and barriers to

designing robust, adaptable and redundant social housing in the UK.

2.5 Opportunitiesfor and Barrierdo Designing Resilient Social Housmghe
UK

Designing resilient social housing in the h#€essitatesa comprehensive understanding of
both the opportunities that enable resilience and the barriers thatevent its
implementation (Blackwell and Bengtsson, 20238y identifying these factorgffective
strategiescan be developedo enhance the robustness, adaptability and redundancy of

social housindpor its inhabitants.

2.5.1 Opportunities

The residential sector accounts for approximately 17% of all éd@ssions in the UK,
contributing around 56.4 million tonnes of greenhouse gases in 2022 (National Statistics,
2023). Thus, théntergovernmental Panel on Climate Char{ge23) highlights the need for
improved building performance in the residential sector as a critical approach in terms of
reducing carbon emissions and mitigating the effects of climate change. According to
Stevenson (2019), there are two primary types of energy sources foesorenewable and
non-renewable, and it is crucial to determine how to provide the level of energy needed by
homes without increasing carbon emissions or exceeding the limits of our planetary
resources. Homes need to be adapted to cope with the negative effects of extreme events

caused by the changing climate, and the degree to which homes are fptacé against
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climate change is yet to be established (Stevenson, 2019). Additionally, homes that have
robust construction offer the opportunity to study how buildings will cope with conditions
under future changes to our climatéNik et al, 2016; Stevenson, 2019Another key
resilience driver is redundancy, as mentioned in Section 2.4.3, and moving towards smarter
homes poses a barrier to traditional redundancy since the failure of one part of a centralised
mechanical system can lead to a total failure. Therefore, as a resilience driver, having
alternatives in social housing provides additional means and knowledge for inhabitants that

become an opportunity for building their capacities (Stevenson, 2019).

One opportunity that enables resilience in social housing is a robust housing design that
continues performing even if there are disruptions, such as the environmental impacts of
climate change (Balaban and Puppim de Oliveira, 2017; Martiskainen and Kivimaa, 2019).
For example, developing social housing with sufficient ventilation and improved indoor air
quality can provide the opportunity to withstand the heatwaves that occur more often due

to climate change (Zahiri and Gupta, 2023). This is a potential health benefit for the social
housing sector, as by 2039, it is projected that over 70% of households will include at least
one person aged 60 or older (Chenari, Dias Carrilho and Gameiro da Silva, 2016; Copeman
and Beech, 2022).

I y20KSNI 2LILIR2NIdzyAde Aa F WwW3aI22R ljdzZ f AGeQ K2dz
environmental values andmpact, comfort, and lower energy costs (Martiskainen and
Kivimaa, 2019). Another example of a resilient energy system within the home is the smart
meter, which can provide neaeaktime information about energy use to inhabitants (Office

for National Statistics, 20B3. According to the 2021 to 2022 English Housing Survey report
(2022), social renters were more likely to have a smart meter in their homes (48%) than
private renters (36%). This offers an opportunity for resilient energy systems in social
housing, providing inhabitants are willing to use these systems. It is also important to note
that these smart energy systems can help to improve the energy efficiency and the indoor
air quality of the home when these measures are installed correctly and when the
inhabitants know how to use them (Martiskainen and Kivimaa, 2019). Particularly in
Sheffield in the UK, using resilient energy systems can be an opportunity to achieve the 2030
net zero energy target by reducing domestic energy use in social housing (National Housing
Federation, 2022).
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2.5.2 Barriers

According to the Department for Business, Energy and Industrial Strategy (2023) report,

using lowenergy options such as air source heat pumps or solar panels for heating homes

can reduce household greenhouse gas emissions. However, the same report identifies that
inhabitants face significant barriers to switching to {emergy heating systems, such as

concern about cost, lack of knowledge about the new -tovergy technology, and
uncertainty about the possibility of installing this system in their home. Several studies note

that the incorrect use of these new technologies can cause problems such as overheating
(Gupta and Gregg, 2012; Shrubsa@t al, 2014) This also raises questions about the
AYKIFEOAGIYyGaQ FtoAtAGe (2 dz&S GKSANI O2y @Sy (A2,
are using these systems as effectively as they could. This aspect is one of the key focuses of

this thesis.

Another barrier to designing resilient social housing is financing, because, according to the
Social Housing Sector report, the sector has difficulties in managing increased operational
costs (e.g., increased energy prices) and lower income (e.g., funding) (House of Commons
Levelling Up, Housing and Communities Committee, 2024). The same report mentions that
the social housing sector faces financial pressure due to requirements to meet
decarbonisation goals, repair costs that were delayed due to €d®jicind costs related to
supporting inhabitants of social housing. Financial constraints are another key focus of this
thesis, particularly in terms of understanding the challenges that the social housing
association had during the design and implementation phase, and their effects on the

inhabitants of the social housing in this case study.

The final barrier to designing resilient social housing is linked with the large number of policy
AYyadNXzySyda Ay GKS 'Y GKFG ONBFGS || wLlRt AOe
be acknowledged by actors such as architects in order for these policies to be effective
(Kern, Kivimaa and Martiskainen, 2017). The building regulations are not always complied
with, and there are concerns about the sufficient implementation of minimum energy
standards (Evans, Roshchanka and Graham, 2017; Kivimagaskand Lazarevic, 2017).

Evans, Roshchanka and Graham (2017) also mention how policymakers are now focusing on

the importance of good implementation by enforcing the current standards rather than
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setting stricter requirements. According to Stevenson (2019), building regulations need to
anticipate future climate change conditions and their effects on 4enid or retrofitted
homes. After outlining the policy requirements, the next section highlights resilience in

social housing and the policy context related to energy systems in the home.

2.6 Resiliencén the UKHousing Policy Context
2.6.1 Energy Efficiency Levels

From the perspective of housing studies, resilience can be used to describe social, technical,
economic orenvironmental systems, as well as people, organisations and the housing sector
la  ¢K2fS 6/ NNRff>X HAMHT DAOOZXZ aObdz (e
energy efficiency policy aims for all fymbor homes to reach at least band C on the Energy
Performance Certificate (EPC) scéiefer to Table 4.6y 2030 and for the majority of
homes to be at least band C by 2035 in the UK (Bolton, 2024). According to the 2021 English
Housing Survey report, 35% of households living in social housing reported that they found it
very difficult to pay their heating cost¢Department for Levelling Up, Housing &
Communities, 2021)The increases ienergy pricessince 2021 have madeit increasingly
difficult for those living in social housing to pay their energy Killspartment for Levelling

Up, Housing & Communities, 2021Additionally, according to the same English Housing
Survey report, 59% of social housing households had someonédaling during the
pandemic, so at least one person in the household was staying at home 24/7, leading to

higher energy consumptiofDepartment for Levelling Up, Housing & Communities, 2021)

In addition, Part 6 of the Building Regulations, which covers access to and use of dwellings,
includes specific requirements for energy efficiency (HM Government, 2016b). According to
the requirement, if the building is extended or renovated, the energy efficiency of the
existing dwelling needs to be upgraded, addressing both adaptability and robustness aspects
of resilience (HM Government, 2016b). The regulations also cover British Standards and the
Standard Assessment Procedure (SAP), a tool developed by the British Research

Establishment (BRE), to calculate the energy performance of buildings (BRE Grddip, 202
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2.6.2 Heating and Ventilation Straiteg

Housing insulation is crucial for resilience, as gaps in the insulation can lead to heat loss,
Y2dzf R FyR O2yRSyaladAz2ys I T ¥idd Acadinditg ke 6 A Gy
Approved Document LHM Government,2022), the continuity of insulation must be

reviewed in the drawings (during the design phase) to ensure the insulation layer is robust,

and this review should be followed by an-site audit to confirm all the designed details

have been constructed in line with the guidance. For heating, domestic hot water circuits
should include both time and electronic temperature controls. Electric resistance space
heating systems are assumed to be 100% efficient, so the regulations do not require any
minimum efficiency to be set for this system (HM Government, 2022)sit@nelectricity

generation and storage is another key factor in the Approved DocuméfLGovernment,
HAHHO® 2 KSy NBLIXIOAy3I GKS SEAalGAY3T &aiG2N}3IS
capacity should not be less than the existing one unless a smaller system can be

demonstrated to be more effective.

Building regulations aim to protect inhabitants according to different measures, such as
safety, health and welbeing, whilst also promoting sustainable development and energy
efficiency(Vagtholmet al., 2023) According to the Approved Document F, there are three
key ventilation strategies for dwellings: extract ventilation from rooms where the pollutants
are likely to be released, such as bathrooms and kitchens; whole dwelling ventilation, for
pollutants not removed by extract ventilation; and purge ventilation to remove high
O2y OSYiGNYGA2ya 2F LRftdzilyda NBadzZ GAy3a FTNRY
Government, 2021b). This document states that extract ventilation is required in kitchens,
utility rooms and bathrooms, and internal doors are required to have a 10mm gap from the
floor to allow air to flow continuously within the home. According to 88 5925 (British
Standards Institution, 1991) anélpproved Document FHM Government, 2021b)purge
ventilation can be delivered with sing&ded ventilation, such as by opening windows or

doors when there is a temperature difference 6C3between the air inside and outside.

Background ventilators, such as trickle vents above windows, should be easy for inhabitants
to reach and, according to the ventilation policy context (HM Government, 2021b),

background ventilators should be left open. According to the Approved Document F (HM
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Government, 2021b), intermittent extractor fans should be placed in all wet rooms (e.qg.,
kitchens, bathrooms, utility rooms) and if the wet room does not have any external walls,
the extract fan has to meet to purge ventilation standards by extracting four air changes per
hour. If the wet room does not have an openable window, the intermittent extract fan
should have settings that enable it to continue operating for at least 15 minutes after the
room is vacated (HM Government, 2021b). According to the National Institute for Health
and Care Excellence (2020), ensuring effective ventilation is critical to reduce damp and
O2yRSyalGAz2y AY K2YSas Lbyig cahn fekaffeotdd by infldodald K S| f
pollutants. According to the Approved Document F (HM Government, 2021b), all rooms with
external walls should have background ventilators, and if the home has more than one
exposed facade, the background ventilators should be in a similar area on each facade to
allow crossventilation. This document also states that homes with combined kitchens and

living rooms need at least three background ventilators.

The latest policy on the ventilation of housing focuses on energy efficiency measures in
terms of the building work (e.g., roof and window insulation, replacement of windows and

doors, draughiproofing) and assessment of the newly built and existing ventilation
measures (HM Government, 2021b). Resilience in terms of robustness is addressed in the

I LIINR SR 520dzvYSyd CY WxSyGaAaAftlaAaz2yQ o6la D2@SN
if the existing windows do not have background ventilation, they need to be replaced, and it

must be ensured that ventilation is not worsened in the process.

.dzZAf RAYy3 wS3AdzA FGA2ya wSIdZANBYSYd hwm WYh@SNK
occurrence of high indoor temperatures, which can lead to overheating (HM Government,
HAHMEO® | OO2NRAY3 (2 GKS {SONBiOFINEB 27F {dGtF
requirement is achieved by limiting unwanted solar gains in summer and providing adequate
solutions (e.g., via dynamic thermal modelling) to remove excess heat, thereby protecting

the health and welbeing of inhabitants.

Ways of assessing the overheating risk in #ewd housing, as outlined in the Approved
Document O (HM Government, 2021a), include categorising residential buildings by location
Fa WY2RSNI OGS NRATQ 2NJ WKAIK N aentldtiochR RSGS

Solutions to limit solar gains include shading devices for glazed areas, external shutters with
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a means of ventilation, and shading provided by nearby buildings or structures. Internal
blinds and curtains can also provide some reduction in solar gains; however, they are not
taken into account when assessing whether Requirement Ol1 has been met (HM
Government, 2021a). According to Approved Document O, the housing should be built to

meet Requirement O1 by using passive means of ventilation (e.g., opening windows) to
remove the excess heat, before using any mechanical cooling systems, such as air
conditioning. The Approved Document O also states that information about the overheating
mitigation strategy (e.g., limiting solar heating) and its maintenance requirements must be
clearly communicated to the owners of the housing. The same document also mentions that
0KS K2YS dzaSNJ 3dzZARS aK2dzZ R O2y Gl Ay | aSOGAz2

provides nortechnical advice for inhabitants (HM Government, 2021a).

2.6.3 Home User Guide

I OO2NRAYy3I G2 (GKS ! LIINPOSR 520dzYSyd [T 2 dzY S
should be provided for newssuild housing (HM Government, 2022). This guide should
include sections for each energglated system (for example, ventilation, heating and hot

water), offering nortechnical advice on the relevant system to help inhabitants understand,
operate and maintain these systems. In terms of having redundancy within the homes,
NBEAdzZA F GA2yY Hp! BAGKAY GKS 1 LIIINRBGSR 520dzySy i
came into effect on July 2013, requires consideration of alternative systems for new
buildings (HM Government, 2022). According to this regulation, before construction of the

new building, the technical, environmental and economic feasibility of usingdifgiiency

alternative systems (e.g., heat pumps, decentralised energy supply systems based on
renewable sources, collective heating and cooling systems based on renewable sources)
must be analysed. This analysis should be carried out during the design phase of the project
and applied to all housing units connected to the system in the area, whether they are
individual housing, groups of similar housing, or similar housing typologies in the same area
(HM Government, 2022).

Overall, in terms of resilience, UK housing policies and regulations focus primarily on where
and how energyelated controls should be placed and used to address discrepancies
0SG6SSy RSaAdy AyuSyiaazya FyR AYyKFIoAGFEyGAQ |
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of the housing through tools like SAP. However, these regulations and policies do not deeply
SELX 2NB GKS a20AFf aLlS0da 2N K2g &a20Alt  Of
impact these controls, nor do they assess whether UK homes are resilient to these changes

or the differing understandings and practices of inhabitants.

2.7 Social Dynamics in Social Housing

Social interactions among inhabitants are primarily observed in cohousing, where each
household has a private home and can also gather at shared facilities, such as communal
kitchens and dining areas (Scanlon and Arrigoitia, 2015). An example of this is the LILAC field
study in Leeds (see also Section 2.4.3) where inhabitants engage-maselfjed activities,
including maintenance, and use shared facilities, like laundry rooms, to promote-a low
impact lifestyle (Chatterton, 2@). Collaborative practices occur as these communities
actively participate immanagementof energyrelated systemsknowledge distribution and
decisionmaking (Jarvis, 2011; Hammond, 2018). Collaboration in practices can be achieved
through engagements and social relations among inhabitants, which are also significant for
the development of routinegGramHanssen, 2008; Bartiaet al,, 2014) Such collaborative
practices can also be described as settings where people gather to learn new techniques
from one another(Bartiauxet al, 2014) However, these collaborative practices have not
been studied in the context of social housing to determine whether inhabitants in these
homes engage withother members oftheir households when making energsiated
decisions, nor how external factors influence their practices, highlighting a significant

research gap.

According to Steemers and Yun (2009), the use of heating and cooling systems and their
control are decisions of the inhabitants, and they see this as a behavioural factor. Thus, in
GKAA GKSaAaszs AYyKIFIOoAGly(daQ-relRtddispsumasiake2sgen asl 0 2 dzi
OSKI@A2dzNF £ FFOU2NRA Ay@g2ft OAy3a RSOAaAA2Yya YIRS
can be explained as the social interactions among inhabitants aimed at proceeding to
actions (Finch, 2003). For example, consider a discussion apening windows: in a home

with two inhabitants, one frequently prefers to have the windows open (inhabitant 1), while

the other gets cold easily and often prefers to have the windows closed (inhabitant 2). If

they discuss whether to open the windows, inhabitant 2 may win, resulting in the windows
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remaining shut. However, when inhabitant 2 is not at home, inhabitant 1 opens the windows
until inhabitant 2 comes home, affecting energy use in the home. These social interactions
can be also addressed as collective agency where inhabitants bond to make sense of what
they are doing and decide their energslated practices (Melucci, 1996; Welch and Yates,
2018).

Previous housing studies have not addressed whether social housing is sensitive to
AYKEFEOAGlIyiaQ RAaOdzelmedpladtices, or2thizinexus KvhArésilliedey S NH &

drivers.

2.8 Critical Reflection on Key Frameworks and Theories

The aim of this thesis is to capture not only what inhabitants do, but also how their practices
continue, adapt or break down in response to different conditions, particularly disruptions.

Several key relevant theories and frameworks were considered in the development of this
study, such as actaretwork theory, the energy cultures framework and setzchnical

theory.

Actor-network theory recognises that material culture (e.g., objects and technologies) plays
a crucial role in shaping behaviour through dynamic interacti@agour and Porter, 1993
Lawet al, 1999; Stephensoet al, 2010) It is employed in numerous studies focusing on
domestic energy consumption and models an adgeadged framework that includes
interactions between policies, housing stock and households (Keirstead, 2006). Barr and Gilg
(2007) also use actaretwork theory to examine environmental behaviour and the gap
between intentions and actions. This theory seeks to understand how both human ard non
human actors form networks to achieve specific goals and gives equal value to technologies
(objects) and society when investigating a social phenomenon (Law, 1992, p. 383). Actor
network theory defines actors as entities (e.g., human, material or technological) that gain
agency through their relations with others, while practice theory focuses on the dynamics of
human actions within a social context (Latour, 2005; GHanssen, 2010). While actor
network theory could highlight how technologies influence practices, it does not offer a
FNFYSG2N] F2NJ dzy RSNBUGFYRAY3I K2 AYyKFEOAGlIyYyGa

social changes or disruptions, making resilience aemelevant choice.
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The energy cultures framework draws on aetetwork theory to explore the factors
shaping energy consumption behaviours while identifying opportunities for change
(Stephensoret al,, 2010) At its core, the framework conceptualises energy behaviour as the
interplay among cognitive norms (e.g., beliefs), material culture (e.g., building form) and
energy practices (e.g., activitiegbtephensonet al, 2015) These elements interact
dynamically: cognitive norms shape behaviours and technology choices; material culture
influences cognitive norms and practice possibilities; and energy practices, in turn, reinforce
or shift norms. Each element is itself a system that collectively shapes energy consumption
and behavioural outcomegStephensoret al, 2010) The energy cultures framework (see
Figure 2.3) is useful for categorising energy behaviours into material culture, cognitive norms

and practicebased elements, helping to map enengse patterns.

External External
inﬂuences\ ” g T - ~ , influences
7 \

/7 Material \
culture
/ / \ \

/
7

/ \

! 1

\ !

\ /
- ~

N\

External ~ ” External
influences e influences

Figure 23 Energy cultures framework diagram
(Stephensoret al.,2015)

While this framework is useful for understanding energy consumption patterns, it does not
RANBOGfE | O002dzyd F2NJ K2¢g AYKFEOAGEYyGaQ LINI OG)
Since this thesis focuses not only on eneigg f | § SR LIN} OGA OSasx odzi | f

practices persist or evolve in response to external factors, the resilience lens is a better fit.

Societechnical theory is another approach to understanding energy efficiency studies and
the relationship between people and technolo@yis approach, as described by Pasnwire

al. (1982), views organisations (in this thesis, it is housing) as interconnected systems where
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social and technological components influence each other and their broader environment.
Societechnical theory acknowledges the importance of social factors in system design and
implementation, so can be applied to bridge the gap between social and technical aspects of
energy use (Guy, 2004, p. 691; Bauer and Herder, 2009). The energy cultures framework
challenges the notion that social factors alone can explain geclinical phenomena, as
cultures and values themselves are shaped by networks of social and material entities
(Stephensoret al, 2010) Societechnical theory provides a valuable perspective on the co
evolution of technology and society, highlighting interactions between technological
systems, policies and user behaviour (Abbas and Michael, 2023). However, this approach
R2S4 y20 SELXIAY (GKS FTRILWGFIoAfAGE 2F AYyKEFOA
such as the energy crisis or social change. This thesis, therefore, benefits from a resilience

lens, which explicitly addresses the persistence and transformation of practices over time.

Through engagement with these alternative frameworks, it became clear that while each
2FTFSNER AyaArAdakKaGa Aydz2z RAFTFSNByYy(H aLlsSodta 2F Ay
durability, changes and capacity to respond to stressors. Practice theory, particularly Gram

| yaaSyQa ownmnt I LIWINEFOKZI LINPGARSAa || aAdNRYy
embodied knowhow, engagements, technologies and institutionalised rules, as explained in

the following chapter (see Section 3.4). Using resilieanue practice theory frameworks in
combination offers a way to examine not only what inhabitants do, but also how their
practices endure or transform in dynamic conditions. This combined approach is particularly
dzASF¥dzZ Ay dzy RSNEUOlFIYRAY3I AYKFIOAGEyYydaQ LINI OdAC
influences (e.g., technological changes, policy changes, energy crisis;1@op\stape

everyday actions. Figure 2.4 illustrates this integrated approach, demonstrating that the
resilience of homes can be stedi by examining the interrelationships between resilience

drivers (robustness, adaptation, redundancy), enemggted practices (heating and
BSYUuAtlrGAz2zy LINFYOGAOS&a0XE FyR adl1SK2t RSNEQ L.
how these, in turn, are influenced by external factors (social change, climate change, the
energy crisis, Cowt9). Incorporating resilience within practice theory as a framework
provides a means to analyse practices not just as socially and materially embedded routines,

but aspractices with varying degrees of flexibility to change. This combined approach also
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fills a gap in practicbased approaches by introducing a resilience dimension that is

overlooked in practice theory and sodiechnical studies.
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Figure 24 Combined resilience and practice the:
framework diagram (adapted froiitephensoret
al., 2015)

2.9 Sunmary

In this chapter, an overview of the definitions of resilience across various fields and a
literature review have been presented. This chapter discussed the impacts of resilience on
social housing within theontext of three pillars of sustainability: social, environmental and
SO2y2YAO0d ¢KA&a addzRéQa YIAYy F20dza 2y (KS &

alongside environmental and economic aspects that directly affect the social context.

¢KS NBaSIFNDK 3JIL) ¢61/d ARSYGATASR 08 NBOASGHAY
was identified that previous studies have not concurrently focused on robustness,
adaptation and redundancy, nor have they explored the connection among these resilience
RNAGPGSNB (2 dzy RSNEGlIYR AF a20Alf K2dzaAy3d Aa
NBfIFGSR LN} OiAOSad /2yaSljdsSyidtezr G4KSNB Aa |

discussions on energglated practices and how these are intelated with robustness,
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redundancy and adaptation to determine opportunities for developing resilient social

housing in the UK.

Objective 1 was achieved in Section 2.5 by discussing the opportunities for and barriers to
resilient social housing in the UK, supported by relevant literature to understand the latest
developments and research regarding the discourse. This chapter reflectégegoolicy
context of resilience in UK housing through relevant literature and building regulations,
followed by the social dynamics in social housing. The chapter concluded by reflecting on
key theories and frameworks. The following chapter explains the research approach of this

thesis.
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CHAPTER BHEPRACTICE THEORY FRAMEWORK

3.1 Introduction

Following the introduction to the thesis in Chapter 1 and a review of the -sibthe-art
NBEIFNRAY3I GKS NBaAftASYyOS 2F az2O0Al ¢ K2dzaAy3
knowledge gap, in Chapter 2, this chapter sets out the resegpphoach and introduces the

theoretical framework adopted. In this chapter, the rationale for a praetiased approach

is explained, as are the roots of practice theory. The methodology is then set out in Chapter

4, which is designed to investigate the research gap using the practice theory approach

outlined in this chapter.

3.2 Research Approach

There are different ways of understanding reality, including realism, constructivism,
positivism and interpretivism (se€able 3.} (Crotty, 1998). Practice theory is used as a
methodological lens in this research because it combines various relevant individual human

and nonhuman aspects that other epistemologies focus on (e.g., things, engagement,
actions, habits, behaviours), and reveals how they act together in the moment and how they

are all brought together through practices as a nexus. Therefore, resilience in the home is
examined through the practice theory lens in order to understand the relationships among
design, practices and resilience. In order to achieve the aim and objectives of the research, a
mixed method approach with a questisdNA @Sy LISNRLISOGA GBS A& dza SF
research approach includes a literature review, case study;@msipancy evaluation (POE),

and analysis.
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Table 31 Different epistemologies in social sciences

Primary Epistemology Ontology Key Preferred
Theorists Audience Methods
Auguste Positivism and| Objects in the world| Empirical Quantitative
Comte PostPositivism have meanings scientists methods:
Wittgenstein before, objectivist experiments,
Heisenberg (Crotty, 1998) surveys,
and Bohr modelling,among
others
Heidegger | Constructivism| Reality is contingent Qualitative Qualitative
upon human researchers methods
practices when they| participants| interviews, direct
engage with the observations,
object(Crotty, 1998; among others
Simons, 2009)
Max Weber | Interpretivism | Looks at human and  Social Qualitative
and Thomas social reality in termg  science methods
Schwandt of cultural and community | interviews, direct
historical observations,
interpretations among others
(Crotty, 1998;
Simons, 2009)
Guba and Realism Reality exists outsid¢ Human and| Qualitative and
Lincoln of the mind, social guantitative
objectivist. Tries to | scientists methods
' yagSN WK experiments,
really are and how observations,
they really work among others
(Crotty, 1998;
Simons, 2009)
Schatzki, Practice Practice theory Social Action-oriented,
Gram Theory brings all these science mixed methods
Hanssen epistemologies | community, | interviews, direct

together by looking
at things, behaviours
culture, rules and
technologies
together by using
mixed-methods
(Schatzki, Knotr
Cetina and Savigny
2001; GrarHanssen

2010)

participants

observations,
visual
ethnographic
methods,
document
analysis, surveys
among others
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3.3 The Roots of Practice Theory

Latour 005, as a sociologist, argues that the key means for improving energy use is to
RSaA3IYy || WKEBONARQ F2N¥Y 2F K2daAaAy3a GKFEG O2Y0A
constitute each other. Gilet al. (2010) state that, from a psychological perspective,
behavioural assessments should be included in POE methods to gain a better understanding

of building performance in relation to how humans actually inhabit their homes, what their
behaviours are, why these behaviours have developed, what their impacts are, and how
these behaviours can be changed. In contrast, Shove (2018), another sociologist, argues
from a different theoretical perspective, stating that people use energy when performing

social practices at home, at work and when moving around. This theoretical concept of
WLINF OG A0SO A& RA&OdzaaSR ySEGO®

Giddens (1984j)leveloped the theory of structuration, which concerns human activity and

how these activities are shaped by the social structife. questioned the functions of

society and how effectively people coordinate, develop and change. For Gidstarial

LIN} OGA0Sa NP KSfR (23SGKSNJ gAUGKAY aLl OS Iy
defined as the synthesis of social structures (educational, political, religious institutions)

and agency, and this social structure exists when people act in accordance with their
NBLIN2 RdZOSR dzy RSNEGFYRAY3I&Dd ¢KSAS aKINBR dzy R
memories(Galvin and SunikkBlank, 2016)Bourdieu (1990 NH dzZSR FdzNII KSNJ G K|
actions are motivated by these rules. His understanding of-fnllewing is based on the
V20A2Yy 2F WKIO0AGdzZaQ YR WAYUGSNI Ol xdwan@s G KNJ
social skills from other people around them and absorb these skills as habits. For Bourdieu,
habitus is Wonstituted in practice and is always oriented towards practical funcfons
(Bourdieu, 1990p. 277.

Schatzki (1997) critiqued this view by stating that rules alone cannot explain the nature of
human action and formed a schema for social theorising based on practical understandings,
SELX AOAG NMzA S& FyR (St S2FFF¥SOGAGAGE O0AYyGSNI C
further explains how people coordinate with each other within a particular activity and how

society influences particular habituated practical actions. For Schatzki,-&etima and

Savigny (2001 practices are defined as arrayshofman activity shaped around shared skills
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or understandings and they further developed the argument arglained the practice as a

nexus of doings and sayings, which means certain elements/things hold the practice
G23SGKSNI®P wSO16AGT ONRGAIdzSR {OKIGT 1AQa &oOK
strongly involved with materiality and revised the key elements of practices as-koow

meaning, and material (Reckwitz, 2002a, 2002b5 O1 6 A G 1 FdzNI KSNJ RSTFA Y ¢
routinised type of behaviour including several elements, such as body, mind, things,
knowledge, structure, and agent. He argued that while practice is social, it is also a type of
behaviour and understanding that is happening at different points of time and is carried out

08 RATFTFSNBYUO 02RAS& YR YAYRaod ! OO2NRAy3 (2
AyiaSttSOlhdat OGAGAGASE YR Y20SYSylia 2F @K
OSNIIFAY o02RAf& [OGAQGAGASA YR (1y26Ay3 K2g
AYLRNIOFYG Fa LS2LXS FYyR a20AFf LINF OGAOSa N
WYy2gf SRISQ YStya (GKS glé& 2F dzyRSNRAGIYRAY
W{ G NHzOG dzZNBk LINPOSaaQ O2yaraida 2F NRdAziAYyAal GAz
FIASydQ A& GKS OFNNASNI 2F GKS LN} OGAOS owSOq s

Practice theory, therefore, defines the position of human beings and things in a social world

and opens up new possibilities of salderstanding. Shove (2010) also challenged the
psychological account of social change that depends on attitudes (A), behaviour (B) and
choices (C), known as the ABC model. Shove argued that to understand social change,
understanding how practices capture, progress and lose the inhabitant is crucial. Shove,
Pantzar and Watson (2012, p. 7) further defined the individuals who carry out the practice as
WGKS OF NNASNE 2N K2ada 2F | LINFOGAOSQd { K2OS
GF1Ay3a Ayid2 | 002dzyi wSOlegAlGl Qa dzy RSNERUGF YRAY
activities, mental routines, dealing with things, kntsaw and knowledgeShove then used

these ideas to understand the circulation of practices and categorised them as materiality
(things and technologies), meaning (ideas and aspirations) and competence (skills ard know

how) (Shove, Pantzar and Watson, 2018jter categorising the practices, Shove integrated

these definitions by looking at the relation between time, space and practice because all of

these practices are happening somewhere (where) at some time (WSdmve, Pantzar and

Watson, 2012)
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3.4 Elements of Social Practices

Before Grard | Y34 Sy Qad oHnamny G2NJ] I LINF OGAOS (KS2NJ
studies about the home; it was mostly used in consumer studies like those of Warde (2005)

and Shove and Pantzar (2005). The main difference between the approaches of Shove and
Pantzar (2005) and Grahtanssen (2010) is that Graml y 4 4 Sy Qa | LILIN2 I OK ¥ 2
{OKFOGT 1A OomMpdpT 0T 6KAES {K23S FyR t I yliowl NQa v
and habits; and (2) institutionalised knowledge and explicit r(B=stiauxet al., 2014)

GramHanssen (2010) builds on all these perspectives by taking a very specific approach
related to her seminal study of standby energy consumption behaviour in households. She
highlights how practice theory can provide a new understanding of how people learn new
knowledge related to their behaviour and even change it. The aim of Grany 48 & Sy Qa
approach to practice theory is to understand the contribution of routines and technologies

to energy consumption studies, and how institutionalised knowledge and behaviours impact
practices (GranHanssen, 2010). She refined four elements, which are distinctly different
FNRY {K2@SQa o6nunmn0 GKNBS StSySyda 2F YIFGSN

appropriate for understanding energy use in buildings:

1 Knowhow and embodied habits (behaviour),
1 Institutionalsed knowledge (culture and rules),
1 Engagements (interaction),

1 Technologies (things).

These four elements can be used as an analytic tool to understand how individuals learn

new knowledge and hold an energglated practice together. Grash | Y & 2830)Qtady
NE@SHfa GKIFIG ¢gKSy GKS (1y2é6ftSR3IS yR Y23GA0!(
habits also change accordingly with rearranging the technology. She argues that practice
theory can be used to understand how practices change over time. In this research, the
nexus between Grarh I Yy 23Sy Qa LN} OGAOS GKS2NEB St SYySyia

reveal whether housing in the UK is socially resilient in relation to social changes over time.

A comparison of the four approachespmacticetheory is shown ifable 3.2.
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Table 3 Key elements in the understanding of social practices

Schatzki 1997

Reckwitz (200B)

Shove (2Q0)

GramHanssen
(2010)

Practical
understandings
Knowhow

Habits

Includes tacit or implicit
rules

Know-how
Body
Mind
The agent

Competence
Skills
Knowhow

Knowhow and
embodied habits
Understandings
Routines

Habits

Explicit rules

Rules are not

Rules are not included

Institutionalised

Expectations included as an as an element of knowledge
element ofpractices | practices Rules
Language
Teleoaffectivity Meanings Meanings Engagements
Desires Discourse/language | Ideas Meaning
Aspirations Purposes
Beliefs
Things and technologie| Materials Materiality Technologies
are caproduced with Things Things Things
practices by forming Technologies Products

WY GSNRIFE  (
but they are not part of

an element of practices

The four elements of practice theory described by Gidamssen help to structure this
research by forming the basis of a resilience matrix. This matrix will help to explain the nexus
between the four elements of practice theory and the resilience indicators. The resilience

matrix is explained in Chapter 4.
3.4.1 Knowhow andEmbodiedHabits

This element of practice theorgefers tothe actual and often unconscious way of using
equipment.Forexample when the inhabitants use appliances as they were designed to be
used, their routines become embodied with their daily &ramHanssen, 2010)Know

how and embodied habits include the skills that the inhabitants already have, and they are
an important element of what constitutes a practice. These kimows represent the
routines and the things that the inhabitants do withozdnscious reflectionwhich is key to

understandng if a practice may be conceptualised as s(Bartiauxet al., 2014)
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Giddeng(1984)sees routines as practical consciousness and explains how the repetition and
recognition of routines can create safety for actors (in this thesis, the inhabitants), to reduce
ontological insecurity (Warde, 2005). According to Gtdamssen (2008), routines are
significant for household energy consumption and can change or develop with different
everyday technologies. To give an example of how embodied habits and routines change, a
study involving women born in the 1920s and 1930s described how having a fridge for the
first time did not immediately change their habits. It was the combination of having a fridge,
having fewer shopping options due to moving from the city centre to the suburbs, and
having fewer food delivery options that made the women adapt their routines to these
changing conditions (Gra#danssen, 2008). Embodied habits are the routinised practices of
inhabitants that are performed in everyday life, often performed unconsciously (Gram
Hanssen, 2014). Yi, Knudsen and Becker (2016) view routines as a target of change and argue
that the stability of routines limits adaptation. Shove, Watson and Spurling (2015) and
Heidenstrgm and Kvarnlof (2018) explain kAosw as having the necessary skills to help
practices evolve, and embodied habits as the knowledge that may lie dormant for years
without prompting action. Practice theory critiques the individualistic models of action and
instead highlights habitual and routinised behaviour (Hansen, G#amssen and Knudsen,
HAMYyO®d {20AFf LN OGAOSa NP GKS NRdziAySa 27
use energy as part of carrying out social practices at home (Shove, 2018):h&wois
something that inhabitants learn when they are exposed to and then perform these

practices themselves, becoming the carriers of practices (Larsen andizmassen, 2020).

