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Original research article 
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A B S T R A C T   

The promotion of energy retrofit to homeowners is an important policy strategy to reduce operational energy use 
in dwellings and mitigate climate change. Energy research and policy typically focus on the cognitive (logical) 
aspects to motivate retrofit decisions, such as savings on energy bills and health considerations. However, this 
focus appears to have neglected the emotional aspects of how homeowners themselves make sense of the potential 
benefits of low-carbon dwellings. 

To encompass both the emotional and cognitive aspects of energy retrofit decisions, the authors developed a 
home-meanings framework around the concept of perezhivanie (emotional and cognitive experience). We back
grounded our theoretical construction by drawing upon current literature of home-meanings and empirical in
sights from: (i) eighteen case studies, in ten of which homeowners achieved significant carbon emission 
reductions through retrofit activities, while in eight they did not; (ii) a stakeholder workshop (n = 36), repre
senting various actors interested to advance domestic energy retrofit activities in the UK, e.g. industry, gov
ernment, academia, intermediaries. 

We analysed the data to identify positive experiences associated with low-carbon dwellings. These experiences 
are organised in five themes: (i) control over one’s environment; (ii) Health and well-being & Happiness in 
everyday life, (iii) Climate concerns & Caring identity, (iv) Financial considerations & Future-resilience; (v) a full 
integration between and individual and their environment. The authors developed a Home for the Common 
Future (HCF) heuristic, which captures three out of five identified themes (ii–iv). We suggest that the heuristic 
can be used for promoting the benefits of low-carbon dwellings.   

1. Introduction 

The promotion of energy retrofit in the owner-occupied sector is an 
important strategy to reduce operational energy use in dwellings, meet 
global targets for carbon emission reductions [1,2], and mitigate climate 
change [3]. Residential buildings account for 22 % of global energy use 
and 17 % of global CO2 emissions [4], while the majority of global 
residential stock is owner-occupied [5,6]. The installation of energy- 

efficiency and renewable measures and technologies globally can 
contribute between 30 % and 70 % to the reduction of greenhouse gas 
emissions in the building sector [7]. Various policies have been imple
mented globally to encourage investment in domestic energy retrofit 
[8–10]. Despite this, the level of annual investment remains low [11], 
compared to 3.5 % GDP per annum deemed necessary to achieve desired 
reductions [12–14]. 

Research and policy on the built environment typically focus on the 
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cognitive (logical) aspects of retrofit decisions such as health and well- 
being considerations [15,16], climate concerns [17,18], and financial 
considerations, i.e. returns on investment and savings on energy bills 
[19–22]. This focus neglects the emotional aspects of the sensemaking 
process [23,24], through which homeowners attach meaning to the 
potential benefits of low-carbon dwellings. However, emotional moti
vations can be more important predictors of technology adoption than 
cognitive ones (see debate on symbolic, environmental and instrumental 
motives [25,26]). Home is a place of a great significance and meaning 
for individuals, and previous research suggests that homeowner moti
vations to carry out energy retrofit should be understood through the 
meanings they attach to their homes [19,27]. As individuals pursue a 
broad set of goals and use both emotion- and cognition-based processes 
in their retrofit decisions, energy policies should use a broad range of 
behavioural tools that complement subsidies, taxes and regulations 
[7,28]. 

To broaden the current policy focus, the authors focus on emotional 
aspects of energy retrofit decisions and use the concept of perezhivanie 
(emotional and cognitive experience) to develop a framework to analyse 
meanings people attach to the low-carbon benefits of their homes. We 
draw on current literature of home-meanings, as well as empirical in
sights from: (i) ten cases where homeowners achieved significant carbon 
emission reductions through retrofit activities, and eight cases where 
they did not; (ii) a workshop with 36 participants, representing various 
actors interested to advance domestic energy retrofit activities in the UK, 
e.g. industry, government, academia, intermediaries. The analysis 
identifies five themes of positive emotional and cognitive experiences 
associated with low-carbon dwellings. We illustrate the analytical use of 
the home-meanings framework to build narratives for energy retrofit 
promotion, which resonate with homeowners emotional and cognitive 
reasoning. 

The rest of the paper is structured as follows. Section 2 provides the 
underpinning for the chosen theoretical lens. Section 3 provides the 
methodology for empirical data collection and the framework for 
qualitative data analysis. Section 4 describes the study findings. Section 
5 discusses the insights drawn from the findings in line with current 
literature and derives possible implications for policy. Section 6 con
cludes and provides suggestions for future research. 

2. Theoretical conceptualisation 

This section brings together the following conceptual elements to 
frame the analysis: (i) the concept of home-meanings necessary to un
derstand homeowner energy retrofit intentions and subsequent de
cisions; (ii) the concept of perezhivanie (emotional and cognitive 
experience) to analyse home-meanings that underpin homeowner en
ergy retrofit motivations; (iii) the concept of a cognitive frame to un
derstand and shape the trajectory of one’s energy retrofit motivations. 

The conceptualisation for perezhivanie and cognitive frame draws 
upon the intellectual tradition of cognitive developmental psychology [29]. 
As this tradition is not well known in energy research, this section will 
first briefly describe it and make explicit links between the concepts 
used. 

2.1. Perezhivanie and cognitive frame 

Cognitive developmental psychology is a scientific study concerned 
with changes involved in human development from infancy to old age. 
Originally concerned with child development [29], the field has 
expanded to include the development through the entire human lifespan 
[30]. The field has recently expanded its focus to understand its role for 
sustainable development [31]. Most theorisation in cognitive develop
mental psychology can trace its routes to two influential psychologists of 
the last century — Jean Piaget (1896–1980) and Lev Vygotsky 
(1896–1934) [29]. In this paper, the authors draw upon two of their 
concepts — Vygotsky’s ‘perezhivanie’ and Piaget’s ‘schema’, with the 

latter forming the basis for the concept of a ‘cognitive frame’. 
Perezhivanie was introduced by Lev Vygotsky [32,33], and is best 

translated into English as ‘emotional and cognitive experience’ [34,35]. 
The concept emphasises that only those elements of the environment 
that are refracted through the emotional and cognitive experiences of 
the individual are of developmental significance, shaping the whole 
organisation of consciousness and, subsequently, one’s identity [35]. 
The concept emphasises that cognition and emotion is something an 
individual enacts through one’s dynamic living activities. It is not 
something that happens solely in one’s head [35]. The combination of 
one’s environment and living activities gives one a platform for 
perezhivanie. 

Schema (plural schemata) as a concept was introduced by Jean Piaget 
[36], and can be described as a pattern of thought or behaviour, through 
which people organise information to make the interaction with the 
environment more efficient [37]. The concept is reminiscent of Vygot
sky’s understanding of perezhivanie as a prism that refracts environ
mental moments and determines the influence of these environmental 
moments on the course of individual development [34]. In this paper, 
we do not rely on the terminology of a schema or a prism, and use a 
concept of ‘cognitive frame’ instead, which is one of the most prominent 
concepts within the field of communication studies, and which most 
researchers use analogously to schema [38]. We assert that promoting 
retrofit decision-making is a communication phenomenon, and thus a 
concept of ‘cognitive frame’ could apply. Framing is used to describe 
how people communicate about reality by emphasising specific aspects 
of it. Framing can and is often used in journalism and political discourse, 
to influence recipients’ cognitive frames [38]. 

The concept of a ‘cognitive frame’ can be applied in discourse on the 
promotion of domestic energy retrofit. It is hypothesised that the way 
that a homeowner makes sense of what a low-carbon dwelling1 is and 
evaluates its benefits, shapes their eventual decision on whether to make 
a significant investment in energy retrofit or not. Other actors, i.e. 
building professionals, government and local authorities, can utilise 
cognitive framing to shape their message to homeowners about the 
benefits of low-carbon dwellings, and through that, motivate them to 
retrofit their homes. 

2.2. Home-meanings framework 

We built on previous research that suggests that homeowner energy 
retrofit motivations should be ultimately understood through the mean
ings people attach to their homes [19,27]. We carried out a critical 
literature review to identify various layers, facets and dimensions of 
‘home’ as a construct. A critical literature review is a non-systematic type of 
review, aimed to synthesise extant literature on a broad topic with a 
conceptual model being a typical outcome [39,40]. An initial broad 
search only included the word ‘home’, which returned ~380,000 results 
on the Web of Science database. Identified sources were sorted by the 
number of citations, and the titles were searched to identify sources that 
conceptualise the meanings people attach to their homes. The relevant, 
most cited sources were identified, and their references and citations 
were traced to identify further literature. The emphasis of this critical 
literature review was on the conceptual contribution of each new source 
to the understanding the notion of home. The choice was eventually 
narrowed down to fourteen sources (Table 1), which provide a rich syn
thesis of the current literature. The authors made a judgement that a 
further detailed review of the literature would not have made a signifi
cant conceptual contribution to the understanding of the notion of home. 

1 For this paper, low-carbon dwelling technology is conceptualised at the 
level of a technological system, rather than a design option or a particular 
product [121]. For instance, it could focus on a Passivhaus dwelling as a system, 
rather than on external of external wall insulation as design options, or a choice 
of a particular product for the insulation material. 
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The review highlighted that home is a complex, multi-layered, multi- 
faceted and multi-dimensional construct, with a long-standing theoret
ical and practical research tradition on the topic [41–56]. The complex 
nature of the construct of home makes its clear definition2 a difficult 
task. Some authors even argue that a complete definition of home is not 
only difficult, but is also undesirable [46], as the notion of home is 
imbued with personal meanings and is likely to mean different things to 
different people at different times and in different contexts. 

