Shaping future housing policies:

Behavioural trends and
sustainabllity insights for a
coeéUUP@PUaAés xéb

Dem Fachbereich Bau und Umweltingenieurwissenschaften der
Technischen Universitat Darmstadt

zur Erlangung des Grades eines
Doktors der Ingenieurwissenschaften (Dr-Ing.)
Dissertation
von

Mahsa Bagheri (M.Sc.)

Darmstadt 2024

Erstreferent: Prof. Dr. Ing. Hans-Joachim Linke
Korreferent: Prof. Dr. Ing. Clemens Rohde




Bagheri, Mahsa: Shaping future housing policies: Behavioural trends and sustainability
gl ggefrq dmp _ 8qgsddgagclrpy “sgjr cltgpml
Darmstadt, Technische Universitat Darmstadt,

Jahr der Veroffentlichung der Dissertation auf TUprints: 2024

URN: urn:nbn:de:tuda -tuprints -288850

Tag der mundlichen Prifung: 19.09.2024

Veroffentlicht unter CC B¥NC 4.0 International
https://creativecommons.org/licenses/




. appFB M pp_
OF 1 TN pA MU c? hiflBPKFc® dBE B ™

To my parents,
for their endless love and unconditional support and trust.



Acknowledgemens

This journey, like all others, has come to an end. Along the way, and in all the years before, |
have encountered many people who have left their mark on the path that leads to where | am
standing now. | am thankful to all of them.

Yet, it is my wonderful family that has truly shaped who | am now and what | have achieved so
far. | am deeply grateful for all their love and support.

| am profoundly thankful to my parents, whose unconditional faith gave me the courage to
dream big and overcome every obstaclealong my way. With their generosity and dedication,
they provided an oasis of harmony andwarmth, a place | could always return to for energy,
confidence and inspiration. Through their actions and peaceful manner they taught me to care
for others and for nature.

-

LAXMPPpNB OF JF

bhbtTphpmM3 FB UMFX_ ™M 91 _ §tigMbEeTB F

- bTpes MrTImeh > BLimavbpmEdd Fpelv ¢ mvpevet m

aF B phnxMF WY agpxt hpv IFEHP CEABLE WMIP mwm by m amt ¢
. axh s e F v B

- mpwm?P @EMBpaORRIOM TE> BReE mph XiK fFb

| want to express my gratitude to Heike Brugger for empowering me to start this journey and

for finding me the best mentor for the way. | am very grateful to Clemens Rohde forgiving me

the necessary pieces of advice | needed to succeed, while still allowing méhe freedom to find

my own way and bringing me back on track whenever | felt lost. Clemens and Heike, | have
been fortunate to have you by my side and to have benefited from your great leadership and
your solution-oriented and innovative thinking. | would also like to extend my sincere thanks
to Hans-Joachim Linke for welcoming me into his team, for his open and supportive supervision
of my work, and for being easily and always reachable.

My gratitude goes also to my colleagues atFraunhofer ISI and my friends from whom | have
learned so much. Special thanks to Elisabeth Diitschke for the insightful exchanges and
discussions, and to the&®issselbsthilfegruppau all its weekly meetings and Pomodoro sessions.
| also want to thank Nadine Steinhibel for her support in proofreading and final formatting of
my thesis.

I am truly thankful for t he patience of my family and friends over the past few months. Their
understanding has allowed me to devote as much time as | needed to omplete this work. | am
extremely grateful to Antoine, without whom this journey would not have beenpossible. Thank
you for your support and patience, both at work and at home. You have been there through all
the ups and downs, always ready to cheer me up, listen to my intense thoughts, inspire me and
comfort me when life's challengesseemedoverwhelming. Thank you for believing in me.