In this thesis, the knovow and embodied habits of inhabitants are looked at in terms of

how much their embodied habits involving energy use change depending on social change,
K2¢g GKSAS OKFy3IAy3d KFIoAla FFFSOG AyKFroAGlydla
FYR K2¢g OKFyYy3aISa AY AYKIOAGFIy(dlaQ KIFIoAda | FFSO

3.4.2 Institutionalisetfhowledge andRules

Schatzki (2001) considers explicit rules as an element of practices, describing them as the
expectations of the inhabitants. In contrast, institutionalised knowledge and rules are not
included by Reckwitz (2002b) or Shove and Pantzar (2005) when they describe the elements

of practices. GrarHanssen (2010) takes a more detailed approach, explaining this element
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through language, tacit rules and knowledge. Additionally, institutionalised knowledge and
rules are directly influenced through policies such as government reguldBarsauxet al.,

2014)

In this thesis, institutionalised knowledge and rules are looked at in terms of language,
regulations and policies. The questions addressed include: how might changes in
institutionalised rules and knowledge affect the functioning of the home, how might this

affect redundancy in the home, and how might this affect the ability to adapt? These

jdzSaidiAzya NS FyrfteaSR FTNRY o0620K GKS AYKI S

understand whether or not the design team translated and communicated knowledge to the

wider audience, such as households.
3.4.3 Engagements

Schatzki (1997) views this element of practice as teleoaffectivity, which consists of desires,
purposes, emotions and moods, while Reckwitz (2002b) and Shove (2005) refer to it as
meanings. Graranssen (2010) brings together all these definitions in engagements, and
this element emerges out of social relationships, interactions and beliefs. Collaboration in
practices can also be achieved by the correlative role of elements, such as engagements
(Bartiauxet al.,, 2014)

Engagement is referred to in terms of ideas, aspirations and participation, and this element
of practice theory is used to understand how inhabitants attach their ideas and meanings in
order to make sense of their practices (Shove, Pantzar and Watson, 2012; Wethal, 2020). In
addition, engagement implies that there is a reason that guides a practice, meaning
something to the inhabitants who perform that practice (Gratanssen, 2014). In this
GKSaAazr Sy3alr3asSySyd NBTFTFSNA (2 AyKFIoAGlFyGaQ
practices, as well as their engagement with the enamjgited controls. Engagements are

also explained as practices consisting of doing and saying, such as regulating thermostats

and discussing the temperature of the thermosf@ramHansseret al,, 2017)

Ly GKA& GKSairasz Sy3ar3asSySyda N t221SR I

discussions about energglated practices whilst addressing questions like: how do

inhabitants discuss the use of equipment with the household, do these discussions and
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engagements affect the redundancy in the home, and does anyone take charge of the

equipment?
3.4.4 Technologies

¢tSOKy2t23ASa NP 2yS 2F (GKS StSySyida 27F LN
know-how or habits about how to use these technologies within the practice, relating to the
physical features of the home and its materi@@artiauxet al., 2014; Hansen, Grafdanssen

and Knudsen, 2018JsramHanssen (2010) refers to technologies as products that hold the
practice together. Reckwitz (2002a) refers to technologies as material understandings that

are able to act as resources in practices. According to practice theory, materials are handled
AYy &LISOATAO g &a ¢ A-howialout By Ghésk Chidigs S(Reakwitd, K W1
2002a).However, as Warde (2014) states, it is crucial to focus on social structures and social
RATFSNBYOSa ¢oKSYy dzyRSNRBUGFYRAY3I AYKFIOAGEFIYyGaQ
Households rely on technologies, which involve things and products within practice theory,

to perform their daily routines, and such technologies may define or change their practices
(Wethal, 2020).

According to GranHanssen (2008), new technologies in homes go through phases where
households initially resist and are unsure of the advantages, or they become interested with
less resistance. It is more challenging to encourage inhabitants to adopt new technologies
that directly interfere with welestablished practices associated with strong cultural norms,
such as washing machines in the 1920s and 1930s, and smart meters in the 2010s (Gram
Hanssen, 2008; Martin and Larsen, 2024).

In this thesis, technologies are analysed in terms of whether the heating and ventilation
systems in the homes are able to withstand shocks and social changes, whether social
K2dzaAy3a KFa NBRdzyRIyOeés FyR K2g OKIFy3aAy3d (4SO

' YVRSNBUOIF YRAY 3T Argldted @radides/ réquies ikhidhhAIR four of these
elements of practice theory simultaneously as an analytical approach, recognising that
practices include these four elements together and are not solely based on individual norms

and attitudes (GranHanssen, 2014).
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3.5 Practice Theory and Change

The changing nature of heating and ventilation practices through robustness, redundancy
and adaptation to new circumstances in everyday life makes practice theory particularly
substantial as the framework for this study. Learning is a part of changing practices,
occurring over time as a process where the old practices coexist with newly learned
practices (Kemmis, 2022; Tellarini and Gidanssen, 2024). Sometimes changes occur due

to extreme events; for example, the work by Wethal (2020) examines how power outages
affect household experiences and how this disruption forces households to find new

meanings in order to continue their daily life in rural Norwegian households.

In the context of social change, practice theory offers a unique perspective. For instance, in

the study of GramHanssen (2010) about standby energy consumption in households,
participants were encouraged to change their daily habits. Households that changed their
daily habits did so either because of a change in their knowledge or a change of motivation
following a technological rearrangement. Households that did not change their habits faced
inertia in their routines and challenges in increasing their motivation levels. In terms of
social change, the social differentiations of the ways in which people engage in practices
connect with the sociological themes of collective identity (Warde, Welch and Paddock,
2017). Collective identity can be defined as the need for people to bond in order to make
sense of what they are doing (Melucci, 1996). In addition, according to Welch and Yates
(2018), addressing the relationship between collective agency and everyday practices is
necessary, as it produces patterns of consumption. In this thesis, collective agency is
SEFYAYSR Ay GSNXY& 2F dzy RSNAGIFYRAY3I AYyKEFEOoAG!
YR K2g AYKIOAUlIYyGaQ RA&AOdzA&AAZ2YA AYUSNFIFOS

explained in the following section.

3.6 Resilience and Inhabitant Practices wiouial Housing

3.6.1 Energyelated Inhabitant Practicemnd PosOccupancy Evaluation

In 2022/2023, Europe and the UK faced increased energy prices and threats of power cuts
due to the consequences of the energy crisis, significantly impacting house(Butten,
2024; Braueet al,, 2024) Thus, it is crucial to understand the effects of the energy crisis on

households by focusing on energglated practices within the home. As Grafianssen
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that consume energy, such as cooking, washing, and showering, are considered practices.

tKS SySNHe O2yadzYSR gAGKAY (GKS NBaARSYGAlf
appliances, behaviours, activities and lifestyles (Verhallen and van R23ij). Studies on

energy consumption and sustainability emphasise the importance of constructing daily
household practices and managing peak energy demand by using practice theory (Gram
Hanssen, 2010; Strengers and Maller, 2011). Within the field of energy consumption and
housing studies, inhabitants and their behaviour are crucial for understanding energy use
within homes(van den Brornet al., 2019) Several studies indicate that housing energy use
depends on behavioural patterns, which in turn depend on the characteristics of the
inhabitants (e.g., age, occupancy lev@bhaniset al, 2008; Steemers and Yun, 2008)

Danish study by Hansen, Grafanssen and Knudsen (2018) finds that inhabitants
reconfigure their practical understandings and their enemgiated habits when they live in
energyefficient homes. These authors also suggest that material arrangements (e.g.,
0dzZA f RAYy3a OKI NI OGSNAadGAOa YR (SOKy2f23ASav0
SYSNH& RSYlIYyR I O0O2NRAYy3 G2 {K2@S |yR 2 f1SND

According to the study by Hansen, Gritanssen and Knudsen (2018), practice theory
effectively explains energyzi S 0 SKI GA2dzNJ 608 F20dzAAy3a 2y WK?2
out social practicesEhergycannot be separatefom these practices becauseis involved

in the bundles of social practic§Shove and Walker, 20L4Practice theory contributes to
energyuse studies in terms of how energy is used and changed by looking at routines, social
norms and the roles of technologies within the household (Pullinger, Lovell and Webb,
HaMnO® | y2GKSN) addzRe G K I-rélatell pradiizds SsihatdfyMarking K I 0 A (
and Larsen (2024), which addresses how incorporating smart infrastructure in household
SYySNHe& YIyl3aSySyid OFry o6S AyONBIFaSR o6& O2yaAh
everyday experiences of their social practices. They also highlight that the energy sector
prioritises technological interventions, economic advantages, and forms of institutionalised

knowledge, but often neglects to implement practical knowledge in practices.

The user experience of and satisfaction in Aawld homes in the UK is mostly assessed
dzZiAy3a th9ox HKAOK I|AYa G2 dzyRSNEGlIYR (KS

(@]]
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including whether it meets the expectations of its usé@federal Facilities Counc2001,

Maslova and Burgess, 2023OE originated in the US, and it was introduced to appraise
building performance after it has been handed over and occupied (Bordass, 2003; Palmer,
Terry and Armitage, 2016). However, the evidence shows that POE is not implemented
effectively. The practical research tends to be mostly quantitative and does not include in
RSLIGK ljdztr t AdGlI GAGBS NBaSkNDODKI gKAOK YI 1Sa Ad
experiences of their home@ordass, 2003; Paret al, 2015; Palmer, Terry and Armitage,

2016) As explained in Section 3.3, behavioural assessments should be included in POE
methods to gainamoreiRS LJG K dzy RSNEGF YRAYy 3 2F GKS AYyKIFO6A
inhabit their homegGill et al,, 2010) Gathering reatime user data and feedback through

POE informs designers and developers about evolving user needs (Maslova and Burgess,

2023).

9y SNH& LN} OGAOSa KStL) 02 dzy RSNBRUIFIYR K2g SySH
that meet their needs (Morley, 2018). Thus, practice theory can be used to understand
AYKEFEOAGEyGaQ | OGA QA GA ShowlryeR enp&émedtsh ahdizNiligs ( K NP
(Braueret al, 2024) These elements are linked together to configure the practice. For
SEFYLX ST RIAf& akK2gSNAYy3a A& RSLSYyRSyd 2y wi
adailsSvyak2au0 y2¥w K2g (G2 ¢l akK 2ySasSt¥Fs WNHzAZ SaQ
WSy 3 ASYSydaQ Ay GdaNYyAy3a GKS &aK2gSNJ 2y | YR
these four elements come together and -ewolve by creating norms of comfort and

usability in the process (Shove and Trentmann, 2018).
3.62 Evaluating Resilience

The concepts of robustness, adaptation and redundancy each address problems at particular
scales, but none covers the full range of energjated practices in social housing resilience.
This study aims to clarify the relationships between robustness, adaptation and redundancy
as drivers of resilience and use them together as a resilience framework linked with the
elements of practice theory to suggest policy recommendations for fupmo®fing social
housing. This section outlines the evaluations neededrder to understand resilience in

relation to energyrelated practices in UK social housing using document analysis and NVivo
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guestionnaire, which are thematically analysed using NVivo.

In this research, robustness is defined as the ability of systems (heating and ventilation) in

the home to carry on performing despite shocks and social changes. Social change here
NEFSNBR (2 AYyKIOAGFEYy(iaQ RA&OdzaairAzya Foz2dzi L
household demographic3.he discussion between the inhabitantsigplored and analysed

by asking the inhabitants how they discuss their enegegted practices in the home (e.qg.,

opening windows). To understand how adaptable the home is in terms of social change,
RATFSNBYG K2dzaSK2f R O2YLRAAGA2YE YR AYKIFOAI
the semistructured interviews and usability surveys. Redundancy is explored by examining
occupancy changes and the availability of multiple means of carrying out the same-energy
related function. For instance, if more inhabitants live in the home, additional alternatives
6S®IP:E | KSFGSNI AY SIOK AYKFEoAGIYyGdQa NR2Y AF

if one system fails.

3.7 Summary

Graml  yaaSyQa o6uwnmno FLILINRBIFOK G2 LN OGAOS @K
explore and understand resilience in relation to energhated practices and social change.

This theoretical approach, which focuses on how people act, carry out and shape practices in

the real world, offers key elements that can be used as an analytical tool for achieving a

deep understanding of the research topic. The methodological choices made throughout this
research (see Chapter 4) seek to maximise the potential of the practice theory approach.
Therefore, this thesis examines resilience in social housing through the four elements of
practice theory: knowhow and embodied habits, institutionalised knowledge and rules,
engagements, and technologies. As set out in this chapter, using the practice theory

F LILINRF OK G2 Ay@SadaAadarasS AyKI-@eladdpradiceoffdrsh & O dzi
the potential for uncovering hidden practices that influence the resilience of homes and

identifying the underlying issues. The next chapter explores the methodology of this thesis.
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CHAPTER 4: METHODOLOGY

4.1 Introduction

This chapter sets out the methodological approach used to investigate the research gap
identified in Chapter 2 using practice theory as detailed in Chapter 3. The research uses a
mixed methods approach to understand social housing resilience in terms of social change
by looking at energyelated practices in households, focusing on the everyday practices of

inhabitants and the design intentions of the design team. A case study approach is adopted
within a large housing development, using multiple data collection methods. Data analysis is
carried out in two cycles of coding, followed by a thematic analysis and mapping, moving

from inductive to abductive reasoning.

In this chapter, the methodological approach (Section 4.2) and case study design (Section
4.3) are presented first. Then the data collection methods using the mixed methods
approach are explained (Section 4.4), followed by the data analysis methods (Section 4.5).
The positionality of the researcher and reliability are discussed (Section 4.6). An
interpretation and triangulation (Section 4.7) and a chapter summary (Section 4.8) are then

presented.

4.2 Methodological Approach

Resilience in social housing is examined through the lens of practice theory in order to
understand the relation between design, practices and resilience. A mixed methods

approach allows researchers to address complicated research questions and collect richer
data than any single method (Yin, 2018, p. 63). Thus, to achieve the aim and objectives of

the research, a mixed methods approach with a questomen perspective is used

(Schatzki, Knor€etina and Savigny, 2001; Gramt Y 3 4SSy > HamnT hQ[ SI NBX

aSS1a (2 FyasSNI WK26Q | YR WgKe QelajedzBattices 2 v a
and provide an extensive and-@epth description of resilience in social housing, thus using
case study research is appropriate (Yin, 2018, chap. 1). A-e#basa-case approach is
used in this study to develop a detailed understanding of the issues described above by
examining specific examples with different characteristics (Flyvbjerg, 2006; Yin, 2018, chap.
2).
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Figure 4.lillustrates the research design of this thesis, explaining the whole research
process from beginning to end by linking the research questions and objectives to each
method. The mixed methods approach includes a literature review, which guides the
development of the research questions, aim and objectives, followed by a document review

and a POE using both qualitative (sestmuctured interviews) and quantitative (usability
guestionnaire) methods using a casesghin-a-case approach to gain-tlepth knowledge of

AYKLE 6A Gl yela@dpratigeS iNEIation to resilience in social housing. The POE data

were collected based on the questions related to robustness, adaptation and redundancy in
GSN¥Ya 27F Ay K-relatadipragtided. (The $ieSidliHghestions were based on a

matrix prepared by the researcher, linking resilience drivers with Qramy 4 4 Sy Q& o H n
practice theory elements as an analytical tool. After collecting data, the data analysis was
conducted using NVivo coding and crasse synthesis with thematic analysis and mapping

to identify themes and patterns. The role of the mixed methods approach with a -cases
within-a-Ol &S | LILINRF OK A& G2 dzy RSNEGFYR WK26Q I yF
GKA& ylrftearazs AYOGSNIINBGFGA2Y yR GNARFy3Idz FQ
key insights for futurgproofing social housing, and so provide policy and practice

recommendations.
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Table 4.1 summarises the research questions, objectives and methods, and how they
interlink. The research questions and related objectives are shown in the first and second
rows, respectively. Each column shows the related question and objectives (e.g., Question 1
is answered by Objective 1 shown in the first column). The methods are shown in the third
row, and the specific methods used to address each related research question and the
objectives are shown in each column (e.g., to answer Question 1, the literature review and

document review are used as methods). The last row summarises each method used to

answer the relevant research question.

Table 41 Research structure

ResearciQuestions,Objectives andMethods
Question 1 Question 2 Question 3 Question 4
Research | what are the main | What are the underlying | Howdo inhabitants | How carsocial
Question | gpportunitiesfor factors of robustness, discusgheir housing be future
and barriergo adaptation and energyrelated proofed to become
designing robust, | redundancyn social practices in the more robust,
adaptable and housing developments? | household and how adaptable and
redundantsocial does this interface | redundant over
housingin the UK? with the time?
robustness,
adaptation and
redundancy in
socialhousing
design?
Objectives | Objective 1 Objective 2 Objective 3 Objective 4
Related to | Understand the Develop an Explore and explair Identify key insights
Each state-of-the-art of | understanding of robustness, for a new
Question the discourse underlying robustness, | adaptation and understanding of
aboutrobustness, | redundancy and redundancy of the | resilientsocial
adaptation and adaptation in a selected | selectedsocial housing in relation to
redundancy of socialhousing case study| housing designand A Y K 6 A G I y
socialhousing in inhabitan@a Q related practices in
the UK discussions the household to
regardingenergy | help future-proof
related practices | homes
Methods Literature review | Document review (4.2) | Data analysis (8) | Data analysis (8)
(Chapter 3) Casestudy interviews Thematic analysis | Interpretation and
Document review | (4.43) (4.5.4.1)and triangulation (4.7)
(4.42) Usability survey (4.4) mapping(4.5.4.2)
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Visual recording (4.8)
Data analysis (8)

Summary | Literature review | Caseswithin-a-case: A Two coding cycles | Thematic analysis

of Method | of academic large social housing using NVivo
papers, development Interpretation and
regulations, Crosscase triangulation of
government and | Semistructured synthesighrough | analysed data
product websites | interviews with design | thematic analysis
team: Project using practice
Review of selected| coordinator, project theory
case study developer and architect
documents
including project Semistructured
brief, drawings interviews and usability

elevations) and

specifications Recording the photos of

AYKI ())\Gl-y(]és
ventilation controls
within their homes

4.3 Casétudy Design

4.3.1 Case Study Selection Strategy

I OFLasS &addRe OFly o6S RSFAYSR |a Wk RSGlIAfSR
situation embedded in the real world for the purpose of seeking evidence, constructing
ISYySNItAaldA2ya YR AyaArdkata G2 3SG GKS 06853
ODATEKFYSE Wwnnannz L mMod ! OlFasS adgdzRe | yasgSNa
focuses on generating 4depth knowledge within a reakorld context (Yin, 2018, p. 13). In

this research, a casesithin-a-case approach and cresase analysis help to explain the link

between the cases (Yin, 2018).caseswithin-a-case approach is the -tepth exploration

and understanding of a single case as a salode entity (Mills, Durepos and Wiebe, 2010).

¢CKAA FLIIINRIFOK A& dzaASR Ay (KA&a GKSaAra (G2 ARS
examining the homes within the single large social housing development, and then
conducting a crossase comparison to identify what households have in common as well as

what attributes of each household are unique (Mills, Durepos and Wiebe, 2010; Yin, 2018).

The strategy used to select the case study was based on maximising the usability and

significance of the information gathered from the case, with the intention of understanding
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NEAAEASYOS Ay &a20Alft K2dzZaAy3a 6Cf e goreBeNHI H A
aStSOGA2YQ 6AGK GKS WYFEAYdzY GFENRIFGA2YQ 8@ LIS

information for the case study process and its outcome (Flyvbjerg, 2006).

This case study design involved 16 homes within a single large social housing association and
analysis was performed at numerous levels, both within and between selected homes (Yin,
2018) In this thesis, environmental conditions serve as a control group to ensure that
BENRFGA2Yya AY AYyKFoAdGlydaQ LINI OGAOSa OFy oS
single large housing development in Sheffield, in a single climate zone, where all homes have
similar physical attributes (heating and ventilation systems, as outlined in Table 4.2). This
approach mitigates confounding variables related to environmental differences and enables

a more focused exploration of soe®S Y2 IANI LIKAO Ay Ff dzSyO0Sa 2y AyK

While this approach facilitates a more focused investigation into social and behavioural
factors, it is acknowledged that future climate uncertainties could influence resilience in
ways not fully captured within the scope of this thesis. This limitation is acknowledged, and
its impact on resilience and housing research is elaborated upon in the further research

section.

Table 42 Case study characteristics

Tenure Type Social housing

Typology Onebed flat
Two-bed flat
Threebed semidetached house

Project Completion Date Newly built in 2016

Location Sheffield UK

Energy Level EPQCatingscore rang 81-86 (Energy Ratin
B)
Code for Sustainable Homes Level 3

Heating System Gas central heating with gaembi boilers
Radiators with thermostatic valves
Room thermostat

Digitalheating programmer

Ventilation System Mechanical extract ventilation (MEV)
Extracor fans
Doubleglazed windows
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Trickle vents
Doors(10mm gap from the floor)

The majority of social housing in Sheffield comprises houses (46%) or flats (40%) that have
one to three bedrooms (Sheffield City Council, 2017). The selected housing typologies of
one-bed flats, twebed flats and threebed semidetached houses were chosen in this study
because they reflect a broad range of typical social housing types in Sheffield. These housing
types are among the most common in social housing stock and thus serve the broader
housing market for lowncome households (Sheffield City Council, 2017). Each housing
typology presents distinct challenges and opportunities regarding energy efficiency and
heating and ventilation systems, making them ideal for exploring the diversity of energy

related practices.

The selection of 16 homes was designed to include a variety of household compositions to
represent a range of social contexts. A mixture of household tyipekidingsinglepeople
couples and families, werehosento capture a broadangeof energy usage behaviours and
practices. This variation allowed the study to explore how household size and demographic

factors influence energy consumption and energy practices.

The case study of these 16 homes resulted in a total of 18-s&uatured interviews with
inhabitants, 26 usabilitgurvey with inhabitants, and three sesiructured interviews with

the design team, namely the project coordinator, project developer and architect. Of the 16
homes, 12 homes had at least two inhabitants, and four homes had one inhabitant each.
¢CKS wmMH K2YSa gAlGK 4G tSrad dGg2 AyKFEoAGEYyda
The four homes with one inhabitant were included to understand their habits and how they

use their heating and ventilation equipment.

¢tKS O2yOSLIJi 2F al GdaNYaGdAaAz2zy Aa ¢ARSte& dzaSR A
WGKSYFGAO &l GdzNY GA2Yy QY AYRAOFGAY3 GKFG GKS
and content of the issues being studi@eranciset al,, 2010; Hennink, Kaiser and Marconi,

2017). According thincolnand Guba(1985), the sample size can be determined by seeing

when no new information is gathered when more units are sampled. This research took the
approach of Francist al. (2010) to reach thematic saturation, which involves two main

principles: the researcher specifies an initial analysis sample (e.g., 10 interviews) for the first
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round of analysis, and a stopping criterion, that is a number of interviews (e.g., three
interviews) for further analysis that are conducted until no new themes emerge. In this
research, the sample size was 21 satniictured interviews and 26 usability questionnaires.
The researcher started the first round of analysis with 11 s&mictured interviews, and
analysed seven more interviews in the second round, which was sufficient to reach thematic
saturation. After the total of 18 sensitructured interviews, no new themes related to the
energyrelated practices in the social housing emerged. Three more interviews were

analysed after the second cycle of analysis to confirm data saturation.

4.3.2 Newbuild Housing Association Homes

As the need for emission reduction and eneggficient newbuild homes continues to rise,
GKSNE A& |+ 3INRBgAYI RSYILYR FT2NJ ySg az20Alf NB
population, there needs to be more housing suitable for the elderly (Goddard, 2038).

important to understand how nevouild homes respond to the housing problem in the UK

(see Section 1.2). 2dza Ay 3 | aa20AF GA2ya L} I & -builddagh Iy A TA
programme and lowenergy housing construction, making néwild housing association

developments appropriate as a case study for this research.

The case study selection aimed for a mixture of typologies ofmdld social housing (see
Table 42 for case study characteristics). This ensured maximum variation in typologies and

sociademographic data of inhabitants (presented in

Table 46). The initial approach was made by email to key contacts from various housing
associations in 2021 during the Cowi@ period. The researcher explained the aims and
research scope and provided a research proposal and case study brief, which included case
study characteristics (se@able 42). The housing association was selected based on its

willingness to participate and compatibility with the case study brief.
4.3.3 Practical and Ethical Considerations of the Case Study

Ethical issues like informed consent, confidentiality, anonymity, and privacy had to be
carefully considered throughout the research process (Byrne, 2017). Therefore, this study
was conducted according to the ethical policy of the University of Sheffield. After gaining

ethical approva(see Appendix Gn 2022, all the participants were contacted by the housing
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association via an email that the researcher had prepared, which included a participant
invitation letter. Owing to the limited number of participants that were willing to be involved
in the research, the invitation letters were also sent by post to each household within the
large housing development. In order to increase participation rates, the researcher
O2yRdzOGSR &aA0S @Grarita oAGK 2yS 2F (KS K2dzaAy
the research to each household fateface. Information sheets were given to the
inhabitants who expressed interest in participating the research. The project coordinator
and project developer were first contacted through the housing association, and once the
researcher had their details, the researcher contacted them by email. The architect was
contacted by the researcher through the architectural company, of which the architect is a
partner. Information sheets and the consent forms were sent to the design team by email

after they agreed to participate in the research.

The planning and data collection stage of this research were directly affected by the Covid

19 pandemic. It took longer to recruit participants willing to engage in the research, and
because of Covid9, the majority of the inhabitants preferred to participate over the phone
rather than faceto-F I OS X A YLI OGAYy3I (GKS NBaSIFNOKSNXQa | 6A
the interviews. Additionally, some interviews had to be rescheduled due to participants

contracting Covid.

4.4 MixedMethods Approach

I 2YOAYAY 3 ljdzk yGAGIFGAGBS |yR ljdztr t Al GAGS YSGK
practice analysis in the POE studies. This approach provides a baseline for evaluating the
outcome of inhabitant practices within the physical context of social housing (Leaman,
Stevenson and Bordass, 2010; Foulds, Powell and Seyfan, 2013). According to RIBA (2020),
th9 Aad RSTAYSR a4 GKS LINR2OSaa 2F I+ GKSNAyS3
occupancy, including collecting information on the building, its epenge, and user

Al GAATFFIOGA2YD® ¢KdzaX Ay GKAA NBaSI Nweed (G2 0
practices within the home, POE was conducted through document review (see Section
4.4.2), semstructured interviews (see Section 4.4.3), and usability surveys (see Section
4.4.4). The following sections provide a detailed description of how this research used the

mixed methods approach by explaining how each method was used and why it was chosen.
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Table 4.1 illustrates the methodological approach of this thesis, showing how various

research methods relate to each other and to the research objectives.
4.4.1 Literature Review

Literature reviews play a key role in reducing a broad range of literature and a rigorous
review of the references in order to refine the knowledge gap and research questions (Groat
and Wang, 2013; Hart, 2018). A literature review was conducted to identify all the relevant
studies, synthesise the findings and understand what these articles included and excluded to
reveal the research gap (Jesson, Matheson and Lacey, 2011). A detailed explanation of the
literature review method was provided in Section 2.2, which included the search strategy in
the selected databases (Scopus, Web of Science and Science Direct), the results of the
search and how the research gap was revealed. Given the objectives of the literature review
for this study, which are to understand enefgglated practices and the requirements in the
subject area, grey literature, such as building regulations, heating and ventilation system

product websites and government websites, were accessed by internet search.

4.4.2 Document Review

Documents are defined as written texts that can be published or unpublished, or printed,
photographed or recorded material that can be used to present information or processes
(Nock and Scott, 1991; Dolowitz, Buckler and Sweeney, 2008). In this research, the
document review was used as part of the auditing process of POE in order to understand the
process of the project over time, its construction strategy, and the actions taken during the
design and delivery of the project (Stevenson, 2019, p. 83). Autaarfl comprehensive
document review was conducted to: understand the case study scheme; determine what
within the case study accounts for robustness, redundancy and adaptation, or creates
OF NNASNR Ay NBf I { Ardaed piratices ¢inid Idischissiony (©BjeRtiveS1y: S NH &
and test the reality of things (technologies and design) against the interviews in order to
understand more deeply the underlying robustness, redundancy and adaptation in the case
study (Objective 2). Key documents for analysitushed the brief (design intentions), plans,
sections, elevations and specifications for the development. A checklist of case study
documents (see Table 4.3) was requested from the housing association prior to the

interviews with the design team and inhabitants. Additional documents were studied to
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understand what the inhabitants were doing in relation to their home energy management,
which helped to shape interview questionsee Appendix 8 to Appendix 1@&nd
observations, including induction and maintenance documents (see Table 4.3). The
document review of the case study informed the interviewing and enabled comparison of

the design intentions with the actual practice.

Table 43 Requested case study documents

| 2dzAAY3 I 8420AFGA2Y Q8 QAaAAZYy |

Corporate Developmentsrategy
Corporate policies and strategies related to sustainability, energy
efficiency, building standards
Key poject participantsh2 dza Ay 3 | aa20AF GA2y Q
Housing

architect, project developer

Project timeline and phasing

Site layout plan

Housing layout plans, sections and elevations

Scheme specification including the standards specified for energy
efficiency

Mechanical information documentseating andventilation layout
plans and technical specifications

Construction typs,including window/door details

Heating and ventilation equipment product information, instruction
manuals, user instructions, maintenance instructions

Energy Performance Certificate

Development

Housing Homeuserguides(see Appendid?)
Development | Maintenancehandbook
Handover

4.4.3 Semstructured Interviews

The difference between quantitative and qualitative research is that quantitative methods
f221 Fd WoKI G Q dkE AR SIYAIBS R2LILANRAIHTOK S&a aSS] G2
GKS NBaARSyl(a R2 (KAy3a o0Se3Ids AYGSNIOUAZ2YyAE:
Edwards, 2012)L y i SNIWA S6a OFy 0SS OGSNE dzaASTdzxZ F2NJ SE
SPoSyitazr NBFESOUGAYT LINIAOALIYGAQ LISNERLISOUAD
between structured and senstructured interviews. Structured interviews have a limited

set of response categories because the interviewer asks highly structured questions; in
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contrast, in addition to the structured questions, sestiuctured interviews allow new
perspectives and issues to be brought up by the respondents (Fontana and Frey, 1994; Yin,

2018).

The validation of the senstructured interviews is important tdemonstrate the credibility

of the data and findings. One way to ensure validation is triangulation, where the researcher
finds a nexus from different sources of information in order to form themes and categories
by eliminating overlapping areas of research data (Creswell and Miller, 2000). This is usually
done using multiple approaches, such as observations, document reviews and interviews,
amongst others, in different combinations for achieving broader results (Denzin and Lincoln,

2013).

4.4.3.1 Interviewee Selection

The main reason for conducting a caséthin-a-case approach in this research was to build

an understanding of the issues in rich detail through the specific examples with different

OKI N} OGSNRadGAOa Ay | GFINARSGe 2FNIORWHSE (&S 0SS a
2F GKS OFIasS addzRé ¢l a YFIRS:ET FyYyR (KS AyidSND
sampling strategy, reflecting the aim of this research and providing a basis for analysis within

and between the households (Flyvbjerg, 2006; Flick, 2018). The invitation letters prepared

by the researcher were sent to participants by the housing association; however, to increase

the number of participants, the case study site was visited by the researcher with one of the

neighbourhood officers.

Using the snowballing strategy for sampling helped to increase the number of participants,

Fd G0KS AYGSNWASSESSa LINPOARSR (KS NBaSI NOKSN.
within the housing development (Flick, 2018). As a result, the overall sampling strategy
changed dramatically through snowballing, as more participants were formally interviewed.

The snowballing approach that was used to recruit participants resulted in participants being

quite similar in terms of their world view and social caeristics. In this case, snowball

sampling resulted in a sample dominated by older individuals, skewing the participant
profile in favour of those over the age of 50 (see Table 4.6). This homogeneity aligns with
patterns observed in UK social housing, where the largest age group among social housing

renters is 45 to 64 years ol@Ministry of Housing Communities and Local Government
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2024). However, this homogeneity also underscores the limitations of the snowballing
method in achieving broader diversitParker, Scott and Geddes, 201Reflecting on the

implications of using the snowballing approach, this study focused on a population
associated with the social housing context and the sampling naturally drew from a

population which reflects the demographic pattern of this housing context in the UK.

The research includes one household with tagults andchildren under 18pne household

with three adults, 10 households with two adulithe majority of themare older couples).

The presence of heldren in a household has arucial influence on household energy
dynamics, as they significanthape energxonsumption patterns and household routines
(Fell and Chiu, 2014). However, in the context of present study, they are not fully captured
due to the selected social housing case study primarily accomnmapalder people. This
research focuses on older inhabitants due to their specific energy challenges, such as
heating needs, vulnerability to fuel poverty, or limited mobility, which makes them more
dependent on consistent and affordable energy. As a result, this study does not fully capture
the diverse dynamics found in family households with children, whielckeowledged aa
limitation and discussed in the limitations and further research secti(gee Sections 1.7,

8.5 and 8.6).

Initially, a total of three sermstructured interviews with the design team were conducted
(see Appendix 11 to Appendix 13) in order to gain a better understanding of erstadgd
design intentions (see Table 4.4). After the design team interviews, a total of 18 semi
structured interviews with inhabitants were conducted. These aimed to understand how the
inhabitants use the heating and ventilation equipment in the households, how social
changes affect their energglated practices, and how they discuss their enewated

practices with one another within the household (see Table 4.4).

Table 44 Overview of the semstructured interviews with inhabitants and design team

Type ofParticipant Number | Comment
Inhabitant 5 Semistructured faceto-face interview, recorded and
transcribed
13 Semistructured phone interview, recorded and
transcribed
Projectdirector 1 Semistructured Google Meet interview, recorded ar
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transcribed

Projectcoordinator 1 Semistructured Google Meet interviewecorded and
transcribed
Architect 1 Semistructured Zoom interview, recorded and

transcribed

Total 21

Key design teammembers (see Table 4.% were identified at the planning stage and
contactedthrough the housing association. The key design team participants were selected
based on theirdetailed knowledge about the housing development and its stages
throughout the whole design and bdilprocess. The design team participants were also
selected based on their involvememtthe different stages (RIBA plan of work stages) of the

housing development.

Table 45 Designteamparticipantcharacteristics

Participant Role Region Organisation Type
Number

D1 Projectdirector SouthYorkshire Housingassociation
D2 Projectcoordinator | South Yorkshire Housingassociation
D3 Architect Ukwide Architecturalfirm

Across the single large social housing case study, the selection of inhabitants was designed

to examine the experiences and practices of a wide range of households, varying in the
number of adults in the household, gender, age, and housing typology (see Table 4.6). The

aim was to explore what impact these social factors may have on enelagd practices.

¢CKS OlFlasSa oAUKAY (GKS I NAS K2dzaAy3a RS@St 2 LI
GFNRFGA2YyQ (LIS 6, A yilbor anad frstfldor ongtied ahd/t@dbettR S 3 NP

flats, and a threébed semidetached house.