For the same reason, a comprehensive and exhaustive list of all 
possible meanings that people might attach to their homes, is futile, as 
such a list of meanings is inevitably just a snapshot, specific to particular 
people, time and context. However, such lists can provide a good sense 
of the diversity of possible home-meanings. Table 2 provides three 
exemplary lists based on the findings from three key articles, recognised 
as such in the field [42], which rely on studies in the western world, 
where people were asked what home means to them [45,49,57]. 

There are several disciplinary theoretical models that describe the 
forces that shape home-meanings (see Box 1 for an overview). Each of 
them has conceptual limitations, as each emphasises certain home- 
meanings and downplays or neglects others [54]. This is not surpris
ing, as a given theoretical model would need to relate to a particular 

research questions and disciplinary tradition. 
The authors build upon the rich literature on the topic of home to 

develop a conceptual framework of home-meanings, which can be used to 
understand meaningful dimensions of low-carbon dwellings and, sub
sequently, homeowner energy retrofit intentions. Five dimensions of 
home-meanings are identified: Vygotsky’s concept of (i) perezhivanie 
(emotional and cognitive experiences) is used to capture the diversity of 
psychological and social values and attributes, such as comfort and se
curity. The concept suggests that emotional and cognitive experiences 
associated with low-carbon dwellings should be understood through the 
unity of one’s (ii) environment and (iii) activities. The framework also 
acknowledges the importance of (iv) real and ideal realms and (v) time in 
shaping home-meanings. These five dimensions of the home-meanings 
framework are described in more detail below: 

(i) Perezhivanie (emotional and cognitive experience) is afforded via 
the unity of one’s environment and activities. Commonly3 identified 
positive emotional and cognitive experiences associated with one’s 
home include a sense of happiness, joy, security, control, comfort, as 
well as self-expression and personal status. These experiences give 
meaning to a place [59], shape one’s consciousness and give rise to 
multiple identities, such as the ones of gender, race, class and sexuality 
[35], and can potentially include one’s environmental identity. The 
concept of perezhivanie also allows to capture the notion of home as a 
repository of memories [49]. 

(ii) The environment includes three elements, which are in the im
mediate proximity to the processes that shape emotional and cognitive 
experiences in one’s home. First, physical and spatial elements, such as 
the type of structure of the dwelling, its size and aesthetic properties 

Table 1 
Literature sources used in the critical literature review.  

Sources Disciplinary approaches Source Source type 

Blunt, 2005 [41] Geography Progress in Human Geography Editorial article 
Blunt and Dowling, 2006 [42] Geography Routledge Book 
Blunt and Varley, 2004 [43] Geography Cultural Geographies Editorial article 
Coolen and Meesters, 2012 [44] Ecological psychology Journal of Housing and the Built Environment Editorial article 
Després, 1991 [45] Psychology Journal of Architectural and Planning Research Critical review 
Easthope, 2004 [46] Geography Housing, Theory & Society Review 
Fox, 2002 [47] Law Journal of Law and Society Critical review 
Heidegger, 1964 [48] Phenomenology Routledge Book 
Mallett, 2004 [49] Multidisciplinary The Sociological Review Review 
Manzo, 2003 [50] Psychology Journal of Environmental Psychology Review 
Molony, 2010 [51] Nursing Research in Gerontological Nursing Qualitative metasynthesis 
Moore, 2000 [52] Environmental psychology Journal of Environmental Psychology Review 
Saunders and Williams, 1988 [53] Sociology Housing Studies Theoretical position 
Somerville, 1997 [54] Sociology Journal of Architectural and Planning Research Critical review  

Table 2 
Research-identified meanings of home.  

Després, 1991 [45] Somerville, 1992 [57] Mallett, 2004 [49] 

Relationships with family and friends 
Material structure 
A place to own 
Physical security and control 
Reflection of one’s ideas and values 
Permanence and continuity 
Refuge from the outside world 
Indicator of personal status 
Acting upon and modifying one’s 
dwelling 
Centre of activities 

Shelter (materiality) 
Adobe (place) 
Hearth (warmth) 
Heart (love) 
Privacy (control) 
Roots (source of identity) 
Paradise (ideality, sense of spiritual 
security) 

House, neighbourhood, town 
People’s relationships, especially family 
Lived space of interactions between people, places and things 
Home ownership 
Being-in-the-world (being at home) 
Experience of one’s (possibly fluid) identity 
Haven, comfort, ease, intimacy, relaxation and security OR oppression, tyranny and 
persecution 
Belonging OR marginalisation and estrangement 
Feelings, repository of memories 
Staying, leaving and journeying 

Note: Text in italics signifies the original author’s acknowledgement that home might not be recalled or experienced in a positive way. 

2 One of the most comprehensive definitions of home has been put forward by 
Benjamin [55]: “The home is that spatially localised, temporally defined, sig
nificant and autonomous physical frame and conceptual system for the 
ordering, transformation and interpretation of the physical and abstract aspects 
of domestic daily life at several simultaneous spatio-temporal scales, normally 
activated by the connection to a person or community such as a nuclear family. 
It is thus the autonomous interpretation of domestic life, and that which is 
interpreted.” Benjamin acknowledges that his definition is not inclusive of all 
dimensions discussed in the literature on home-meanings. For instance, he 
points out that he chose to regard the home-as-state-of-mind as a metaphor, 
rather than a part of the definition. 

3 For the reasons mentioned earlier, this framework does not give a definitive 
list of possible emotional and cognitive experiences, but rather provides a 
concept of perezhivanie to think about the diversity of possible experiences. 
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[45]; as well as spatial elements, such as the house itself, neighbour
hood, hometown, homeland or the whole world [42,49]. Second, self 
and social elements, which include one’s own self as well as one’s social 
relations, such as family, friends or even ethnic groups [42,44]. Third, 
financial and legal elements, which include the type of tenure and modes 
of land ownership. These elements are used to suggest that a house can 
be a financial asset [47]. 

(iii) The activities in one’s home are grouped in two types. The first 
type captures recurring activities, such as everyday mundane activities, 
seasonal or cyclical events, e.g. holiday celebrations, and rituals. With 
time, such repeated activities, begin to ‘bind’ an individual, as places 
and things get symbolically meaningful by this process of timebinding 
[60]. The second type captures temporary activities, such as formative 
experiences or home renovation. For instance, modifying one’s dwelling 
has been shown to be an important part of expressing one’s identity and 
making a house a home [45]. 

(iv) A distinction between real and ideal realms of one’s home 
highlights that the notion of home is constructed simultaneously in both 
realms as part of a single process [42,54]. Material and imaginative 
geographies of home are relational to each other, as the material form of 
home can be altered through retrofit and personalisation based on what 
home is imagined to be, while imaginaries of home are influenced by the 
physical forms of a dwelling [42,45]. 

(v) Time as a dimension of home-meanings highlights that the notion 
of home is ever-changing and is found in one’s memories and nostalgia 
for the past, everyday life in the present, and future dreams and fears 
[41,42]. When talking about home, an individual might refer to the 
place where one was born and raised, or the place where one had 
happily lived, for instance, before a tragic event, or the place one desires 
to have one day [44]. The temporal dimension of home can also be seen 
through seasonal and cyclical events, such as holiday celebrations or 
times of the season, which contribute to the formation of what home 
means to a particular individual [45]. 

These five dimensions of home-meanings should be understood 
within a broader economic, political, social and cultural context for a 
more comprehensive picture. The described framework is visualised in 
Fig. 1. 

3. Methodology 

The authors draw upon current literature on home-meanings, case- 
studies of homeowner energy retrofit and an expert workshop with 
stakeholders among those interested to advance energy retrofit activity 
in the UK, in order to (Fig. 2): (1) choose a conceptual base for the home- 

meanings framework; (2) identify benefits of low-carbon dwellings 
through the meanings households articulate about their homes; (3) build 
narratives to promote energy retrofit that resonate with homeowners 
and account for their socio-cultural needs. The analysis features several 
iterations between the steps, and includes a combination of multiple- 
case studies and thematic analysis. 

3.1. Data collection 

Table 3 presents the three main types of empirical data used in the 
study, its sources and their use. The rest of the subsection describes them 
in more detail. 

3.1.1. Case study profiles 
The unit of analysis for the case studies is the household retrofit 

journey, and each one is considered a case [61]. The literature on 
multiple case-study research suggests 4–10 cases to generate enough 
complexity for theory development, while keeping the volume of the 
data manageable [62,63]. A purposive sampling strategy was used to 
select 10 confirming cases of successful domestic retrofit to low-carbon 
standards, and 8 disconfirming cases where retrofit activities did not 
result in low-carbon settings [63,64]. Another 8 case studies were used 
in the pilot to sharpen the research design prior to the main data 
collection. The main data collection was carried out from June 2018 to 
October 2019. All participants volunteered their participation, no in
centives were provided. 

Eight out of 10 confirming cases were selected from the SuperHomes 
network, a voluntary UK network of about 200 homeowners, who ach
ieved at least 60 % carbon reductions4 as a result of a retrofit activities 
[65,66]. The participants were approached through a SuperHomes 
representative. Another 2 confirming and 8 disconfirming cases were 
selected with a convenience sampling strategy among first author’s 
personal and professional network. All the cases are listed in Table 4. 
The case identifiers for 10 confirming cases start with ‘C’, and for 8 

Box 1 
Theoretical models of home-meanings (based on [42,45,54,58]).  