Contents

Acknowledgements [
Contents ii
Abstract Vi
Zusammenfassung Vi
Preamble to the cumulative dissertation viii
1. Introduction 1
1.1. Sustainable development 1
1.2. Human needs and wants and the link to consumption pattern 2
1.3. Energy consumption in residential sector 3
1.4. Strategies to reduce consumption in residential sector 4
1.4.1. State of research 5
1.4.2. Research gap 6
1.5. Research questions and thesis outline 7
2. Traces of Social Sustainability in Garden Cities - Karlsruhe as a Case Study 11
2.1. Introduction 12
2.2. Notion of social sustainability in the Garden City 12
2.3. Case study 13
2.4. Methodology and data collection 14
2.5. Results 15
2.6. Discussion 18
2.7. Conclusion 20
3. Investigating the influence of current trends and behaviours on household structures
and housing consumption patterns 21
3.1. Introduction 22
3.2. Existing and emerging trends 24
3.3. Impact of trends on household structure and consumption 28
3.3.1. Household structure 28
3.3.2. Household size 28
3.3.3. Floor area and room per capita 29
3.4. Areas of lifestyles affecting the space use patterns 29
3.5. Discussion and Conclusion 32
3.6. Limitations and outlook 35
4. Exploring residential space use pattern: Findings from a multi -country survey 36
4.1. Introduction 37
4.2. Modifying consumer behaviour 39
4.3. Methodology and data 41
4.3.1. Scope of the study 41

4.3.2. Data collection 41




4.3.2.1.  Survey questions
4.3.2.2.  Description of the collected sample
4.3.3. Data analysis
4.3.3.1. Data cleaning and processing
4.3.3.2.  Exploratory data analysis
4.3.3.3.  Cluster analysis
4.3.4. Data interpretation
4.4. Results
4.4.1. Space use consumption patterns
4.4.1.1. Facts and figures
4.4.1.2. Perception of the space
4.4.2. Consuming groups and their characteristics
4.4.2.1. Socio-demographic characteristics
4.4.2.2. Willingness to change
4.4.2.3. Policy acceptance
4.5. Discussion and policy implication
4.5.1. Consumption patterns in the residential sector (RQ1)
4.5.2. Groups of interest identified in the cluster analysis (RQ2)
45.3. Strategies for motivating change in consumer behaviour (RQ3)
4.5.4. Limitations
4.6. Conclusions
4.7. Appendices
4.7.1. Appendix A: Further results of the analysis
4.7.2. Appendix B: Clustering details
4.7.3. Appendix C: Nesting within countries
4.8. Supplementary material

5. Reduction of gas demand through changes in heating behaviour in households: novel

insights from modelling and empirical evidence
5.1. Introduction

5.2. Background
5.3. Methodology
5.3.1. Selected measures
5.3.2. Regional scope of the study
5.3.3. Methodological approach
5.3.3.1.  Modelling
5.3.3.2.  Survey
5.4. Results
5.4.1. Saving potentials derived from bottom-up modelling
5.4.2. Survey results and derived saving potentials
5.4.2.1. Socioeconomic and building characteristics

42
43
43
43
43
44
45
45
45
45
48
48
49
50
54
56
56
56
57
61
61
62
62
64
66
67

68
69

70
72
72
72
75
75
77
78
78
82
82




5.4.2.2.  Heating behaviour 82

5.4.2.3. Reasons for the adopted heating behaviour 86
5.4.3. Relationship between the studied factors and heating behaviour 90
5.5. Discussion 91
5.5.1. Comparative analysis of saving potentials: model vs. survey and policy targets 91
5.5.2. Reflection on policy implications 93
5.5.3. Limitations and future work 95
5.6. Conclusion 96
5.7. Appendices 98
5.7.1. Appendix A: Summary tables 98
5.7.2. Appendix B: Statistically tested statements 102
5.7.3. Appendix C: Results of statistical hypothesis testing 103
5.8. Supplementary material 107
6. Implementing housing policies for a sufficient lifestyle 108
6.1. Introduction 109
6.2. Methods 111
6.2.1. Context of the study 111
6.2.2. Selected housing companies 111
6.2.3. Selected measures 113
6.2.4. Data collection and analysis 113
6.2.5. Interview guide 114
6.3. Results 114
6.3.1. Experience with the studied measures 114
6.3.1.1. Flat exchange 114
6.3.1.2.  Moving bonus 115
6.3.1.3. Moving advice 115
6.3.2. Acceptance and effectiveness 116
6.3.3. Success factors and limiting barriers 116
6.3.4. Suggested improvements 117
6.4. Discussion and Conclusions 119
6.5. Supplementary material 123
7. Synthesis 124
7.1. Contribution and key results 124
7.2. Discussion and outlook 127
7.3. Concluding remarks and recommendations 129
Appendices 131
Appendix A: Original published version of Paper 1 131
Appendix B: Original published version of Paper 2 142