All inhabitants in the case study scheme were contacted by a letter (see Appendix 3) that
KFR 0SSy RNIFGSR o0& (KS NBAaASINODKSNI FyR aSyi
inviting volunteers to participate in the study. However, due to limited responses the
researcher contacted the housing association and arranged a meeting with a neighbourhood
officer working in the case study scheme. The researcher visited the case study scheme to
invite participants facgo-face with the neighbourhood officewhich increased the number

of participants who were willing to engage in the study. Not all inhabitants of each
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household participated in the interviews, but all the inhabitants in the household filled in
the usability questionnaire (see Appendix 7), which was important to understand the
AYKIFEOAGIYydiaQ RAaOdzaaAz2ya FyR G2 OF LW dz2NB

equipment in the household. Some inhabitants were excluded from the invitation based on

idKS,

GKS K2dzAAy3 | aa20AldA2yQa 2LIAYA2YI BKSNBE LI
violence or serious health conditions could affect the interviewing process
Table 46 Inhabitant Characteristics
Participant | Household| Number Gender | Age Employment| Housing EPC Rating
Number Number | of Adults | (male: M, | (under | Status Typology Score
in the female: F,| 30, A(best):92+
Household| other: O) | 30-50, B:8191,
51-70, C:6980,
over D:5568,
70) E:3954,
F:2138,
G(Worst):1
20
R1 H1 2 F 51¢ 70 | Unemployed| Groundfloor 85 (B)
R2 M 51¢ 70 | Employed
R3 H2 2 F 51¢ 70 | Employed Groundfloor 84 (B)
R4 H3 2 F Over Retired Groundfloor 84 (B)
70
R5 M Over Retired
70
R6 H4 1 F 51¢ 70 | Employed Firstfloor 84 (B)
R7 H5 2 M 51¢ 70 | Employed Firstfloor 84 (B)
R8 F 30¢ 50 | Unemployed
R9 H6 3 M 51¢ 70 | Employed Firstfloor 86 (B)
R10 F 51¢ 70 | Retired
R11 H7 2 M 51¢ 70 | Employed Groundfloor 84 (B)
R12 F 51¢ 70 | Employed
R13 H8 1 F 51¢ 70 | Retired Firstfloor 85 (B)
R14 H9 2 M 51¢ 70 | Retired Groundfloor 84 (B)
R15 H10 2 F 30¢ 50 | Employed | Firstfloor 84 (B)
R16 M 51¢ 70 | Employed
R17 H11 1 F Over | Retired Groundfloor 84 (B)
70
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R18 H12 2 F 51¢ 70 | Retired Firstfloor 84 (B)

R19 M 51¢ 70 | Employed

R20 H13 2 F 51¢ 70 | Unemployed| Firstfloor 84 (B)

R21 M 51¢ 70 | Retired

R22 H14 1 F Over Retired Groundfloor 85 (B)
70

R23 H15 2 M 51¢ 70 | Employed Groundfloor 81 (B)

R24 F 51¢ 70 | Unemployed

R25 H16 2 F 30¢ 50 | Employed Semidetached | 83 (B)

R26 M 30¢ 50 | Employed

4.4.3.2 Interview Planning

The interview appointments with the design team were scheduled by email, and any missing

documents were requested at this stage. Owing to Gd¥dseveral interviews with the

design team and inhabitants had to be rescheduled. All the interviews with the inhabitants

were conducted around the same season (between September and February) to understand

K2g az20Al f

OKI y3Sa

| Fralafed practicds Sithik hk dardersadsohi i a Q

and location. Interview appointment times were agreed with inhabitants and confirmed by

phone, text or email. Two households that initially agreed to participate later informed the

researcher that they were unwilling to participate due to the heating problems in their

homes.

The researcher showed photo identification on arrival for the ftacéace interviews with

the inhabitants to ensure their safety. Owing to Ce%f] the majority of the inhabitants

preferred phone interviews rather than fage-face, and the researcher sent the usability

guestionnaire by post prior to the interviews. Safety arrangements were implemented for

the researcher; a friend of the researcher was present when the interviews were taking
L I OS Ay GKS AyKIoAGlrydaQ K2yvySa | yR

iKS N

&

supervisors by creating a Google meeting. Once the interviews were finished, the researcher

deleted the Google meeting invite to notify the supervisors that the interview had finished.

4.4.3.3 Interview Format

The case study interviews were sestiuctured, incorporating both structured and

unstructured sections to allow new perspectives to emerge from the research participants in
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a more conversational way (Galletta, B)1All design team interviews took place online

with using Google Meet and Zoom, and they each lastegl@0ninutes (Stevenson, 2019).

The information sheet and consent forms were provided to the design team before the
interviews. Interviews with the inhabitants were conducted at mutually convenient times.

Five inhabitants were interviewed fate-face; one interview was conducted in a café and

0KS 20GKSNJ F2dzNJ 221 LX I OS Ay (GKS AYKFIOAGl Yyl
R2yS o6& LIK2yS> 2¢Ay3 (2 G§KS -18 ¢iKhe dmeldf datd & Q LIN
collection. The information sheet (see Appendix 4) and consent form (see Appendix 5) were
provided to the inhabitants prior to interviews, and they were given the opportunity to raise
guestions before signing the consent form. The inhabitant interviews lasted aba@&020

minutes each, and the researcher took hamndtten notes from the faceo-face interviews

in order to gain knowledge beyond what was verbalised. During the interviews, the
NB&aSFkNOKSNI y20SR (KS AyKFEoAllyGdaQ NBaLRyaSa:z

guestion was asked again in a different way with examples.

All the interviews were recorded on a voice recording device. The research participants had
been informed that they would be recorded when they signed the consent form, and the

researcher reminded them of this before starting the interview.
4.4.4 Usability Survey

The usability survey aimed to identify any gaps between design intentions and the actual use

of specific technologies in the home (Babortkh N2 dy & | yR {GS@Syazysx
diversity is often underestimated, and architects assume that inhabitants know how
equipment in homes is used based on their own understandings and experiences
(Stevenson, 2019). In this research, the usability survey helped to fill the gaps between the
RSaArdy AyiliSyiduizya | yR (KS -Hahdsaly Z010)dzabilitgS 2 F
aGdzRASE R2 y2i ltglrea SELXFIAY GKS AyKFEoAG!
inhabitants may lack the knowledge to use them (BaboiskaNR Oy & | YR { (G4S@Sya
Therefore, semé (1 NUzOG dZNBR AYyUGSNIWASsa 6SNB faz O02yRd
inhabitants use or cannot use the heating and ventilation controls. The survey (see Appendix

7) took 1@15 minutes to complete and provided a detailed evaluation of the selected

controls in the home, assessing how usable the heating amtilagon controls were in
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order to understand how robust the inhabitants found them, and to understand how much
redundancy there was. The researcher prepared the usability survey based on the usability

and engagement tool of Baborskal N2doye& | yR {(0S@Syaz2y OHAmM®pL:
based on the research questions and objectives of this thesis. The usability survey was
expertled because inhabitants were sometimes unclear about the control interfaces, and

they needed reminding about how to operate them (Babotbka N2 0 ye | yR { (SO
2019). The survey did not include the additional heating and ventilation equipment
introduced by the inhabitants, such as portable air conditioning units or personal de

humidifiers.

The usability survey covered the connection between inhabitants and the controls in their
homes (Stevenson, 2019). This survey was very useful when combined with the document
review and inhabitant interviews, revealing underlying usability issues in the home and
Sy3alF3aSYSyid gAOK WIKAYIaQ Ay LINFOGAOSTI AyOf dzF
points affecting resilience. The researcher was present while the inhabitants filled out the

survey to help them complete it.

In total, 26 usability surveys were completed by the participating inhabitants in the
households. In each household, at least one member was interviewed; however, in some
households, the second household member chose not to participate in the interviews. To
address the limitation of not gathering enough information about household discussions
from both members, the researcher included questions about these discussions in the
usability survey. These questions explored whether eneetpted decisions are discussed
collaboratively or made by a single household member. The particular questions about the
discussions were asked for each specific heating and ventilation system control in the
usability survey, and these questions were as folloWs& 2 & 2dz RAaOdzaa 6A 0K
YSYO SN gKSyYy @&2dz ySSRandiu®s 2 dze2 dzi KA & S O 20/K{i NNt SK ¢
KSIF GAyYy 3k @Sy G A fThidiapogch &nuded thal; SwéniirknQuseholds where only

one interview was conducted, the perspectives of both members could still be captured

through the completion of two usability surveys.
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4.4.5 Visual Recording

During the facdo-face interviews with the inhabitants, relevant features of the home,
including the heating and ventilation system equipment, were photographed using the

NEaSI NOKSNRa LIK2yS OFYSNYZ FFFGSNI 3SGiAy3a AyT

4.5 Data Analysis

This section outlines the evaluations needed to understand robustness, adaptation and
redundancy concerning energglated practices in UK social housing using N¢oaing.
LYKFOAGEFEYGaQ LINI OG A OS astrust8edBinter@iedvk famtdl usabity dzi A y

guestionnaires, and thematically analysed using NVivo and SPSS.

Matrixes are based on crosfassification of two or more variables, or concepts relevant to a
topic, reflecting the relationships among the data (Lofland, Snow and Anderson, 2006). Thus,
a matrix was prepared by the researcher by linking robustness, adaptation and redundancy
within resilience with Grapt | YA aSy Qa o6unmn0O LINF OGAOS GKS2NE
energyrelated practices within the households (see Table 4.7). The matrix was prepared
before the data collection stage to help with developing the interview questions effectively
for the inhabitants and design team. This matrix was also used in the data analysis stage as
an analytical framework to understand the nexus between practice theory elements and
resilience drivers. The discussion and conclusions in Chapters 7 and 8 were also framed
according to this resilience matrix, helping the researcher to connect the resilience
AYRAOI G42NRARZ AYKI 0-buildsgaabhusingdédsigni(se®©eéionl8P)R Yy S &
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Table 47 Resiliencematrix in relation to practicéheory, prepared by the researcher as an analytical tool

Resilience

Indicators / Practice
Theory Elements

Robustness
(The ability of the home to carry ¢
performing despite social changes)

(The ability of different things to satisfy th
same function)

Redundancy

Adaptation
(Adjustment to reduce the impacts
social changes)

Physical Factors That
Need to Be Considered
in Social Housing

Know-how and

Embodied Habits

A 12g YdzOK OFy LIS{

knowledge change while the home| A

carries on performing?

A How do changing habits and knowled

affect the ability of different things to
perform the same function?

How do inhabitants change their ways
of using the home in relation to the
different things that cause more or les
redundancy?

A How do knowhow and habits
differ depending on different
household demographics and
occupancy level?

A 126 R2 OKIFIy3aSa
affect the ability of the home to
adapt?

Institutionalised

A How able is the social housing to

How might the change in rules affect

A How do changes in the

A Size of the home
A Systems in the home

: - ;
grl]?ev;ledge and continue functioning despite E)esgtzld;r?ccyIg]vter;zzgrggﬁsehol d institutionalised knowledge and heat.||ng' and
changes to institutional knowledge P y' rules affect the ability of home to ventilation
demographics (age, gender,
and rules? adapt?
employment status, etc.)
Engagements A How able is the home to cope with How do changes in the way inhabitanf A 1 26 R2 OKI y3Sa
changes in engagement? engage with technology and which engagements and discussions
A How do inhabitants discuss using technologies they engage with affect affect the ability of home to
things in thehome? the redundancy of the home? adapt?
Technologies A How do changing technologies "
o A MEV
affect the ability of the home to " .
carry on? ) A Windows
" ) . How many things are available to car A How do changing technologies | A Boiler
A Can systems in the home able to o . I, <
. : out the same function in the social affect the ability of home to A Heat pumps
withstand shocks and social . " i
) : housing? adapt? A Glazing
changes? An increase in occupang .
. A PV systems
level can increase the usage of "
A Solar controls

systems in the home
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4.5.1 DataManagement and Transcription

Once the data collection phase was finished, all audio files from the inhabitant and design
team interviews were grouped and labelled. The design team interviews were transcribed
first to understand the design intentions of the selected case study, and then the inhabitant

interviews were transcribed.

Semia i NHzOG dZNBR AYyUSNIBASsa 6SNB (NY YyAONAROSR dzi
interviews were also manually listened to again and checked by the researcher because the
transcription software was not always accurate. As the data analysis focused ondéptin

responses from both the inhabitants and design team, all of the discussions during the
interviews were transcribed to text in a Microsoft Word document (McLellan, MacQueen

and Neidig, 2003).

NVivo 14 for Mac software was used for coding and data analysis. For data analysis, the
researcher also used Microsoft Excel and draw.io software, which helped the thematic

analysis and mapping of the analysed data. All the participants were anonymised by using
pseudonyms, such as D1 for the design team members and R1 for the inhabitants (see Table

4.5 and Table 4.6).
45.2 Coding

NVivo is analytical software used for linking ideas, finding patterns between gathered data

and integrating reflections, and this was used to organise themes in order to reflect on the
research questions (Richards, 1999; Auerbach and Silverstein, 2003). In termscodlipigs

NVivo was used to work from practice theory to data (S@ge2013). Thematic analysis

based on precoding was used to analyse the sestuctured interviews and usability

j dzSadA2yyl ANBA | 0 2alated praytikels, Geoh iti shgvedatile ulghi@ingR &

LI GGSNya FyR (KSYSa NBf I (fR018)The kodiKg piosedst vy (i & Q
for both cycles of coding was based on the-pogles that had already been found in the

literature review, focusing on the key three resilience drivers: robustness, redundancy and
adaptation. The other preodes were Grash | YA aSy Qa oOouHnamn0 LI OGA OS

know-how and embodied habits, institutionalised knowledge and rules, engagements, and
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technology¢ which were used in the second cycle of coding to identify patterns and find
links between aspects of practice theory and the collected data. Additionally, in this
NBaSkNOKZ O2dzyiAy3a GKS WINBI|dzSyoeQ 2F GKS O;

0KS WLINBaASyOSQ 2F O2RSa NBftlFGiSR G2 SIOK GKS

codes appeared in the data.

In the first cycle of coding (n = 11), the transcribed interview data were coded by the line of
inquiry based on the research gap. The first cycle of coding was carried out by using an
inductive approach to analysis to capture the frequency of the codes and the relevant codes
related to the lines of inquiry (Klix, 2001). The setnictured interview questions were

based on the following lines of inquiry: resilience of the home, robustness, adaptation, and
redundancy. The first cycle of coding also included the frequency of the codes that appeared

in the interviews in general. The mapping method was used to find links between the design
GSFYQa YR AYyKFIoAGlIyGaQ LISNRLISOGAGSAE (G2 dzyR
answer Research Question 2. For example, the researcher developed Figure 4.2 to
understand the underlying factors of resilience by analysing the differences and similarities
0SG6SSyYy GKS RSaAady GSIYQa |yR AYyKFEoAGlIyGaQ L
mapping was further developed by the researcher after the second cycle of coding and

during the thematic analysis (see Appendix 1).

Design Team Perspective

Long lasting homes « « « « « « "Resilience is building a home that people can stay on as long Inhabitant Perspective Most used words are 'heating' and ‘warm' when asked about the definition
as they want" f | he h
"an ongoing situation. And it affects children, adults and every age.” (R1) of resilience of the home
"Maybe | would say Covid. Well, it's warm. Yeah, it's warm 24/7. It's never
cold." (R2)
. -".building a home that's going to be sustainable, it's going to be 4 of the participants don't know the waord 'resilience’ means
. affordable to run, it's going to reduce CO2 emissions.” "A well-insulated home. Quite well-built." (R3)
Climate resilient homes 2
<+, [lthink some of us can be comfortable to live in a home that isnt S "I think our home is all right" (R4)
** going to damage the climate " o
E "It is & very nice place. Yeah. You know, it's very rural.” (R7) -
g
=
" " . @ An overall definition for the participants are based on the condition of their
something that's not going to cost huge amounts of money = .. 0 P . N
Business resilience - « - « + 10 manage and maintain something that's going 1o return the é\ No, no. It's nothing like that. Nothing springs to my mind at all." (R3) home, rather than how they used the hc;me
profit for us and something that's going to fit into the needs of
] the local area." *Just nothing really. Just how my life is." (R11) How secure their homes are
I*. How warm their homes are
\
‘\ L Y J "I don't really know, honestly." (R13) JE— |
~— = .
T "Tome, to be a resilient building kind of for the individual, the “orobably climate change.” (R14 f | |
customer, and the planner. And then the business of the system.” P ¥ ge." (R14) The term 'resilience’ also has been ua;gted to the climate change and Covid

Figure 42 An example of data mapping that the researcher prepared during first cycle of coding (n = 11)
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The second cycle of coding (n = 18) was the detailed coding where the researcher did the
coding wordby-word for each participant. In this cycle, the theoretical aspect of the study

was linked with the first cycle of coding, helping to identify patterns between the cases. Both
inductive and abductive approaches were used to understand the data and find patterns

(Klix, 2001; Saldm, 2013). After 18 interviews, similar codes were appearing, and no new

codes or themes were emerging from the d¢faunderset al, 2018) so data saturation

was reached with 18 interviews, and then the remaining three interviews were coded. Figure

4.3 and Figure 4.4 were developed by the researcher using the mapping method, showing
GKS RSaAdly GSHYQa |yR AyKFIoAGlryGdaQ RIFEGF O2F
coding (in the blue circles) and the extra themes from the second cycle of coding (in red
triangles) related to aspects of Graml y a3 Sy Qa oHamno LINF OGAOS (KS

Extra themes after
second cycle of
coding

Solar
backup
generator

Electric
fan heater

Older
generation Renewable
backup
system

Practical
knowledge

Portable
air
conditionin
g unit

Extra Planning confident
options with
Extra

ventilation
controls

Inhabitants Discussions

Usability Using

windows
Adapting
Energy to change Less
crisis heating
Covid-19
4
Awareness
Home

Standby
user guide

& Occupanc mode
y increase Vuinerabilit Thick

y clothing

Ventilation
Condensat tegesd

o Energy
Use

Smart
meter

Mouild
Technology

Breathing
Understan machine
ding
Age
Ventilator

Implementi
ng to
practice

Figure 43 Example of the second cycle of codbd G KS AYKIF 0 A (I
the mapping method (prepared by the researcher)
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Understanding

Understanding
why it matters
Extra themes after

' second cycle of

coding

Know-how
to work this

user guide

Standard
technology
Windows = Gas-combl|

boiler

Ventilation Heating Radiators -

equipment sient learning Airtight insulated
Double-asg curve
ect design

Fabric-first
approach Shared
energy
systems
architects

Planning

Trade-offs Cost
saving Air source
heat pump

Affordability
of intended
design ean event Covid-19
Lifetime
homes

Working
from home Increase
in

inhabitants

Adapting
ability

Neighbourli
ness
Long

lasting
homes

Nelghborho
od officers
Security

Online
website

Interchange
ability

Fits the %
needs of Sosts Mobility
local area adaptations
Building
Different reguistions Putting
typen of handrails
demographi
cs Modifying
bathroom

Putting
shutters (as
an example)

Figure 49 EIl YLX § 2F (KS asS02yR 0OedtsS 2F O0O2F
mapping method (prepared by the researcher)

4.5.3 Data Analysis of Usability Survey

The usability survey was designed such that its findings could be-relagsd with the
findings from the other POE methods (Leaman, Stevenson and Bordass, 2010). Inductive
reasoning was used to analyse the usability survey data, which helped to explain the
AY KL 06A Gl yelateddprattigeS NeBadibed in the sestiuctured interviews in more

depth (Klix, 2001). Thus, the usability survey findings were cetated with those of the
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semistructured interviews in the thematic analysis stage to understand how easy the
inhabitants found the heating and ventilation controls to use and to compare the
AYKEF oAUl yi aeelatddicéntrols Bind $hgirchbding and ventilation practices (see
Section 4.5.4.1). After the data collection process, the collected data were organised by the
researcher in Microsoft Excel and then imported to IBM SPSS Statistics software for data
analysis (see Appendix 2). All the data (n = 26) were coded based on the SPSS standards; for
example, binary variables were coded as 1 or 2, and category variables were coded as 1, 2, 3,
or 4 with the highest being the most positive value and the lowest being the most negative
value (Kent, 2015, p. 41). For the purposes of this research, the collected usability survey
data were coded with nominal variables as Yes 2 =No, 3 =L R 2 y Qand theyseale
variables coded as 1 to 7, with 1 beivmgry poorand 7 beingexcellent After coding all the

data, the researcher prepared graphs and diagrams by looking at different-socio
demographic data (e.g., age, gender, time spent at home, etc.) and reflecting on the
research questions. All these graphs and diagrams were then used in thecassss

synthesis described in the following section.
45.4 Crosgase Synthesis

Crosscase synthesis was done by conducting thematic analysis and using the mapping
method (Yin, 2018). During the thematic analysis stage, all the findings were compared using
the mapping method. The crogsse synthesis stage was used to identify the witidee

patterns across the individual households in this research and to understand why each
housing typology performs as it does, thereby identifying key insights for future housing and

policy recommendations (Yaneva, 2016).

45.4.1 Thematic Analysis

As described by Braun and Clarke (2006), thematic analysis is a method for identifying,
analysing and finding patterns in the data. They also note that themes do not emerge from
the data; rather the researcher plays an active role in identifying the patterns through

abductive reasoning. Therefore, the interactions among the researcher, the theory, the data
and the literature were critical at the final analysis stage in order to answer Research

Question 3.

79



The researcher used Microsoft Excel in the thematic analysis stage. After the second cycle of
coding, all the important codes from both the resident and design team interviews were
moved to the Excel document. The usability survey data analysis was done using SPSS, as
explained in Section 4.5.3, and the survey data supported the interview data in the thematic
analysis stage. During the thematic analysis, the researcher also prepared relevant graphs in
SPSS from the data collected from the usability questionnaire, which helped the researcher
to strengthen the analysis of the interviews. In this stage, themes derived from the coding
were linked with the theoretical aspects of the study. During thematic analysis, the resilience
matrix (see Section 4.5.1) that the researcher developed was also used as an analytical tool
to find and understand the nexus of practice theory and aspects of resili@ifwmatic
analysis in this research aimed to identify the croase patterns and connections among

the analysed data and aspects of practice theory using abductive reasoning. -Haylatt

(2001) highlight that a simple counting of the frequency of codes could weaken the essence
of qualitative data and its hdepth meanings. Thus, in this research, the presence of the
codes related to each theme was considered, as mentioned in Section 4.5.2. The patterns
and connections of the analysed data were craferenced with the characteristics of the

inhabitants to better understand the nature of these patterns and their significance.

45.4.2 Mapping

Mapping is a powerful technique that involves linking different ideas and is an effective way

to visualise patterns of significant impacts on outcomes and to gain new insigbtsne

and Walker, 2005Buzan and Buzar201Q p. 16). The mapping method was used during

the coding process and thematic analysis stage, helping the researcher to highlight
O2yySOiGA2ya YR RAFTFSNBYyOSa o0Si6SSy RAFFSNBY
practices and their relation to resilience (see Appendix 1). Mapping was also used in the
coding process to gain a better understanding of the underlying issues of resilience in social
housing by comparing the design team and inhabitant responses (see Figures 4.3 and 4.4).
During the coding process, mapping was used to link the key themes that appeared after
analysing the interviews. The analysed data were visualised using connection lines between

the key themes to summarise the large amount of data.
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4.6 Research Validity

Recognising the researcher as the primary instrument throughout the entire study
emphasised the importance of increasing the credibility and validity okthey. To achieve

this, several steps were taken. First, the mixed methods approach was used to collect a
richer and stronger array of evidence and data that could not be achieved by a single
YSGK2R |f2yS O6,AYYZ HamMyOd® vdzZ yaGAGEFGAGBS NBEaS
jdzZ £t AGF GABS NBaSINOK RSft@gSa Ayid2 WK2g | yR ¢
approaches, the strengths of both methods are enhanced and their limitations are reduced
(Baker and Edwards, 2012). Thus, using the mixed methods approach helped the researcher

G2 O02tf SO0 NAROKSNJI RFGEF G2 dzyRSNEGI yelatedg K
O2yGNRf A GAGKAY GKS K2YSQ dzAAy3 | ljdzt yGAGE G A
R2 (0KAYy3a ¢A0GKAY GKS K2YSQ dzaAy3a | ljdz- £ AGF
RSONASTAYIQ gAGK (G662 t K5 adzZLISNDAAZ2NB oK2 S
but were part of the research development. During peer debriefing, the researcher used the
adzLISNDA&A2NE Fa | WazdzyRAy3 0621 NRQ (2 RA&Odz
guestions that might help during the analysis (Corley and Gioia, 2004). The last step taken by

the researcher was to triangulate the data as a way of addressing the validity issues.
Validating the credibility of the semstructured interviews was important to demonstrate

the credibility of the resulting data and findings. One way to achieve this validation was by
triangulation, where the researcher found a nexus from different sources of information to

form themes and categories by eliminating overlapping areas of research data (Creswell and
Miller, 2000). This is usually done using multiple methodological approaches, such as
observations, document reviews and interviews, in different combinations to achieve

broader results (Denzin and Lincoln, 2013).

4.7 Interpretation and Triangulation

Ly &a20AFf aO0OASyOS aildzRASasz (2 AYyOGSNILINBG Aa
YSEYAY3IQ oO0bSdzYlyZ HammMI LI mMTTO0O® Ly ljdzl yiGAI
numbers, while in qualitative research, meaning is derived from the discussions of the

significance of ideas (Neuman, 2011). In this study, interpretation was done by giving

meaning to data by crodfS S FSNBY OAy 3 (GKSY ¢gAGK GKS AYyKFOoAI

81



'y dzy RSNRGFYRAY3 2F GKS &AAIYATFTAOFLYOS 2F | yF
practices. In social research, a moredepth understanding of data can be obtained by
observing from multiple perspectives rather than looking from a single perspective, which is
known as triangulation (Neuman, 2011, p. 164). In this research, using a mixed methods

F LILINR F OK KSftLISR GONRARIFy3IdzAE S GKS REFEGE G2 3FA
practices within social housing by using both qualitative and quantitative methods as
different perspectives. Triangulating data also offered a way of addressing validity issues. As

I N6asStt omnmov SELXIAyazr Ww2KSy ljdza tAdGEdADS
or theme in different sources of data, they are triangulating information and providing

Gt ARAGE (2 GKSANI FAYRAYIEAQ 6L HpMmMUO D

4.8 Sunmary

In this chapter, the research methodology was set out and the methodological approach of
this research was justified as a casd@thin-a-case mixed methods approach, as fitting for an
investigation of energyelated practices in newly built social housing using practice theory.
The key reason for selecting the case study was to maximise the amount of usable

AYTF2NXEFGAZ2Y O2ft SOGSR FNRY GKS OlFasS |oz2dzi |
energyrelated practices usinGf @ 36 2SNH Q& oOowHnncL | LILINRIF OK®

The data collection methods were designed and implemented with reference to the research
guestions and objectives set out in Table 4.1 (see Section 4.2). Various methods were
combined for the data collection process to ensure the validity of the outcomes and a
O2YLJX SGS dzyRSNRUGFYRAY3I 2F NBAATASYy-RS&StedAy &2
practices. After the document review, a total of 21 sesmmuctured interviews and 26

usability questionnaires were analysed using feyales of coding, quantitative analysis

using SPSS, thematic analysis, and etase synthesis. During these analysis stages, the
researcher used the mapping method to illustrate the analysed data and to better

understand the links and patterns between the themes.

Next, Chapters 5 and 6 present the key findings and analysis that align with Objectives 2, 3
and 4 of the thesis, while Chapter 7 discusses these findingaraadgses them in relation to

practice theory.
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CHAPTER 5. HEATING PRACTIBESQ@CIAL HOUSIBASE STUDY

5.1 Introduction

This chapter presents the analysis and findings of the semuctured interview and usability

survey data aboufh y K | 0 hdating practiee and explores how the inhabitanidiscuss

their heating practices in terms of resilience. This study exasihlre heating practices from

two different perspectivesthose of theinhabitants and the design teanh Y K 6 A G | y i &
heating practices are critically analysed in terms of Key resilience drivers and Gram

| ' yaaSy Qa o H n melementsliskeOrable @ 3JhigiiKeSstepldwards achieving
Objectives 2, 3 and 4 of this thesis in relation to understanding the underlying resilience and
AYKEFEOAGFyGaQ KSI (A Yy s weNasdeitifyicpkey indights forkeSilie@ 4 S  a

social housing.

5.2 Heating Controls in Relation to Resilience and Social Change

This section focuses on heating controls (see Figure 5.1) in relation to the resilience of social
housing in the face of social change, first with a focus on the general central heating controls

and then on specific heating controls. The first key theme to emerge from the analysis
relates to the extreme factors that affect heating practices, such as @6vanhd the energy
ONR&AEAP ¢KS ySEG 1S58 GKSYS Aa lozdzi GKS AyKI
based on the data gained by the usability survey, and how they implement their
understanding in their heating practices. The next theme found from the analysis is about

0KS AyadzZ FdGA2y Ay (KS &d20Alf K2dzZaAy3dI FyR Kz
The last key theme from the analysis is about how the housing typologies and accessibility

support or hinder inhabitants in the face of social change.
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(b)

Figure 51 Parts of the heating system in the social housing: (a) a gas combi b
(b) a room thermostat

5.2.1Extreme Factors that Affeeleating Practices

One of the extreme factors that occurred during the data collection period of this study is
Covid19, which affected the time that inhabitants spent in their home, directly impacting
the energy use in the household. Some inhabitants who had previously worked outside the

home started to work from home during the pandemic, for example:

G2Stf>x L dzaSR (G2 32 2dz0 G2 GAarda GKS Of A
FFGSNI / 20ARZ L R2 Ly I &67Fdz-70,fmalé, livesTon the2 N T |

first floor)

This highlights how CowvitP led to a social change as inhabitants were confined to their

homes, particularly older inhabitants who are likely to spend more time indoors. Another

study also found thatthe Covidtp LI YRSYA O OF dzZASR (GKS&aS OKIF y3-
which affected how electricity was consumed (Kawka and Cetin, 2021). This social change

raised energy bills, as R7 noted:
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G{2> dzKX a2 OSNIFIAyftes &2dz {y2szX GKS StS
from home, but then | spent an awful less on petrol. So overall, my energy

SELISYRAGdzZNBE A& 31Z0, yhae, IRes gnfiedirstoory = | 3 S

Another key highlight from the analysis is that some inhabitants over 50 who had-Tbvid
became more vulnerabldpr example, by having to udareathing machines or becoming

more sensitive to cold weather:

oMy breathing machine affected the energge, and we use the washing machine a
lot more regularly. Other than that, navhen asked ifany social or environmental
changes that have affected their energy use]. 6 w m >70,l-feinéle, [ives on the

ground floor)

R1, who lives with R2, mentioned that using a breathing machine affected their energy use.
Similarly, R15 mentioned that they needed to use the heating more after @8yid/hich

increased their energy usage:

G¢KS 2yfte UGUKAYy3I ¢l & -MOBgotikCdwdoahdyhe wabvoma > | 3
ventilator. And since then, he feels the cold more. So, we have to have the heating on
more. But now, obviously with the price, and we are thinking more about it. We are
GSENAY3I Y2NB (GKAO1 G2L¥& FyR (K&yfehile,f A 1S

lives on the first floor)

Consequentywmp Q& K2dzaSK2f R FRILIWGSR (G2 GKA&a OKI y3A
longer. In these two households, the inhabitants over 50 who became more vulnerable to
the temperature inside their homes due to contracting Cei&dchanged how they used

energy in their homes.

Another extreme factor happened during the data collection period was the energy crisis,
which commenced in 2021 in the UK. Owing to this crisis, inhabitants had to consider the
increase in energy bills:

GL YSIYy Ay adzyYSNE 6S R2 y20 dzaS GKS OSy

And at the moment | have been very careful because of the cost of living rises. | know
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it because like everybody, when you are a pensioner you have got to be really
Ol NB T dzf ¢ -70) female,Jived oB Bie fipsivfloor)

R13 mentioned that the pensioners living in this social housing need to be careful about

using the central heating, as there has been an increase in the energy bills due to energy
crisis. In this research, eight out of 16 households rely on their pensions, so these
households need to be cautious with their use of heating and electrical appliances that

affect their energy use. Apart from the pensioners, some of the inhabitants (see above for
wMpQa l[dz2GS0 faz2 GNB (G2 NBRdAzZOS GKSANI dzasS 27
As a result, the inhabitants adapted their heating practices when there was an extreme
situation, such as the energy crisis, when they needed to think about their financial

situation.

Martiskainen and Kivimaa (2019) find that using smart systems is beneficial to reduce energy
usage when inhabitants understand how to use them and are willing to use them.
Interestingly, only one household (H15) mentioned that they had installed smart meters

within their household:

dt is like | said, we have the metefsmart meter$. We are better offwith smart

meterq because therare a lot of people, friends that we know say that how their

bills have gone up. You know, because thieyon these set things or whatever they

do. We decided, years ago that the best thing for us was to get something like this
[smart metefF YR (G KSy @&2dz LI & age®¥7Q male? lues dmittedeé o w

ground floor)

As R3 explained, having access to neartigad data by using smart meters allowed them to

see how much energy they were using, making energy consumption more understandable.
When energy use is visible, it becomes easier for users to identify high energy consumption
behaviours and adjust accordingly (e.g., increase in energy use during certain times of day or
while using specific energglated controls) (Office for National Statistics, 2088
Therefore, smart meters act as a form of monitoring daily routines and making energy use

visible to the inhabitant, supporting more informed and eneogyscious decisions.
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In terms of the resilience of social housing, the design team stated that cost is a very
AYLRNIOFYG FFEOG2ND ¢KS GSNY wo2aidQ Ftaz2 | LWLISH
Cost efficiency for the design team is seen as building sustainable homes that do not cost
huge amounts of money for management and return a profit to the housing association.

Cost is also a very important factor in the planning process, in relation to both the initial cost

of using sustainable materials and equipment in the design and thetésng maintenance
Oz2ailiad ¢KS RSaAdady G4SIHY |faz ft221SR 4 O2ad ¥

d think with everything, you know, we kind of consider [cost] from a few angles,
obviously we will look at the impact of the cost, both in terms of the kind of initial
cost of putting it, and in the loagerm cost of maintaining it. And also cost to
customers of running it. And we would also look at sustainability implications. So, you
know, is this going to make the house more comfortable, cheaper to run, warmer in

the winter?¢€ (D2, pojectcoordinator)

D2 mentioned that the design team consider cost factors from a few angles, while also
O2yaARSNAY3 GKS AyKFIoAGlryla YR K2g 0KS RSa.

energy use.
pPHOH LYyKFoAGEYyGaQ | yRS NikiiUsyiRdaghg Pracicesl St G Ay 3

The housing association provides a home user guide to the inhabitants when they move into
their homes, and each home has a specific guide depending on the controls in that home.
The home user guide includes the property information sheet, general guidance, heating
and ventilation system controls and how to use them, instruction manuals and general

energy and water saving tips, as D2 noted:

OWhen people move into property, we make wigtalled a home user guide. And it
Is just kind of general information about the propergatso includes details on all of
the systems within that property. So, you know, the use manuals of the boiler, the

GSYGAtfLFGAZY 2NJ FyedKAy 3D pdiebtcodrdrad) sAff 06 S

According to the design team, the social housing association provides very comprehensive

user manuals for the inhabitants:
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oNow whether this is quite patchy across the industry, so some of us are very good at

this and they have, you know, vasgmprehensive user manuals for their new houses.