Territorial/ geographical. This approach gives priority to the spatial boundaries associated with home. It emphasises the existence of 
different physical scales of home boundaries, and the idea that home places are simultaneously shaped in real and imaginative worlds. The 
emphasis in this approach is on the social and psychological attributes that places offer to individuals, primarily feelings of security, 
control, identity and stimulation. 
Psychological. This approach traces the meaning of home to deeply rooted psychological needs. For instance, home can be defined as a 
powerful extension of psyche and a symbol of oneself. Alternatively, home can be understood as the means to fulfil the hierarchy of human 
needs, such as a need for privacy, security and control. 
Social-psychological. This approach focuses on explaining how home plays a role in shaping people’s self-identity, as well as being an 
important symbol of individual social identity. 
Phenomenological and developmental. These approaches focus on the temporal dimension of home. Home is understood through a 
continuous process of creation and recreation of its meaning in the context of everyday life. Being-at-home is associated with a sense of 
familiarity and routine, which contributes to the creation of the feeling of continuity that connects individual’s past and future. 
Sociological. This approach focuses on the interpretation of home-meanings using concepts of social relations, particular the ones of 
family. Other sociological categories such as class, gender and tenure are also used for interpretations.    

4 For these cases, the SuperHomes network used a Standard Assessment 
Procedure (SAP) to estimate both pre-retrofit and post-retrofit emissions with 
data collection at one point in time, post-retrofit [122]. The estimation pro
cedure has changed since data collection for this paper. Since spring 2021 the 
network measures two variables: ‘Energy and Emissions’ and ‘Health, Comfort 
and Wellbeing’ on an absolute rather than a relative scale. The assessment takes 
place at two stages, Design and Evaluation. The former is based on the esti
mated performance, and the latter – on actual measured performance [123]. 
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disconfirming cases — with ‘D’. The selected cases range from Victorian 
terraced houses, to detached houses and converted ground floor flats. 
The houses are located in England, mostly London. At the time of data 
collection, the households in the study ranged from a single occupier to a 
family of five. Two households had tenants. Most adult occupants in the 
sample were professionally active with more than half having sustain
ability- or construction-related background. All owners in the sample 
carried out some home improvement activities, including energy 

retrofit. A variety of fabric, ventilation, heating and energy generation 
measures were installed, a detailed description of which can be found in 
Appendix A. 

3.1.2. Post-retrofit interviews with homeowners 
Case-study data was primarily generated though semi-structured in

terviews with one of the owners, normally the one who was more 
involved in the retrofit project. In case C1, the owner rented out the 
property after the retrofit; so in this case, the interview included the 
owner-retrofitter and one of the tenants. In case C8, both owners 
participated in the interview. All interviewees received an information 
sheet and signed a consent form. The interviews lasted between 35 and 
160 min and took place at interviewees’ homes. 

The interviewees were asked to draw their retrofit timelines as part 
of the interview. The condensed presentation of a retrofit journey on a 
single diagram allowed interviewees to instantly assess the complete
ness of the information provided [67]. Interviews also incorporated a 
walk-through procedure – a spatial-visual technique used to evoke in
terviewee’s memories about the retrofit experience [68]. Photographs of 
different aspects of the retrofit were taken, to retain visual information 
for future analysis. Information was collected on general household 
characteristics, dwelling characteristics prior and post retrofit, the 
retrofit process itself, goals and motivations, pre- and post-retrofit living 
experience and practices affecting domestic resource use. See Appendix 
B for the summary of question topics. All interviews were digitally 
recorded and transcribed verbatim for analysis. 

3.1.3. Associative experiments 
Another part of case study data was generated through continuous 

associations. A continuous association task is a data collection method, 

Fig. 1. Home-meanings framework.  

Fig. 2. Steps of the iterative research design.  
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where the participants are asked to produce as many responses as 
possible in association with a specific word or phrase [69]. The method 
is used to reveal the associative structure of a single individual. Regu
larities identified in word association, such as order and meaning 
apparent in association responses, have been used to cast new light on 
the meanings of words [70], to identify responders’ knowledge in a 
specific area of studies [71], to make generalised statements regarding 
collective semantic understanding of particular cultural phenomena 

[72] and others [69]. As part of the in-depth interviews, the home
owners were asked to say as many words as possible in an association 
with the words ‘home’ and ‘low-carbon home’. Their responses indicate 
that they associate their homes with comfort, joy and overall positive 
experiences. Full responses to associative tasks can be found in Appendix 
C. 

Table 4 
Profile of sample households.  

Case House age/type Location Occupants Owner-retrofitter professional background1 Carbon/energy rating2 

Confirming cases: achieved significant carbon/ energy reductions as a result of retrofit activities 
C1 Victorian, former mews house, split into a 

ground-floor office and a four-bed flat upstairs, 
with loft conversion 

London Four adult 
tenants 

Architect 75 % carbon reductions; CHS 4 

C2 1920, three-bed, mid-terrace, heated glass 
conservatory not separated from the house 

London Family of four Former professional builder 67 % carbon reductions; annual 
energy generation and 
consumption are roughly the same 

C3 1930s, three-bed, semi-detached Buckinghamshire Young couple Architectural technologist 70 % carbon reductions 
C4 Edwardian, three-bed, mid-terrace Buckinghamshire One adult, one 

child 
Project manager in the energy efficiency/ 
renewable energy sector 

78 % carbon reductions 

C5 Victorian, five-bed including loft conversion, 
mid-terrace 

London Family of four 
and an au pair 

Former energy and sustainability consultant 68 % carbon reductions 

C6 1967, five-bed/ fourteen-room, detached, 
extended internal layout over 50 % 

Hertfordshire Family of five Technical 92 % carbon reductions 

C7 1925, semi-detached, former three-bed house, 
two-storey side extension and one-storey back 
extension, split in two flats: two- and three-bed 

London Family of four Technical 80 % carbon reductions 

C8 1933, three-bed with loft conversion, semi- 
detached 

London Retired couple, 
one tenant 

Non-technical 90 % carbon reductions 

C9 2011, four-bed, detached Bedfordshire Two adults Academic position in Low-Energy Buildings EPC band B, carbon neutral for 
one year 

C10 Victorian, three-bed with loft conversion, mid- 
terrace, side return extension 

London Family of four Urban planner n/a, self-reported good levels of 
thermal comfort  

Disconfirming cases: did not achieve significant carbon/ energy reductions as a result of retrofit activities 
D11 1900s, five-bed, detached Leicestershire Family of three Technical EPC band F 
D12 1927, two-bed, mid-terrace London Family of five Non-technical EPC band D 
D13 Victorian, three-bed with a loft conversion, 

end-of-terrace, side return extension 
London Two adults and 

a teenager 
Academic position in Environmental Design 
and Engineering 

EPC band E 

D14 1880, ground floor two-bed flat in a mid- 
terrace house, 2007 back extension 

London Two adults One owner – academic position in Energy and 
Sciences; another owner – academic position 
in Energy in the Built Environment 

n/a 

D15 1990, ground floor two-bed flat in a semi- 
detached house 

London Two adults Academic position in Machine Learning for 
Smart Building and Cities 

EPC band D 

D16 1991, three-bed, semi-detached Kent One adult Building Performance Analyst n/a 
D17 1930s, three-bed/ ten-room, semi-detached Hampshire Family of four One owner – academic position in Building 

Performance; another owner – academic 
position in Energy and Buildings 

n/a 

D18 1960s. ground floor two-bed flat in an 
apartment block 

Surrey Two adults Technical n/a 

Text in italics indicate changes achieved as a result of retrofit activities of the owners in the sample. 
Note. 

1 Sustainability- or construction-related background is stated in detail; ‘technical’ indicates non-sustainability- or construction-related technical background; ‘non- 
technical’ indicates non-sustainability- or construction-related non-technical background. Background of only one owner is given if most relevant. 

2 Percentage of carbon emission reductions are calculated by a representative of a SuperHome network post-retrofit, using Standard Assessment Procedure (cases 
C1–C8). 

Table 3 
Data, its sources and use.  

Type of data Sources Use in the analysis 

Interview 
transcripts 

In-depth semi-structured interviews with homeowners-retrofitters: 10 cases of 
low-carbon retrofit (confirming) and 8 cases that did not result in low-carbon 
settings (disconfirming). 

Multiple case-study analysis to identify benefits of low-carbon dwellings by 
recognising positive emotional and cognitive experiences (perezhivanie) 
associated with them. 

Continuous 
associations 

Associative experiments with homeowners-retrofitters (see above). Same as above 

Workshop 
transcript 

Participatory workshop with actors, interested to advance energy retrofit 
activity in the UK: (i) demand side actors (n = 2); (ii) supply-side/ industry 
actors (n = 10); (iii) governmental actors (n = 5); (iv) intermediary 
organisations that operate to advance change towards sustainability (n = 11); 
(v) academics that specialise in low-carbon home retrofit (n = 8). 

Participatory creation of narratives to promote energy retrofit, using home- 
meanings framework and benefits of low-carbon dwellings, identified in the 
case-study analysis. These were then analysed thematically.  
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3.1.4. Workshop 
A 1,5-h online workshop was carried out on 25th May 2021 with 36 

participants via online Zoom platform in line with participatory action 
research tradition [73,74]. The participants were recruited among those 
interested to advance energy retrofit activity in the UK. Interest was self- 
assessed, no incentives were given to participate. Participants were 
identified through the first author’s personal and professional network, 
via publicly available contact details and via snowballing technique. A 
maximum variation-purposive sampling strategy was used to ensure the 
diversity of actors [63]. 