Appendix C: Original published version of Paper 4 165




Appendix D: Original published version of Paper 5 189

List of figures 205
List of tables 207
Abbreviations 209

210

References




Abstract

The residential sector significantly contributes to final energy consumption in the EU. In 2021,
it accounted for 27% of total EU total energy consumption, of which 65% was attributed to
space heating. The reduction in specific heating consumption observedn the residential sector
in recent years, thanks to the implementation of energy efficiency measures, stricter building
regulations and building renovations, has been offset by a significant increase in the floor area
of residential buildings, from 32.9 m2in 1991 to 46.3 m?2in 2021. This substantial increase in
floor area exerts considerable pressure on the housing sector, both during the construction
phase (due to the use of energyintensive building materials) and in the use phase. Numerous
studies have investigated the reluction of energy consumption in the residential sector through
behavioural changes and have proposed a range of strategies and policies to achieve this goal.
However, the crucial role of the user perspective in energy reduction remains underexplored
in the existing literature and under-represented in current housing policies. Furthermore, there
is a notable lack of empirical data on user behaviour and its underlying motives, particularly
concerning living space.

This dissertation aims to provide recommendations for enhancing the effectiveness of policies
targeting the reduction of high energy and space consumption in the residential sector. The
gr sbw amlaclrp_rcqg ml +ShifcG kdngppnganceporgdvdich pas bedn
identified as having the greatest potential for reduction. This dissertation emphasises the
necessity of incorporating the user perspective and individual behavioural aspects into the
policy development process. The thesis employs anulti-method research approach, utilising
both qualitative and quantitative methods for data collection and analysis. It addresses the
aforementioned research gap through literature review, paper questionnaire, online multi-
country surveys, and interviews. To provide a more comprehensive view of the topic, the thesis
captures different perspectives (users and providers) and covers different geographical scopes,
from a neighbourhood to the whole of the EU.

In conclusion, to realise the full potential of the existing tools and policies that address the
reduction in energy consumption, improvements in the technical and social infrastructure are
required. Furthermore, various external factors shape individual behaviour and influence

choices, which in turn are reflected directly and indirectly in household consumption patterns.

In order to develop efficient and effective policies, it is essential to recognise and consider the
diverse backgrounds and their influence on policy acceptance and compliance. The financial
aspects play a crucial role in the decisionmaking of all stakeholders. Therefore, designing
policies with a financial component seems to be an effective method of triggering positive
changes towards laver consumption. Finally, communication is crucial for the success of
policies, as a lack of communication can lead to mistrust and dissatisfaction. Identifying the
most appropriate means of communication, implementing transparent communication and

assigning responsibility to the most suitable stakeholders are key to involving households and
building trust.

Vi

r f

c



Zusammenfasung

Der Wohnsektor tragt erheblich zum Endenergieverbrauch in der EU bei. Im Jahr 2021 machte
er 27 % des gesamten Energieverbrauchs in der EU aus, wovon 65%6 auf die Raumheizung
entfielen. Die in den letzten Jahren im Wohnsektor beobachtete Verringerung des spezifischen
Heizenergieverbrauchs, die auf die Umsetzung von EnergieeffizienzmaRhahmen, strengere
Bauvorschriften und Gebaudesanierungen zurlckzufuhren $t, wurde durch eine deutliche
Ausweitung der Wohnflache ausgeglichen, die von 32,9 m2 im Jahr 1991 auf 46,3 m2 im Jahr
2021 gestiegen ist. Diese erhebliche Vergrol3erung der Wohnflache tbt sowohl wahrend der
Bauphase (aufgrund der Verwendung energieintensver Baumaterialien) als auch in der
Nutzungsphase einen erheblichen Druck auf den Wohnungssektor aus. In zahlreichen Studien
wurde die Reduzierung des Energieverbrauchs in Wohngebauden durch Verhaltenséanderungen
untersucht und eine Reihe von Strategien und MalRnahmen zur Erreichung dieses Ziels
vorgeschlagen. Die entscheidende Rolle der Nutzungsperspektive bei der Energieeinsparung
wird in der vorhandenen Literatur jedoch noch nicht ausreichend untersucht und ist in der
aktuellen Wohnungspolitik unterreprasentiert. Darliber hinaus besteht ein erheblicher Mangel
an empirischen Daten zum Nutzungsverhalten und den zugrunde liegenden Motiven,
insbesondere in Bezug auf den Wohnraum.