And depending on complexity then they can get quite interesting how you do that
[providing user manuals]. Wheth@the housingassociation] did that, | am sure they

did it, whether they did it to the degree that the residents feel inadequate or not, is
a2YSGOKAYy3a L 2dzad R2 y20 1y26® ! yB®3 Al 62

architect)

However, architect D3 stated that after providing the home user guides, the design team do

y20 (Y296 AF GKS AyKIoAGlIyda FAYR (GKSY dza ST dz
dzy RSNRGFYRAY3I 2F AYyKFEoAGlIyiaQ keated doitdls (2 dzy
during the occupancy stage. This is also highlighted by D1.:

GLY GSN¥a 2 TdiffsréengsysteldinheSoudes Se home user guide
has all of that in it, but it relies on people reading it obviously and followingyaet
have done some sort of energy doctor work, you know, where we go in and say to
people, you could save fuel if you did this, this and this. But in general, | do not think

we do a lot of that momend (D1, pojectdirector)

5MQa adl iSYSyld RS@OSt2LJ 50Qa I NBdzYSyd GKIG 0
and follow home user guides provided. She also mentioned that the housing association
previously went to the homes to explain how the inhabitants could save energy. However, as
50 YSYi(iA2ySR>Y (KS K2dzaAy3d Faaz20At A2y Aa yz2i

their energyrelated controls.

As shown in Figure 5.2, most of the inhabitants said that they have the home user guide.
Additionally, the majority of inhabitants who said that they have the home user guide rated
its usability for operating equipment in their home as above average or excellent (see Figure
5.3). However, even if the inhabitants have the home user guide, the important thing is that
the inhabitants understand how to use the controls and understand why it matters, as D1

noted:

dt is really very important people know how to use them. It does not mean that you

are telling them you mean they do.,Sbis how do you engage people to do, you
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know, to do the right things and how to give people the information and they actually

R2 BIj phfectdiector

ave
home user
guide?

@1 don't know

Total number of
inhabitants: 26

Figure 52 The percentage of inhabitants who do or dc
not have the home user guide

How would
you rate
user guide's
usability for
operating

your home?
[ Below average
[l Above average
EGood

M Excellent
Total number of
inhabitants: 26

Figure BLYKF oA Gl yiaQ NFdAy3
operating equipment in their home
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¢2 TFAdZNIKSN) RS@OSt2L) 5mMmQa adlriSYSyds CAIdaNB p-
ability to use the technical equipment in their homes. It shows that the inhabitants who are

over 70 gave a mean rating of their ability to use the technical equipment as below average,

in contrast with the inhabitants aged §20, who gave a mean rating of above averagea

result, Figure 5.4 indicates that the inhabitants over 70 struggle with using eredeggd

technical equipment more than those under 7his argument is also supported by R22:

G2Stftx &2dz Ol y 02y i N& thernmodtat. GGy doNdedauseK S I G A
the timer around the boiler does not work, it never has done and apparently, they are

all the same. Saf it gets a bit chillyyou know, | just manually turn the thermostat up

a2 UKFG GKS KSI(R22 ag oeh 7, ffemée W& o tfiedground

floor)

Rating scale:

1: very poor

2: poor

3: below average
4: average

5: above average
6: good

7: excellent

Total number of
inhabitants: 22

Age

0 1 2 3 4 5 6

How would you rate your ability to use the technical equipments?

Figue4¢ KS 2f RSNJ AYyKIoAGOlI yiaQ NBalLlioyseS
their energyrelated technical equipment

5.23 Impactof Insulation Levels dreating Practices

One of the key highlights from the design team is the level of insulation in this case study.
This is particularly important because the energy performance of homes depends on several

factors, including wall insulation and the energy performance of appliances (e.g., boilers),
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and these factors are assessed through the EPC scores (Office for National Statist®s, 2023

Architect D3 described the insulation of the homes within this case study:

GThey are quite well insulated because the houses have blown insulation into the
walls. Soall the cavities are completely full. | think from an insulation point of view,

they probably exceeded the building regulations, ISthink they are quite well

AyadzZ F ISR K2YSa ¢AGUK R2dzo0tS It 1T ADE3I YRS

architect)

Regarding insulation, D3 mentioned that the homes exceeded the building regulations.
When the homes were built in 2016, the building regulations for the wall insulativallé

was limited to 0.30 W/(if&) and, according to the document review, the selected social
housing development was designed to exceed the requirements of the building regulations

(HM Government, 2016a, p. 15). This is also supported by the EPC rating scores of B (see
¢lFrofS nodcd F2NI Lt GKS K2YSa Ay GKA&a OFas al
rating of wall insulation to achieve an EPC level C or above (Office for National Statistics,
2020 @ 2 KSYy 6S O2YLI NB GKS | NDKAGSOGQa NBYIF N
0dzA f RAYy 3 NB3IdzE | §A2ya 6AGK (GKS AYyKIOAGHEYGAQ L
find the majority of them (16 out of 18 inhabitants) stated that their homes are comfortable

and warm most of the time during cold weather:

a h,Kdo not, | do not use my heating. | mean | have got somebody above, somebody
below, somebody at both sides of me, iBts a very, very warm flat without heating

on, so it is not very often | do have the heating on. But when | do, | am not going to sit
KSNBE O2ftRX L R2 KI@GS Y& KSIOAy3a 2y> &Sa

ground floor)

R22 explained that the location of her flat ensured her home remains very warm, so she
R2Sa y2i0 2FGSy daaS (KS KSIGAYy3ad ¢KAA I NHdzYSy
these homes having a very good level of insulation that helps to keep them warm. Out of 18
interviews, only two inhabitants (R4 and R20) stated that their homes are extremely cold in

winter:
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GLY S6AYGSNI AG Aa ThnBadhiodm/ BeEausé WSneveryRMB/ 2 ¥ |
sun in here orjthe] bedroom and bathroom. San winter we are freezing, even

[when]i KS KSFGAy3 Aa 2y®dé ownz F3IS 20SNI tnz

GL st a Ay F2N K Sis]axtzmeshed ahdyfdally hokadnd, in ke dzia S
winter it really is ridiculously cold. And most of the people, you know, the neighbours
have said it is actually the same. | do not think there is any cavity wall in them and it

is ridiculously cold, especially we live in the upstairs and when you get to the staircase
to go to the front door, it is never ever warm. The radiators make no difference there

YR AdG A& ¥ NBSI-70)cnalé BvésRrbdthe fistfleon) = | 3S pwm

The similarity between these two households is that, even when they use their heating
systems; their homes still remain very cold in winter. The reason for this could be that the

inhabitants are not using the heating controls properly, or the heating system may be faulty:

owWhen the flat gets into a certain temperature, it [room thermostat] switches off for

so long and then it will switch on. You know what | mean? It is not me. | do not like it

at all because you know, you just get warm, and then it will switch off. | suppose it
asSsSvya G2 R2 a2YS{iKAY 3(R4 age KverV@, emadediies an R 2

the ground floor)

R4 and R20 described that the room thermostat turns off automatically when the
temperature reaches 2 and their home is not warm enough for them even if their

radiators are switched on. In contrast, the remaining 16 out of 18 inhabitants stated that
they do not need to turn on the heating for long because their flats are warm, even without

the heating being on; for example:

GLG OKSFdGAYy3a8 Ad 2y 6KSY Al A& gAYy SNIAYS
know. Which is sufficienbecause the housing has carpets, and we only nejolrjt

about 40 minute®¢ 6 w 20, ntald, Bvespom the first floor)

To further develop this argument, a good level of insulation is one of the key factors that
15SLA GKS AYyKIFIoAGlIyldaQ K2YSa 461 NXYY
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df it gets a bit chilly you know, | just manually turn the thermostat up so that the
heating will come on. And then once it is heated up, | turn it down a little bit. But

then, you know, it just stays nice and warm, like | said it is well insulated.|&oof
GAYSax 2y0S AlG Aa 6FNYSR dzLJ L (REANMgeA G 27

over 70, female, lives on the ground floor)

CKAA adlradSYSyid o0& wHH A& O2yaraidSyid oA0K (K¢
levels of the homes in this case study, and these good insulation levels reduce the use of the
heating for most of the inhabitants (16 out of 18 inhabitants).

5.2.4 Accessibility Energyrelated Systems

The main aim for the housing association is to provide 4engn stability for inhabitants

who have or might have mobility issues in the future, including families looking after an
elderly relative who is living with them. When the design team were asked whether they
considered social changes that affect inhabitants within their designs, the architect D3
NBalLRyRSR (KIFdG GKSe Ffglreéea OGKAY]l Foz2dzi . dzAf |
0dZA f RAY 34 QX LI NIAOdzZ I N & GKS OFiS3a2NrRSa a

nowH
W2 KSSt OKFANJ dzZaSNJ RgStfAy3IaQ Ay GKSANI a0OKSYSY

G L & dzLJhvegst to dhihikdzarefully about if we spend quite similar amounts of
money making all of our housing resilidtd the standards ofM4(2) and M4(3), is
that the right thing to do? Or is it better to assign that money to do more adaptable
and resilient housingthat] is specifically designed for need, and | think tisathe
debate thatis2 dzii G K S NIBachhebt) f £ & dé

Regarding the type of social change brought about by Ct®jd1 noted:

Ao mean, the only thing we have doneftisat] we have certainly stéed to plan on

house typegfor] more homeworkingbecause that was not really factored in before.

So little incidental spaces where you could put a desk or some kind of, you know, be
able to find sort of a space, eithgor] K2 YSg2N] = aO0OK22f Ay3 2N K2
try and get as much daylight in as possible, try and get natural ventilatiomesare

trying to kind of make the houses sort of work for them by themselves and that

YI 1 Sa DS gaetdréctod
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D1 explained that, specifically after Couidl, the housing association started to plan
housing typologies that are adaptable to more homeworking and that have spaces within
the home that are more flexible, in case of social changes. The design team aim for homes
that work for themselves by getting as much as daylight and natural ventilation as possible.
In line with the comments of D1, the project coordinator D2 also noted that they have been

thinking about social changes:

dt [a social changeaffectinginhabitants over time] is something that we have been
GKAY1AY3a |o62dzi | Sb abluiousty2ned ardBamySnyotefpéople « X 6
who are kind of working from home now, but also | suppose more, much more worth
you know, what happens if there is pandemic a@aq that is kind of one of the

really key things wlavebeen doing is assessing, trying to increase that in all in all of

our newbuild homeg. D2) pojectcoordinator)

Similarly, the majority of the inhabitants (13 out of 18 interviewees) think that their home is
robust and mentioned that their home could cope with a social change like a sudden

disability in the household. For example:

2SStttz ¢S tAOS 2y GKS FANBO FE22Nd 2S | NB
up the stairs. But those stairs are just over a straight flight of stairs. So, uh, we

LINPOIFOof& KIFI@S G2 YIFeéoS Lizi az2yS ({AyR 27
¢tK2aS ¢2dzf R 06S NBfIGABSt & Slagesit70Malg;,3Sa (3

lives on the first floor)

The inhabitants also mentioned that they could continue their everyday ernelgied
practices and the social housing association would adapt the appliances if there were any

accessibility issues:

owWell, it[adapting the appliances] igery difficult at the moment with the bathroom.

But everything else, all the doors are wide, you know, will fit the wheelchair. Kitchen
appliances are quite okay. And generally moving around is pretty gosduét all

the things are okay apart from the bathroom. Which is built for the younger
generationd dzii ¢S I NB Yz2aildte 2t RSN RS &UHIGAZY K

70, male, lives on the ground floor)
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R14 mentioned that if they experienced a social change, they could use their ertatpyd

appliances in the same way, but it would be difficult for them to use the bathroom in terms

2T 1 OOSaaroAftAled ¢KS AYyKIOAGFEY(GAQ LISNRLISOU
adaptability of the housing appliances if there were to be a sudden social change in these

homes.

To summarise this section, external factors like Gd@dnd the energy crisis significantly
AYyFTfdzSYOSR K2dzaSK2f R SySNBHe@ dzaS YR AYKLI 03
increased the time spent at home and made those over 50 particularly sensitive to indoor
temperatures after recovering from the virus. The energy crisis prompted many inhabitants

to adapt their heating habits due to financial pressures. Although home user guides are
provided to inhabitants, the design team struggle to understand how effectively inhabitants

use the energyelated controls, especially those over 70 who face difficulties with technical
equipment. Nevertheless, effective insulation helped most inhabitants reduce their reliance

on heating systems.

5.3 Boiler Practices

5.3.1 Inhabitard QiscussiosmAboutBoiler Practices

All 18 of the inhabitants recognise the boiler as the primary source of heating within their
homes. However, their interaction with the boiler is minimal, and their approach to its

operation is largely passive. For example, R4 noted:

G¢2 0SS K2ySadsx ¢S ySOSNI G221 YdzOK y20A0S
months ago, it is not much about me, it was from the energy supplier. And they were
aledAy3as GdzNy @2 dzNJ 62 Af SNItumedahé haatthg downO S NI |
to acertain degre® . dzi | LJ NI FNRBY GKIFGX 6S ySOSNI

lives on the ground floor)

Notably, some inhabitants, such as R4, mentioned that they never engaged with the boiler
and were only made aware of its presence and function when asked by the researcher.

Another example of minimal boiler interaction is from R6:
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GL gAff 0S5 K shgdgascdmbidailarkrigiieddnee a litle bitol do not

touch the boiler at all because it was adjusted for everybody when you moved in, and
someone from themaintenance team] comes out regularly to check, to maintain the

02AfT SN {22 L LINBTSND emdeylives an the first fioér) G ®¢ o w

Similar to R4, R6 mentioned that she avoids operating the boiler and instead relies on
maintenance personnel from the housing association to make any necessary adjustments.
When R6 requires changes, she does not attempt to handle the boiler herself but waits for
professional intervention. A common theme among the inhabitants is their reluctance to
change the temperature settings on the boiler. Many leave them as they are, either out of
satisfaction with the current state or due to a lack of understanding of their usage. For

example, R7 stated:

Gb2> ¢S R2 y2i OWRA&AOdzaa (GKS o02AftSNJ oSAy3
need to have that conversation because you know the house is set so it is warming
up. S S KI @S 06SSy OSNE fdzO01e& Sy2dAaR0 GKI G

male, lives on the first floor)

R7 statel above that he expresses contentment with the existing settings and higatight

that there is no need to discuss the boiler usage with other household membersersely,

some inhabitants are dissatisfied with the temperature settings of the boiler but avoid
YIE{Ay3 |yég OKIy3aSa RdzS (G2 RATFTFAOdA GASEA Ay

instance, R15 noted:

b2 6S R2 ygadicombBoled koG an andl K, we sort of leave it
[gascombi boiler]as it is because it is so annoying and frustrating. And | do not
understand it, about the instructions. | do not know how many times | tried and work
something out and | cannot do it. Sbat is why we just leave it on J@legreestp ¢

(R15, age 3®0, female, lives on the first floor)
CNREY wmMpQa a0l dSYSY(GsRIALINOTS HBSS di/RIBINFIKIZ{2ARQ 3
the temperature within the home, they prefer to leave the boiler untouched rather than risk

incorrect adjustments.The absence of interaction with the boiler results in a lack of

discussion among the inhabitants regarding its use. According to the interviews with the
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inhabitants, none of them take responsibility for altering the settings, nor do they discuss
them within their households, reinforcing a passive approach to household heating

practices.

h@dSNIffs GKS 02A€SNI NBYFAya | o6F0O13aINRdzyR S
case study. While it provides essential heating, it is neither actively managed nor regularly
discussed, reflecting a broader tendency toward #oy G SNBSSy GA2y Ay (KS

technological infrastructure.

5.3.2 Usability athe Boilerand Alternative Options

The findings from inhabitantR1, R2 and R14 indicate a persistent pressure problem with

the boiler, revealing its lack of robustness in adapting to social changes. R1 stated:

& . dzithe gasicombi boiler] haghad] a problem with competence for 4 years. The
pressure is really low when we open the tap, so the shower does not work properly.
2S ySSR (12 KANB GKS aSNDNDemak2liXs ohlthey G Sy |

ground floor)

R1 explained that the boiler has a pressure problem that leads to failure when using the hot
water, emphasising its inability to maintain performance to enable the inhabitants to
continue their daily activities. The majority of inhabitants (14 out of 18 interviewees)
mentioned that they rely on maintenance services when issues arise with the boiler. For

example, R18 noted:

b2 ¢S KIS (2 LK2yS {1 5andatfeg @ik inform | 2 dza A
a2YSo02Reé StaSs IyR GKSe& KIR G2 02YS 2dzio

age51-70, female, lives on the first floor)

wmy Qa adFidSYSyld KAIKEAIKGEA GKFG dzaloAfAdGe A
maintenance issues before, so they contacted the social housing association to fix the boiler
issue. Similarly, and as R15 highlighted in Section 5.3.1, difficulties in understanding the
boiler instructions contributed to a passive approach to its usage. Without sufficient

knowledge, inhabitants are less likely to engage with fixing the problem, reinforcing a cycle

of dependence on external maintenance. Additidpathe majority of households (14 out of
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16 households) do not have an alternative for the boiler, beyond using a kettle to heat water.
This reliance on external maintenance highlights a passive interaction with the boiler, where

inhabitants do not actively engage with the boiler to fix the issue.

Furthermore, R14 explained that hot water is essential for daily activities, such as washing

dishes and showering:

@About every day, [using the gasmbi boiler] like washing pots and all that. And

having a shower. You know, the problem with the shower is, the water pressure does
y2i aSSYy (2 0S @OSNE KAIKD® 2KSy @&2dz KI @S
their shower and it is like the pressure is very powerful and you get back home and

@2dz OKAY1X 2K GKAA Aa y20 &6 male Ivdsongl & &c

the ground floor)

148 wmn RS&AONAO6SR:E GKS SELISOGIGAZ2Y 2F &SI Yt S
everyday life, meaning it remains largely unnoticed until it fails. However, its limitations
become particularly apparent during periods of social change, such as an increase in
household occupancy during the Coxil pandemic. This inability to scale with social and
environmental changes challenges its resilience. A more resilient infrastructure would be

FofS G2 IRFLIW G2 OKIy3aSa gAlK2dzi RAA&NHzZII Ay 3

Additionally, there is a clear need for an alternative option in case of boiler failure. Research
by Stevenson, BaborsKdarozny and Chatterton (2016) highlights the importance of backup
systems to maintain household functionality when the primary heating system fails.
However, findings from this study indicate that 14 out of 16 households do not have an
alternative for the boiler. Instead of preparing for potential breakdowns, the majority of the
inhabitants prefer to wait for the maintenance team. R7 is one of the inhabitants who does

not own a backup option:

GhK> ¢Sttt L GKAY]l 32Ay3 F2NBIFINR &2dz I NB
happen in terms of where, you know, when the boiler breaks. But that is more of an

AdadzS F2N) oX8 | 2dzaAy3d ! 3a20AF0A2yd  2dz )
S @2dzZ R KIS &a2YS {AYyR 2F | O2yadzZ GF GA2

51-70, male, lives on the first floor)
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As R7 noted, inhabitants rely on the housing association to resolve issues when the boiler
reaches the end of its lifgather than considering backup solutions. This lack of alternatives

is further emphasised by R1, as she noted:

G2S NB dzaiAy3a (GKS (SaGidft Sx 0 dziisixjedrs dold NB I f
FYR Al Aa &iAft 70, #dalk, ifes dh$hBgpsunddleoyr = 1 35S pwm

R1 stated that using a kettle as a temporary solution is inconvenient, yet they have had no
alternative for six years. Furthermore, Figure 5.5 indicates that many inhabitants either do
not perceive their gas combi boiler as responsive to their actions or lack the knowledge to
operate it effectively. This reinforces the idea that the boiler remains a passive part of the
AYKEFOAGFYyGaQ LINF OQGAOSasx 2yfte IFLAYyAy3d FGGSyda

Does it
show
response
to your
actions?

1 don't know

Total number of
inhabitants: 26

Figure 5LYKF oA GFyiaQ NBaLJ
does the boiler show any response to your actior

In contrast,R6 who does not own an alternative option for the boiler mentioned:

G2Stf>x L R2 y20 KI @Scombytilert. And ® lgHonedt, @8 o F 2 1
YSOSNI 6NR]1SY R24yd L GKAY] SAGK GKS NB3IdA

70, female, lives on the first floor)

R6 expressed a sense of security due to regular maintenance checks, implying trust in the

social housing association rather than a personal understanding and knowledge of managing
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the boiler. However, this approach does resolve situations when maintenance services are

delayed or unavailable, further underscoring the need for an alternative for the boiler.

¢2 &adzYYINRaS: (GKS o02AftSNQRa FlLAfdaNBE (G2 AydaS
absence of alternative options and its reliance on external maintenance highlight its lack of
resilience. This analysis exemplifies how technological systems must be both reliable and
adaptable to ensure continued functionality in response to shifting household needs. A
resilient heating system would not only function reliably under varying conditions (e.g.,
Covid19, increase in occupancy) but also be designed in a way that encourages active user
engagement and provides backup options, ensuring continuity in essential household

practices.

5.4 Room Thermostat Practices

5.4.1 InhabitanDiscussiosiand DecisioiMaking

The analysis of room thermostat practices (see Figure 5.1atbdng inhabitants reveals a
range of heating habits influenced by household dynamics and external factors such as the
energy crisis. A key pattern observed in this thesis is that household members often discuss
thermostat usage (see Figure 5.6) and one member typically takes charge of operating the
control. This decisiomaking process varies depending on individual comfort levels,

presence at home, and external constraints such as energy costs.

Percent
H
2

Yes No

Do you discuss with your household member when you need to use this control?
Total number of inhabitants: 22

Figure 56 The percentage of inhabitants who discuss witr
each other when they need to use the room thermostat
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In many households, the inhabitant who feels the cold more tends to make the decision to
turn on the room thermostat, while another household member operates it. For example,
R2 noted:

oDo you discuss with your wife when you need to use heating in your home? Are
GKSNBE Fye RAFFAOdZ GASa GKI (G @&eBeduch€rf OSR 6 KS
Gveah. Yeah. My wid SG & O2f R SI &Af & 2Sq&aetidhds $jusy SSR &
leave it [room thermostat] on, if we go out somewhere and it is cold, you Kne),

O02YS o6F0O1 FYR A0 A& o1 N)Y ®702aledivisidn the SI @S

ground floor)

According to R2, R1 and R2 discuss their heating needs, and R1, who feels cold more easily,
makes the final decision, while R2 physically controls the room thermostat. This aligns with
broader findings that decisiemaking regarding room thermostat practices is often a
collaborative process, yet one individual ultimately takes charge. Similarly, R18 mentioned
the one who felt cold in the home takes charge of the room thermostat, but she also
mentioned that her husband, R19, who works outdoors, is more accustomed to cold

weather:

Gb2> AF KS wwmdp8 Aa O2fR KS gAff 2LISNFGS
open itw XH& [R19] is not getting cold, because he works outsidéheSdoes not get
020 KSNBR ¢A (K -fémale fivestomtiugyfisst flbodl S p m

In contrast, R7 and R9 prefer to leave the room thermostat at a fixed temperature, only
adjusting it seasonally. R9, for instance, maintains a constant setting °@f, 2voiding
unnecessary changes and reflecting a preference for stability and minimal intervention in

thermostat control:

GhKEZ 6S dzaS Ad ONB2Y (GKSNyYz2adalaee 2S5 2dzai
not really mess with it. We leave it on probably 25 [degrees], which is just like just

above the ideal roorit S Y LIS NJ (i dzNB-10¢male vivibson th&figst flpow)
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' y203KSNJ aA3ayAFAOIYG GKSYS SYSNHAYy3a FNRY GKS
that one household membeg often the one who stays in the home the magstakes charge

of operating the room thermostat (see Figure 5.7). For example, R4 noted:

& 2 Syedh [discussion on using the room thermostat], because | am always at home
more often than he [R5] is. He [R5] feels a lot more cold. Because | am always up
doing something, you know. He [R5] gets colder than sne Spl usually open the

KSFGAy3as KS (GStfa YSdeé ownx 3IS 20SNI Ttz

100.0% — Are you
normally at
home
[ Most of the time

M Evenings

80.0% Eother

Total number of
inhabitants: 22

60.0%

Percent

40.0%

20.0% I
0%

Yes No | don't know

Do you take charge of using this heating equipment?

Figure 57 The percentage of inhabitants who take charge
using the room thermostat based on the inhabitants who i
at home most of the time, in the evenings or other times

wnQa aGrasSYSyid KAIKEAIKGA GKFEG GKS@ RA&Odzaa
the room thermostat, and R4 is the one who takes charge of the heating. This decision
making process reflects a balance between comfort preferences and practical considerations

of who interacts with the thermostat most frequently.

Another notable result of this thesis is the tendency for female inhabitants to take charge of

the room thermostat (see Figure 5.8). For example, R3 noted:



& Lisimainly mglwho takescharge of the room thermostafjecause bm the one
GKF G ¢ a (R3fagd5¥E ferhayedizes on the ground floor)

Gender
EFemale
HEMale

Total number of
inhabitants: 22

Percent

Yes No | don't know

Do you take charge of using this heating equipment?

Figure 53 The percentage of inhabitants who take charge of t
room thermostat based on gender

woQa adriadSYSyld KAIKEAIKGa OGKIFIG aKS |aadzySa N
Aa K2YS Y2ald 2F GKS GAYS YR FILEYAfAFNI gA0K
supports this argument, because she mentioned that she takes charge of the thermostat as

she is at home more often than her husband (R5). To interpret these findings, we can say

that even in households where discussions occur, women often feel more comfortable
operating the room thermostat. This finding suggests a gendered dimension in the
household, highlighting that many female participants expressed greater confidence in using

thermostat controls, often due to spending more time at home, as exemplified by R3 and R4.

5.4.2 Room Thermostat Usage Patterns and Routines

The results also identify distinct room thermostat usage routines among the inhabitants.
Some inhabitants, like R14 and R18, prefer to use the thermostat to turning the heating on

for a limited period in the morning or evening and then switching it off. R14 noted:
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G+xSNE NINB wdzaAy3d (GKS NR2Y (KSNyxyzaidlidieo
GAYOGSNE Lzl 2y wmn YAydziSa FyR GKSy (dzNy
(R14, age 5¥0, male, lives on the ground floor)

R15 follows a structuredchedule, adjusting the thermostat to 2D upon returning from

work and lowering it to 18C at bedtime:

G2 S K [rodrB theknibstatjon set to 1ddegrees] but that is quite cold. Swhen
we come home from work, | turn[foom thermostat]on up to 2Jdegrees] to get it
[home]warm for my husban¢§R16] The moment when we go to bed, we turn it back

down to 16[degreestpgR15, age 3B0, female, lives on the first floor)

wMpQa &aidladSYSyid KAIKEAIKGA GKIOG KFE@GS | NERdzi
their personal preferences. Similarly, R17 maintains a daily routine, increasing the

temperature to 20C in the morning and reducing it to T8 at night:

G L {[dadidy thefimbstatldown at night to 18 degrees becauseniis been really
cold. And when | get up in the mornjngjust turn it[room thermostatjup to 20
[degrees] And because now i$ cold, it keeps clicking the heating on and off, so it

1SSLAa Al ORyYradge ofar T0gfenalg, Gvésion the ground floor)

These variations suggest that room thermostat practices are deeply embedded in
AYKFoAGlIyGaQ LISNER2Y! § NRdziAySa FyR O2YT2Nl
maintaining a consistent temperature, while others opt for more dynamic usage based on
specific timeframes or comfort needs. Notably, this also highlights that many inhabitants are
y20 Ay GKS KIFIoAd 2F daAaAy3a (GKS KSIFGAy3d LINPS3
Instead, their habit (e.g., statements from R14, R15, R17) is to adjust the room thermostat
manually when they feel cold. The usability of the heating programmer and its relation to

room thermostats is explored in more detail in Section 5.4.3.

The ongoing energy crisis has influenced room thermostat practices, leading some
inhabitants to change their heating practices to reduce energy consumgoninstance,
R11 noted:
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a\e] do not leave anything on standby anymore and wear a jumper instead of
putting the heating ondince theSy SNH & ONXR & A@8make, livesvanthg | 3 S

ground floor)

This statement highlights that, due to the energy crisis, R11 and their household have
adapted their heating habits by wearing warmer clothing instead of turning on the room
thermostat frequently. Similarly, R25 adopted tirbased heating habits, using the room

thermostat only during specific periods to manage energy costs effectively:

owell, normally wgR25 and R26}lways say to the kidd¢urn all the lights off when

you leave your roonand do not leave their water runniglpecause these electric
meters increase. You know earlier we used the room thermostat when it was cold and
whenever the temperature drops to a certain temperature it just comes on. But now
we donot do that anymore. We only use the heatifa] certain times of the dag.

(R25, age 3®0, female, livegn asemidetached home)

The statement from R25 demonstrates that they have a similar approach to R11, and they
mentioned they energy crisis as their main reason for changing their heating practices.
These findings also align with Gram Yy 34 Sy Qa4 oHnmn0 &aGdzReés gKAOK
energy consumption can shift toward more sustainable practices, such as not leaving

technological equipment on standby anymore.

5.43 Usability of Room Thermostand Challengewith Its Functionality

The usability othe room thermostatwasl 34 SdaSR Ay GSNyxya 27F GKS
continue using the equipmendepending on age group, household type and gendibe

thematic analysis of the interviews and usability surveys retbal the vast majority of the

inhabitants nd it easy to control their room thermostat and undeasid how to use it

effectively (see Figure 5.9). 1 S@ GKSYS SYSNHAYy3 FNRBY (KS Iyl
GKAOK NBfl0Sa (G2 GKS AyKIFOAIGl Yy BEQexdpld R dzl £ 2

noted:

GThere is a thermostat on the wall in the hall and you can set it at a certain

temperature so that it comes on automatically. If you feel like you would rather do
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that, or you can just switch it on yourself and switch it off when you feel. It is very
SIae (2 (RslageblaTdmale, lives on therst floor)

The statement of Rhighlights that she understands how to use the room thermostat and
how to change the temperature depending on her comfort levdlis indicates that most
inhabitants are confident in adjusting the room thermostat when needed, demonstrating
intuitive and straightforward engagement witthe heating control(also see Figure 5.9

below).

Is it easy
to operate
this
control?

M Yes
M1 don't know

Total number of
inhabitants: 26

Figure®t AS RAIFINI Y aK2gAY
understanding of operating the room thermostat

Despite general usability, somiahabitants reported issues with how the thermostat

responds to temperature settinggor instanceR4 noted:

GThere is a thermostat on the wall. And you know, | just switch it on. Um, that is
another thing | do not like because heating will not come on until you put it on a time

set. When you put on a time, it switches on, Bgou select below 20 degrees, it
switchesoft,. SA i Kl a G2 060S Hn wRSINBSaAB8 2N I 620S

the ground floor)

wnQa &dl G§SYSy ithat the? Bdn thérehaskatl swigthes off at a certain
temperature and does not switch on for extended periods, causing discomfort in colder

seasonsSimilarly, R22a adl GSYSy G Ay {tBaDséhk Gpgratgs therrdom KA 3 K
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thermostat manually to turn the heating on for short durations, taking advantage of the
K2YSQa AyadzZ FGA2y G2 NBOGFIAY 6FNYIK® LYy GKAA
as expected and, while the room thermostat switches off upon reaching the preferred
temperature, it remains off for too long, causing discomfort. Another example came from

R3:

GCKSNBE Aad F GAYSN) oKSIFGAY 3 LINRPINI YYSNEB O
not understand the instructions. You know, you cangateit at certain times. But |

would not need it in general because it is not that cold, so | would not need it on
whilst we were asleep or anything like that, 80 R2 y 24 NBFffte& ySSR

(R3, age 5¥70, female, lives on the ground floor)

R3 highlighted in her statement above that she does not understand the instructions for
using the heating programmer. Despite the availability of manuals and home user guides,
many (see Figure 5.10) find the instructions difficult to follow in their heating practices.
Figure 5.10 further supports this argument by indicating that the heating programmer does
not show a response to the majority of the inhabitants. This aligns with findings from Lomas
et al. (2018), who reported that older inhabitants, particularly those over 60, often struggle
with the programmable features of heating controls. The statements from the inhabitants
reveal a recurring issue that inhabitants generally do not incorporate the heating
programmer into their heating practices, and instead they prefer to use the room
thermostat manually. This can be attributed to two main factors: difficulty in understanding
the instructions and a perception that the heating programmer does not function properly.

As a result, most inhabitants prefer the manual use of the room thermostat instead.

Thispattern suggests a gap between the design intentions behind the heating controls and

the actual user behaviour. Insights from the design team (see Section 5.2.2) indicate that,

while the home user guide provides comprehensive instructions, its effectiveness ultimately
RSLISYRa 2y GKS AYKFIoOAGIYyGaQ dzyRSNERGEFYRAY3 |
highlights the need for improved inhabitant and design team collaboration, more intuitive
KSFGAYy3a O2y iNRf AYUSNFIOSasz 2N LRGISYyidAlf RSa

practices.



40.0%

Percent

Yes No | don't know

Does it show response to your actions?
Total number of inhabitants: 26

Figure SI0L Y K 0 A G yiaQ NBalLRyaS:
programmer shows a response when they turn it on and of

Although room thermostats are generally considered easy to use by the inhabitants, several
challenges remain, including thermostat malfunctions, economic constraints influencing
heating habits, and reliance on alternative heating solutions, which will be explored in the

following section.

5.44 Alternative Heating Equipment for Room Thermostat and Safety Concerns

Half of the households (8 out of 16 households) have alternative heating solutions in case of
room thermostat failures, demonstrating a form of redundancy in their heating practices.
Portable electric heaters, fan heaters and electric fires are common backup options, with
inhabitants purchasing this equipment themselves as a precautionary measure. For example,
R18 noted:

GL o02dAKG YeaStTt I tAGGES Sicahqusthpdt e TANB
f (

SOGNARO ¥FA N0, fémale divesow g/ fiEst flboB S p ™

(@p])

Similarly, R6 also mentioned she bought herself a portable air conditioning unit that she uses

for both heating and cooling purposes:
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GL R2 KIFI@S | ayYlrtf AN O2yYRAGAZ2Y AT dzy Al
very small one. A little unit which yazan use for heating the room as well if
necessary. But | have been there [social housing] since 2016dadrothing has

SOSNJ 0NR | Sy R-2ogfghmie, ieswon e firseiSor) p m

These interviews show how these households increased the redundancy in their homes by
providing themselves alternative heating solutions in case the room thermostat fails. Only
one household (R9) received temporary portable heaters from the social housing association

when their central heating system malfunctioned for two days:

OWe have got some portable heaters, when the central heatiag broken for about
062 RIeax GUKS lFaaz2O0AlGdAz2y 31 @GS dza az2vy$sS a

(R9, age 5170, male, lives on the first floor)

wS Tt SO0 Assa@mentyhis homs@lold did not have an alternative before their central
heating system failed, which highlights that they relied only on the central heating system
that was installed when they moved in. The malfunction of the heating system shows that
there is a need for alternative equipment to increase the resilience of the social housing,
even if the inhabitants trust the heating system. Sometimes the inhabitants, such as R2 (see
Section 5.4.1) and R3, change their usual room thermostat practices even if there is no

malfunction with their heating system. For example, R3 noted:

2SSttt 0KS& IINB OLRZ2NIFoOofS KSFHUSNB 2dzad
down. Or sometimes very, very rarely, if we have been on holiday, for example, in the
wintertime, and we come in and it takes, say, 20 minutes for the heating to warm up.