Workshop participants represented the following actors (Table 5): (i) 
demand-side actors (n = 2), both participants from a housing association; 
(ii) supply-side/ industry actors (n = 10), e.g., an architectural studio, an 
energy provider; (iii) governmental actors (n = 5), e.g. a government 
department, a local authority; (iv) intermediary organisations [75] that 
operate to advance change towards sustainability (n = 11), e.g. a 
charity/social enterprise, a member organisation; (v) academics that 
specialise in low-carbon home retrofit (n = 8). These actors can poten
tially act purposefully to shape homeowner cognitive frames around the 
meaning of low-carbon dwellings, and through that influence their 
motivation for energy retrofit. 

Workshop participants filled in a survey via Opinio online platform 
prior to the workshop. It was used to collect participant names and 
contacts, the names and profiles of the organisations they work for, their 
job title/ role within the organisation, participant consent, as well as 
participant perceptions of UK policy on domestic retrofit (drivers and 
barriers to success). During the workshop, the participants were intro
duced to the project in the plenary session. They were then split in 
groups of three and four with each group overseen by a facilitator, with 
group sizing consistent with suggestions in the literature on participa
tory workshops [76]. Each group had representatives from different 

actors (e.g. governmental, intermediary, academic) to facilitate thinking 
outside of the comfort zone. The groups were asked to build emotionally 
and cognitively compelling motivational narratives to encourage do
mestic energy retrofit among homeowners using the project insights. 
The workshop was digitally recorded and transcribed verbatim for 
further analysis. 

3.2. Data analysis 

The data analysis was iterative, a simplified representation of which 
can be described in three steps. 

Step 1: Home-meanings framework. The critical literature review 
identified five dimensions of home (see Section 2.2). However, they 
lacked a conceptual binding (initially, the dimension of perezhivanie 
was captured by the idea of psychological and social attributes associ
ated with one’s home, such as the feelings of security or belonging). 
During the first iteration of the analysis, we followed an example by 
Coolen and Meesters [44] to use the concept of ‘affordance’ [77,78] to 
conceptualise what the environment of one’s home can offer to the in
dividuals. We later introduced the concept of ‘practice’ [79–83] to talk 
about recurring, mundane activities at one’s home. Finally, the fourth 
author, ST, suggested the concept of ‘perezhivanie’. The version of the 
framework, featuring all three concepts (perezhivanie, practice and 
affordance) was used during the project workshop, during which it 
became clear that the concepts are not self-exclusive as they often refer 
to the same dimensions of home. This resulted in confusion and loss of 
clarity among the workshop participants on how the framework can be 
used. The participants found the concept of perezhivanie especially 
helpful to aid their thinking. Therefore, the home-meanings framework 
was once again re-iterated to organise the dimensions of home around 
one concept only — that of perezhivanie. 

Table 5 
Profile of workshop participants.  

Participant identifier Actor category Actor subcategory 

WP01-int Intermediary Network of low-carbon dwellings (the participant is currently retired) 
WP02_aca Academia Sustainable Design 
WP03_gov Government Government department 
WP04_int Intermediary National charity with the focus on improving the use of energy in buildings 
WP05_aca Academia Energy and Buildings 
WP06_int Intermediary Non-profit company with the focus on delivering energy locally 
WP07_gov Government Regional governance body 
WP08_ind Industry Professional services firm, including engineering, architecture, design, planning, project management and consulting 
WP09_aca Academia Building Engineering Physics 
WP10_int Intermediary National charity with the focus on sustainable energy 
WP11_ind Industry Infrastructure consulting firm 
WP12_int Intermediary Charity and social enterprise with the focus on sustainable ways of living 
WP13_int Intermediary Non-profit organisation with the focus on ultra-low energy buildings 
WP14_aca Academia Energy and Climate Change 
WP15_int Intermediary Membership organisation with the focus on the built environment 
WP16_dem Demand Housing association 
WP17_ind Industry National energy provider 
WP18_aca Academia Energy and Sustainable Development 
WP19_int Intermediary Council owned local energy company 
WP20_aca Academia Engineering and Architectural Design 
WP21_dem Demand Housing association 
WP22_ind Industry Sustainability engineering company 
WP23_int Intermediary Community group with the focus on creating climate friendly and sustainable town 
WP24_aca Academia Sustainable Urban Environments 
WP25_ind Industry Architectural studio 
WP26_gov Government Local authority 
WP27_aca Academia Architecture and Civil Engineering (Building Technology) 
WP28_int Intermediary Not-for-profit social enterprise with the focus on trusted tradesmen in the domestic sector 
WP29_ind Industry Software development company 
WP30_int Intermediary Not-for-profit centre with the focus on energy sector 
WP31_gov Government Local authority 
WP32_ind Industry Sustainability engineering company 
WP33_gov Government Non-departmental public body 
WP34_ind Industry Retrofit assessor 
WP35_int Intermediary Council owned local energy company 
WP36_ind Industry Building and energy consultancy  
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Step 2: Benefits of low-carbon dwellings. Case studies were ana
lysed to identify benefits of low-carbon dwellings. Interview transcripts, 
the corresponding photographs and retrofit timelines were sorted into 
cases and reports were written for each case. Notes and memos taken 
during the interviews, and those arising from the interview reports were 
kept for further analysis. The interviews were coded by the first author, 
the analysis and results were continuously reviewed by the first two 
authors to further raise the confidence in data interpretation. The home- 
meanings framework (Fig. 1) was used deductively to sort data into five 
dimensions of the notion of home. The data was then analysed induc
tively to identify emotional and cognitive experiences associated spe
cifically with low-carbon dwellings. This was achieved by juxtaposing 
emotional and cognitive experiences associated with one’s home in 
general with the experiences associated with living in a low-carbon 
home in particular. The former was identified based on: (i) exciting 
literature on home-meanings (Table 1); and (ii) interviews and asso
ciative experiments from the case studies. The latter was identified 
solely based on the case studies. 

Step 3: Narratives to promote low-carbon retrofit. The home- 
meanings framework together with the preliminary results on the ben
efits of low-carbon dwellings were presented at the project workshop. 
Workshop participants were asked to critically reflect on the framework 
and use it to create narratives to promote energy retrofit among 
homeowners. Participants were not corrected on their interpretations of 
the introduced framework. The home-meanings framework was re- 
iterated based on the feedback from the workshop (see step 1). The 
final version of the framework was used to reanalyse case study data and 
analyse workshop transcripts and answers to the pre-workshop survey. 
After the final iteration, five themes of emotional and cognitive expe
riences were identified, capturing the benefits of low-carbon dwellings. 

ATLAS.ti 8 and 9 CAQDAS software was used throughout to assist 
data analysis. The full coding scheme can be found in Appendix D. Cross- 
tabulation was used to support constant systematic comparison [63], an 
illustrative example of which can be found in Appendix E. A range of 
credibility strategies for qualitative research was followed [61,64,84], a 
full description of which can be found in Appendix F. 

4. Results 

4.1. Five themes of the benefits of low-carbon dwellings 

The analysis focused on homeowner retrofit motivations5 and iden
tified five core themes of positive6 perezhivanie (emotional and cogni
tive experiences) associated with low-carbon7 dwellings: (i) control over 
one’s environment; (ii) health and well-being & happiness in everyday 
life, (iii) climate concerns & caring identity, (iv) financial considerations 
& future-resilience; (v) a full integration between and individual and 
their environment (Fig. 3). 

The theme control over one’s environment highlights one’s desire to 

live one’s own life rather than a life chosen by someone else. Thus, it 
relates to personal autonomy. Control is required to achieve positive 
emotional and cognitive experiences in any of the others four identified 
themes. Homeowners in the case studies described how their low-carbon 
dwellings give them more control to achieve desired indoor environ
ment. For instance, the owner in case C7 mentioned that “it’s never cold, 
it’s not warm, you can control”. 

The owners in both confirming and disconfirming cases were aware 
of the positive effect of low-carbon dwellings on one’s health and well
being, especially in relation to improved thermal comfort and indoor air 
quality. The analysis highlighted that these well-known desired rational 
outcomes can be supplemented to encompass a broader idea of home as 
a platform for happiness in one’s everyday life. A well-designed and con
structed low-carbon dwelling has better controls, thermal comfort, in
door air quality, moisture regulation, acoustic properties, lighting 
conditions, and is free of mould, draught and dust. As such, a low-carbon 
dwelling provides a better platform to be happy in one’s home. The 
owner in case C7 explained: “When it comes to energy efficiency, which, 
actually, I don’t think many people understand that is also a part of 
feeling cosy. That you have good air in the morning, you don’t have 
draughts, you have a constant 20-22◦C… it is quiet… I think it’s a part of 
feeling cosy, for me at least”. All owners in the confirming cases high
lighted improved thermal comfort and its importance to feel comfort
able in one’s home. The owners in case C8 explain: 

Interviewer: Could you tell me how the retrofit changed your living 
experience? How does it feel to live in such a house? 
C8-homeowner1: It’s so relaxing. We don’t have to wear so many 
clothes. … before, everything had to be done in the one room. And 
we couldn’t spread out. So, everyone’s trying to crowd into the same 
space, because the other spaces were not liveable. 
C8-homeowner2: Because of the nature of the work I do [guitar 
teacher], I’d had problems… Because I don’t do very well with cold. 
And if I have to practice new material, it got so cold… And I just… I 
couldn’t get my mind into what’s I was doing. 
C8-homeowner1: Cold is a brain-numbing experience. 
C8-homeowner2: It is, actually, it makes you kind of shut down. But 
since you’d have that done, well, that’s gone. 
C8-homeowner1: In this less arguing, like: “shut the door, or you are 
the one that left it open.” Or, you know, all of that sort of thing, 
which comes from being uncomfortable, physically uncomfortable. 
C8-homeowner2: So, yeah, I think, just more relaxed state of mind. 
Because it is warmer. It is that simple. 