Diese Dissertation zielt darauf ab, Empfehlungen zur Steigerung der Wirksamkeit von
Mafllnahmen zur Reduzierung des hohen Energieund Flachenverbrauchs im Wohnungssektor
X 'S ec cl, Bgc Qrsbgc i ml xcl rpgcpr o\Gedatern-_ s d
Ver c¢ q gq-Arnpdtz8s, der das grofite Reduktionspotenzial zugeschrieben wird. Diese
Dissertation betont die Notwendigkeit, die Nutzungsperspektive und individuelle
Verhaltensaspekte in den Prozess der Politikentwicklung einzubeziehen. Die Dissertation
verwendet einen multimethodischen Forschungsansatz, bei dem sowohl qualitative als auch
guantitative Methoden zur Datenerhebung und -analyse eingesetzt werden. Sie befasst sich mit
der oben genannten Forschungsliicke durch Literaturrecherche, Fragebogen, Onlinemfragen
in mehreren Landern und Interviews. Um einen umfassenderen Uberblick liber das Thema zu
geben, erfasst die Dissertation verschiedene Perspektiven (Nutzungaund Angebotsseite) und
deckt verschiedene geografische Bereiche ab, von einem Stadtviertel bisur gesamten EU.

Zusammenfassend lasst sich sagen, dass Verbesserungen in der technischen und sozialen
Infrastruktur notwendig sind, um das volle Potenzial der vorhandenen Instrumente und
Politikmaflinahmen zur Senkung des Energieverbrauchs auszuschdpfen. Darlber hinaus prég
verschiedene externe Faktoren das individuelle Verhalten und beeinflussen die Entscheidungen,
die sich wiederum direkt und indirekt in den Verbrauchsmustern der Haushalte widerspiegeln.
Um effiziente und wirksame PolitikmalBnahmen zu entwickeln, ist es unerlasslich, die
unterschiedlichen Hintergriinde und ihren Einfluss auf die Akzeptanz und Einhaltung der
Politikmalinahmen zu ermitteln und zu bericksichtigen. Die finanziellen Aspekte spielen bei
der Entscheidungsfindung aller Beteiligten eine entscheidende Rolle. Daher scheint die
Gestaltung von Maflinahmen mit einer finanziellen Komponente eine wirksame Methode zu
sein, um positive Veranderungen in Richtung eines geringeren Verbrauchs herbeizufihren.
Schlief3lich ist die Kommunikation fir den Erfolg von Polit ikmafinahmen von entscheidender
Bedeutung, da ein Mangel an Kommunikation zu Misstrauen und Unzufriedenheit fihren kann.
Die Ermittlung der am besten geeigneten Kommunikationsmittel, die Umsetzung einer
transparenten Kommunikation und die Zuweisung von Verantwortlichkeiten an die am besten
geeigneten Beteiligten sind der Schlissel zur Einbeziehung der Haushalte und zum Aufbau von
Vertrauen.
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Preamble to the cumulative dissertation

This cumulative dissertation consists of five scientific publications, constituting Chapters 2-6.
Four of these publications (Papess 1, 2, 4 and 5) have been published in international peer-
reviewed journals. The remaining one (Paper 3) has been submitted to an international peer-
reviewed journal and is under review. These papers are listed below in the order in which they
appear in the thesis.

1.