L g2dzZ R O2yaAARSNJI LJzi G Ay 3 -20/femal, Sivedop thdi | 6 f S

ground floor)

This suggests that, when the temperature is very low in winter, inhabitants require an
alternative way to achieve their desired thermal comfort more quickly than by heating their

entire home.

A few inhabitants (R2 and R15) employ alternative heating methods based on personal

thermal comfort and needs. For example, R2 mentioned:



G2 S ol yaf]eléctricbfinket and a fan heater. We use the electric blanket a lot
Ay 6 Ay (S NIW, maleylives ont tid §roupdvfloor)

wSTEtSOUAY3T 2y wuQa adlFaGdSYSyas dzaiay3a St SOUGNR

without the need for wholehouse heating. Similarly, R15 noted:

0Are you aware of other ways of heating your home like electric fan heater, portable

gas heater, electric blanket? Are you aware of any other thingségdarcher)
No,itida 2dzad LJzNBf e GKS o0f lage B emdleylikes nK S K S
the first floor)

R15 has a similar approach to R2 in that, as a household they rely on their heating system

and use blankets for personal comfort. However, using electric blankets is not an alternative

for heating their homes, as they will not be enough if their heating system fails.

One of the households, an extreme cases fmlopted potentially hazardous heating
practices when theicentral heatingmalfunctionsor fails to provide adequate warmth. R17

noted:
G52 @2dz KI @S [[thedNE X Y0 SINg/S NM2ZSHEI (ke 6acs wsS:
b2 L KIFI@S y2 204KSNIJ KSIFGAy3Ide SwmTZ | 3S

G52 @2dz GKAY ] O fe§upBentjtiat ybuytdn ust aKkas hlferative
tofthe] N2 2Y GKSN¥2allGdKé oac¢ho

GhKX y2o L gAftt €SI@S (KS 20Sy 2Ly | yR i

wMT Qa LINF OGAOS 2F fSIH@PAy3I KSNI I+La 20Sy 2Ly
including high energy consumption, increased humidity levels and potential carbon
monoxide poisoning. These findings highlight the need for increased awareness regarding

safe and efficient heating practices within social housing.

To summarise, alternative equipment for the room thermostat was not provided when the
inhabitants first moved into their homes in this case study. The requirement for redundancy

in social housing highlights the need for enhanced reliability of and access to heating
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systems. The lack of usability of the heating programmers indicates a gap between the
intended functionality and actual use, necessitating improved inhabitant understanding and
knowledge, simplified control interfaces or adaptive heating technologies. Additionally, the
alternatives (e.g., using an oven for heating) that pose health and safety risks to the
inhabitants underscore the necessity for targeted interventions (e.g., via POE) to ensure

both safety and energy efficiency in social housing.

5.5 PracticesAssociated witliRadiators

5.5.1 InhabitantDiscussiosiand Household DynamiBelated tdRadiator Use

In this case study, the radiators in the homes are equipped with thermostatic radiator valves,
which allow inhabitants to control the temperature of individual radiators in different rooms.

A longterm housing study conducted by Cholewa, SiDtaha and Balaras (2017) indicates

that thermostatic radiator valves contribute to energgvings in households by reducing
2P0SNIff SySNHe O2yadzYLIiA2yd® ¢KAA KAIKEAIKGaA
GKS NIYRAF(G2NI Ot @SaQ FdzyOuAz2y GAGKAY (KSANJ

comfort.

Decisions regarding heating practices within the household, such as adjusting radiator
valves, are frequently discussed within the household, much like the room thermostat
practices explained in Section 5.4.1, as described in the interview with R11:
G!'a | K2dzAaSK2fRYX R2 @&2dz RAaOdzaa dzaiay3a i
researcher)
! adz £ fe RAaOdza iald liveBon tilewgmaundflod)I S p m
62 K2 RSOARSa (2 daAasS GKIFIGEZ tA1S K2g R2Sa 0
GLF AG A& O2fRX 2yS 2F dza ¢gAff aleéesx @2dz |

¢tKS WLINBaAaSyoOS i K2YSQ A& fta2 aArAayATAaAOLyd 1
room thermostat practices, meaning the radiator valves are often controlled by the

inhabitant who spends most time at home. For example, R4 stated:
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G52 @&2dz RAaO0dzaa AlG oA 0K KSYOKINZ RS Nu2NK By f

researcher)

d,SIKZ ¢S $S R2 & Jthebhedros ktdink the®iisoLany] y 2 6 =
radiator valve in that one. There is, | think there is in living room and kitchen. And the
spare bedroom they all havadiator valves. But its not very often that weyou

know, we put them on about number fiflevel], and just the spare bedroom we turn

that [radiator valve]R2 6y G2 G662 2NJ GKNBS®é ownx 3§

ground floor)

wnQa adalasSySyid 11620Ss |f2y3 gAGK KSNJ NBYI N
household discusses when to use the radiator valves and room thermostat. It is usually her
husband, R5, who decides to turn on the heating, as he feels the cold more than R4. She also
mentioned in Section 5.4.1 that she, R4, is often the one who turns on the heating, because

she is the one who stays at home the most. Even when discussions do not occur within the
households, the inhabitant who is at home the most tends to take charge of controlling the

radiators, as noted in the interview with R3:

s a household, do you discuss using the radiator valves in the hbome?a ¢ X

researcher)

d use it[radiator valvesjmyself, we d na discuss it. Because | am at home seven

days a week. 0 wo =70, lfemh&e, liwas on the ground floor)

woQa &Gl aGSYSyld NBLR2NISR GKIG aKS AYRSLISYRS)
discussion because she is at home seven days a week. This pattern mirrors room thermostat
practices, as explored above and in Section 5.4.1, where the individual most present in the
K2YS GeLAOrffe YIylFl3aSa GKS KSIFIGAy3a O2y(iNRf &3

influences heating practices.
5.5.2 Awareness and Perceived Usability of Radiators

While the majority of the inhabitantsly out of 18 interviewees) reported that they found

radiator valves usable and easy to operate, ther@svanexception. The inhabitant who



explained that the radiator valves were not usable, R1, mentioned a lack of awareness of the

radiator valves
b2 &2dz KI @S NI Reséaicteld g t SaKeé¢ dacs

b2 S 2dzald KIFIGS (GKS NIRAF(G2NRAI 6S R2 y2

51-70, female, lives on the ground floor)

R1 stated above that their radiators did not have thermostatic radiator valwbereas R2,

from the same household, confirmed that the radiator valves function properlyaa@dasy

to operate, according to the usability survelhis suggests that R1 was unaware of the
presence of radiator valves, possibly due to R2 being primarily taking charge of the heating

controls in the householfsee Section 5.4.1 for R2 taking charge of the heatig)stated:

oSometimes we ugan] electric fan heater, if the weather is really, really bad. But we
do not use them very much because we have radiators all around. We have the
electric fan heater just in case, if the radiators are broken down. It is better than
y 2 0 KA Y 3 dé-706femalg, liviesDS thepground floor)

wSTEtSOGAYy3T 2y wmQa adlriadSYSyidz GKSAN K2dzaSK?2Hf
maintain resilience in their homes and ensure continuing their heating practices as usual.

This aligns with broader patterns observed in this study, where inhabitants (e.g., R3, R6, R9,
R18) increased the redundancy of their homes by taking proactive measures to support or
replace the central heating when they encounter inefficiencies or system failures (see
Section 5.4.3).

To summarise this section, thermostatic radiator valves are widely used and understood by
the majority of inhabitants. The findings show that the inhabitant who spends the most time
at home typically takes responsibility for adjusting radiator valves, as with room thermostat
practices. In cases where the radiator valves are perceived as unusable due to a lack of
awareness or heating system failures, inhabitants provide themselves with alternative
heating equipment to maintain household resilience. The tendency for some inhabitants to
have alternative solutions suggests that reliability of and accessibility to heating controls

remain critical factors in ensuring social housing resilience.

11
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5.6 Sunmary

This chapter has analysed the heating practices of inhabitants and found that majority of the
inhabitants within this social housing case study do discuss them with each other. There is a
AAIAYATFAOFLYy G 3L 60SG6SSy GKS RSaiaday GSIyQa
understand and use the heating equipment and the actual understanding of inhabitants.
According to the findings, in this selected case study, the inhabitants who are over 70 still
have hard time understanding their heating equipment, even though the design team think

that these systems are the norm in the UK and everyone knows how to use them.

This chapter also highlighted the influence of external factors, like d&a&hd the energy
ONRA&AAZ 2y AYyKFIoAGlyGaQ KSFGAY3I LINI OGAOSa
insulation reduces the dependence on the heating system. Although thermostatic radiator
valves are commonly used and understood by the inhabitants, the responsibility for
adjusting them often falls to the inhabitant who spends the most time at home. Failures in
heating systems or a lack of understanding of their controls has led some inhabitants to seek
alternative solutions, indicating a strong need for reliable and ¢@syse heating systems to
maintain household resilience. These findings highlight the necessity for adaptable
technologies, understandable heating controls, and enhanced inhabitant engagement to

support the longterm resilience objectives of social housing.

114

dz

Ay



CHAPTERYENTILATION PRACTICHS 80CIAL HOUSINASE
STUDY

6.1 Introduction

This chapter presents the analysis and findings of the stmctured interview and usability
adzNBSe RIGI Fo2dzi AYyKFIoAGlydaQ @Syuatliarzy
discuss their ventilation practices in terms of resilience. This study examines the ventilation
practices from two different perspectives: those of the inhabitants and the design team.
LYKFoAGIFyGaQ GSydAatldAzy LINF OGAOS&a I NB ONRIGA
and Graml | yaaSyQa ounmn0 LN OGAOS G(GKS2NB St SYSy
achieving Objectives 2, 3 and 4 of this thesis in relation to understanding the underlying
NEaAaAfASYOS IyR AYKIoAGry(daQ @SyaAatlradAazy LINT (

insights for resilient social housing.

6.2 Ventilation Practices in Relation to Resilience and Social Change

¢tKS RSaAx3ay GSIFYQa dzyRSNERUGIFYRAYy3I 27T radikeaitA f A Sy C
homes, lifetime homes, and homes that are adaptable in the face of social change. These

aspects inform their approach to designing social housing that remains resilient over time.
6.2.1 Climate Change and Housing Resilience

The design team prioritise climatesilient homes that are affordable, produtewer CQ
emissions andcan mitigateoverheating(e.g., having crosgentilation and removing excess

heat according t¢dM Government (2021a)l-or example, D1 noted:

G126 62dzf R & 2dz RSTAyoSsed\ifnticantbk iStgg@dd intoyfiik K2 &
dzA t RAYy 3 Sy DeN&die)SYy i Ké o0 a

(@]

! YR &2dz YSIy NB&aACt DS poe&diécdr) Of AYFGS OKIF y3
G, SYXENE 3ISySNrfted [A]1S gKIFIG O2YSa G2 @&2d:

GThe first thing that would come into my mind would be climate changgl Bould

think what standards were hitting first time, in particular, in terms of fabric and

11t



both the low energy bills and the overheating, you know, what are we allowigg for
(D1)

Ascanbeseem NBY 5mMQa adGlFadSYSydasx OftAYIFOGS OKFy3aS A
comes to mind when the design team are asked about the resilience of the home. The
design team also mentioned that their priorities when building a resilient home are to lower

energy bills and mitigate overheating. Another design team member said:

GL GKAY]l GKFG 1AYR 2F 20KSNJ FaLlsSoda 27F N
living in that property, it is climate resilience. So, you know, building a home that is
going to be sustainable, it is going to be affordable to run, it is going to reduge CO
emissions. And | think that is incredibly important. | think some of us can be
O2YF2NI+totS (2 tAGS Ay | K2YS Db2Kgojgct Aa Y2

coordinator)

. 20K 5M YR 5H KAIKEAIKEI GKS AYLERZ2NIIYyOS 2F C
resilient housing, emphasising energy efficiency and indoor thermal comfort as the core
FalLlSota 2F GKSANI RSaAiray AyuSydrazyad ¢KSANI L
to reduce the heating costs and provide eneggficient homes, particularly for lowncome

households in social housing, by 2030 (Sheffield City Couri4f).20

6.2.2 Building Lifetime Homes afAdaptability

Another significant theme is the concept of lifetime hontdsomes that remain suitable for
inhabitants despite changes in their social circumstarnges the design team mentioned.

For example, D2 noted:

Gl 2¢6 ¢2dzf R €82dz RSTAYS NBaAaAftASYyOS IyR K2g
SY @A NRY Y Sesdarcher) 0 a ¢ >

GL YSIYyI L GKAY]l T2N YSI NBaAf ABg@a@S Aad o
long as they want. And, you know, being that, you know, having children in that
home, getting older in that home, changing jobs in that home, and changing how you

work in that home, you know, possibly having less health concerns, being able to
WKl S8 | RI (D8, pofedtcobrdinktorii ( & d¢
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The design team said that changing social circumstances include inhabitants ageing, families
expanding, and work arrangements changing. In Section 5.2.4, D2 noted that the design
team began to consider these social changes when the number of inhabitants working from
home increased, particularly after CoMd. As a result, these considerations highlight the
significance of longerm usability and adaptability in their design intentions. However,
although the design team are integrating adaptability into newer developments, the case
study used in this thesis was built before the pandemic. Therefore, the original design
decisions did not fully anticipate the effects of unforeseen social changes (e.g., an increase in
time spent in the home) emphasising the challenge of designing resilient homes amid
unpredictable disruptions (e.g., the Covi@ pandemic). To give an example, when asked

about the backup systems to maintain the performance of the home, D3 noted:

2SSttt L YSIyTZ X8 | 20 2F GKS 20§ KSNJ LN
advanced, sustainable and green credentials at the moment. We are building to
passive house standards and every house has a battery in it, which is downloading
electricity from the grid. But also from PV, which people can use within their own
homes so they can get cheap electricity using them in their own homes. So, | suppose

in some ways that is a sort of backup system to the house. But in this particular case,

| mean, with the constraints of that site and the amount of substructure and retaining

walls and also the fact that we were building housing with g[aldarge perimeter

[and] the budget just was so low, just really difficulfttn]é D3) achitect)

This example shows that the design team anticipate the effects of unforeseen social changes
in their current projects. They are working on designing homes with backup systems that can
help inhabitants who are older or have health concerns to continue their usual routines
during a disruption. However, in this case study, due to the low budget of the housing

association, these unpredictable social changes were not considered in the design.
6.2.3 Breakingngrained Habitand Inhabitant Engagement

Ly (GKA& &dddzReées FTRIFILIFGA2Y A&a O2yaAiARSNBR | a
practices to overcome the effects of social changes (see Section 2.4.2). Consequently, this

N}¥AasSa GKS jdzSaidAirzy 2F 6KSIGKSNJ 0KS RSaAdy



inhabitants and whether they can understand and use the enestpted systems within

their homes. The design team were asked about this question:

Gl 26 Slkraeée Aa AG F2NI Iy 200dzLd ya G2 YSSi
relevant to the energy use of the design? For exanpli easy for occupants to use
GKS SlidA LIYSY Ul AyreseréerK2YSa wXB8KéE oac¢s

{22 L GKAY]l G GKS Y2YSyd AlG A&aod . SOl dza S
kind of a gas combi boiler system, which is kind of the norm in the UK and therefore
LIS2LX S 1AYR 27F dzy RS NHEa thigkfhat K B somdthing Braud] & @
to consider because these are kind of really ingrained ways of working within the UK

and introducing a new way of doing[Wwould mean]that people do not understand

Ao LG Aa 2dzad F € SENYyAy3d OdzNHLR, pbjgetR A G A

coordinator)

D2 said that it is easy for inhabitants to meet particular needs using different functions of

the home related toenergy use. They also noted that the inhabitants have ingrained

LIN} OGA0Sa Ay GKS 'YX IyR ¢gKSy GKS& AyidNERRdAzO
f SFNYyAYy3 Odz2NBS FyR Al Aa 1AYR 2F ONBIF{1AYy3 LI
team acknowledge that heating and ventilation systems in this case study align with UK
norms, implying a certain level of inhabitant familiarity. However, this assumption does not
O2yaARSN) GKS AYyKIOoAGIYyGaQ | OGdz f dzy RSNR G yF

ventilation controls. For example, R15 noted:

G! NB @2dz 6 NB 2F GKS GNRO1tS @Syidasz 2y i
@ 2dzNJ gAY RSeardhér) 60 a ¢ >

A

GhKXZ NAIKGP® |, SIKZ ¢S KIF@S 3F24 GKSY I 0 dzi

female, lives on the first floor)

Qx

aLa AG o0SOFdzaSs AG A y20 ¢2NJAy3 Sttt 2N

G¢2 o06S K2ySadz L Y y2i adz2NB Klgustdaindt dza S A
020 KSNPE O6wmpD
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As noted by R15, some inhabitants struggle with using the trickle vents and some of them
(three out of 16 households) were not aware of their existence, as is mentioned in Section

6.3. Similarly, Section 5.4.2 stated that some inhabitants (e.g., R3 and R22) find it difficult to
understand the heating programmer, despite the design team providing user guides and
manuals on how to use these controls. Therefore, as indicated in the findings, some
inhabitants find it difficult to understand and use enefgyated controls, which contradicts

0KS RSaadly GSHYQa aidridSYSyid 2y (GKS y2N¥ao
WoNBI1AY3a LINBOA2dza Kl oAGAaQ ada3asSada |y | gl NE
address the barriers that may prevent inhabitants from successfully adopting these new

practices.
6.2.4 Variability in Ventilation Practices and Maintenance Support

The findings highlight disparities in ventilation practices across different housing typologies
within the social housing developmer®ne key factor influencing thes#fferences is the
spatial design of the flats, particularly in relation to how cold air moves through tloenes

during winter. As noted by the architect, D3:

a{ 2 d® gk duite inventive about the way the houses were plannegdy@o
will notice that when you go into the house, they do not really have an entrance hall
that leads to a kitchen and then to a living room. In fact, you have to walk through

@€2dzNJ RAYAY 3 (2 3APE achiee)e@ 2dzNJ t AGAY T NB2YPE

The architectural rationale behind this op@tan layout of the homes was emphasised by

50Qa adlaSYSyld 1020S3s ¢6K2 y20SR (KS K2YSa R?
main living area.This design choice, while optimising space and creating an open and
connected environment, inadvertently impacts thermal comfort and ventilation practices,

particularly in winterFor instance, RAoted:

a, 2 dz, Wwe/nave a door that leads to the hallway. And then you walk into the

living room and kitchen, it is open planned, so we do not have any doors to, you know
close. So itis, | find that especially in winter | mean, we have food delivered. In winter
200A2dzaf e @2dz KI @S G2 2Ly GKS R22NX az2

female, lives on the ground floor)



wnQa aidl dSYSy il KiphKdesigh kfitheir hisriedexadefodes Belai3ogs by
allowing cold air to enter when the front door is opened. In contrast, the-fliostr flat
entrances are located downstairs (see Figure 6.1), meaning that cold air is trapped below
and so heat loss in the main living areas is reduced. The findings suggest that ventilation
strategies must consider not only inhabitant behaviour, but also the spatial design of the
homes, as certain typologies are inherently more vulnerable to cold air circulation than

others.

In the selected social housing case study, the main ventilation system is a mechanical extract
ventilation (MEV) system, which features trickle ventilators fitted in windows and
continuously running mechanical extract fans in the kitchen and bathroom, areas considered

G2 0SS WwWgSid NR2YaQd ¢KAAa aéadSy FAvya (G2 NBY
LIN2 GARAY3A | RSljdzr S @SydAtlr A2y FyR 3I22R | A
Furthermore, all internal doors are designed with an undercut of 20mm above the final floor

finish to allow air transfer between rooms. The ventilation system and its controls are
illustrated in Figures 6.1 and 6.2, which show chemstilation within the flats and the

extract fans in the wet rooms.

LEVEL 01 ©HE 1 Tl

w
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a

Windows with trickle [ jows with trickle
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UPVC DOUBLE GLAZED WINDOW,

FINIS
TO AGHIEVE U-VALUE OF 1.4wim

Figure 61 A section of the social housing case study and the ventilation system in the homes,
each floor is for a different flat. This figure is adapted from the documents provided by housir
association
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Figure 62 A section of the selected social housing case study, showing t

ventilation system in the homes. This figure is adapted from the docume
provided by the housing association

The findings also highlight that groufidor inhabitants generally rate their ventilation
control engagements as averagehereas firsfloor inhabitants find them more usable (see

Figure 6.3)For exampleR11 noted:

7 A

G! NB @2dz g+ NB 2F (K S E ii KIND & YeRdauyherp X ¥ & 2 d

2SS dzaS (GK2aSo S&d 9EGNI OG2NJ Froydle, Ay 1 A

5

lives on the ground floor)
G52 @2dz GKAYy|l (GKSe& g2N)] 66StftKE oaco
ab2d®é O6wmmU

X8y UKS o0Fd0KNRB2YS ¢gKSYy @&2dz aK26SNE R2 @2

A sz, A

428 KIQgS y2 G6AYRPEE KAk WSO i@ KNEBROKS2 SEG NI C
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R11 highlighted that they have to rely on the extract fan due to the absence of windows in
their bathroom. Even though they depend on the extract fans @Sy G Af | G A2y >
observation that the extract fans in the kitchen and bathroom do not function effectively is
consistent with the results from the usability survey (see Figure 6.3). This indicates that
design elements, such as airflow patterns and access to ventilation controls, may require

further refinement.

Floor
Location

B Ground floor
W First Floor

Rating scale

1: very poor

2: poor

3: below average
4: average

5: above average
6: good

7: excellent
Total number of
inhabitants: 26

How would you rate controls for ventilation?

Most of the time Evenings Other

Are you normally at home?

Figure 63 The mean rating of the ventilation controls in relation to
AYKFoAGlIyGaQ LINBaSyoS Id K2YS

A notable issue is the limited awareness among inhabitants regarding the maintenance of
ventilation controls. According to the usability survey, illustrated in Figure 6.4, 42% of
inhabitants are unaware of the need for ventilation control maintenance. Consequently,
these inhabitants must rely on the social housing association for maintenance instead of
attempting to resolve issues themselves. Alternatively, inhabitants may use alternative
ventilation equipment to ensure their homes remain ventilated, as explained in the

interview with R1:

oDo you think there is any other wgquipment]that you can use as an alternative
G2 6AYR2ga 20KSNJ 0KIyYy AN O2y Resénklieny Ay 3



oNo, just an air conditioner. Swhen it is hot and it is really, really uncomfortable,
GKS ANJ O2yRAUGAZ2YSNI Aa 2Ly |tf RF& FyR |

age 5170, female, lives on the ground floor)

Additionally, the design teammentioned they provide maintenance support through

neighbourhood officersD2said

G2S R2 KI@S ySAIAKOo2dzZNK2 2R 2[Wiojm@scde, 16 K2 | |
suppose|to] inform people what support is available. Also, you know, possibly do

this bridging kind of come in and say, look, | found this person that really

struggling with X, Y, Z, what can you do to help them? So now we kiagieof got

GK2asS (62 YROKécydodivaiopé 0

D2 explained that they have neighbourhood officers who communicate with the inhabitants
and guide them if they have any problems. These neighbourhood officers are assigned to
each housing development by the social housing association and they make regular visits to
the households to see if they have any problems with their homes or commreiéied
issues. Despite these neighbourhood officer visits, there are some households who do not
get support for their maintenance issues from the housing association. For example, R24

noted:

GL YSIyYysI 6KSY 6S T Ahddigot aYop @ Problerisywith te@ S NB 0 :
boilers. And when we first stayed in, | phoned the housing association to get it going.
| donot think they even know. They were trying to tell me over the phone how to do it
when | am not messing about with the boiler, au best get someone here to get it
sored2 dzi @ wX6 ! YR ¢S SYRSR dzLJ | OQddzt £t t& 3IShC
come and sort it out. Because the housing association aguatldvork it out. And
SOSNE GAYS (GKSe& &aSNIAOS, adeh17G ervakefiiea gh3 32 S
the ground floor)

The statements from R1 and R24 show that the inhabitants require assistance from the

social housing association if the heating or ventilation controls encounter issues. If the

housing association is unable to resolve these issues, the inhabitants need alternative

equipment to continue their energselated practices. Additionally, while the design team

12¢



provide maintenance support through neighbourhood officers, some inhabitants still require
assistance and provide themselves alternatives just in case. This gap in support systems
highlights the need for more effective engagement strategies to ensure all inhabitants can

effectively use and maintain their energglated systems.

Are you
aware of the
maintenance

procedure?

&1 don't know

Total number of
inhabitants: 26

Figure 64t AS RAIFINI Y aK2gAYy:
of ventilation control maintenance procedures

¢2 aAdzYYINA&aSsy {SOGA2Yy codH KAIKEAIKIA GKS RS
strong commitment to considering climate change, adaptability and -teng usability.

Their emphasis on lifetime homes and responsiveness to social changes indicates a growing
understanding of resilience in housing design. However, challenges remain, particularly in

the areas of inhabitant engagement, maintenance accessibility and anticipation of future

societal changes.

6.3 WindowUse Practices

In this social housing case study, the windase practices are examined in wilsulated
homes that have doublglazing windows with trickle vents above each window (see Figure
6.5). The findings reveal diverse windoge practices that are influenced by seasonal
factors, household dynamics, individual health needs and knowledge of the ventilation

system.
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(b)

Figure 65 Ventilation controls in the social housing: (a) the doudpl@zing windows in one
of the homes (b) the trickle vents on top of the window in one of the homes

6.3.1 Seasonal Factdiisat Influence Window Use

The majority of inhabitants reported a habitual practice of opening windows in the living

room and bedroom in the morning to let the fresh air circulate. For example, R6 noted:

GL lfglea 2LSy Yeé gAyR2ga (2 SG FTNBAK | A
to let some air in, because I think it is a sunny day and | think it is important to have
a2YS FTNBaK FANP L KI@S 324 G2 OFrGaz FyR

51-70, female, lives on the first floor)

During winter, this practice is often limited to a few hours to minimise exposure to cold air.

The interview with R18 took place on a wet day, which affected her routine:

GL 2dzadx L 2yteé 2LISYy Y& 0SRNR2Y 6AYyR2g A
open the window for a couple of hours and then | shut it. But at this we§idies],

y2 gled L R2 y20G 2 LISy0,feikde, lides oghfng frsifibér) 6 wmy X
R18 mentioned that she does not open the windows during wet weather, and only opens

her bedroom window in the morning during winter. In contrast, during the summer,

12t



particularly during heatwaves, some inhabitants said that they keep their windows open. F

example, R15 noted:
d2¢6 2F0SYy NP @2dz 2LISYAY Fes@akthieN) 6 AYR26a A\

4 SIFKX LINRolofeée AT ¢S KIFE@S 320G I+ -BOSIF sl O

female, lives on the first floor)

However, according to the UK Health Security Agency (2024), during a heatwave all windows
must be closed in buildings, unless the outside temperature is cooler than the indoor
temperature. As pointed out by Mavrogianet al. (2015),owing the increased number of
heatwaves affecting the UK and the high temperatures that might happen in the future
because of climate change, combined strategies to reduce overheating risks and increase air
quality in homes must be developed. Thus, keeping windows open all the time in summer

YIed OFldzAaS AYKIOAGFIy(laQ K2YSa (2usepdaditekéahd 0 T K
their usual habits might affect both their home and health if they do not know about these

effects.

For some inhabitants, health concerns require more regular use of windows. For instance,
R1 noted:

LY GKS Fdzidzyy GAYSZ 6S (NE (matiigfabd) GKS
ventilation. | have circulation problems §in] my legs, so even in winter | get really

K2aad® {2 S@Sy Ay 6AyiaSN 480, rhakylives 6hShe 56 A Yy R 2
ground floor)

wmQa adliSYSyid KAIKEAIKGE GKFEG StRSNI& AyKI
require adequate air circulation in their homes; therefore, they open their windows more
frequently, even during colder months. This correlates with a study on public housing in the
USA by Tsouloet a. 6 HnHOoO (GKFG YSyidAizya GKIFIG AyKFEoAd

depend on different factors, such as income, age and health.

12¢



6.3.2 Discussions Among Inhabitants Regarding Window Use Practices

The use of /wmdows is predominantlyan individual practice witih households, withminimal
discussion or engagement among inhabitantsijllastrated byFigure 6.6 from the usability

survey. For example, Ridmarked

~

a!'a | K2dzaSK2f RXY R2 e2dz RAaolOdzaa oAlGK @& 2dz
@ 2 dzNJ K 2 Yi&éakchen) a ¢ =

GLT ¢S YySSR @SyiuAatrdAzyszr IyR S ySSR (KS
RAaOdzaa AGX AT 2yS LISNE2Y oI yi&o, kile, 2 LISy =

lives on the ground floor)

According to these findings, half of the inhabitants (11 out of 22 inhabitants with at least

two people in their household) do not discuss using windows within their household (see
Figure 6.6). If one household member wants to use a window, they do it without having a
discussion. Additionally, most of the inhabitants (nearly 60%) do not take charge of the
windows and everybody does their own thing when they need to use them (see Figure 6.7).
Inhabitants do take charge when one household member needs more air circulation within

the home. For exampld}23 noted:
G52 @e2dz RAalOdzaa oAGK SIOK 23KSNJ gKSy @&2d
@2dzNJ K2YSZX 2NJ R2Sa& SOSNEesearthér) R2 (GKSANI 24y
G2S R2 y20 RA&AOdzaasx o6dzi L R2X L Gl 1S OKI
night and usually all day. Unless we go,dben we close them. But | cannot sleep. |

OFyy2( afSSL) dzyf Saa (KSWNBalehldes bntiekround2 T | A

floor)

The other situation where the inhabitants take charge of the windows was highlighted by
R25:

oDoes anyone take charge of dealing with the ventilation contfols? raséaxcher)



OEveryone is in charge of the ventilation controls. Well, my kidsoddouch the
ventilation. It is difficult for them to use if it is windy, so it is just grayga[who] use

themé 6 wH p-BO, fen@lB, lives the semidetached house)

wHpQa adriaSyYSyd SYLKFairasSa GKFG dGKS FRdz

because of the potential danger during windy weather. Different sdeimographic factors

in households, such as the presence of children or older inhabitants, influence the window
usage practices. Nevertheless, families with children need further examination, as this thesis
includes only one family with children aged under 18, which is insufficient for drawing

broader conclusions.

40.0%

Percent

Yes No | don't know

Do you discuss with your household member when you need to use this control?
Total number of inhabitants: 22

Figure 66 The percentage of inhabitants who discuss within
their households when using windows

Examining Figure 6.7, it appears that the inhabitants responsible for the windows are
primarily those who spend most of their time at home. This maylbe to their increased

use of the windows compared to others who are out during the day. For example:

452 e2dz RAaOdzaa oA0GK @2dzNJ K2dzaSK2f R YSY

O2YyUNRta Ay BdhenK2YSKéEé oacs

b2 L R2 y20 RA&AOdzaad Wdzad o
a® KdzaolyR Aa |G 62N)] y263 &z

(R25, age 30, female, lives the semidetached house)
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Thus, we can observe that the time spent in the home influences how inhabitants engage
with their window usage, a point supported by Tsou&dwal. (2020), who suggest that both

indoor air quality and window opening habits are shaped by the pattern of being at home.

100.0% Are you

normally at
Yes No

home
B Most of the time
Do you take charge of using this ventilation equipment?

M Evenings
80.0%
Total number of

inhabitants: 22

60.0%

Percent

40.0%

20.0%

| don't know

Figure 67 The percentage of inhabitants who take charge of u
the windows in relation to their presence at home

The key point to highlight from this analysis is that window use practiceshitay
individualistic and influenced by individual needs rather than collective deeisaking

within households. This indicates that air circulation within the household is regarded as a
matter of personal, immediate concern, not requiring discussion or coordination with

others. The absence of discussion or engagement about window usage may also reflect an
implicit understanding among household members that each individual will manage their

own comfort independently. However, there are situations where consideration of another
AYKFoAlGlIyiQa aSyarailuAagaraiae (2 GKS AYyR22NJ G4SYL
LINSOSRSYOS 2@0SN) GKA&d AYRAGARAZ €t AaGAO | LILINE I «
energyrelated practices are driven by both individual preferences and occasional

responsiveness to the needs of more vulnerable inhabitants in the household.



6.3.3 Understandingnd Usagef Trickle Vents

The windows in the homes have trickle vents (see Figure 6.5(b)), which contribute to
continuous ventilation if they are open. One of the key findings from the analysis in relation
to trickle vents is that some inhabitants keep them open throughout the day, particularly in

summer. For examplé&}17 noted:
@\re you aware of the trickle vents on topd®2 dzNJ ¢ A (VIR r2seaickes)

G,Sax GKS GNAO1tS @Syia 2y Ittt (GKS 6AYyR?2

ground floor)
G52 @&2dz faz2 dzzasS GKSYKé¢ o6ato

G,Sad Ly adzYYSNI L t€SIF@S GKS GNARO1fS @Syl
gFNY (2 tSG GKS FNBaAK FANI AYydE OwmT O

By leaving the trickle vents open, households benefit from continuous air circulation
throughout the day. Additionally, the inhabitants who are aware of the trickle vents use
them in winter, particularly when avoiding opening the windows. For instance, R7

mentioned:

L YSIysS Ay 6AYyGSNEX ¢S Ot2aS (KS 6AyR244a
[trickle vents] on top of windows, so we just pop that open to get some fresh air into

0KS LINPLISNI&z N}YGKSN KFy 2dzad aGz2alftfe N
It gl &a dzasS GKIGo 2SS [ fgleéa KI-®Smalelviess GGt S

on the first floor)

A significant outcome of this finding is that being aware of and properly using trickle vents
significantly contribute to maintaining indoor air quality and comfort, especially during

winter, without opening the windows. Inhabitants who effectively understand and use these
vents benefit from continuous ventilation, which balances air circulation while minimising

exposure to outdoor conditions such as cold air.
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However, some of the inhabitants are unaware of the trickle vents. While the home user
guide includes information about their usage, some inhabitants either do not read it or

struggle to understand it. For example, R4 noted:

dThere is one extract fan in bathroom. But we rdid use them. Because we have
[the]windowopere 6éwnX |3S 20SN) 1nX FSYI{SsE fAODSA

oDoes your bathroom heethe window with trickle vent€?  oraséaxcher)

oNo, it doesnot¢ o6 wn v

wnQa adraSYSyd KAIKEAIKGEA GKIG aKS dzasSa GKS
trickle vent and its function to help the air flow in the room. In Section 6.2.3, R15 said that
despite being aware of the trickle vent, she does not use it due to a lack of understanding.
This is aligned with what D1 from the design team mentioned in her interview (see Section
5.2.2): the home user guide has all the information, but the most important aspect is for the
inhabitants to read, understand and then follow it. This underscores the importance of clear
communication and guidance to ensure that inhabitants not only access but also implement

such knowledge.