Energy retrofit can help minimise operational energy use and carbon 
emissions. Thus, it helps address individual climate concerns and desire 
to do one’s part to save the planet. The broader emotional aspects are 
captured in the fusion of one’s caring identity and the identity of a place 
called home. The analysis revealed that the idea of ‘low-carbon home’ is 
linked to an identity of a broader social responsibility, as compared to 
the idea of ‘home’, which is typically linked to oneself and one’s family. 
This was most visible in homeowner associations. Associations with the 
word home ‘home’ were ‘me’(C7), ‘children’(C7, C8, C10, D12), ‘fam
ily’(C3, C6, C7, C9, C10, D17), ‘parents’(C10). Associations with the 
words ‘low-carbon home’ were ‘citizenship’(C8), ‘concerned’(C1), 
‘conscious’(C1), ‘considerate’(C3), ‘helping something bigger’(C10), 
‘responsibility’(C8, D16). One of the owners in the case C8 gave the 
following associations with the words ‘low-carbon home’: “Re
sponsibility, citizenship… You know, low-carbon home sounds to me 
like… The whole world is safe, protected. it’s much more national and 
global and then just us.” Associations of the owner in case C9 were: 
“Future, secure. It’s all about the future, that’s how we see it. We don’t 
do this for us, we are not doing this for ourselves to be honest. Because in 
my lifetime, what I am doing now, has no impact on my lifetime. It’s all 
about the future.” This social aspect of one’s caring identity manifested 
in homeowners joining the SuperHomes network “as a means to share 
my knowledge and experience” (C3), “to promote that it could be done 

5 Many factors beyond motivation affect retrofit decisions. As the focus of the 
paper is on motivation, they are not analysed here. A summary of such non- 
motivational factors mentioned during case-study interviews and the project 
workshop are summarised in Appendix G.  

6 The results section of this paper focuses solely on the benefits of low-carbon 
dwellings. However, the analysis featured comparing and contrasting con
firming and disconfirming cases to capture both positive and negative 
emotional and cognitive experiences associated with such dwellings, in order to 
capture the full emotional response. See Appendix H for further detail on re
ported negative experiences. See Appendix I for further insights on the simi
larities and differences of the confirming and disconfirming cases.  

7 This results section of this paper focuses solely on the positive emotional 
and cognitive experiences associated with low-carbon aspects of the dwellings in 
the case studies. See Appendix J for further description of positive emotional 
and cognitive experiences, reported by the interviewees, which were not related 
to the low-carbon nature of their dwellings. 
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in any kind of home” (C2), and to “inspire” (C4). 
Energy retrofit is widely understood as able to address some of the 

homeowner financial considerations, and thus build a sense of future- 
resilience. In case C4, the owner explained: “I like the idea of being self- 
sufficient. The fact that I got a solar panel, helps me to feel that.” In case 
C6, the configuration of the on-site heating technologies meant that 
“even on the coldest winter day, we know we can heat the house with 
the power cut for three days in snow”. As governments around the world 
commit to a long-term net-zero target, there is a growing understanding 
that energy retrofit can futureproof one’s property investment, so “you 
have security that your house won’t be obsolete if and when you have to 
sell it” (WP21_dem). As this future unfolds, more and more properties 
will be retrofitted to low-carbon standards. Therefore, if households 
“don’t retrofit their properties against others that have been upgraded, 
their property value [will be] going down” (WP29_ind). Energy retrofit 
can build resilience against that potential future loss in the property 
value. In case C8, the owners spoke about financial resilience in their old 
age: 

C8-homeowner1: We think prices are going to rise, and our income 
isn’t. So, we are worried about being sustainable in our old age. 
C8-homeowner2: Yeah, I mean certain things are guaranteed that 
you are going to have to pay for. No matter where you are in life. 
From council tax to energy bills and to utilities. And as you do get to 
fixed incomes, you get older, it’d be nice to mitigate some of those 
costs. 

A full integration between an individual and their environment describes 
a situation when one’s home becomes one’s primary anchor in space and 
time. This is achieved through the diversity of relations the home setting 
offers to an individual across different physical and temporal di
mensions. The following emotional responses characterise the unifying 

outcome of the last three themes described above: (i) feelings of joy, 
happiness and comfort in a cosy, warm place with a healthy indoor 
environment, e.g. described as “better, nicer environment to live in” in 
case C3; (ii) feelings of belonging and continuity, as the identity of one’s 
home becomes interlinked with the identities of its inhabitants with 
time, e.g. the owner in case C4 explained: “I’ve put my stamp on it. I 
have certainly not built it, but I have, to a certain extent, created it”; (iii) 
feelings of safety and security in a place that one thinks is future-resilient, 
e.g. the owners case C8 spoke of “economic security in the future” due to 
significantly reduced energy use and associated energy bills. 

For the analytical purposes of the paper, we distilled the aspects of 
home-meanings that particularly resonate with the benefits of low- 
carbon dwellings. However, the owners themselves made no such 
distinction. For them, it was their homes, they thought of them in a 
holistic manner with both low-carbon-related and non-low-carbon- 
related aspects forming a part of a single whole. The owner in case C7 
used the following statement to highlight this holistic nature: “We have 
tried to make it so it’s just like a normal home, it is not an eco-facility, if 
that makes sense.” 

4.2. Home for the Common Future (HCF) as a cognitive frame 

The authors have constructed a Home for the Common Future (HCF) 
heuristic to help stakeholders to promote the benefits of low-carbon 
dwelling to homeowners by building compelling narratives. The heu
ristic captures only three out of five themes of emotional and cognitive 
experiences described in Section 4.1., as the themes of ‘control over 
one’s environment’ and the ‘a full integration of an individual and their 
environment’ are implicit in achieving positive experiences associated 
with low-carbon dwellings. The simplification also helps to crystallise 
the core argument and aid communication of the idea. To convey the 

Fig. 3. Five themes of positive emotional and cognitive experiences (perezhivanie) associated with low-carbon dwellings.  

Fig. 4. Home for the Common Future (HCF) heuristic to promote low-carbon dwellings.  
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underlying rationale, emotional and cognitive reasoning are separated 
out. Emotional experiences include: (i) Happiness in everyday life, (ii) 
Caring identity, (iii) Future-resilience. Cognitive experiences include: (i) 
Health and well-being, (ii) Climate concerns, (iii) Financial consider
ations. The three themes are synthesised into a single heuristic – Home 
for the Common Future (HCF). The acronym HCF can simultaneously be 
used to refer to the heuristic itself, or to separately describe motivations 
involving emotional and cognitive reasoning (Fig. 4). The inspiration for 
the heuristic title was taken from the project workshop, where one of the 
participants suggested “Home of the Future” as a heuristic to talk about 
low-carbon dwellings, as a “next model up” from non-low-carbon 
dwellings (WP13_int). 

To build emotionally and cognitively compelling narratives to 
encourage domestic energy retrofit, we suggest showing how one of the 
three positive emotional and cognitive experiences in HCF emerges in the 
interaction between one’s environment and activities, and results in a full 
integration with it, given control over one’s environment. Ideally, all five 
dimensions of the home-meanings framework (Fig. 1) should be 
considered when building a narrative. Project workshop participants 
used the earlier version of the home-meanings framework, which 
featured concepts of perezhivanie, affordance and practice, to create a 
variety of narratives. See Box 2 for an example of such a narrative. 

5. Discussion 

The authors make a number of contributions in this paper. We 
introduce the method of associative experiments to energy research (see 
Section 3.1.3. Associative experiments), which is a methodological 
contribution. We contribute to widen the theoretical choice in energy 
research by introducing the concept of perezhivanie and applying it to 
formulate a conceptual framework of home-meanings. We contribute to 
the literature arguing that a successful promotion of domestic energy 
retrofit should look beyond techno-economic influences and consider 
socio-cultural ones [20,22,85–87]. In particular, we contribute to the 

growing debate on the importance of understanding the multidimen
sional meanings of home to fully grasp the diversity of such socio- 
cultural influences on domestic energy retrofit decisions [19,27]. 

The choice of perezhivanie as an integrative concept to understand 
home-meanings and retrofit decisions finds support in the literature, 
which recognises that retrofit decisions entail high emotional and 
cognitive involvement [88]. This conceptual choice also resonates with 
innovation and technology literature that highlights the importance of 
both emotion and cognition in evaluating and choosing various tech
nologies, including energy-related ones [7,89]. The range of positive 
emotional and cognitive experiences associated with low-carbon 
dwellings identified in this paper corresponds with the insights from 
the literature on energy retrofit motivations, which are historically 
framed as drivers and barriers to retrofit [86,90–93], but have recently 
embraced a more holistic approach [19,20,85,87,94–100]. 

The use of cognitive framing to understand and shape the trajectory 
of homeowner domestic energy retrofit motivations finds support in the 
literatures of innovation and technology, discourse and social market
ing. Innovation and technology literature uses the concept of ‘technolog
ical frame’ to explain its role on the way actors make sense of a 
technology and evaluate its usefulness, before taking an action to adopt 
the technology [101]. Technological frames influence how various 
technologies get imbued with specific meanings (e.g. comfort, identity 
or status), and subsequently, influence the willingness of individuals to 
use existing technologies or shift to new ones [7,102,103]. Energy 
research and climate change literature acknowledge the importance of 
discourse for explaining the current carbon lock-in and facilitating 
change [104]. Novel narratives are seen as a key enabler to break away 
from the established values, norms and status quo, and encourage so
cietal transformation [105–108]. For instance, discourses that portray 
plant-based diets as healthy help to increase the share of such diets in the 
population [7]. Finally, social marketing approaches have gained prom
inence among governmental actors seeking to engage the public on 
climate change [109]. They predominantly focused on shaping the 

Box 2 
‘Retiree pension pot lump sum’ narrative, created during one of the breakout sessions of the project workshop by WP21_dem, WP19_int, 
WP22_ind and WP20_aca.  

WP22_ind: I like the retiree, retiree pension pot lump sum, worried about getting colder in their own home. I’m going to get weaker and more 
sedentary, so, I am planning for the future. 
WP21_dem: And they don’t want lots of hassle. You know, their home is probably fairly settled as to how they want it. So, if you are coming 
in and promising something very disruptive, you may not have a high tolerance of that in that age group. So, you are looking at promises 
over the nature of the activity being suitable and fitting within your lifestyle in terms of the actual physical retrofit. 
WP20_aca: So low disruption… is there a way to have new practices with the non-gas future? 
WP22_ind: We could say that the heating system would retain radiators because it’s familiar, and they use what’s familiar. But we might 
change the heat source, which they probably wouldn’t need to know or worry about. If we move to the point of retirement, maybe there is a 
point of change there, which is quite useful. Even if you are at the same house, actually… 
WP20_aca: So, maybe also staying longer indoors, so you want an environment that allows constant temperatures. 
WP21_dem: Yes, and that sort of connects to… You’re changing your identity, going from a “worker” to a “retiree”. And, so, capturing the 
ideas and changes that experience will bring to you and what positive things you’ll get as a result of that change. That seems like a useful 
thing. I’ve had experience of retrofit clients in the past, who’ve been exactly that category — bought a place to retire. So, they wanted to 
make it comfortable for their retirement and they didn’t want to pay energy bills. So, we kind of did everything around that. 
WP20_aca: Yes, I think, having lower running costs is a value for them. They are probably scared of having a lower budget… 
WP22_ind: Yes, it’s that pot of money, as we said. You’ve got this pot, you don’t know how long you’re going to live, so you have to “eek it 
out” as much as possible… 
WP20_aca: Sounds good, so you have control of your future… 
WP22_ind: So, the familiar controls, this sort of practice. Rather this sort of familiarity with your environment 
WP20_aca: Yeah, so you’re not making it more complicated, you’re… you feel greener, you feel more related to the future, because you 
have something that is not going to be obsolete, but you don’t have difficult new practices to learn. 
WP7_supply: And we’re not required to put in that extra effort just to be greener… 
WP20_aca: And as you’re going to be more comfortable, you can probably have more activities at home, you feel more inclined to have 
more people around, because it’s not a cold and damp place.    
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context within which decisions are made, i.e., ‘nudging’ individuals 
[110]. It has been argued that this is not enough, that we cannot simply 
‘nudge’ our way to sustainability [111], and that ‘deep framing’ ap
proaches are required [109]. 

The authors argue for a more holistic approach to promoting do
mestic energy retrofit, which draws attention to individuals’ emotions, 
such as the feelings of comfort, joy, happiness, belonging, continuity, 
control, safety and security. The idea itself is not new. Especially occu
pant health and comfort has long been recognised as a strong benefit of 
low-carbon dwellings and a powerful reason to carry energy retrofit (e.g. 
[112]). The contribution of the paper to policy lies in bringing together 
the diversity of possible benefits associated with low-carbon dwellings 
into a single framework (Fig. 3), grounded in a broader literature of 
meanings of home, and the development of a heuristic that can be used 
by different actors to create motivation narratives (Fig. 4). Currently, 
stakeholders relevant to the success of the widescale energy retrofit 
programmes often have different and sometimes conflicting un
derstandings on how the homeowners themselves perceive the benefits 
of low-carbon dwellings. For instance, it has been consistently reported 
that building practitioners can assume a very narrow set of homeowner 
motivational priorities, primarily focused on energy bill reduction 
[113]. Given that the return on investment for many measures is long- 
term and uncertain, the practitioners can choose to pro-actively pro
tect their customers, and not suggest or even discourage them from 
energy retrofit, arguing that it is not cost-effective [114–116]. For such 
practitioners, the suggested frameworks will provide a powerful aid to 
broaden their understanding. Undoubtedly, there are many practitioners 
who understand the emotional benefits of low-carbon dwellings and use 
them to encourage energy retrofit (e.g. [117,118]). For such actors, the 
suggested frameworks can serve as a common point of reference. Indeed, 
if the frameworks get accepted as a common point of reference and 
become widely used, they have a potential to usher a paradigm shift, 
accelerate the rate of domestic energy retrofit, minimise operational 
energy use and associated carbon emissions, and mitigate global envi
ronmental change. 

6. Conclusions 

The authors developed a framework of home-meanings (Fig. 1) 
around the concept of perezhivanie (emotional and cognitive experi
ence) to capture various dimensions of the notion of one’s home. It was 
used to identify five themes of positive emotional and cognitive expe
riences associated with low-carbon dwellings (Fig. 3). The home- 
meanings framework together with the identified five themes can be 
used conceptually to direct further research on motivating domestic 
energy retrofit. The auhtors also illustrates the use of the framework to 
create narratives for energy retrofit promotion, which resonate with 
homeowner cognitive and emotional reasoning. Three out of five iden
tified themes of positive emotional and cognitive experiences associated 
with low-carbon dwellings are combined into a single heuristic that is 
aimed to shape homeowner cognitive frames — Home for the Common 
Future (HCF) (Fig. 4). The acronym can simultaneously be used to 
describe motivations involving emotional reasoning – Happiness in 
everyday life, Caring identity, Future-resilience, as well as cognitive 
reasoning – Health and well-being, Climate concerns and Financial 
considerations. To build compelling narratives, it is suggested to show 
how control over one’s environment can afford the experiences in the HCF 
framework, and how such experiences lead to a full integration between an 
individual and their environment. All these experiences should be shown 
to arise from one’s environment and activities. 

Several possibilities for future research exist. First, the diversity of 
possible communication strategies for a successful implementation of 
the HCF framework could be explored. For instance, visuals can be used 
alongside text for greater success in motivating positive cognitive 
frames, as images require less cognitive effort than text and can generate 
a stronger emotional appeal [119], and text and visuals function best in 

combination [120]. Appendix K provide examples of the illustrative 
images for some of the narratives generated during the project work
shop. Second, the empirical data for this research is UK-based, while the 
literature on home-meanings utilised in the paper draws heavily on the 
insights from the white male population of the Western world. Future 
research can explore the meanings of home and low-carbon home 
among a more diverse set of groups and contexts. The thoroughly 
detailed methodological steps documented in this paper will aid re
searchers in this pursuit. Third, future research can look at tenure types 
other than homeowners and take a market segmentation approach to 
make meaningful narrative specific to different population categories. 
Finally, future research can investigate the formation of negative ex
periences associated with low-carbon dwellings and outline strategies to 
avoid them. 

Funding 

This research was funded in part by the Economic and Social 
Research Council (UK) under the project Fast-tracking Low-Energy Use 
via Retrofit (FLEUR) [grant number: ES/V012606/1], as well as by the 
Centre for Research into Energy Demand Solutions (CREDS), supported 
by UK Research and Innovation [grant number: EP/R035288/1]. For the 
purpose of Open Access, the first author has applied a CC BY public 
copyright licence to any Author Accepted Manuscript (AAM) version 
arising from this submission. 

CRediT authorship contribution statement 

Yekatherina Bobrova: Conceptualization, Data curation, Formal 
analysis, Funding acquisition, Investigation, Methodology, Project 
administration, Validation, Writing – original draft, Writing – review & 
editing. George Papachristos: Conceptualization, Methodology, Su
pervision, Validation, Writing – review & editing. Lai Fong Chiu: 
Conceptualization, Supervision, Writing – review & editing. Svetlana 
Tikhomirova: Conceptualization, Methodology. Thomas M. Coon: 
Conceptualization. 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Data 

Data from the project workshop is available at https://doi. 
org/10.5255/UKDA-SN-855219 

Acknowledgements 

We want to thank all the case study participants for inviting to and 
showing around their homes, for their time, their stories and their 
feedback on the preliminary results. We would like to thank workshop 
participants for their interest, time, ideas and vivid discussions. Many 
thanks to 11 workshop facilitators, who made a marvellous job at 
ensuring the smooth flow of the event. YB wants to thank Neil May for 
invigorating discussions on the meanings of home and their relevance to 
energy retrofit. YB also wants to acknowledge Joan Arthur for her 
warmth and kind heart. She surely knew how to make one at home in a 
new work environment. YB and TC want to thank Emily and Medwin 
Poots for their lovely family home, where part of the research for this 
paper was carried out during Covid-19 pandemic. This work has 
benefited from feedback received at the European Council for an Energy 
Efficient Economy (ECEEE) 2022 Summer Study on energy efficiency in 
Hyères, France; Energy Research & Social Science (ERSS) 2022 confer
ence in Manchester, UK; and Energy Demand changes Induced by 

Y. Bobrova et al.                                                                                                                                                                                                                                

https://doi.org/10.5255/UKDA-SN-855219
https://doi.org/10.5255/UKDA-SN-855219


Energy Research & Social Science 107 (2024) 103358

12

Technological and Social innovations (EDITS) IIASA 2022 annual 
meeting/conference in Vienna, Austria. We want to thank Kristen Gram- 
Hannsen, Uttara Narayan, Bryony Parrish, Sascha Olinsson and Tina 
Fawcett for their feedback on the theoretical conceptualisation of the 
paper and suggestion of relevant literature. We want to thank Gavin 
Killip for his feedback on the earlier version of the manuscript. YB wants 
to acknowledge the role of Adam Cooper as a mentor for the FLEUR 
project. Finally, the illustrations for Figs. K.1–K.4 were created specif
ically for the FLEUR project by Starstruck — a digital, marketing and 
content production agency. 