6.3.4 Differences Between Design Intentions and Window Use Practices

A notable observation from the analysis is the difference between the design team
YSYOSNXRa adlraSySyd 2y 6AyR2g dzaS KloAada |y

instance, D2 noted:

GL YSI y3 olviouslydzhéigd2age Snstances by people usihgating and

ventilation controls] differently. You know, sometimes we have come across
properties that people have the windows open and the radiators on at the same

time. But | thinkin general, there is a pretty good understandiiog] how to use

GK2aS Y2NB {1AYyR 2F &aD2 poRdichidRiindtok)ia 2F GSOKYyY
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CNR2Y 5HQa aidlrdSYSydsz ¢S dzyRSNREGIYR GKFG (K
instances of simultaneous window openings amdliator usage, which they consider as
inefficient. In contrast, most of the inhabitants in this case study mentioned that using both

the windows and radiators at the same time is not sensible and would increase their energy

bills. This is evidenced in the statement of R6:

G2 KSy L 2Ly (GKS ¢gAyR2gas L R2 y20 agradao
windows then | switch the radiators on. You know it is not really sensible to have
them on at the same time because then the hot air will escapé.adahe room, and

GKSY L agAildOK (KS -T)eRald, lives Niithe #irgt flobr) o we = | 3 S
A similar understandingiasalso highlighted by R25:

G52 OKIFy3aSa Ay @2dzNJ gAYyR2¢ dzal IS FFFSOD

researcher)

Gb2e LF ¢S 21LSy GKS gAYyR2¢asx L KIF@S (G2 Yl

50, female, lives the semidetached house)

These statements from R6 and R25 show that they are aware of the energy implications of
their actions and so avoid opening the windows when the radiators are on. This indicates a
LRGSYGAlf O2ydN)»ad o0S0Gs6SSy GKS RSaArday GSI yYQa

inhabitants.

6.35 Usability of Windows

The key point to highlight is that the majority of the households in this case study do not
report usability problems with their windows, such as having difficulties in opening or
closing a window because it is too stiff. However, one household mentioned that they have

some usability issues that were related to maintenance issues. For example, R1 stated:

LY GKS Fdzidzyy GAYST ¢S GNB G2 {1SSL) GKS o
have circulation problems dim] my legs, so even in winter | get really hot. So even in

winter, we open the windows. But when it rains, the rain comeasn saigdbecause



of the design. Sowe put a pedal on it and we usually open the windows at the
YSRA dzY f S @S{70opemaiewiweson thadsoun floor)

As well as making adaptations to stop rain entering when the windows are open, she had to
adjust her usage practice by opening the windows to a medium level, due to a usability issue

related to maintenance problems.
6.3.6 AdditionalEquipment Related to Windows

One of the key findings from the analysis in relation to redundancy is that most inhabitants
do not have a backup option or an alternative to windows for ventilation. For example, R15

remarked:

oDo you think there is any other wgquipment]that you can use as an alternative
02 6 AYR2nsedcher)o a ¢

G2Sttx 2yte@ FANJ O2yRAUGAZ2YAYIT 06dzid50, L LIS NE

female, lives on the first floor)

As R15 stated, she is aware of an alternative option but prefers not to purchase and use it. In
contrast, three households reported having additional equipment, such as portable air
conditioning units, which they purchased themselves. For example, R11 noted:
62 e2dz KI @S | ye | f(Sadgaicienr S (2 GAYR26aKE
G2S KFE@S 324G |y AN O2y RAGA 2yra,yhde, dmsA G (0 K|
on the ground floor)

Another inhabitant (R6) also mentioned having a portable air conditioning unit:

GL R2 KFE@S I ayYlrtft AN O2yRAGAZ2YAY 3T dzy Al >
for heating the room as well if necessary. Boae been there since 2016 and such,

nothingisS @S NJ 6 NB | Sy R-Z0gfghtake, livesioa the firsEfI&or) p m

These statements from the inhabitants highlight that they use their portable air conditioning
units for air circulation, and one household mentioned she is also using it for heating her

home. R6 also noted:

13¢



AAs it seems to be with global warming, each summer will be getting hottetteatd
particular day when it reaches 40 degrees, it took about a week because | live
upstairs. It took about a week for the flat to cool down. And I did really notice that.
And for me, having come from Andalusia, where | was used to intense heat, | found
that quite shocking. And I think it may be to do with the insulation in the laft) |

not sure, but I think maybe in future if we do have hotter summers like that, we
g2dzf R YySSR YIe&o6S a42YSOUKAYy3 FAOGOGRG HgeAy |

51-70, female, lives on the first floor)

The statement from R6 highlights that due to climate change and rising temperatures, their
flats become very warm, necessitating additional equipment for ventilating their homes.
Similarly, Guptat al. (2021) note that by the 2080s the most effective solution for reducing
indoor temperatures will be the use air conditioning. However, the use of air conditioning
also results in a high cooling load, emphasising the importance of balancing passive and
active ventilation measures to minimise the cooling load. Given climate change and the
increasing frequency of heatwaves in the UK, more effective strategies must be developed to
enhance air circulation within homes during these extreme events (Wright and Venskunas,
2022). A key point to highlight here is that some inhabitants are adapting to the changing
conditions by acquiring additional alternatives or backup options. Therefore, not having
alternative equipment underscores a critical gap in redundancy for ventilation, particularly

during extreme weather events like heatwaves.

To summarise this section, the findings highlight the complexity of windage jzractices
in social housingwhich are shaped by individual habitkpnowledge andusability barriers
seasonal influences, aradlack of redundancy in ventilation systen¥hese findingsdicate
the necessityfor enhancedpracticalknowledgeamonginhabitants, better communication
of design intentions, and improved maintenance support to align with window usage

practices oinhabitants

6.4 Door UagePractices

The analysis of door usage practices in this case study reveals notable patterns regarding the
simultaneous use of doors and windows, door usability, and the habits that influence

AYKFoAGlIyGaQ R22NJ dzal 3S LN OGAOSao®

134



6.4.1Habits of the Inhabitantand Adaptability

A significant point found from the analysis is that ground floor households (eight out of 16
households) have a habit of using the entrance doors and windows simultaneously during

summer to manage thermal discomfort. For exami8,noted:

b2 @e2dz RAaAOdzaa 6AGK SIFOK 20KSNJ gKSy @&2dz

(MT,researcher)

! YR 6KIFG R2 @2dz YSIYy o6& OSYylAflIGA2yK 52

age 5170, female, lives on the ground floor)
G.SFHKd CHNYRRISEID R22NE PE dacto

b2z y20 NBlIffted 2SS 020K KIFFS (GKS 0SRNER?2
gKSY Al Aad OSNBR K204 ¢S YAIKG KIFGS GK

As R3 mentioned, when the temperature is high, they use both windows and doors together
for natural ventilation. Similar examples from other households (R17 and R22) are presented
below. These highlight the need for additional ventilation control to improve air circulation
within the homes, as they tend to get very warm. This was also noted in Section 6.3.6, where
inhabitants described purchasing alternative equipment (e.g., portable air conditioning
units) due to their homes becoming very warm. Additionally, this practice demonstrates a
form of adaptability, where inhabitants use the available features of the home to maintain
comfort despite inadequate ventilation systems. However, this reliance on using both doors
and windows to increase the natural ventilation poses potential security risks, as R7

remarked:

oDo you use your doors and windows together to increase the ventilation in your
K 2 Y S K éreséamhied)

oNo, we do not use the door. When we are in, the door is always shut because it is
down at the bottom the stairs. So that is not something jde] keep the door open
G2 3IAS0G @Sy i A t-70,imalg, fiveston theninstXloot) IS p m
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wWTQa adlaSYySyid akKz2e¢ga GKFG GKSe GeaLAOrffe R2
for crossventilation because the doors are located downstairs, raising security concerns.
This underscores that spatial configurations significantly affect the capacity foitdomg

resilience, particularly in firdtoor flats and semdetached homes, as described by R25:

A

G52 @&2dz dzaS @e2dzNJ R22NA YR gAyR2ga (23S
K 2 Y S K éreséamhied)

Ghiled 2KSy L Y 0221Ay3a YR (KS S

A A

GAYR264& YR R22NR 2dzad (2 fSG (GKS avyStt

Qx
~

<

(R25, age 30, female, lives the semidetached home)

Thus, this reliance on opening the doors for a long period of time poses potential security

risks that undermine the ability to continue these practices in the long term.
6.42 DemographieSpecific Needs

A key finding from the analysis shows thahabitants who consistently use trickle vents
(24/7) also keep their windows and doors open during the day in the summer. The
demographic data of these inhabitants reveal that they are all over 50 years old and spend

most of their time at home. This is supported by the statement from R17:
oDo you also use theftrickle ventsPé  oraseaXcher)

aYes. In summer | leave the trickle vents open all the, tila and nightwhen itis

warm to let the freshairia. 6wmTt X | 3S 20SN) 7Tnx FSYIFfSI f
oDo you also use the doors and windows togetbéPT)
daves. Yes do. Insummar. O wmMT U

These inhabitants who spend most of their time at hoat&pt their indoor environments

by maximising air circulation. Another example from R22 noted:

oDo you use the doors and windows together to increase the ventilation in your

home%  Oraséacher)
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GYeah, yeah, | do. In summer | do, yéah.6 wHHXZ | 3S 2@SNJ tnx F8§

ground floor)

AAre you aware of the trickle vents, on top of the windéw?¢é a ¢ 0
Are the openingg? O WH H U

Ovealé o ac¢ v

oFor the ventilation? Yeah, | have them open.0 wH H 0

These behaviours highlight the need for adaptive ventilation systems that support
demographiespecific needs that respond to temperature or air quality changes.
Additionally, cooking and its relation to ventilation practices were often mentioned during
0KS AYKIFIOAGEFEY(d AYUSNBASgad ¢KS AYyKFEoAGFYyGaQ

example, in the interview with R24:

G52 @&2dz dzaS R22NEBE YR GAYR264a G23SHTKSNI A\
GBSy GAf |l (rdseasthed) O0a ¢

GYAGOKSY GAYR26 A& 2LISY HnkT AY &adzYYSNJI |\
that fan [extract fan] in the kitchen, it is useless. | mean, we have got a visitor
recently and | did some steaks, so | put the fan on. Smoke alarm went off. So, what is
0KS LRAYIGK ¢KSNB Aa y2 LRAYIi-700f¢maiéfivesi ® ! 0 &

on the ground floor)

As noted by R24, when cooking, they open the windows, doors and trickle vents to enhance
air circulation and eliminate cooking smells. This indicates redundancy in kitchen ventilation,
as the inhabitants can use windows and trickle vents alongside doors. However, this
redundancy also suggests a lack of effectiveness of existing ventilation systems, such as

extract fans, that forces inhabitants to layer practices to achieve their wants.

To summarise this section, the analysis highlights how inhabitants adapt door usage
practices to manage ventilation, how tHecation of their flats affects their door usage
LIN} OGAO0Sasz 2ftRSNJ AYVKIOAGlIydaQ R22NJ) dzal 3S LN

inefficiency in the existing systems.



6.5 Extract Fan @4’ractices

The analysis of extract fan usage in this cate&ly uncovers significant aspects that
emphasise both systemic and practical shortcomings in ventilation practices and
infrastructure. This case study has MEV systems that serve as the primary ventilation system.
The kitchen and bathroom are equipped with mechanical extract fans that run continuously.
Additionally, there is a kitchen boost switch, a ventilation control device that allows the
extract fan to operate for an extended duration, providing extra air circulation when needed,
such as during and after cooking. Although extract fans are designed to help maintain indoor
air quality, their reported inefficiencies raise significant concerns regarding design,

implementation and user engagement.
6.5.1Inefficiency of Extract Faaad Reliance on Windows

A key highlight from the analysis is that a majority of households (10 out of 16 households)
perceive extract fans as inadequate for ventilation without using additional measures, such

as opening windows. An example comes from the interview with R14:

z A

@ NB @82dz 6 NB 2F (K Sieechér)i Tl ya Ay & 2dz

G,SFK® 2S5 dzaS A0 &8SIKd 9aLISOALtEfte gKSyYy |
322 Rdeé 0O wiy male, lives 8n the ground floor)

GwX8 R2 &2dz GKAY|l (KSe 62N)] 6SftftK C2N SE
21LISY 6AYR2gaKé oacto

G, SIKZ ¢S 2Ly GKS gAYyR2pgad . SOlIdzaS (GKS S

when you are cooking. Sib is just basically better to open the window and that is
Y2NB STFTFSOGAGS (KIy (GKS SEGNI OG2NI FI yodé o

wmMnQa adGFraSYSyid KAIKEAIKGaEa GKFG GKSe dzas G
significant difference, so they also use their windows for ventilation. Similarly, many other
inhabitants expressed dissatisfaction with the performance of kitchen extract fans,

particularly while cooking. For instance, in the interview with R3:
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dn the winter, for example, when you cook, is your extract fan enough for you to
GSYGAt I GS @& Zededdchér YSKE oac¢z

b2 L ¢2dAZ R y20 GKAYy]l] a2®d bz2i NBIFIfted L
AT Al 61 & FTAAKI -OMal§ BvesvniheSwéndfioaro = | 38 pwm

Since the extract fans are insufficient for the majority of the households, many inhabitants
use their windows as an alternative to enhance the air circulation while cooking. Even in
winter, they open their windows during cooking, despite most households (13 out of 16

households) reporting they did not often do so in winter. For instance:

7 A

d NB @2dz I g NB 2F (K SEGNI Ol redesfcheni y & 2 dzl

G, Sad IUf [have]wsed $he éne in the bathroom maybe once because | usually
like to open the door and the windows to let the steam out. And the one in the
kitchen | have used, because obviously for cooking and | open it. And | do love cooking
in winter and | do open the windows in winter when | am cooking. But sometimes if it
Is something that really does smell then on that occasion, | have used it. Or if it is
a2YSGKAY 3 0 dzNY ( =70, lfemals IBes prithedirstoaory = | IS pwm

Some inhabitants also mentioned they have mould and damp in their homes. For example
R14 noted:

A

G+SydAtlrGA2y Aa | oAl KAG YR YAaad 2S5 K
0SRNRB2Ya YR AYy (KS ftAQGAYy3 NRB2Y | & ¢Sttt o¢

Inadequate ventilation raises G@oncentration levels and relative humidity, leading to
mould and damp in homes (Fahal> HnAnHOUX & SOARSYOSR AY wwmnC
is mentioned by R24:

OWejust got a bit of a problem with the damp. Wilave been here for six years. First
two years we never had damp in our little bedroom, and all of a sudden it coiéed
These fans that were all up thefextract fars] and the one irfthe] bathroom are a
waste of time. So when we shower or bath, we open the bathroom windoviaWe

got damp, you know in the ceiling and the bottom[thie] bathroom window, that



will not come off. lhave got damp in the corners of kitchen windows; thely mot

come of§ 0 wH n-X0, fen&lS, livesvon the ground floor)

wHNQa aGFaSYSyld KAIKEAIKIGISR GKSANI NBfAlFyOS
YR @SyidAtriS GKS NR2YZ RdzS G2 GKS SEGNY OG 7
often open windows to enhance air circulation in their homes; however, these adaptive
practices are inadequate, resulting in the growth of mould and damp from poor ventilation.

Similarly,R25alsoremarked:
652 @&2dz KI @S SEGNI Ol eedehrahery a Ay @2dzNJ K2 YSK

. SFKo 28 KFE@S 'y SEGNIOG2NI Fly Ay (AGOK
K22R 6AUGK |y SE BolFedale?liNgéhe semidgiaZhed-hani) o n

G,SIHK® ' yR R2 @2dz KAyl (GKSe @g2N] oStfKE

5

b2 L GKAYy]l] (GKS@ IINB dzaSftSaao 90Sy o6KSy
windows and door to get rid of the cooking smell. They [extract fans] do not do it

YdzOK ®¢ O WHPU

Despite having extract fans and cooker hood extractors, inhabitants like R25 reported that
they still need to use windows for ventilation because the fans do not function efficiently.
This practice occurs even during winter, as noted by R6 above, revealing that the extract fans
do not adequately fulfil their ventilation needs. Although opening windows provides
immediate airflow, this practice impacts energy efficiency, particularly in the colder months,
as the inhabitants open windows despite concerns about heat loss. This behaviour highlights

a gap between the intended functionality of ventilation systems and their actual usability.

6.5.2 Limited Engagement with Extract Famg Institutionalised Knowledge

None of the households reported discussions among the inhabitants about when to use the
extract fans (see Figure 6.8), and most inhabitants indicated that they do not take charge of
using them (see Figure 6.9). This lack of engagement within the households with the extract
fans is because the extract fans are designed to operate both automatically and manually;

however, the inhabitants lack confidence in their effectiveness. Many inhabitants stated (see
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statements from R3, R6, R14, R24 and R25 above) that using extract fans does not make a

noticeable difference, prompting them to rely on windows instead.

Percent

No | don't know

Do you discuss with your household member when you need to use this control?
Total number of inhabitants: 22

Figure 63 The percentage of inhabitants who discuss with other
household members when they need to use the extract fans

Are you
normally at
home
[ Most of the time

60.0% M Evenings

Total number of
inhabitants: 22

40.0%

Percent

20.0%

Yes No | don't know

Do you take charge of using this ventilation equipment?

Figure 8 The percentage of inhabitants who take charge of the extract fans
relation to their presence at home
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This limited engagement can also be linked to a broader lack of institutionalised knowledge
regarding the benefits and proper usage of ventilation systems. Interaction with windows is
highlighted as one of thaP&d 2 LIKA a0 A O SR O0SKI @A2dzNEQ GKI O
energy performance, and inhabitants prefer to manually control their windows (Park, An and
Jeong, 2023). This suggests that the inhabitants use the windows instead of the extract fans
because they feel more confident using the windows, as this knowledge is institutionalised

for the majority of them. For instance, R15 noted:

dThere is the little extractor fan in the ceiling, the little square things. | try to
remember turning them on, but | dwt always remembef. ¢ w ™ p 50, fenihl®, o n

lives on the first floor)
AAnd do you think the extract fans work well? 6raséatcher)
oNo, didnotseemtodoalat. O wmp 0

wmp Q& & éniplinSseshgaivarenessof the extract fans, but she does nebnsistently
remember to usethem sincethis control has not yet becomeinternalised enough to
influence her ventilation practice Thispreference for windowsndicates a familiar reliance
on manual solutions, suggesting that technological interventions haot successfully

integrated into the habitual practices dhe inhabitants.

6.5.3 Factors that Influence Extract Fan Usage Practices

Age, accessibility and ventilation levels are the factors ithifitence extract fan usage. Older
inhabitants, particularly those over 70, feel the cold easily, as shown in this interview with
R17:

WKSYy @&2dz 2LISy AlG WSEGNI OG TreseBrch&)R2 & 2dz (K7
GhkK &8Saod _SIFKd L YSIy L GNRASR GKS SEGNI O
led me to shiver, so that is why | do not use it and | prefer to open the window

AYyaidSlIRo®E owmtX 3S 20SNI Ttns FSYILESs tAQS

Similarly, R4 who is over 70 noted:



G¢KSNB A& 2 y[he] athroddl Bhtiwe Td not useythem. Because we
have[the] g A Y R2 g 2LISy ®¢ ownX +F3S 2SN 1tnx FSYI f

wnQa YR wmMtQa adldSyYSyida KAIKEAIKGSR GKIFG
extract fans to ventilate their bathrooms. This finding can also be related to the lack of
institutionalised knowledge about extract fans and the more ingrained habit of window use,

as discussed in Section 6.5.2. In contrast, inhabitants under 70 tend to use both extract fans

and windows to let the steam out and bring fresh air into the bathroom. For instdf&e,

stated:

oFor example, when you shower in the bathroom, do you need to open a window or is
G§KS SEGNI Ol THdssgarceryy2 dzaKKE oac¢s

dYeah we got the extractor fan, but we also open the windows. You know, it is

adzFFAOASY G G2 1 SSLI-70,kn8le, kveés St the firdtdnidorPe o wdZ |

R9, whose household is a family of three, reported using both extract fans and windows as a
combined strategy to increase air circulation in their home. Similarly, R25, living in a family

of four, opens windows when the extract fan is on during cooking to increase the airflow in
GKS NR2Y ONBFTSNI G2 {SOGA2Y copodm F2N wHpQa
GKS K2YSa Ay¥FfdsSyOSa AyKFIoOAGlIYyGaQ LINBFSNByO

controls(e.g.,duringcooking and showering).

In households with no windows in the bathrooms (e.g., those of R11 and R14), the only
option for the inhabitants is using the extract fan, yet R14 reported severe issues with mould
RdzS G2 LIB22N) GSYldAtlIdAz2y ONBFTFSN G2 {SOlAz2y

mentioned he tried to fix this situation himself and noted:

OWe have a lot of mould on the windowsills, in the bedrooms and ifiviing room

as well. When we first moved in, the builder said when you settle down, then it
[mould] will go back to normal. But it never had, Boought two things on Amazon,
dehumidifiers | think they are called., 8csucks all the moist air to prevent mould. It

g2N)J & | o0AGT odzi KSf L&A NBRAzOA Y 370¥aldzf R L (

lives on the ground floor)
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This raises significant concerns regarding the usability of extract fans in this case study and

the lack of redundancy in the ventilation system, which impacts the inhabitants living in

poorly ventilated homes. Issues like condensation, mould and poor air quality indicate
systemic failures in housing design and maintenance that directly impact the physical health

of inhabitants (Roletal> HAHMOP® ¢KSaS LINRPofSYa KIF@S &SNA?Z
and as many of the case study participants stay at home most of the time, they may be more

affected by poor indoor air quality.

Accessibility is another factor that playscaicial role in how inhabitants use extract fans.

Many inhabitants, particularly older adults (over 50), find it challenging to use extract fans
because of their placement or design. This often requires additional equipment, such as
ladders, which can pose significant health risks, or relying on help from other household

members. For example, R18 noted:

G¢KS 2yfe GKAyYy3a GKIFG Aa oNRPy3d gAGK (GKAaA
the bathroom. You know, the extractor fan. It is sef@ut high.It is severoot high.
It is right up near the roof. So, | have to get a chair to put it on. Or, | have to wait for

my husband to turn it on. (R18, agec¥D, female, lives on the first floor)

This underscores a gap between the physical design of ventilation systems and the actual
usage of these controls. As a result, when the inhabitants find it difficult to use the extract
fans, they adapt to this situation by using alternatives like windows (refer to statements of
R4, R9, R17 and R24 about using windows). The reliance on alternative methods emphasises

the critical need for improved and accessible ventilation systems in this case study.

To summarise Section 6.5, the analysis underscores a significant need for improvements in

the design, maintenance and user integration of extract fans. The reliance on windows as a
primary solution when the extract fans are not working efficiently reveals critical deficiencies

in their functionality and accessibility. Additionally, the lack of inhabitant engagement
indicates a disconnect between design intentions and the actual behaviours of inhabitants.

¢CKS AYKFIoAGIEYGaQ ySSR F2NJ I O2YO0AYSR | LILINE I
redundancy to continue their ventilation practices, but also the insufficiency of current

systems to meet these needs effectively.
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6.6 Summary

As in the chapter about heating practices, this chapter examined ventilation practices from

two different perspectives, those of the inhabitants and the design team. The ventilation

LIN} OGA0Sa oSNBE |ylrfeaSR oFaSR 2y (GKS &aLISOAT
homes: windows (trickle vents were included in this section), doors, and extract fans. These
specific ventilation practices of inhabitants were critically analysed in terms of the key

themes that appeared during the analysis.

The findings show that the design team understand resilience as a multifaceted concept,
focusing on climateesilient homes, lifetime homes and adaptability to social changes.

These priorities shape their design intentions for social housing, which needs to be
functional and adaptable over time. However, challenges remain, especially in engaging

inhabitants, enhancing maintenance accessibility, and anticipating societal shifts.

The findings about window use practices reveal that these practices are shaped by seasonal
changes, household dynamics, individual health needs, and awareness of trickle vents.
These challenges highlight the necessity for better communication of design intentions,
enhanced inhabitant knowledge, and improved maintenance support to align with actual
practices. Likewise, door usage practices reflect the adaptability of inhabitants, and are
influenced by factors such as flat location, and -agecific strategies, while revealing
inefficiencies in the existing ventilation system. The analysis of extract fan usage shows
inefficiencies in performance and a reliance on windows as a means for inhabitants to
maintain their practices. Additionally, limited inhabitant engagement indicates a gap

between design intentions and user behaviours.

Overall, this chapter highlighted the necessity for a more integrated design approach that
prioritises inhabitant engagement, practical usability, and additional alternatives to support

resilient housing practices.
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CHAPTER 7. DISCUSSION

7.1 Introduction

In this chapter, the findings and analysis are discussed by linking the resilience indicators and
practice theory elements together. The similarities and differences between data from the
RSaA3Iy GSFY IyR (GKS AyKFEoAdGlyda INE RA&aOdza-e
(2010) practice theory: institutionalised knowledge and rules, and technologies. All four
aLS0Ga 2F LINI OGAOS GKS2NE NS RAaOdzaasSR o8
aims to answer Research Question 4, to identify key insights to develop a new understanding

2F a20Alf K2dzaAy3d NBAATASYOS Ay NBftlFGA2y G2

7.2 Resiliencand Practice Theofgramework

Ly GKA& NBaSFNOK:zZ LN OGAOS GKS2NEB -rélafed dza SR
LIN} OGA0Sa YR WK26Q YR WgKeQ (GKSANI LINF OGAC
change. Practices are forms of doings and sayings that are held together across time and
space by different elements such as habits, rules, meanings and understandings (Gram
Hanssen, 2010a, 2021). LN} OGAOS A& F LI GGSNYy GKIFG ySSF
replacing windows during home renovatidBartiauxet al, 2014) which is a common

LIN} OGAOS S@PSy AF R2yS 2yteé 2y0S Ay | K2YS24
and GrarmHanssen (2021) suggest that social practice theories are useful for raising policy
issues and recommending new policies within the sustainability agéBdsiauxet al,

2014) Thus, using thelJNF OG A OS G KS2NEB  F LIINRIFOK G2 dzyRS
AY KI 0A Gl ydlated) prastigeS Nidge in terms of social resilience is a promising

approach for raising new policy recommendations within the sustainability agenda.

In order toevaluate resilience within the social housing case study using a practice theory
approach, a resilience matrix was designed by the researcher to help prepare the semi
structured interview questions. In this section, the discussion is framed according to this
matrix (see Table 4.7), linking Gram y 8 4 Sy Qa F2dzNJ LIN} OGAOS (KS21
an analytical tool with robustness, adaptation and redundancy as resilience drivers. Table 7.1
presents the latest form of the resilience matrix, developed by the researcher after the data

analysis, and highlights key findings from the data analysis.
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Resilience
Indicators /
Practice Theory
Elements

Robustness

(The ability of the home to carry (@
performing despite social changes)

Redundancy
(The ability of different things to satis
the same function)

Adaptation

(Adjustment to reduce the impacts
social changes)

PhysicaFactorsThat
Need to Be Considered
in Social Housing

A Inhabitants have personal

A The importance of the heating and . :
- ) - alternatives for heating system, . . .
ventilation controls working sufficiently ; A Having flexible spaces and a
. . rather than those provided by .
for inhabitants housing association standard form of adatbility
Know-how and A Building lifetime homes where the ‘ 9 : A Theimportance of inhabitants
. . . . . . . A Inhabitants use windows and : . .
Embodied Habits inhabitants can live despite social having gpractical understanding
extract fans together when they are . . .
changes . and implementing their
A Usability problems related to age and | & cooklng . understandingn their practices
o A Inhabitants who are aware of trickl
accessibility .
vents usehem continuously
A Lack of awareness of the policy:
Approved Document GBverheating2 A The housing typologies withthe |A LY KIFI0A Ul yuaQ gA
(HM Government2021a) : . .
" : L . bathrooms lacking windows need during heatwaves need to be " .
A Wellinsulated homes aligning with the - A Size of the home
I . o . efficient extract fans adapted " :
Institutionalised building regulations " . o I " . A Systems in the home
< . ) . . .| A Not using the specific ventilation | A Inhabitants must be aware of the ;
Knowledge and A Social housing association did not think . . . . Heating and
. A controls as intended (e.grickle overheating policy o
Rules aboutthe social change in this case S ‘ ) . . ventilation.
o vents) and inefficient controls (e,g.| A Social housing associations neeqd
study,becausethis kind of extreme even : . .
. extract fans) lead to mould and to inform inhabitants about the
(pandemic) hd not happened before . . .
: - ) . L condensation problems change irthe home user guide
A Costefficiency considerations isocial
housing solutions
A The inhabitants who take charge of the " : - .
. ‘ . . A Inhabitants engage in discussions
heating controls are the ones who feel | A Heating system alternatives from > .
. L . . ] . when they perceive their use of
confident using it and who hathe inhabitants:electric fan heater,
) L energyrelated controls affects
practical knowledge kettle, electric fire heater .
Engagements " . . . . ‘ o . home energy consumption
A Discussions arissoncerning the use of | A Ventilation system alternatives fron : . .
. . ) ) - A Inhabitants do not discuss using
extract fans in the bathrooms, inhabitants:dehumidifier, portable .
: : e . e . windows and doors, unless for
particularlyfor those with accessibility air conditioning unit o
crossventilation
problems
A The importance of the heating and A There is a need for redundancyin | A LYKl AUl YylaQ au A MEV
. ventilation controls working sufficiently system failuressuch as power technologyrelated aspects of A Windows
Technologies . ) : . < .
andas intendedn the design failures, particularly renewable energy controls A Boiler
A Breaking the learning curve of new backup systems A Adapting to new technologies an¢ A Heat pumps




technologies could be difficult for A Costefficient sustainable materials introducing a new way of practicef A Glazing

inhabitants without any guidance and equipment within the design could be difficult without A PV systems
A Usability problems related to the collaboration A Solar controls

difficulties with technology and design

intentions

Table 71 Resilience matrix with the key findings after data analysis

As defined in Section 2.4.1, robustness in this research is defined as the ability of home systems (heating and veaoti@immue

functioning despite shocks and social changes. Shocks in this research refer to extreme events, such asiBg@uodemic and the energy

crisis. Social change here refers to inhabitant discussions on practices, shifts in occupancy patterns, household desnegdptuasing
typologies. These were explored and analysed by asking the inhabitants how they discuss thehrelatdypractices in the home (e.g.,

opening windows). To further understand how adaptable the home is in terms of social changes, household compositionsdakdiimhgl (i & Q
discussions on practices were explored and analysed usingsserciured interviews and a usability questionnaire. Redundancy was explored

and explained by analysing changing occupancy and the availability of multiple means of carrying out samesketedgfunction. These

G§KNBES RNAGSNA 2F NBaAftASYyOS 02YS (G23SGKSNJ Ia | ySihe REBeFidcarkyloh 2y 2 F
performing by using alternative options to maintain the preferred state and adjustments to reduce the impacts, even i$ Sw@ral change

2Q0SN) GAYS®Q
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7.2.1 Reflection on the Framework and Its Relation to the Findings

Integrating resilience with practice theory has provided a comprehensive understanding of
KSIGAY3a YR @GSYyuGuAatl dAazy LINIOGAOSad ¢KS FNI
routines, the practices they have yet to internalise, and their ability to adapt in response to
external factors. Practice theory helped uncover the enargg habits, the role of
technology (e.g., thermostatic radiator valves, heating programmers), social norms and
engagements in shaping practices (GfHianssen, 2021). Meanwhile, the aspects of
resilience highlighted how these energglated practices are adapted, maintained or
disrupted in the face of shocks like Cot#@ the energy crisis or system failures. This
combined approach was particularly useful in the social housing context, where external
influences like social changes, policy shifts, economic challenges and global crises constantly
alter daily routines. The resilience dimension highlighted how inhabitants adapt their
heating and ventilation practices in response to these external influeqcedether by
adapting room thermostat use, exploring alternative heating options, or engaging with
design initiatives such as home user guides. This framework provided a common language
for the actors (e.g., design team and inhabitants), a structured representation of energy
related practices that can be examined individually or collectively through different research

methods, and a model for integrating these findings cohesively.

Furthermore, this approach addressed a critical gap in pratiésed research. While soeio
technical studies and practice theory often examine how material infrastructures and social
norms influence energy use, they tend to overlook the resilience dimension, specifically how
systems and practices withstand, adapt or fail in response to external faofmeam(
Hanssen, 2021Abbas and Michael, 2023By integrating resilience thinking, this study
underscored the necessity for heating and ventilation systems that are not only efficient and
well-integrated into daily routines, but also adaptable, accessible and responsive to
inhabitants. This insight is particularly important for informing the design of future energy
systems in social housing, ensuring they support H@nom housing resilience for the

inhabitants.

By using this framework, this Sheffidddsed study and findings can be extended to

nationwide practices. For example, the resilience matrix can be used by social housing



associations in various regions to determine whether their inhabitants also have similar
energyrelated practices, or if their practices change depending on their locations.
Furthermore, it would be interesting to explore how different housing associations are
considering resilience in their designs. The questions from Table 4.7 can be used by social
housing associations nationwide, potentially highlighting the similarities and differences in
GKSAN) dzy RSNRGFYRAY3 2F NBaAftASyd K2dzaAy3d RSa
practices evolve, progress and continue in different locations can be valuable for

dzy RSNEGFYRAY3I GKS @FNEBAYy3I NBalLRyaSa 2F K2dzaA
Hanssen, 2010; Shove, Pantzar and Watson, 2012).

Figure 7.1 illustrates this integrated framework, demonstrating that the resilience of homes

can be studied by examining the interconnections between resilience drivers (robustness,
adaptation, redundancy), energglated practices (heating and ventilation), and
perspectives of key stakeholders (project director, project coordinator, architect). This
framework also accounts for how external factors (e.g., Cb9idthe energy crisis, housing
policies, extreme weather events, social changes and power outages) affect these
AYUOSNNBfFdA2yaKALIA® ¢KAA FTNFYSg2N] 2FFSNE |
socially and materially embedded routines, but as flexible and adaptive responses to

changing conditions.
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Figure 71 Resilience and practice theory framework diagram (adapted from Figure 2.4)
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7.22 Knowhow and Embodied Habits, afdheir Nexuswith Robustness, Adaptation and

Redundancy

{ OK I G 1997% iérpretation of the individual supports the fact that heating and
ventilation practices are guided by something that makes sense to the individual. In the
selected case study of social housing, the heating and ventilation systems are similar across
households; while technology influences habits and routines for heating and ventilating the
home, inhabitant (individual) interpretation also plays a significant role. Kmomww and
embodied habits are key elements of what constitutes a practice, including the skills
inhabitants already have and the routines they undertake without conscious reflection

(GramHanssen, 2010; Bartiaex al., 2014)

The design team view climate change as a key factor in developing resilience strategies.
Their emphasis on energy efficiency and indoor thermal comfort aligns with Sheffield City

| 2dzy OAft Qa 321 fa& F2N) wnonI A&aLISOATFTAOLFIftEE GKSA
(Sheffield City Council, 280 & ¢ KA & | LILINRI OK dzy RSNEO2NBa (K.
climate adaptation; however, it primarily addresses resilience through an environmental lens

rather than a holistic framework that also accounts for inhabitant behaviour. While the
Building Regulations Part F does not require MEV systems in all new homes in the UK, they

are a common and increasingly recommended solution alongside natural ventilation
strategies (HM Government, 2021). However, their effectiveness is contingent on proper use

and maintenance in areas where inhabitants may require more structured support.