Appendices A-K. Supplementary data: 

Supplementary data (Appendices A-K) to this article can be found 
online at https://doi.org/10.1016/j.erss.2023.103358. 

References 

[1] UN [United Nations], Kyoto Protocol to the United Nations Framework 
Convention on Climate Change, Dec. 10, 1997, 37 I.L.M. 22; 2303 U.N.T.S. 148; 
U.N. Doc FCCC/CP/1997/7/Add.1, 1998. https://unfccc.int/sites/default/files/ 
kpeng.pdf (accessed December 1, 2023). 

[2] UN [United Nations], Conference of the Parties, Adoption of the Paris Agreement, 
Dec. 12, 2015 U.N. Doc. FCCC/CP/2015/L.9/Rev/1, 2015. https://unfccc.int/ 
sites/default/files/english_paris_agreement.pdf (accessed December 1, 2023). 

[3] IPCC [Intergovernmental Panel on Climate Change], Climate change 2022: 
Mitigation of climate change, in: Contribution of Working Group III to the Sixth 
Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge University Press, Cambridge, UK, 2022, https://doi.org/10.1017/ 
9781009157926. 

[4] IEA [International Energy Agency]. Tracking Buildings 2021. Paris, France, 2021. 
https://www.iea.org/reports/tracking-buildings-2021 (accessed July 26, 2022). 

[5] Eurostat, Distribution of population by degree of urbanisation, dwelling type and 
income group – EU-SILC survey 2020. https://ec.europa.eu/eurostat/web/pro 
ducts-datasets/-/ilc_lvho01 (accessed January 29, 2021). 

[6] D. Andrews, Sánchez A. Caldera, The evolution of homeownership rates in 
selected OECD countries: demographic and public policy influences, OECD J. 
Econ. Stud. 2011 (2011), https://doi.org/10.1787/19952856. 

[7] F. Creutzig, J. Roy, P. Devine-Wright, J. Díaz-José, F.W. Geels, A. Grubler, et al., 
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[40] G. Paré, M.-C. Trudel, M. Jaana, S. Kitsiou, Synthesizing information systems 
knowledge: a typology of literature reviews, Inf. Manag. 52 (2015) 183–199, 
https://doi.org/10.1016/j.im.2014.08.008. 

[41] A. Blunt, Cultural geography: cultural geographies of home, Prog. Hum. Geogr. 
29 (2005) 505–515, https://doi.org/10.1191/0309132505ph564pr. 

[42] A. Blunt, R. Dowling, Home, Routledge, London, UK, 2006. 
[43] A. Blunt, A. Varley, Geographies of home, Cult Geogr 11 (2004) 3–6, https://doi. 

org/10.1191/1474474004eu289xx. 
[44] H. Coolen, J. Meesters, Editorial special issue: house, home and dwelling, 

J. Housing Built Environ. 27 (2012) 1–10, https://doi.org/10.1007/s10901-011- 
9247-4. 

[45] C. Després, The meaning of home: literature review and directions for future 
research and theoretical development, J. Archit. Plan. Res. 8 (1991) 96–115. 
http://www.jstor.org/stable/43029026. 

[46] H. Easthope, A place called home, Hous. Theory Soc. 21 (2004) 128–138, https:// 
doi.org/10.1080/14036090410021360. 

[47] L. Fox, The meaning of home: a chimerical concept or a legal challenge? J Law 
Soc 29 (2002) 580–610, https://doi.org/10.1111/1467-6478.00234. 

[48] M. Heidegger, Building dwelling thinking, in: D.F. Krell (Ed.), Basic Writings: 
From ‘Being and Time’ (1927) to ‘the Task of Thinking’ (1964), 2nd ed., 
HarperSanFrancisco, San Francisco, 1964. 

[49] S. Mallett, Understanding home: a critical review of the literature, Sociol. Rev. 
(2004) 52, https://doi.org/10.1111/j.1467-954X.2004.00442.x. 

[50] L.C. Manzo, Beyond house and haven: toward a revisioning of emotional 
relationships with places, J. Environ. Psychol. 23 (2003) 47–61, https://doi.org/ 
10.1016/S0272-4944(02)00074-9. 

[51] S.L. Molony, The meaning of home: a qualitative metasynthesis, Res. Gerontol. 
Nurs. 3 (2010) 291–307, https://doi.org/10.3928/19404921-20100302-02. 

[52] J. Moore, Placing home in context, J. Environ. Psychol. 29 (2000) 207–217, 
https://doi.org/10.1006/jevp.2000.0178. 

Y. Bobrova et al.                                                                                                                                                                                                                                

https://doi.org/10.1016/j.erss.2023.103358
https://unfccc.int/sites/default/files/kpeng.pdf
https://unfccc.int/sites/default/files/kpeng.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://unfccc.int/sites/default/files/english_paris_agreement.pdf
https://doi.org/10.1017/9781009157926
https://doi.org/10.1017/9781009157926
https://www.iea.org/reports/tracking-buildings-2021
https://ec.europa.eu/eurostat/web/products-datasets/-/ilc_lvho01
https://ec.europa.eu/eurostat/web/products-datasets/-/ilc_lvho01
https://doi.org/10.1787/19952856
https://doi.org/10.1017/9781009157926.007
https://doi.org/10.1017/9781009157926.007
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0040
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0040
https://doi.org/10.1016/j.enbuild.2020.110322
https://doi.org/10.1016/j.enbuild.2020.110322
https://doi.org/10.1016/j.enpol.2017.04.014
https://doi.org/10.1016/j.enpol.2017.04.014
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0055
https://doi.org/10.1016/j.enbuild.2019.109667
https://doi.org/10.1007/s12053-017-9604-6
https://doi.org/10.1017/9781009157926.011
https://doi.org/10.1007/s10584-014-1192-2
https://doi.org/10.1007/s10584-014-1192-2
https://doi.org/10.1787/2f4c8c9a-en
https://doi.org/10.1175/WCAS-D-20-0100.1
https://doi.org/10.1007/s10584-017-1984-2
https://doi.org/10.1007/s10584-017-1984-2
https://doi.org/10.1016/j.erss.2015.03.002
https://doi.org/10.3390/buildings13030761
https://doi.org/10.3390/buildings13030761
https://doi.org/10.1016/j.renene.2013.05.004
https://doi.org/10.1016/j.renene.2013.05.004
https://doi.org/10.1080/09613218.2014.911572
https://doi.org/10.1080/09613218.2014.911572
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0115
https://doi.org/10.1287/orsc.1050.0133
https://doi.org/10.1287/orsc.1050.0133
https://doi.org/10.1016/j.gloenvcha.2014.01.012
https://doi.org/10.1016/j.tra.2004.07.001
https://doi.org/10.1016/j.tra.2004.07.001
https://doi.org/10.1016/j.erss.2014.12.003
https://doi.org/10.1111/misp.12048
https://doi.org/10.1111/misp.12048
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0145
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0145
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0150
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0150
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0150
https://doi.org/10.3389/fpsyg.2022.1086458
https://doi.org/10.3389/fpsyg.2022.1086458
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0160
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0160
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0165
https://doi.org/10.1080/10749039.2016.1186198
https://doi.org/10.1080/10749039.2016.1186198
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0175
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0175
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0180
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0180
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0185
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0185
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0185
https://doi.org/10.1515/comm.2004.29.4.401
https://doi.org/10.1515/comm.2004.29.4.401
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1111/j.1471-1842.2009.00848.x
https://doi.org/10.1016/j.im.2014.08.008
https://doi.org/10.1191/0309132505ph564pr
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0210
https://doi.org/10.1191/1474474004eu289xx
https://doi.org/10.1191/1474474004eu289xx
https://doi.org/10.1007/s10901-011-9247-4
https://doi.org/10.1007/s10901-011-9247-4
http://www.jstor.org/stable/43029026
https://doi.org/10.1080/14036090410021360
https://doi.org/10.1080/14036090410021360
https://doi.org/10.1111/1467-6478.00234
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0240
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0240
http://refhub.elsevier.com/S2214-6296(23)00418-8/rf0240
https://doi.org/10.1111/j.1467-954X.2004.00442.x
https://doi.org/10.1016/S0272-4944(02)00074-9
https://doi.org/10.1016/S0272-4944(02)00074-9
https://doi.org/10.3928/19404921-20100302-02
https://doi.org/10.1006/jevp.2000.0178


Energy Research & Social Science 107 (2024) 103358

13

[53] P. Saunders, P. Williams, The constitution of the home: towards a research 
agenda, Hous. Stud. 3 (1988) 81–93, https://doi.org/10.1080/ 
02673038808720618. 