CdzZNI KSNXY2NB:X GKS RSaA3aly GSFHyQa 3I21ta& | NB ol 3
heating and ventilation controls as intended. Thesestems are deeply embedded in UK

norms, yet the findings indicate that familiarity does not ensure active engagerineoking

from a practice theory perspective, the familiar energy systems and their institutionalised

NHz S&a t2yS OFlyy2i SELXIAY AYKIOAGIYyGaQ | OGA
skills (Schatzki, Kne@etina and Savigny, 20020)/hen the design team introduce a new

practice or a newechnologyi KS& GKAyYy1 2F AG Fa F WiSFNyAy3
the inhabitants beak their previous habits. Reflecting on practice theory, embodied habits

are routinised practices of inhabitants; however, inhabitants need to know how to perform

these practices by having the necessary skills (Giamssen, 2014; Shove, Watson and



Spurling, 2015). The design team assume that providing technical instructions will ensure
O2NNBOG dzall 3Sx o6dzi F OhdzZ £ dzal 3S NBEtASa 2y
This disconnect highlights a gap in knowledge between the inhabitants and the energy
related controls; while technical information is accessible, it does not integrate into
AYKEOAGIY(G&aQ LINF OGAOS&ad® ¢KAA Aa LI NIAOdzZ | NI &
the energy controls due to a lack of familiarity with digital interfaces. Thus, it is not easy for

them to break their embodied habits, accept change, learn new technologies, and adapt

their practices. Consequently, usability challenges prevent the integration of energy systems
AyiG2 AYKFEOAGFEYyGAQ RIAfE& NRdAziAySasz-hoWwHRESI t Ay 3
FAYRAY3Ia AYRAOIFIGS | RAAO2YyYySOG o0 $aowmbdShe A YKL G
design intentions, highlighting the need for a more usentred approach to resilient

housing.

The pandemic increased home occupancy, reinforcing embodied habits related to thermal
comfort, especially among inhabitants over 50 who became more sensitive to indoor
temperatures after recovering from the virus. Similarly, the energy crisis necessitated
financial adjustments, leading to adaptations in heating behaviours, such as adopting time
oFraSR KFIoAla ONBTFTSNI G2 wHpQa adllliySayaSSAuQan yo nv{ns
study about standby energy consumption, some of the inhabitants in this case study also
mentioned that they reduce energy consumption in their homes by not leaving their energy
related controls on standby. In the UK, home energy use fell by 14% in 2022 and continued

to decrease in 2023 due to new energy efficiency measures and households reducing their
WyBEaSyadAaAlIfQ SySNHeé& dzasS o6.2f02y% HaHnO® . &
reducing noressential energy use, the inhabitants also reduced their essential spending on
energy through reduced use of heating by wearing thicker clothes instead. The need to
balance financial limitations with thermal comfort highlights how external pressures
influence engagement with heating systems, revealing the interaction between resilience,

knowhow and socigechnical interactions.

Window usage practices further demonstrate the connection between khow,
engagement and resilience. Seasonal factors, household dynamics, and health needs affect
ventilation habits, with inhabitants adapting their practices based on their implicit

knowledge of thermal comfort. However, climate change is altering these embodied habits.
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The UK Health Security Agency (2024) recommends closing windows during heatwaves,
except when it is cooler outdoors. Effective window use, such as keeping the windows closed
from 1lam to 3pm during heatwaves, can affect indoor air quality and ventilation levels,
contradicting ingrained habits of ventilation. In contrast, the findings reveal that inhabitants
are largely unaware of the need to keep windows closed while the temperature is extremely
high. Thishabit of opening windows during heatwaves, without being aware of potential
risks, highlights the necessity for improved communication regarding ventilation practices.
Reflecting on the practice theory perspective, a lack of awareness regarding the
institutionalised knowledge about window opening prevents inhabitants from altering their
habits during a heatwave (Grakianssen, 2010). This, in turn, affects the indoor air quality,
leaving the inhabitants unaware of the consequences of their actions. This underscores the
need to convert expert guidance into accessible, actionable knowledge for inhabitdmigs.
YATKG Ffaz €SIR -K2sQ KGNS SIS g8y Rly@axi I v i &
related practices differently after they learn about the changing conditions or after being

advised by another household member or the neighbourhood officer.

The responsibility for using windows and room thermostats often falls to the inhabitants
who spend the most time at home. Rather than merely consulting instructions, they gain
understanding by adjusting settings, feeling temperature changes, and adapting to external
conditions. Over time, this repeated engagement leads to embodied habits, where actions
become ingrained in practices. Grafanssen (2008) highlights that household routines can
change and shape the use of everyday technologies. Consequently, the use of windows and
room thermostats becomes integrated into the routines of those who are home more,
shaping their knowhow over time. In contrast, those who are present less may not engage
with or adapt to changes in temperature and airflow, limiting their exposure to these
practices (Larsen and Graranssen, 2020). As a result, responsibility tends to consolidate
among those with more experience and confidence within the household. This points out
how necessity builds a form of kndwow, builds confidence, and puts the inhabitant with

the knowhow in charge.

The next section focuses on institutionalised knowledge and rules, and discusses how
L2t AO0OASE YAIKG FTFFSOG GKS K2YSQa FdzyOUA2YAY

related practices in relation to resilience.
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7.23 Institutionalised Knowledge and Rules, arekir Nexuswith Robustness, Adaptation

and Redundancy

Examining the energselated practices of inhabitants reveals that households who are
aware of the trickle vents keep them open for fresh air, especially after cooking. This
ventilation practice aligns with the current policy on ventilation, as explained in Section 2.7.
The requirementhat the inhabitantsmustfollow is to keep the background ventilation (g.g.
trickle vents) operfor continuous ventilation within the hom¢HM Government, 2021b)
Thus, we see that the inhabitants who are aware of the trickle vents follow this regulation,
but thosewho are unaware of the trickle vents leave them closed, so they do not comply
with this requirement.Therefore,it is challenging fosomeinhabitants to understand and
follow the guidance according to this researBteflecting on the practice theory perspective,
know-how in performing energyelated practices is something that inhabitants learn (Larsen
and GramHanssen, 2020). Therefore, inhabitants who are aware of trickle vents and their
role in ventilation are more likely to integrate their use into daily routines, especially after
activities like cooking. Their practice aligns with policy expectations, demonstrating how
institutionalised knowledge (e.g., building regulations) can translate into embodied
practices. However, those unaware of trickle vents do not engage with them, so the vents
remain closed and ventilation regulations are unknowingly disregarded. This significant point
highlights that awareness and then kndww are prerequisites of effective utilisation and

therefore of resilience.

During a heatwave, the UK Health Security Agency (2024) advises keeping windows closed
unless the outdoor temperature is cooler than the indoor environment temperature. The
building regulations set out by HM Government (2021a) state that home user guides should
include a section that tells inhabitants how to stay cool in hot weather in a very clear and
non-technical way (refer to Section 2.7). However, the document review conducted by the
researcher found that the home user guide did not include this sedigcause the housing
development was built in 2016, which was before this section within the regulations came

into effect in 2022. Consequently, inhabitants are unaware of this guidance and do not have

this specific institutionalised knowledge. Therefore, rather than following the UK Health

{ SOdzNAR (e ! 3SyodoeqQa IROAOS (2 (1SSLI 6AyR2psa Of

their existing habit of opening windows to increase ventilation (refer to Section 7.2.2). This
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reflects a broader theme in practice theory, where inhabitants do what is familiar and
embodied, and they often perform these actions unconsciously (Gfamssen, 2014).
Therefore, if inhabitants are unaware of new overheating strategies (e.g., keeping windows
closed during extreme heat), they are unlikely to change their practices without explicit
intervention. This point highlights that inhabitants do not simply follow institutional rules
automatically; rather, they must engage with new knowledge through practice, social

interaction and technological experiences.

When comparing housing typologies, some of the homes do not have windows in their
bathroom (e.g., H9) and the only options to ventilate this wet room are using extract fans or
keeping doors open during and after using the shower. However, the data analysis in Section

6.3.1 reveals that most inhabitants find extract fans inefficient in increasing the air flow in

their bathroom, making it challenging for homes without bathroom windows. Consequently,

the housing typologies without windows in their bathrooms are not robust, as their
bathroom ventilation systems do not perform as designed due to the lack of windows and
inefficiency of extract fans. This problem is also related to the design team, and highlights

their unawareness of the challenges that inhabitants face in terms of their ventilation
controls. Therefore, the disconnect between maintenance practitioners and inhabitants
hinders effective ventilation practices and, in turn, kabew (Brierley, 2021). If these
2LI0A2ya R2 y20 ¢62N] 6Stt>x GKSe gAatft FFFSOO
according to National Institute for Health and Care Excellence (2020). In this regard, having

an extract fan that works efficiently is crucial for the air quality of wet rooms without
openable windows. This is supported by the policy context explained in Section 2.7, which
states extract fans should continue to ventilate for at least 15 minutes after the room is
vacated (HM Government, 2021b). Resilience in this context is about having a ventilation
O2yGNRf GKFG LISNF2Nya ¢Sttt Sy2dzaK G2 0SS Ayl

inhabitants have to adapt their practices by using alternative equipment.

The analysis in Section 6.5.2 highlights that some inhabitants face accessibility issues when
they need to use the ventilation equipment, such as the extract fans, and they have to wait
for another household member to operate them. Resilient social housing is housing that can
respond to social changes and extreme disruptions (Pablo, Littleton and London, 2024). In

this regard, having accessible heating and ventilation controls is crucial because, if there is a
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sudden social change such as a disability or the need to accommodate an elderly family
member, the social housing needs to be robust and continue performing its erededggd

functions. This requirement is supported by the Building Regulations Approved Document F
(HM Government, 2021b) and explained in Section 2.7, which states background ventilation
controls such as extract fans should be accessible and easy to reach. Both the design team
YR GKS AyKFIoAGlIyGa Ay GKAAa OFasS aiddzRe | NB
sudden social changes, such as a sudden disability in the household. The design team
O2y&aARSNBR .daAfRAY3I wS3dzZ A2y tI NI ayY W 00
2016Db) in their designs and implemented these standards in some of the flats in the social
housing case study, accommodating adaptations to social changes like mobility issues or
elderly relatives moving in. In addition, during Covid, the presence at home increased as
household members started working and studying at home more, highlighting the need to

plan for more flexible housing typologies with more flexible places for work or study and
design features that provide more natural ventilation, as noted by the design team in the

analysis, see Section 6.2.

The next sectionfocuses on the engagements and interactions within the household

membersandtheir engagements with the heating and ventilation controls.
7.24 Engagements antheirNexuswith Robustness, Adaptation and Redundancy

This study examines engagements among household members (e.g., discussions) and
AYKEOAGIYyGaQ Sy3al 3 S-¥lsgdicantrols Xeigk tedhrfolSgled)) TBegeS NH &
RAaOdzaaAzya |INBE &a4SSy Fa | O0SKIFI@A2dz2NFt FI Oi:s
heating and ventilation systems (Steemers and Yun, 2009). In this study, social relations are
1Sy Ayid2 I 002dzyd Fa WRAaOdzaaAiAzyaQ o0SisSSy

ventilation practices, and how these reflect resilience.

In this case study, most inhabitants discuss with each other when deciding to use the
heating controls. However, they do not engage in discussions when using the boiler due to
the lack of knowledge about how to change the temperature, or how to fix it if it breaks

down. The lack of discussion regarding boiler use points a gap in competences where

inhabitants do not have the knowledge required to adjust or fix the boiler, making it an



individual rather than a collective practice (Shove, Pantzar and Watson, 2012). This aligns
GAGK LINY OGAO0S GKS2NRQa SYLXKIFaaa 2y (GKS NRf S

In contrast, the use of the room thermostat is a shadsgtision in most of the households

that is made through discussions with each other, as indicated in Section 5.4.1. Additionally,
this increase in communication reflects social change, as the inhabitants started to discuss
the thermostat more when they tried to be more careful due the energy crisis and concerns
over energy bills. Some households (e.g., H9, H12, H13) have established a habitual practice
of using the room thermostat to turn the heating on for short periods, showing that their
engagement with it is structured around balancing comfort with financial constraints. This
shared decision between the inhabitants can also be described as collaboration in practices,
where inhabitants actively participate in decistoraking, which is significant for the
development of routines (GrarHlanssen, 2008; Hammond, 2018). This finding suggests that
room thermostats are embedded in everyday inhabitant habits, and discussions enable
collective decisiommaking. Additionally, the increased frequency of discussions about
heating during Covid9 and the energy crisis highlights how external disruptions can
reshape energyelated practices, revealing their adaptability in response to changing-socio

economic conditions.

The discussion of ventilation controls highlights a recurring theme, which is the gap between
intended functionality and actual engagement. Most inhabitants do not discuss with each
other when they need to use the windows, trickle vents or extract fans; each household
member does their own thing. Extract fans, for instance, are designed to operate
automatically or manually, yet inhabitants lack confidence in their effectiveness because
they do not work efficiently and do not significantly improve air catiah. As a result, the
inhabitants prefer to open the windows, relying on familiaroutines as a practical
consciousness that caprovide safety andcomfort (Warde, 2005) This interaction with
windows is highlighted as a sophisticated behaviour that significantly influences building
energy performance (Park, An and Jeong, 2023). Older inhabitants (those over 70) exemplify
this issue, as they prefer using windows over extract fans due to embodied habits,
highlighting that technological interventions have not been successfully integrated into their

habitual practices. This suggests that when the technological interventions are not
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understandable or do not work efficiently, inhabitants tend not to use them and they are not

reflected in their practical consciousness.

Discussions about and taking charge of the heating and ventilation controls are important
aspects in this research for understanding whether the inhabitants communicate with each
other and whether they adapt their actions as a result of household discussions, reflecting
resilience in relation to social change. The next section focuses on the relationship between
G§SOKy2f 23AS4a I YR -related Kpractikes, |- tfeir duters@ndifgsd Hoeé the

technologies, and how they implement or change their practices in relation to resilience.
7.25 Technologies an@iheirNexuswith Robustness, Adaptation and Redundancy

In this study, technologies amonsideredas the products, things and controkhat often
drive change andhe emergence of new routines. A<xGramHanssen (2008xrgues, new
technologies always demand changes in routjreexl all of the technologies in our homes
(such as washing machines, fridges, etc.) have gone through the piidsesignew for the

inhabitantsbefore beconng embedded in daily life over time.

In this case study, the housing association employs neighbourhood officers who visits the
K2YS&a Ydz GALX S GAYSa | @SIFEN)I G2 tAai0Sy GKS Ay
of a bridge between the inhabitants and the housing association. However, despite these
visits, many inhabitants still struggle to use the energiated controls, leading them to rely

on established routines rather than adopting these systems. This reliance is particularly
evident among older inhabitants (those over 70), vdtauggle with technical interfaces and
instead continue their embodied habits, such as opening the windows rather than using
extract fans. Similarly, those unfamiliar with the heating programmers prefer to use manual
operation, which is an ingrained heating practice for the inhabitants. These ingrained habits
can change or develop when inhabitants gain the necessary skills and are exposed to these
practices (Heidenstrgam and Kvarnlof, 2018; Larsen and ®&tamssen, 2020). From a
practice theory perspectivahese challenges underscore how kntww, technologies and
embodied habits shape household energy practices (Gtamssen, 2010). The
unawareness of trickle vents, despite the availability of a home user guide, highlights that

simply providing information is insufficient. Knowledge must be embedded into practice



through direct engagement and the acquired knowledge must be implemented through
guidance. Thus, in this case study, more collaboration and engagement between the design
team and the inhabitants is needed to improve the krabow and understanding of the
technologies within the homes. This aligns with Anderseal. (2022), who emphasise the
importance of involving future users in new technological processes to ensure they can be
incorporated successfully into household practices. Therefore, mere exposure to new
technologies is insufficient; inhabitants need hammsengagement and tailored guidance to

understand and turn technical knowledge into practical kFAzow.

Alternative heating controls and their relation with kndww and embodied habits are
AAAYATFTAOIYH 6KSy O2yaARSNAYy3a GKS ydzYoSNI 27
AYKFEOAGIYyGaQ KSFGAY3 YR @SYGAftl A2y LINF OGAC
Narozny and Chatterton, 2016; Stevenson, 2019). Inhabitants adopt alternative methods to
maintain comfort, particularly when systems fail or work inefficiently. This adaptive
behaviour reflects a form of resilience, as inhabitants provide themselves solutions such as
using kettles for hot water, portable heaters for space heating, dehumidifiers to remove
excess moisture, or even leaving ovens open. Notably, the inhabitants who are under 70

tend to combine using both extract fans and windows to increase air circulation due to
extract fans not working efficiently, demonstrating a more adaptive engagement with
ventilation controls. The family with children also integrates multiple strategies to maintain

air circulation and do not rely only on extract fans, reinforcing the notion that demographic

factors influence how energy practices evolve.

The policy regarding overheating emphasises that before using any mechanical cooling
system (e.g., portable air conditioning units), housing should meet the requirements through
passive means of ventilation, such as windows and extract fans (HM Government, 2021a).
However, the study highlights dissatisfaction with extract fans, leading some of the
inhabitants to seek additional means of ventilation control to enhance air circulation, such

as portable air conditioning units. Wright and Venskunas (2022) atigaie using solar

shading and natural ventilation systems will be required to reduce overheating considerably,

as there will be a large increase in overheating by the 2080s due to climate change. The
AYKFEOAGIY(GaQ LINBFSNBYyOS (2 y24 o6dz2 Fy AN O
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constraints and rising energy bills. In this regard, having effective alternative passive means

of ventilation and properly working ventilation controls are crucial.

Additionally, redundancy is a key driver and a crucial factor for resilience (Stevenson, 2019).
Some inhabitants expressed concerns about extreme situations like power failures during
the energy crisis, particularly elderly inhabitants who rely on electricity for medical needs, or
increased usage of energglated systems due to increased occupancy levels. Given the
increasing frequency of extreme events like the global energy crisis, pandemics and-climate
changerelated disruptions, the ability to maintain essential energy services is becoming
crucial (International Energy Agency, 2022a). Stevenson, Bakdeskany and Chatterton
(2016) emphasise that redundancy in housing design is essential to mitigate such risks.
However, financial constraints often prevent housing associations from incorporating backup
systems, as the design team mentioned, such as renewable energy generators. This
highlights a conflict between economic limitations and the necessity for resilient housing

design.

When the design team evaluated the estimated energy use of the housing, they did not
estimate the potential energy consumption effects of extra equipment that the inhabitants
might provide themselves if a system fails. According to National Energy Action (2023),
supplementary heating equipment like fan heaters are among the highest electricity
consuming appliances in the home. Thus, inhabitants using extra heating equipment will
likely have a higher energy consumption than estimated by the design team. This links back
to knowhow and habits of inhabitants, because understanding how the enreigyed
systems work and implementing this learning process in their practices can impact energy
use within their homes (Hansen, Grafsanssen and Knudsen, 2018). Proper knowledge
could reduce the need for alternatives, but if issues are related to maintenance or power

failure due to extreme events, institutional support is necessary to provide backup options.

The following section provides guidance on how to futpreof social housing based on the

findings.
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7.3 Futureproofing Social Housing

Future proofing in this context refers to ensuring that energhated systems and social

housing are robust, offer redundancy and are adaptable to allow maximum inhabitant
engagementAs the study of Georgiadou, Hacking and Guthrie (2013) mentions, to minimise

the need for future energ Ay 3 | OGA2Yy as 0 dzAEINRAZY HIR Qi KR&
integrating durability, flexibility, technologyadiness and adaptability to changing

inhabitant practices.

A crucial consideratiowhen future-proofing social housing isow socialand technological
structuresA Y T f dzSy OS dallyypractticed andl rgulirie#is also critical to understand
how energyis used to carry out or change social practices (Pullinger, Lovell and Webb, 2014;
Hansen, GranHanssen and Knudsen, 2018ocial changes have reshaped heating and
ventilation practices, with different age groups having varying enestipted practices,
especially during extreme conditions such as the Ga9igpandemic. Although this study
was not initially designed to investigate extreme situations like Cboidnd the concurrent
energy crisis, these circumstances provided valuable insights into how future extreme

aAlddza GA2ya YAIKG AYLI OGO AyKFEoAGlIyGaQ SySNHe

Material arrangements such as building characteristics and technologiegluence

inhabitants to reconfigure their energglated habits KHansen, GrarHanssen and Knudsen,
2018;Shove, 208). Ly G KA & OFasS &addzReéez @I NAR2dza Tl OO0 2 NE
housing typology and age. For instance, inhabitants over 70 who live on the ground floor

tend to use their heating more frequently, as they often feel colder than those under 70 and
because the groundloor flats are generally colder than those on upper floors as cold air
entering the doorway remains at lower levels and does not rise. Furthermore, those on the
ground floor have different habits in their use of doors and heating systems compared with
first-floor inhabitants. To improve resilience in future social housing developments,
incorporating design features like foyers could help reduce heat loss when the entrance

doors are opened.

Another futureproofing measure involves revising or recommending housing and energy
policies. Bartiawet al. (2014) argue that energy policy recommendations can be made by

enriching the components of practices through linking doings (practical actions) and sayings
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(understandings) while strengthening the engagement between these components. As
climate change leads to more frequent heatwaves in the UK, developing combined strategies
with the social housing association and inhabitants is essential (refer to Section 7.2.3). These
combined strategies could include better guidance from the design team to inform and
guide inhabitants on the impacts of opening windows during heatwaves. While guiding the
inhabitants, the social housing association must also provide solutions that improve air
guality in homes and reduce the risk of overheating. It is crucial for the inhabitants to
understand the potential effects of heatwaves and follow the guidance by adapting their
practices according to changes in their institutionalised knowledge. Given the rising
temperatures in the UK (UK Health Security Agency, 2024), home user guides should be
updated for homes built before 2022, and homeowners or housing associations should be

informed of these changes.

Ventilation policies also need to be reconsidered in the light of climate change. According to
Approved Document F and BS 5925, purge ventilation can be achieved with-sstiegle
ventilation when there is a°€ temperature difference between indoor and outdoor air (HM
Government, 2021b). Given the changing climate and its effects, such as heatwaves, this
policy needs to give inhabitants a clear understanding of when to open their windows. Policy

recommendations are detailed in, Section 8.4.1.

Educating and communicating with both the design team and inhabitants is another strategy

for future-proofing. Establishing educational programmes and training activities could
AYUGS3aINIiS YR AYLNRGS 020K GKS LINRPTFSaarzyl f
potential renewable heating and ventilation equipment. This is significant because it will
AYF2NY RSAAIYSNA | o02dzi AYyKFEOAGIEYGAQ loAfAdER
and Burgess, 2023), and offer inhabitants the opportunity for hasrd€ngagement with
energyrelated systems alongside professionals. Community learning projects supported by

the social housing association or local authorities could also enrich this knowledge. Such
initiatives could improve communication and collaboration between the design team and
AYKEFEOAGIyGazs LRaAGAOSt e AYyONBFaAAY3I AYKFEOAGLlY

of their understanding, as mentioned in Section 7.2.4.
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Regular POEs should also be conducted every few years to assess ongoing challenges related
G2 KSIFOGAY3 YR GSYyUGAtl A2y ® th9 AyOfdzZRSa AyE
their homes, providing deeper insights into the problems they face, including those affecting

air quality (Federal Facilities Counci001; Maslova and Burgess, 2023herefore, a

strategy needs to be developed to ensure social housing associations collaborate more
closely with households and conduct evaluations of heating and ventilation systems more
frequently. These evaluations could also help address maintenance issues such as boiler
malfunction and ineffective extract fans. As a result, inhabitants would not have to
compensate for system failures, meaning any increase in energy bills would be due to

national price increases rather than inefficient energy use.

Finally, incorporating redundancy into social housing design by integrating backup systems
within homes is a critical futurproofing measure (Stevenson, 2019). In this case study,
particularly concerning knoswow and embodied habits, most inhabitants provide their own
alternatives rather than rely on the housing association. Inhabitants often buy themselves
alternative equipment as a backup and, even when there is no problem, they feel safer
having extra equipment (e.g., portable heaters, portable air conditioning units,
dehumidifiers) just in case the heating or ventilation system fails. This demonstrates how
inhabitants enhance the redundancy of their homes to promote norms of comfort and
usability (Shove and Trentmann, 2018). Ensuring that social housing include@ built
redundancy, particularly for vulnerable inhabitants, is crucial in the face of increasing
extreme events like power cuts. Alternative systems, such as solar backup generators and
solar panels, could enhance resilience. The architect from the design team noted that,
although renewablesnergypowered backup generators were often integrated into newly
built homes, they had been excluded from this case study due to budget constraints.
Therefore, UK social housing associations should allocate additional funding for renewable

energypowered backup systems to mitigate the impact of future extreme events.

7.4 Sunmary
¢tKS RAGSNAS LINFOUGAOSE 2F AYyKIOAGlIYyGa IyR GKS
ventilation were analysed in Chapters 5 and 6 in terms of resilience. In this chapter, all these

findings have been discussed with reference to practice theory and the resilience drivers,
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from which the researcher developed the resilience and practice theory framework diagram

(see Figure 7.1) as an analytical tool to synthesise the evidence from Chapters 5 and 6.

Some key points were highlighted in this discussion chapter. The first point discussed is
institutionalised knowledge and awarenesshich highlights how thd Yy Kl 6 A G yiaQ f
awareness of energf Bt SR O2y iNRfa o6Sd®PaIPT GNAROTES @S
about not opening windows during heatwaves affects resilience in social housing (refer to
Sections 7.2.2 and 7.2.3). This underscores that resilience can be achieved by awareness

and, in turn, knowhow.

Another point to highlight from the discussion chapter is abbrgaking the learning curve

and actual inhabitant understandidy ¢ KA & KAIKE AIKGa GKS AYyKIFOA
heating and ventilation controls that are seen as the norms in the UK by the design team,

and how the design team assume inhabitants can easily break their existing habits by
learning to use new technologies. This underscores a significant gap between the design
0SIYQa | aadzyLiA2ya -dandtheB actual ftacticds {réfey td Settion] v 2 4
7.2.2).

Practical knowledge and implementatias another key point highlighted in the discussion
(refer to Section 7.2.2). Despite having neighbourhood officers and home user guides,
inhabitants still find it challenging to use some of the energy controls (e.g., heating
programmers, extract fans) due to lack of practical knowledge. Therefore, resilience can be
achieved by offering handsn engagement opportunities and guidance to help the

inhabitants gain practical knowledge and implement this knowledge into their practices.

Another key point discussed in this section is hogcessity builds knotow. Inhabitants

who spend most of their time at home gain kndwow by engaging with energglated
controls, which then becomes ingrained in their practices. This highlights how necessity
builds a form of knovhow and confidence that gives responsibility to the inhabitant who

has this practical knowledge (refer to Section 7.2.2).

Discussions as shared decisi@another significant point discussed in this section (refer to
{ SOUGA2Y TOHPNODP LYyKFEOAGIEYGAQ RA&aOdzaairAzya K

thermostat, and this shared decision is structured around indoor thermal comfort and
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TAYEFYOALE O2y&iGN}Ayda RdzS G2 (GKS SySNAe ONX:

ability to adapt to external disruptions via discussion.

The inhabitants tend to havadditional alternativesvhen they think that the heating and
ventilation systems do not meet their needs or if they want a backup option; however, these
alternatives are not provided by the design team (refer to Section 7.2.5). This shows that
designing redundancy into social housing is an opportunity to increase its resilience, so that

it can continue performing even if the heating or ventilation system fails.

Lastly, Section 7.3 highlights insights on futpreofing social housing by suggesting actions

that should be taken when designing resilient housing.

16¢€



CHAPTER 8. CONCLUSION

8.1 Introduction

The aim of this study was to explore and understand robustness, adaptation and redundancy

Ay NBtIFGA2Yy G 2-related priaciicesiin el buBehddy Ghisided 1 identified

GKF0O K2dzAAy3 YR AYKFoOAGFEYy(daQ LINI OGAOSa KI @€
a0dzRAS&sT yR G(KS ySEdza 06Si6SSy a20Alf K2dzaA,

energyrelated practices remains largely implicit.

Chapter 2 reviewed the existing literature on resilience and-posupancy housing studies,
including previous research and government documents. This chapter highlighted the
research gap, presented the search strategy in Table 2.1, and summarised key representative
studies on resilience in the UK over the last 10 years in Table 2.2. It was noted that no
existing study has simultaneously focused on robustness, adaptation and redundancy. This
chapter also achieved Objective 1 by describing the opportunities for and barriers to

resilient social housing in the UK.

Chapter 3 outlined the research approach and introduced the practice theory framework

that is adopted in this research. The practice theory approach was chosen because it
combines various individual human and Almaman aspects that other epistemologies focus

on and reveals how these aspects interact through practice as a nexus, as explained in
Section 3.2. This chapter also explained how Gramy da Sy Qa o6unmn0 LN
approach could identify underlying factors of resilience in social housing and uncover hidden

inhabitant practices that influence the resilience of social housing in the UK.

/ KFLWGSN) n SaidlofAakKSR GKS YSGiK2R2t23AO0FEt ol
guestion guiding this study wagiow can social housing performance be futpreofed
OKNRdzZAK | o06SGGSNI dzyRSNARGFYRAY3I 2F AYyKFOoAGL
robustness, redundancy and adaptation within resilience over tilfe? underlying sub

guestions focus on understanding: (1) the main opportunities and barriers to resilient social
housing in the UK; (2) the underlying factors of robustness, adaptatiorreduhdancy in

these housing developments; (3) how inhabitants discuss their eretgied practices

within the household and how this interfaces with resilience; (4) how social housing can be



future-LINE 2 FSR (G2 0S02YS Y2NB NBaAfASYyd 20SNI GAY
energyrelated practices in terms of accommodating social changes and how their energy
related practices change over time or in the face of extreme events, a case study approach

was adopted to understand these processes within a particular setting.

/| KFLJASNRE p FYR ¢ LINBaSyGtdSR GKS aiddRReQa TFA\
ventilation systems, respectively. Objective 2 was achieved by exploring the underlying
factors of resilience in terms of these systems from both the inhabitant and design team
perspectives. These chapters also explored how inhabitants discuss and collaborate about

their practices within their households (Objective 3).

Chapter 7 discussed these findings, and linked the three drivers of resilience (robustness,
adaptation and redundancy) and practice theory elements together by using the resilience
matrix developed by the researcher. This chapter achieved Objective 4 by identifying key

insights for futureproofing social housing considering resilience and inhabitant practices.

This chapter summarises the outcomes of this study and goes into more detail to answer
GKS NBXAaASINOK ljdSadArzyad ¢KS OKIFLIWGSNI GKSy A
1y26ft SRAST LREtAOE YR LINFYOGAOS® CAylfter (K

opportunities for further research.

8.2 Key Research Findings in Relatidhedresearch Questions
8.2.1 Research Question 1

What are the main opportunities and barriers for designing robust, adaptable and

redundantsocial housingn the UK?

To answer this research question, data were gathered by exploring the state of the art of the
topic through an extensive literature review (Objective 1). The key research findings are

summarised as follows:

1- Robust housing desigrOne of the opportunities provided by a resilient housing design
is the ability to withstand environmental disruptions. A robust housing design is essential
for energyrelated systems to continue functioning despite external factors such as the

energy crisis and heatwaves. The findings suggest that integrated passive design
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strategies (e.g., crosgentilation, improved ventilation systems, proper insulation) and
future-proofing measures to maintain liveable conditions during external disruptions

provide opportunities for resilient social housing.

Demographic considerations and health benefitdnother opportunity for designing
resilient social housing is adapting homes for social change. By 2039, over 70% of
households will include at least one person aged 60 or older (Chenhaai, 2016;
Copeman and Beech, 2022). Therefore, resilient social housing that prioritises improved
air quality and temperature regulation presents an opportunity for the ageing population

in social housing.

Integration of smart and resilientenergy systems Incorporating smart energy systems
into social housing can provide reti@he information on energy usage, enhancing energy
efficiency (Office for National Statistics, 2023However, these smart energy systems
present an opportunity only if they are usable and understandable for inhabitants. If
these systems are not uséiendly, they may lead to issues within the home, such as
inhabitants struggling to use the smart energy systems correctly. This could create a
disparity between the intended design and the actual usage, highlighting a critical design

challenge.

Lack of inhabitant knowledgebout resilient energy systemsOne major barrier is the

lack of inhabitant knowledge of and engagement with new energy technologies. This can
lead to misuse, inefficiency and reduced effectiveness of ersmging systems. This
underscores the importance of inhabitant understanding in achieving the intended

performance outcomes.

Financial constraints: Social housing providers face pressure to manage rising
operational costs, including higher energy prices, while dealing with reduced funding and
financial challenges to meet decarbonisation goals (House of Commons Levelling Up,
Housing and Communities Committee, 2024). Additional financial pressures, such as
addressing delayed repair costs from the Cel@dpandemic and supporting vulnerable
AYKFoAGOlIyGas KAYRSNI K2dzaAy3a aaz20AlGA2yan

presents another barrier to developing resilient social housing designs.



6- Need for redundancy The encouragement to design resilient homes that use smart
energy systems introduces new challenges for redundancy. The failure of one single
component could result in a total system failure in smart energy systems, creating a
significant barrier. This finding suggests that social housing design needs backup systems
to ensure continued functionality in the event of mechanical failures, thereby enhancing

resilience.

8.2.2 Research Question 2

What are the underlying factors of robustness, adaptation and redundansgdial

housing developments?

Answering this question relied on reviewing documents from the social housing association
and analysing data collected from the design team and inhabitants (Objective 2). The data
gathered from the design team and inhabitants were compared to understand the design
intentions and the underlying factors of resilience within the case study. The key findings

regarding the underlying factors of resilience drivers in social housing include:

1- Breaking the learning curvewith new technologies This is one of the significant
findings from the design team interviews. They stated that the heating and ventilation
systems used in this case study are the norm in the UK, so they assumed that the
inhabitants living in these homes would understand how these systems operate.
Therefore, when new technologieare introducedin homes, they introduce a new way
of practice,which the design team views a learning curve by breaking the previous
habits. Howeverthis study alsdound that someinhabitants struggle to use the heating
and ventilation controlsbecause they daot understand then or they are unable to
implement their understandingnto their practices, contrary to the design tear® a
characterisationofi KSaS O2y (i NRBf& Iad Wy2NXaQ Ay GKS )

2- LYKFOoOAGEFYyGAQ dzyl g NBYy Saa Ithabitakts/afeluhaivazi ot 2 y | £ A
GKS o0dzAf RAy3a NB3IdzA FGA2yaQ | ROAOS 2y y20 2L
I NBE fa2 dzyl g NB 2F GKSANI g6AYyR26aQ GNRO]f S
trickle vents and their role in ventilation integrate their use into their practices, thus

complying with the regulations. This significant finding emphasises that effective use of
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energyrelated controls, thus resilience, can be achieved through awareness and, in turn,

know-how.

There is a gap between resilience and kndww: The usability challenges that
inhabitants face due to the lack of knowledge of the usage of eresigyed controls
LINB@SYyid GKS AyaSaNraazy 2F (GKSasS O2y(iNRf 2
particularly evident among older inhabitants, who are not familiar with technological
AYGSNFIFOSad ¢KAA RAAO0O2YyYySOG 0SG6SSy (GKS Ay
the energy controls makes it difficult for them to break their embodied habits and adapt

their practices.

Mere exposure to technologies is insufficientnhabitants find it challenging to use

certain energyrelated controls (e.g., heating programmers, extract fans), leading them

to rely on their established routines instead of adapting to these systems (e.g., using
windows rather than extract fans). In addition to having neighbourhood officers and
K2YS dzASNJ 3dzARS&azx (y2¢6f SRIAS Ydzad o06S SYoSRI
RANBOG Sy3r3asSySyid FtyR 3JdzARFIFyOSo® ¢KAa aAiAiday
mere exposure to confusing energglated controls is inadequate. Effective use of these

controls, and therefore resilience, can be achieved through hamdsngagement and

guidance to help inhabitants understand and implement technical knowledge into

practical knowhow.

Financial constrainthinder redundancy Inhabitants supply themselves with additional
equipment when energy systems fail or work inefficiently. This behaviour is closely linked
to the knowhow and habits of inhabitants, as understanding how energy systems
function and applying this knowledge into their practices can significantly influence
energy use within the home. Although proper knowledge can reduce the need for
alternatives, issues like maintenance or power failures due to extreme events, are
beyond ndividual control. In such instances, institutional support is crucial to ensure
access to backup options. However, the social housing association has a limited budget
that restricts the availability of backup systems, such as renewatdegypowered

generators. Redundancy, and therefore resilience, can be achieved through both
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individual and institutional support, as it depends on the knowledge and adaptability of

inhabitants as well as institutional support.

8.2.3 Research Question 3

How do inhabitants discustheir energyrelated practices in the household and how
does this interface with the robustness, adaptation and redundanspamlhousing

design?

This research question was addressed by exploring the resilience drivers of social housing
FYR AYKFEOAGFYy(daQ LINFOGAOSax AyOfdzRAYy3d GKSANJI

are based on analysing the data from the seniictured interviews and usability survey

using thematic analysis and mapping (Objective 3).

1-

Necessity builds knovhow: It is found that the inhabitantsvho spend the most time at

home take the responsibility for using windows and room thermostats. They gain-know
how through repeated engagement with these controls, which becomes ingrained in
their practices. In contrast, those who are present less often have limited exposure to
these practices, and so the responsibility rests with those with more experience and
confidence. This highlights how necessity builds a form of practical knowledge and

confidence, placing the inhabitants with kndww in charge.

Room thermostat use as a shared decisidrhe findings reveal that inhabitants discuss

using the room thermostat, and this engagement is structured around balancing comfort

with financial constraints due to the energyisis. This shared decisiomaking process

can be seen as collaboration among the inhabitants, who actively participate in
determining their heating choices. This is significant for developing routines and
KAIKEAIKGEA GKIFG NR2Y GKSNyz2adlkda INBE SYOSR
also indicates that external disruptions (e.g., the energy crisis) can reshape heating

LIN) OGA0Sa YR AyFtdzSyO0S (GKS AyKFIoAllydaQ ||

Gap between intended functionality and actual engagemeinhabitants express a lack
of confidence in the effectiveness of extract fans, as they are either inefficient or do not

function as intended. This leads inhabitants to use additional ventilation methods, such



as opening windows and doors, alongside extract fans to continue their ventilation
practices. Additionally, older inhabitants (those over 70) prefer using windows over
extract fans and rely on familiar habits that provide a sense of confidence and safety.
These findings indicate that extract fans have not been successfully integrated into the
practical consciousness of inhabitants, leading them to rely on embodied habits. The
significant point here is that the inhabitants demonstrate embodied adaptability, either

by adopting additional alternatives or by continuing with familiar practices that

contribute to resilience in social housing.
8.2.4 Research Question 4

How cansocialhousing be futurgroofed to become more robust, adaptable and

redundant over time?

This research question was answered by identifying key insights and recommendations to
SYKFIyOS dzy RSNEGFYRAY3 2F NBaAf adaed practRed A | £ Kz
and thereby futureproof homes (Objective 4). The foundation for addressing this research

guestion involved data analysis, interpretation and triangulation.

1- Design adaptations to support energglated practices:Social housing design should
consider responsive design features regarding how enefged practices change
based on factors such as age, location within the building (e.g., ground or first floor), and
personal comfort needs. Incorporating transitional spaces like foyers in newly built social
housing can help minimise heat loss and prevent cold air entering the main living area
when entrance doors are opened. Incorporating redundancy by implementing backup
systems (e.g., solar backup generators, solar panels) can ensure that social housing
remains liveable during heating or ventilation system failures. This is an increasingly

critical need in terms of extreme disruptions like heatwaves or power outages.

2- Revision and recommendati®on housing and energy policieslong with practical
guidance Current ventilation policiege.g.,Approved Document F and BS 5pRflicate
that purge ventilationshouldbe implementedwhen there is & C differential between
indoor and outdoor conditions. However, this information is not known by the

inhabitants leadng them to open their windows during heatwavesnawarethat this
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impactsindoor air quality by increasing humiditgvels Therefore,updated guidance is
necessanto help inhabitants understand when and how to ventilate their homes safely.
There should be guidance about updating home user guides, particularly for social
housing built before 2022 (when the policy on heatwaves was issued), to inform
inhabitants about the policy changes and ensure that eneeipted practices remain

aligned with changing conditions.

3- Institutionalised knowledge and energyelated practices changerhis study found that
inhabitants struggle to understand and use the heating and ventilation controls (e.g.,
trickle vents, heating programmers, extract fans) that are considered norms in the UK.
Therefore, collaborative strategies between design teams and inhabitants can help
ONAR3IS G(GKAa 3IIL FYR SyKIyOS AyKIFIoAGFEYyGAQ
energyrelated practices. These collaborative strategies include conducting POEs every
few years after inhabitants move in to identify any issues or challenges they face with
the energyrelated controls; and education and community learning projects that
provide handson practical sessions and technical knowledge to improve mutual
understanding between inhabitants and design teams. For example, developing mutual
guidance (with the design team and inhabitants) on window usage during heatwaves
strengthens shared responsibility for energy performance and comfort. During POE,
AYKFoAGlyGtaQ FSSRol Ol 2y UKSANI SYO2RASR KI
additional equipment like dehumidifiers, portable fan heaters) should be integrated into

evaluations to enhance resilience in social housing.

8.3 OriginalContributionto Knowedge

This research niesoriginal contribution to knowledge in three distinct arediseoretical,

practical, and policy contributian It contributes to knowledge by redefining resilience in a

way that is practicdbased, rather than viewing resilience through conventional
infrastructurefocused or energgystem efficiency definitions. This research proposes a new
understanding of resilience a#G KS oAt AdGe 2F (GKS K2YS G2 Ol
alternative options to maintain the preferred state and adjustments to reduce the impacts,
SOSY AF (GKSNX Aa seeSeckidn 7.2).0Mkg dgfiditon r2f@iSeNTesiliangeS Q 6
02 AYO2NLERNI GS AYyKLF 0 A-Oowynd adaptive Yapaies. SR Kl 0 A G4z
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8.3.1 Contribution to Theory

This research makes an original theoretical contribution by integrating practice theory with
resilience, providing a more comprehensive understanding of heating and ventilation
practices. While practice theory has been widely used to understand how endejgd
practices are shaped (Grananssen, 2010), it has not been used to explain how these
practices respond to external disruptions such as climate change, energy crises or
pandemics. This study addresses this gap by explaining how and why practices change, and
how these practices withstand or adapt to external disruptions. Therefore, this research
contributes to practice theory by incorporating resilience dimensions (robustness,
adaptation and redundancy) into the analysis of enamggted practices. This allows for a
dynamic understanding of how energy practices not only change over time, but also respond

to shocks and failures.

Theresiliencepracticetheoryframework(refer to Figure 7.) developed as an analytical tool

by the researcher, integrates the four elements of practice theory developed by -Gram
Hanssen (2010) with resilience drivefsobustness, adaptation, redundancy). This
framework provides a structure that connects practices with resilience, both collectively and
individually, through different research methods. It offers a common language for the actors
(design team and inhabitants), and a model that integrates these findings to examine the
adaptive capacity of energglated practices in social housing. This integration supports a
deeper understanding of how routines are performed, how discussions among the
inhabitants develop over time, and how inhabitants make use of alternative emelated

controls to maintain comfort and energy practices in their homes.

CKAA aldRe F2dzyR (GKFG AYKIoAGIYGEaQ | o1 NBySa

regulations regarding the function of trickle vents) significantly influences the integration of
this knowledge into their practices. This highlights that resilience and effective energy

related controls can be achieved through increasing awareness and, in turn;Hovaw

This study contributes to understanding how frequent exposure to enexigyed controls,
such as spending more time at home, leads to increased engagement with these controls

and, therefore, greater knovow. Responsibility for managing thermal comfort tends to lie
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with those with greater experience, reinforcing the idea that necessity builds confidence and

know-how in energyrelated practices.
8.32 Contribution to Practice

This study contributes to practical knowledge by highlighting that engagement and direct
support are essential for inhabitants to understand energhated controls and implement

them in their practices. Despite the availability of home user guides or neighbourhood
officer support, many inhabitants rely on their embodied habits (e.g., using windows instead
of extract fans) due to usability issues. This points to a need for embodied learning
mechanisms in housing design and policy. This aspect also emphasises embodied
adaptability in relation to usability limitations, offering new insights into how resilience is

performed in daily life.

¢tKAa NBASIENDK |faz2z ARSY(GATASa | arx3ayAFAOlLyi
practices, even though this case study included heating and ventilation systems that are
considered standard in the UK. While the design team perceive these systems as norms in
the UK, many inhabitants (especially those over 70) struggle to understand and use them.
This challenges the assumption that standardisation equals accessibility and understanding,
highlighting the need for inclusive design approaches that account for varied levels of

inhabitant knowledge and usability, thereby increasing resilience.
8.3.3 Contribution to Policy

Findings from the research confirm the critical importance of the underlying factors of
NEaAfASyOS Ay &20Alf K2dzaAy3d |yR ddaed AYKI 0
practices to identify key insights to help futupgoof homes. There are significant findings

relevant to policy and practice in the UK:

1 Inhabitants lack knowledge and awareness of the eneeipted controls in their
homes and this affects their energglated practices during extreme events.

T ¢KSNBE A& | RAFFSNBYOS o0Si06SSy 1 kehtedh Yy KI 6 A
controls and the design intentions.

1 There is a need for additional alternatives within social housing.
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Combined strategies should be developed with the design team and inhabitants.

These strategic findings and contributions to practice and policy inform the detailed

recommendations in the next section.

8.4 Recommendations

8.4.1 Policy Recommendations

Specific recommendations for policy, reflecting resilience in housing within the UK policy

context detailed in Section 2.7, the heating and ventilation practices detailed in Chapters 5

and 6, and discussion in Chapter 7, are as follows:

1-

¢KS OdNNByld NBGASS 2F ! LIINRPYSR 520dzvySyi
should state that the programmer for the heating system should be understandable
for inhabitants, so they can easily schedule their heating according to their

preferences, which will help them reduce their energy bills.

¢KS Od2NNBy(d .dAftRAY3I wS3dzE I GA2Yya | LILINR O
O2yAARSN) NB@AaAy3d (GKS aSoOoutazy OFfttSR WwW{i
guide. This section came into effect in 2022, but in this case study, households did

not receive this section in their home user guide. Adding this section to home user
guides issued before 2022 and explaining it to households are essential to ensure

that inhabitants know about this guidance and adapt their heating and ventilation

practices accordingly, as explained in Section 2.6 and Section 7.3.

Policy and legislation on domestic heating and ventilation strategies should be
reviewed by considering resilience and extreme events. Strategies for extreme events

such as pandemic and energy crisis should be included.

In newly built social housing, esite electricity generation and storage systems are

required according to the Approved Document L (HM Government, 2022), as
explained in Section 2.6. However, due to limited budgets, housing associations need
to limit their planning and designs and prioritise their areas of focus carefully. Social
housing associations within the UK should consider allocating budgets for planning

and designing extra redundancy to futgoeoof social housing.
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5-

The current building regulations should incorporate guidelines on how heating and
ventilation systems should be used by inhabitants. This is essential to ensure that the
heating and ventilation systems provided in social housing work properly and that

inhabitants use them correctly, as explained in the home user guide and manuals.

8.4.2 Practice Recommendations

1-

This research shows that some inhabitants struggle to understand how to use
heating and ventilation controls (e.g., heating programmer), and some are unaware
of specific systems (e.g., trickle vents). There is also evidence that inhabitants do not
think some of the equipment, such as extract fans, are working properly, as explained
in Section 6.5. Conducting a POE every few years within social housing association
homes after inhabitants have moved in would benefit both inhabitants and the
housing association. It would help the housing association understand the issues
inhabitants face with energgelated systems and whether the inhabitants are using
them correctly. This is essential for the social housing association to check if these

heating and ventilation systems are working properly.

Within social housing associations, the job description of neighbourhood officers can
be updated to allow them to act as a bridge between the design team and the
inhabitants. They should be more active with the inhabitants to enhance their
practical knowledge and address any problems with eneetpted systems in their
homes. As discussed in Section 7.2.2, some inhabitants need to acquire practical
knowledge on how to use the heating and ventilation systems so they can implement
this understanding in theienergyrelated practices. This could include a collective
learning process that members of the design team can also be involved in. This
collective learning process could include the design team providing practical sessions
for the inhabitants, explaining the specific heating and ventilation systems that
inhabitants struggle with (using information gathered by the neighbourhood officer
prior to sessions) and how to use the new technologies within their homes. Practical
knowledge on energgaving methods add help futureproof homes and
AYKIE oAUl ygiae® présticeés NFhig way, the inhabitants will gain more

practical knowledge than they could from just reading the home user guide or
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manuals, which leave them struggling to implement their knowledge in their

practice.

3- Social housing associations in the UK should consider planning more flexible housing
typologies, especially pegandemic. This is essential because during Cb9jdhe
presence at home increased as household members started working and studying at
home more, increasing the need for more flexible housing typologies. These housing
typologies should include more flexible places to work or study, and design features

that provide more natural ventilation, as discussed in Section 6.2.

8.5 Limitations

One limitation of the study is that the fieldwork was restricted to Sheffield. This practical
decision was made early in the research planning, and it eliminated the need to consider
policies and regulations from other countries. However, this prevents a comparison of how
RAFTFSNBY G yIOGA2yFE LRTAOASA |yR NFBrdaetl | GA2Y 3
LIN OGAO0Sad !'a &adzOKzZ (GKS FralafeR Ypraclices dredochlgzi A Y

indicative for Sheffield; however, the theoretical contribution has wider implications.

Another limitation of the study is that the data collection process was conducted during the
pandemic. The initial data collection phase of this research was planned to be&féaee;
however, when the pandemic hit during this planning phase, the researcher revised the
approach to allow research participants to choose their interview preferences. Reaching out
to inhabitants required permission from the social housing association and coordination
with the neighbourhood officer to visit the case study site, due to the safety concerns and
the pandemic. The pandemic also affected the interview schedules with both the design
team and inhabitants, with some interviews being rescheduled due to participants

contracting Covidl9.

Another limitation of this study relates to the sample. This sample is dominated by
participants over 50 living as older couples and sHpgiesson households, and includes only
one household with children under 18. Although using snowballing sampling in this social
housing case study reflected the demographic patterns of UK social housing renters, this

approach limited access to the diverse housing demographics including families with



children. To address the gap and ensure a broader understanding of household energy
dynamics, future research could consider integrating more diverse housing demographics,

including families with children.

8.6 Further Research

This research focused on ndwild homes in the social housing association sector. The
AYKLE oAll yefatedpraftigeS didd &he underlying factors of resilience in the social
housing sector are significant for futupgroofing homes to reduce the negative effects of
extreme events caused by climate change. Thus, for further research, including other

housing types would be of value and be relevant.

In this study, he environmental conditions are considered as a control grabprefore,
future climate uncertainties are not fully captured in this thesis. Further reseencid
include climate uncertainties antheir impact on housing resilienceoald be elaborated
using a different control group for instance househokl with similardemographicsbut in

different housing locations.

Additionally, this research was limited to ndwild social housing in Sheffield. For further
research, exploring different social housing associations within the UK and countries outside
the UK, where different housing typologies, building regulations and policies affect heating

and ventilation practices, would allow for comparison and learning from other practices.

The research participants in this research were mostly over 50, and families with children
were a minority. To address this gap and to have a detailed understanding of families with
children and their household energy dynamics, future research could consider focusing on
families with children. This would provide a fuller picture of how varying household

structures influence energy use and sustainability practices.

This study adopts a case study approach informed by practice theory to explore the -energy
related practices of households. The main objective is to understand how social changes and
SEGSNY It FI O02NAR AyTFtdsSyOS AyKFIoAGlEyGaqQ OdzN
this study does not focus on individual housing histories, it contributes to the housing field

by contributing a resilience practice theory framework that outlines the dynamics of energy

practices. Future research could expand on thessgimts by integrating longitudinal and
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ethnographic approaches to analyse how past housing experiences inform present energy
practices. However, within the scope of this thesis, the case study approach offers a focused
Fylrfteara 27F AyKLI ordlaied yracicds, digiiNgN®Eitf idhe Beostiddl &

framework adopted.

During this research, the researcher developed a resilience matrix that helped to deepen the
dzy RSNARGFYRAY3I 2F (GKS ySEdzA 2F AyKFIoAGlIydaQ
research is needed to explore whether this resilience matrix adds a useful dimension to the
FyFrfteara 2F AYyKIoAGFydiaQ LINYOGAOSA |yR NB
dzy RSNEGFYRAY3 2F (GKS ySEdza 6S(6SSy-pmdingAt A S

homes.

8.7 Concluding Remarks

Reducing carbon emissions in the housing sector is critical and plays a significant role in
reducing the overall COemissionsin the UK (The UK GreerBuilding Council 2019)
However, there is a need f@ more profound understanding of how the inhabitants live in
their homes and how they use their energglated appliances tgaindeeper knowledge of

the energy performance gap. This research proposednéegrated resilience angractice

theory framework to gain a deeper understanding of how inhabitants respond to extreme
events in their homesdetermining whethertheir homesremain resilient through these

extreme events and continue performing as designed.

Academic research has explored housing energy performance at the designHaagser

0KSasS addzRASE KIS y2G | RRNBaaSR GUKS Reyl YA
three drivers of resiliencérobustness, adaptation and redundancwyhich reveals gap in

the knowledge. The current focus in the housing sector isuse advanced smart
technologies and desigmwhich assumes that inhabitantsan understand and use these
technologies and adapt their habits as intended. However, this thesis evigématein this

social housing case study, some of the inhabitants have difficumitlerstandng and usng

heating and ventilation controls that areonsidered¥y 2 NJ & Q , Acyordifigki&he | Y

design team.This shows that inhabitants neepractical knowledge and confidence to

implement their understandingto their energyrelated practices.
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Additionally the importance bextreme events (e.gCovid19, energy crisis, overheating) on
0KS AYyKLF oA lisgieaed in ithisstw@lyhigHbghiag the need for futureproof
social housinghat takes resilience into account. The findings from this study highlight the
three resilience driversnhabitants learn from their experiences by discussing, collectively
learning and adapting their habits to changesocial housing associations can provide
alternative systemso inhabitants carontinue their practices despite the negative effects
of extreme eventsand, by considering inhabitant practicespusing and energy policies in

the UKcan be revised to ensure robuspusingfor the future.

This research which revealsa deeper understanding of how inhabitants discuss their
energyrelated practices in their homes and how this can be interrelated with robustness,
adaptation and redundancy for developing resiliesaicialhousing in the UK, is therefore

both significant and timely.



Conference Paper Arising from Thesis Work

One international peer reviewed conference paper will be published from the work of this
thesis. The author gratefully acknowledges the helpful comments from the anonymous

reviewers on the conference proceeding.

¢CS1TAYS ad® OHAHPO WYwSaAftASYyOS Ay {20AFf | 2dz
''YQZ LI LISNI gAff 060S LINBaSyuSR Fd GKS {dzadl Ayl
Zurich, Switzerland, 2527 June 2025 and will be publishedl@P Conference Series: Earth

and Environmental Science (EES).
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Appendices

Appendix 1: Mapping diagram illustrating underlying factorssiience, developed by the researckesntinued next page)

Underlying Factors of Resilience
(Robustness, Redundancy and
)

Design Team
Pert Inhabitant Perspective
*...we could be saying, okay, well, instead of ten three-bed houses, we Household Social or environmental changes -
actually want four-bed houses. So that was us kind of changing our size that affected energy-use .
mind what units that we want " (D2) wiﬂx:;n:ﬂmmgmm The electricity bills aiso got really high,
- “"Maybe increase in energy bills." R2
*..It's also very often money. We can kind of have a design drawn up {——> Energy crisis
that we really like. But we might not be able 10 afford to build. We need
10 go back and look at that design and think, okay, well, how can we ¥ i
Keep hold of some of the design or make some cost savings that we m%uwmmdmmmam Yeah. So we're trying 1o be more careful over
can actually build out?” (02) Cost things.

“I think with everything, you know, we kind of consider about from a | "Wl we are trying. We are more careful now, you know, wih price and everything golng up.” R4

few angles, obviously we'll look at the impact of the cost, both in terms
v of the kind of initial cost of putting it, and in the long-term cost of
*..we'd also look at sustainability implications. So, you know, is this R, And sl cost of unaing & (02) ke
going to make the house more comfortable, cheaper to fun, warmer in
the winter. And then we'd also have a look at, | suppose, the impacts on
the final design and make a judgement as 1o whether this is worth it in

“..it's basically the increase in energy costs have really been a littie bit of an increase from me,
for working from home " R7

|-» Increase in inhabitants | “Just the working from home all the time. Obviously we use more energy * R11

terms of cost benefit analysis. * (D2) i “Well, during the pandemic we used Zoom a lot, we do had a lot of meetings. So instead of going to
meetings, we did them virtually.* R15
“..It can also be planning. You know, there were times where we Planning -
designed something, planni planners say,
Is it resikient in the long-run? hose il peiod m-?cv.:\g':'(DZ) el Household *__at the moment I've been very careful because of the cost of Iiving rises. | know it because like
. ™ demographics everybody that when you're a pensioner you've got to be really careful.” R13

“The only thing was my husband got Covid and he was on a ventilator. And since then, he feels the cold
=»  Covid more. So, we have to have the heating on more. But now, obviously with the price and we are thinking
more about it” R15

“..| suppose there are also technical things. So for example,
sometimes, well to an outline design of a building, that we might design Systems in
that we want MVHR. But we would change how the internal layout the home
building is structured.” (D2)

*You know we have a door that leads 10 the hallway. And then you walk into the living room and kitchen,
it is open planned, so we don't have any doors to, you know close. So it's, | find that especially in winter |
Planning mean, we have food delivered. In winter obviously you have to open the door, so that makes all the flat
cold." R4

“It's on when it's wintertime, where we put t in probably 40 minutes you know. Which s sufficient,
because the housing has carpets, and we only need it about 40 minutes.” R9

B “My breathing machine affected the energy-use, and we use the washing machine a lot
Using extra more regularly* R1

“..when we have a power cut and we will be in a complete darkness. So we better need something like a

backup system " R14
Also related to age

“...especially because the older generation will be affected more. | also think
like they need the electricity for those certain things, with medical conditions
and then if we are having a power cut, it should be concerned.” R14

“...we have one fiat above and one flat below us, S0 our home is quite warm.” R1

“..it's really hot most of the time, even in the winter. The flat below uses their heating system,
50 our flat does not get very cold in the winter.” R1

"In winter it's freezing, the bedroom and the bathroom. muummwmmnwem
Location of the bedroom and bathroom. So in winter we are freezing, even the heating is on * R4

e mmnmmm.nmmmwhm the fact that we are on the ground floor 50 we get the
heat rising from the ground floor * R

"Well yes, it is only because it gets 100 warm In these flats. So you have to have the windows open all the
time. To make it more ventilated, you know." R13




“I do think that it's something for us to consider because these are kind
of really ingrained ways of working within the UK and i

new way of doing it 50 that people don understand it, it's just a
learning curve and it's kind of breaking prevnus habits.” (D2)

Know-how and

mm habits

Iy

*...S0 | do think that there is something for us to consider there, both so that people can
get the most out of it in terms of getting a comfortable home, having low heating bills."

"...a more needs to be considered going forward because obviously all this new technology

is a change to how we run our homes.”
Technologies —J

...your windows clundlopen more and you've got your heating on and things like that
and just a couple of problems.

*..sometimes we have come across properties that people have the windows open and
the radiators on at the same time.”

Inhabitants' issues related to technologies 4‘

*...It can also be planning. You know, there were times where we
designed something, we put into planning and the planners say; no we
can't do that. So we need to make these changes." (D2)

*..I suppose there are also technical things. So for example,
sometimes, well to an outline design of a building, that we might design
that we want MVHR. But we would change how the internal layout
building is structured.” (D2}

Underlying Factors of Resilience
(Robustness, Redundancy and
tion)

v

Design Team
Pe Inhabitant Perspective
——— QOverheating
) issues
|
/
|
|
|
o
. Technologies
Usability issues
Planning
Systems in -
the home: T
Other issues

"So warm in here. It's unbearable " R2

“For example right now it's really hot, even in the winter we use the heating rarely.” R2

“In the daytime we are okay because we are usually in the garden and the sun moves away
after 12. But it is really hot inside. The place where | am sitting now, | burnt myself a few times.

‘S0 we have 1o close the blinds all the time. And we are using the windows open all the time in
summer.” R1

*..it has a problem with competence for 4 years. The pressure is really low when we open the

tap.* R1
li Boiler not working properly

"...the problem with the shower is, the water pressure doesn't seem to be very high."
R14

“_.when it rains, the rain comes in as | said because of the design." R

Different than the design intentions 4]4

=.It's not me. | don' like it at all because you know, you just get warm and then it will switch it

off. | suppose it seems 10 do something with it, but | don't know * R4

Issues with the room thermostat

“...the lighting bulbs are different. And 0 it's hard to find right one.” R2

Using extra lighting because of this —J

“There's a timer. But | don't know how to work it out. | don't understand the instructions.” R3

“the windows have the locks on them. So when you close the window, you tum it to
‘counter clockwise 1o lock it. Sometimes it won't lock. So you have 1o call for maintenance
and you have 1o wait a couple of weeks to change the lock.” R14

“...we get a little condensation you know in winter.* R4

Not enough ventilation

"In the bathroom when | have a shower, | have it on all the time in shower. It's alright in the
bathroom. | always leave the bathroom door open anyway to let steam out. | don't keep the
door shut." R13

“We have a lot of mould on the windowsills, in the bedrooms and in the room as well. When we first
moved in, the builder said when you seftie down, then it will go back to normal. But it never had." R14

"I think going forward you're going to have to be aware of what is going 1o happen in terms of
where, you know, when the boiler breaks..." R7

“_.we sort of leave it as it is because it is 50 annoying and frustrating. And | don't understand it,
about the instructions. | don't know how many times | tried and work something out and | cant
doit" R15

"I's not broken down this year but couple of years ago it broke down twice " R18

Boiler issues

“The only thing that's wrong with this place is, you know, the fans in the bathroom. You know, the
extractor fan. It's seven-foot high. It's right up near the roof. So, | have to get a chair ta put iton. Or, |
have to wait for my husband to turn it on.” R18

"Because our home has got a lot of stairs. I've got a condition and | struggle getting up and down

the stairs." R3

r Issues related to age and accessibility —I

*.all the things are okay apart from the bathroom. Which is builtfor the younger generation

but we are

mostly older generation here, mostly over 50s. Yeah, we need to have just a shower on a wet room. So |
don really see the point 1o put baths in these premises when there is mostly older generation living

here.” R14



Appendix 2: Usability survey data analysis using SPSS

-.a Usability Survey Data Analysis_latest.sav [DataSet1] - IBM SPSS Statistics Data Editor

r_:'? H —.] . " ake B E % % @I ﬂﬂ | j _].u @ H ‘QSearth application I
33 : ParticipantiD Visible: 121 of 121 Variables
& Pa;ilc[:)ipa & Age &> Gender & TypyDIDg é igrfl;boir & FI:tDirol;.oc & Hm.;;eho & Tir:::tH & Ust:’rfui & UserGuideOperate & UserGuide:‘laintenanc Iélis‘iif;l;g & C:::ir:glﬂ P ;T:I::tt: é :Ieenaatrllr;grrac;: & Boiler & ngl
ms quipme.. g edure
1 1 51-70 Female Flat 2-bed Ground fl... 1-3 people Most of th... Yes Below average Poor Below ave... Above av... 99 Yes Yes
2 2 51-70 Male Flat 2-bed Ground fl... 1-3 people Most of th... Yes Below average Very poor Excellent Excellent  Excellent Yes Yes
3 3 51-70 Female Flat 2-bed Ground fl... 1-3 people Most of th... Yes Below average Below average Poor Excellent Excellent Yes Yes
4 4 Over 70 Female Flat 2-bed Ground fl... 1-3 people Most of th... No 99 99 Below ave... Above av... 99 No Yes
5 S Over 70 Male Flat 2-bed Ground fl... 1-3 people Most of th... No 99 99 Poor Average 99 No Yes
6 6 51-70 Female Flat 1-bed  First Floor Other Most of th... Yes Excellent Excellent Average  Excellent  Excellent Yes Yes
7 7 51-70 Male Flat 2-bed  First Floor 1-3 people Most of th... No 99 99  Excellent Above av... 99 Yes Yes
8 8 30-50 Female Flat 2-bed  First Floor 1-3 people Most of th... | don't kn... 99 99 99 Very poor Very poor No Yes
9 9 51-70 Male Flat 2-bed  First Floor 1-3 people Most of th... Yes Excellent Excellent  Excellent  Excellent  Excellent Yes Yes
10 10 51-70 Female Flat 2-bed  First Floor 1-3 people Most of th... Yes Excellent Excellent  Excellent  Excellent  Excellent Yes Yes
11 11 51-70 Male Flat 2-bed Ground fl... 1-3 people Most of th... No 99 99 Good Good Good No Yes
12 12 51-70 Female Flat 2-bed Ground fl... 1-3 people Evenings | don't kn... 99 99 Average Good Good Yes Yes
13 13 51-70 Female Flat 1-bed  First Floor Other Most of th... Yes Excellent Excellent Average Excellent 99 No Yes
14 14 51-70 Male Flat 2-bed Ground fl... 1-3 people Most of th... | don't kn... 99 99 GCood Good 99 Yes Yes
15 15 30-50 Female Flat 2-bed  First Floor 1-3 people Evenings Yes Above average Excellent Above av... Average  Excellent Yes Yes
16 16 51-70 Male Flat 2-bed  First Floor 1-3 people Evenings Yes Good Excellent Good Below ave... Good | don't know Yes
17 17 Over 70 Female Flat 1-bed Ground fl... Other Most of th... Yes Above average Above average Poor Good 99 No Yes
18 18 51-70 Female Flat 2-bed  First Floor 1-3 people Most of th... Yes Above average Above average Average Average 99 Yes Yes
19 19 51-70 Male Flat 2-bed  First Floor 1-3 people Evenings Yes Above average Above average Above av... Good Good Yes Yes
20 20 51-70 Female Flat 2-bed  First Floor 1-3 people Most of th... Yes Above average Above average Good Excellent 99 I don't know Yes
21 21 51-70 Male Flat 2-bed  First Floor 1-3 people Most of th... | don't kn... 99 99 Excellent Excellent 99 | don't know Yes
22 22 QOver 70 Female Flat 2-bed Ground fl... 1-3 people Most of th... Yes Excellent Above average Average Good Very poor Yes Yes
23 23 51-70 Male Flat 2-bed Ground fl... 1-3 people Other Yes Above average Excellent Cood Below ave...  Excellent Yes Yes
24 24 51-70 Female Flat 2-bed Ground fl... 1-3 people Most of th... Yes Above average Excellent Good Below ave... Excellent Yes Yes
25 25 30-50 Female Semi-det... 3-bed Semi-det... 1-3 people Most of th... Yes Below average Below average Poor Average Above av... No Yes
26 26 30-50 Male Semi-det... 3-bed Semi-det... 1-3 people Evenings Yes Above average Excellent Excellent| Above av... Good Yes Yes

Overview Data View  Variable View

IBM SPSS Statistics Processor is ready 4 Unicode:ON Classic [
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Appendix 3: Anonymisgghrticipant invitation letter

School
Of
Architecture.

Melis Tekin

School of Architecture

The University of Sheffield

The Arts Tower, Western Bank
Sheffield, South Yorkshire, S10 2TN
UK

15 June 2022 Email: mtekin2@sheffield.ac.uk

Dear Resident,

My name is Melis Tekin and | am a doctorate student at The University of Sheffield. For my research, | am working
with to better understand how your home lifestyles, and the needs of
different household members impact on how much energy your home uses.

I would like to invite you and another member of your household to take part in an online or face-to-face interview
with me and complete a survey which is mainly about how you use the heating and ventilation equipment in your
home. This information will help me, and you, to understand how to improve the performance of your home, to cut
your energy use and bills. Your contribution to this research could also help to improve the design of housing in the
UK, to make it more comfortable, cheaper to run, and to reduce its contribution to climate change. This will also help

and other housebuilders to understand how to make homes more resilient to the growing impacts of climate
change such as heatwaves.

If you would like to take part and get some more information about my research, or if you have any further
questions please contact me, The Principal Researcher, at mtekin2@sheffield.ac.uk and please use the QR code that
is attached in the corner to sign-up for my research.

Thank you for taking the time to read this letter and we hope you would like to take part in this research.
Yours sincerely,

Melis Tekin
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Appendix 4. Anonymised participant information sheet

School of Architecture
Information Sheet
May 2022

The
University
Of
Sheffield.

Research Project Title:

Social Resilience in Housing Performance: A Case
Study of Low-energy Housing in the UK

You are being invited fo take part in a research project. Before you decide whether or not to
participate, it is important for you to understand why the research is being done and what it
will involve. Please take time to read the following information carefully and discuss it with
others if you wish. Ask us if there is anything that is not clear or if you would like more
information "contact details are provided at the end of this guide”. Take time to decide whether
or not you wish to take part. Thank you for reading this.

1. What is the project’s purpose?

The purpose of this project is to explore and understand robustness, adaptation and
redundancy in relation to inhabitant negotiated energy practices in the household to help future
proof low-energy housing in the UK. | will first do a face-to-face interview the design team
(including the architect, engineer and the client) to have a better understanding of energy-
related design intentions. | will then do interviews (either online, face-to-face or by phone
depending on your preference) with 2 members in your household to understand how you
negotiate your energy-related actions with one another. After the interviews, | will give you a
usability questionnaire to reveal any usability issues related to the heating and ventilation
controls in your home. | will also be present while you are completing the questionnaires.

The findings from these activities will help the housing developers, constructors, designers and
researchers to understand how to develop a more resilient home and improve housing design.
Gathered information will also help you to understand how your lifestyle impacts on your home
and for you to have more resilient homes in the future.

2. Why have | been chosen?

You have been chosen to participate in this study as one of the inhabitants living in a low

energy housing developed by ||| GGG < =< aiming to recruit

20 households for this project.
3. Do | have to take part?

It is up to you to decide whether or not to take part. If you do decide to take part you will be
given this information sheet to keep (and be asked to sign a consent form) and you can still
withdraw at any time without any negative consequences. You do not have to give a reason. If
you wish to withdraw from the research, please contact the lead researcher.

Please note that, by choosing to participate in this research, this will not create a legally binding
agreement, nor is it intended to create an employment relationship between you and the
University of Sheffield.

4. Will I be recorded, and how will the recorded media be used?

All audio recordings of your activities will be used only for analysis and for illustration in future
publications and dissemination. No other use will be made of them without your written
permission (special consent form), and no one apart from the researcher will be allowed
access to the original recordings.
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