[54] P. Somerville, The social construction of home, J. Archit. Plan. Res. 14 (1997) 
226–245. http://www.jstor.org/stable/43030210. 

[55] D.N. Benjamin, Afterword, or further research issues in confronting the home 
concept, in: D.N. Benjamin, D. Stea, E. Arén (Eds.), The Home: Words, 
Interpretations, Meanings and Environments, Avebury, Aldershot, 1995, 
pp. 293–307. 

[56] J. Sixsmith, The meaning of home: an exploratory study of environmental 
experience, J. Environ. Psychol. 6 (1986) 281–298, https://doi.org/10.1016/ 
S0272-4944(86)80002-0. 

[57] P. Somerville, Homelessness and the meaning of home: rooflessness or 
rootlessness? Int. J. Urban Reg. Res. 16 (1992) 529–539, https://doi.org/ 
10.1111/j.1468-2427.1992.tb00194.x. 

[58] J.D. Porteous, Home: the territorial core, Geogr. Rev. 66 (1976) 383–390, 
https://doi.org/10.2307/213649. 

[59] D. Smaldone, C. Harris, N. Sanyal, An exploration of place as a process: the case of 
Jackson Hole, WY, J. Environ. Psychol. 25 (2005) 397–414, https://doi.org/ 
10.1016/j.jenvp.2005.12.003. 

[60] B. Westman, The home and homes, in: D.N. Benjamin, D. Stea, E. Arén (Eds.), The 
Home: Words, Interpretations, Meanings and Environments, Avebury, Aldershot, 
1995. 

[61] R.K. Yin, Case Study Research: Design and Methods, 6th ed., Sage, Thousand 
Oaks, CA, 2018. 

[62] K.M. Eisenhardt, Building theories from case study research, Acad. Manag. Rev. 
14 (1989) 532–550, https://doi.org/10.2307/258557. 

[63] M.B. Miles, M. Huberman, J. Saldaña, Qualitative Data Analysis: A Methods 
Sourcebook, 3rd ed., Sage, Thousand Oaks, CA, USA, 2014. 

[64] J.W. Creswell, Qualitative Inquiry and Research Design: Choosing among Five 
Traditions, Sage, Thousand Oaks, CA, 1998. 

[65] NEF [National Energy Foundation], SuperHomes. https://nef.org.uk/project/su 
perhomes/, 2021 (accessed July 29, 2022). 

[66] SuperHomes, About – SuperHomes 2021. https://superhomes.org.uk/about/ 
(accessed July 29, 2022). 

[67] A. Langley, Strategies for theorizing from process data, Acad. Manag. Rev. 24 
(1999) 691–710, https://doi.org/10.2307/259349. 

[68] R. Lowe, L.F. Chiu, T. Oreszczyn, Socio-technical case study method in building 
performance evaluation, Build. Res. Inf. (2017) 1–16, https://doi.org/10.1080/ 
09613218.2017.1361275. 

[69] D.L. Nelson, C.L. Mcevoy, S. Dennis, What is free association and what does it 
measure? Mem. Cognit. 28 (2000) 887–899, https://doi.org/10.3758/ 
BF03209337. 

[70] K. Dallett, The structure of associations in language and thought. James Deese, 
Am. Anthropol. 70 (1968) 826–827, https://doi.org/10.1525/ 
aa.1968.70.4.02a00750. 

[71] W.S. Verplanck, A brief introduction to the word associate test, Anal. Verbal 
Behav. 10 (1992) 97–123, https://doi.org/10.1007/BF03392878. 

[72] E.v. Lazutkina, Social consciousness and public opinion: associative experiment 
among students of SFU, J. Sib. Fed. Univ. Humanit. Soc. Sci. 8 (2015) 1855–1863, 
https://doi.org/10.17516/1997-1370-2015-8-9-1855-1863. 

[73] H. Bradbury-Huang, What is good action research? Action Res. 8 (2010) 93–109, 
https://doi.org/10.1177/1476750310362435. 

[74] L. Given, Participatory Action Research (PAR). The SAGE Encyclopedia of 
Qualitative Research Methods, Sage, Thousand Oaks, 2008, https://doi.org/ 
10.4135/9781412963909. 

[75] P. Kivimaa, M. Martiskainen, Dynamics of policy change and intermediation: the 
arduous transition towards low-energy homes in the United Kingdom, Energy 
Res. Soc. Sci. 44 (2018) 83–99, https://doi.org/10.1016/j.erss.2018.04.032. 

[76] R. Chambers, Participatory Workshops: A Sourcebook of 21 Sets of Ideas and 
Activities, Routledge, Abingdon, UK, 2002. 

[77] A. Chemero, An outline of a theory of affordances, Ecol. Psychol. 15 (2003) 
181–195, https://doi.org/10.1207/S15326969ECO1502_5. 

[78] J.J. Gibson, The Ecological Approach to Visual Perception, Lawrence Erlbaum 
Associates, Hillsdale, MI, 1986. 

[79] K. Gram-Hanssen, Understanding change and continuity in residential energy 
consumption, J. Consum. Cult. 11 (2011) 61–78, https://doi.org/10.1177/ 
1469540510391725. 

[80] E. Shove, M. Pantzar, M. Watson, The Dynamics of Social Practice: Everyday Life 
and how it Changes, Sage, London, UK, 2012. 

[81] A. Warde, Consumption and theories of practice, J. Consum. Cult. 5 (2005) 
131–153, https://doi.org/10.1177/1469540505053090. 

[82] A. Reckwitz, Toward a theory of social practices: a development in culturalist 
theorizing, Eur. J. Soc. Theory 5 (2002) 243–263, https://doi.org/10.1177/ 
13684310222225432. 

[83] T.R. Schatzki, The Site of the Social: A Philosophical Account of the Constitution 
of Social Life and Change, Pennsylvania State University Press, University Park, 
PA, 2002. 

[84] K.J. Daly, Qualitative Methods for Family Studies and Human Development, 
Sage, Thousand Oaks, CA, 2007. 

[85] G. Liu, K. Ye, Y. Tan, Z. Huang, X. Li, Factors influencing homeowners’ housing 
renovation decision-making: towards a holistic understanding, Energ. Buildings 
254 (2022), 111568, https://doi.org/10.1016/j.enbuild.2021.111568. 

[86] N. Della Valle, P. Bertoldi, Promoting energy efficiency: barriers, societal needs 
and policies, Front. Energy Res. (2022) 9, https://doi.org/10.3389/ 
fenrg.2021.804091. 

[87] L. Tjørring, Q. Gausset, Drivers for retrofit: a sociocultural approach to houses and 
inhabitants, Build. Res. Inf. 47 (2019) 394–403, https://doi.org/10.1080/ 
09613218.2018.1423722. 

[88] J.P. Baginski, C. Weber, A consumer decision-making process?, in: Unfolding 
Energy Efficiency Decisions of German Owner-Occupiers, 2017, https://doi.org/ 
10.2139/ssrn.3023997. 

[89] M. Vespa, P. Schweizer-Ries, J. Hildebrand, T. Kortsch, Getting emotional or 
cognitive on social media? Analyzing renewable energy technologies in Instagram 
posts, Energy Res. Soc. Sci. 88 (2022), 102631, https://doi.org/10.1016/j. 
erss.2022.102631. 

[90] B. Kaveh, U.M. Muhammad, B. Simmonite, M. Sarshar, B. Sertyesilisik, An 
investigation into retrofitting the pre-1919 owner-occupied UK housing stock to 
reduce carbon emissions, Energ. Buildings 176 (2018) 33–44, https://doi.org/ 
10.1016/j.enbuild.2018.06.038. 

[91] M. Martiskainen, P. Kivimaa, Role of knowledge and policies as drivers for low- 
energy housing: case studies from the United Kingdom, J. Clean. Prod. 215 (2019) 
1402–1414, https://doi.org/10.1016/j.jclepro.2019.01.104. 

[92] J. Palm, K. Reindl, Understanding barriers to energy-efficiency renovations of 
multifamily dwellings, Energ. Effic. 11 (2018) 53–65, https://doi.org/10.1007/ 
s12053-017-9549-9. 

[93] E. Ohene, A.P.C. Chan, A. Darko, Prioritizing barriers and developing mitigation 
strategies toward net-zero carbon building sector, Build. Environ. 223 (2022), 
109437, https://doi.org/10.1016/j.buildenv.2022.109437. 

[94] I. Kastner, P.C. Stern, Examining the decision-making processes behind household 
energy investments: a review, Energy Res. Soc. Sci. 10 (2015) 72–89, https://doi. 
org/10.1016/j.erss.2015.07.008. 

[95] S. Organ, D. Proverbs, G. Squires, Motivations for energy efficiency refurbishment 
in owner-occupied housing, Struct. Surv. 31 (2013) 101–120, https://doi.org/ 
10.1108/02630801311317527. 

[96] I. Stieß, E. Dunkelberg, Objectives, barriers and occasions for energy efficient 
refurbishment by private homeowners, J. Clean. Prod. 48 (2013) 250–259, 
https://doi.org/10.1016/j.jclepro.2012.09.041. 
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