Bagheri, Mahsa (2020): Traces of Social Sustainability in Garden Cities Karlsruhe as a
Case Study. In: European Journal of Sustainable Development 9(4):250. DOI:
10.14207/ejsd.2020.v9n4p250. The original published version of this paper can be
found in Appendix A.

Bagheri, Mahsa ; Troéger, Josephine; Freudenberg, Charlotte (2024): Investigating the
influence of current trends and behaviours on household structures axd housing
consumption patterns. In: Consumption & Society. DOI:
https://doi.org/10.1332/27528499Y2024D000000025 . The original published version
of this paper can be foundin Appendix B.

Bagheri, Mahsa; Propper, Alexandra; Klein, Geneviéve (2024): Exploring residential
space use pattern: Findhgs from a multi-country survey. Submitted to an international
peer-reviewed journal.

Bagheri, Mahsa; Kochazski, Maksymilian; Kranzl, Lukas; Korczak, Katarzyna;
Mayrhofer, Lukas; Miiller, Andreas; Ozer, Ece; Rao, Swaroop (2024): Reduction of gas
demand through heating behaviour changes in households: Novel insights from
modelling and empirical evidence. In: Energy and Buildings. DOI:
10.1016/j.enbuild.2024.114257 . The original published version of this paper can be
found in Appendix C.

Bagheri, Mahsa; Roth, Linda; Siebke, Leila; Rohde, Clemens; Linke, Hansloachim
(2024): Implementing housing policies for a sufficient lifestyle. In: Buildings and Cities,
5(1), DOI: https://doi.org/10.5334/bc.435 . The original published version of this paper
can be found in Appendix D.
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1. Introduction

1.1. Sustainable development

The year 1987 is certainlyaj _ | bk _pii gl rfc fgqrmpw md gsqr _g
bctcj mnkcl r uMebratun(1998f g 493) pcdcpg _ g 8 _ ~ _qgqgq dmp
cltgpml kclrr_j af _jj cspreadusqby difierent comnguhitresrollowing théd ¢

ns jga_r gml md rfc @pslbrj _ | b Amk KlgegBougdiendeg p c 1
report definedqs qr _gl _"jc bctcjmnkclr _q 8- bctcjmnkecl
without compromising the ability of future generation sto meet their own| ¢ ¢ BVIQED 1987,

p. 54).

Although sustainability is traditionally known as a three-pillar concept encompassingsocial,
economic and environmental dimensions, the social aspect has often been overlooked and lacks
substantial theoretical and empirical exploration (Littig et al. 2005; Dempsey et al. 201J.
Colantonio (2007) notes that the environmental and economic dimensions were initially
prioritised in sustainability discussions, with the social dimension only gaining recognition in
the late 1990s within the sustainability development agenda

At the operational level, social sustainability emerges from various key thematic actions,

ranging d p mk 8a_n_agrw “~sgjbgle _|Ib gi gjjq bctcj
gl c os _(Cagantgn® @tpal. 2009, p. 18). Thus, social sustainability encompassesa mix of

traditional social policy fields and principles such as participation, needs, social capital,

economy and environments. Over the past decade, the Oxford Institute for Sustainable
Development (OISD) has extended the concept of social sustainability to hclude happiness,
well-being and quality of life as additional essential factors.

Given the interdisciplinary approach and the broad spectrum o themes covered by social

sustainability research, many authors outline various aspects and dimensions of social
sustainable developmentinstead of offering a precisedefinition of the concept. A review of the

themes showsthat basic needs and equity arefrequently recognised as fundamental pillars of

social sustainability, as they are crucial for both the physiological and social well-being of

individuals and communities (Colantonio 2010).

Vallance et al. (2011) described three classifications of social sustainability, namely
development, bridge and maintenance, each addressing different sustainability targets.
Development social sustainabilityfocuses onbasic needs, social capital and justice. Bridge social
sustainability involves altering behaviours to enhance the relationship between individuals and
their environment. Maintenance social sustainability concerns itself with preserving cultural
traditions, personal preferences and cherished locations that people would like to see
maintained or improved, such asnatural landscapes.

Colantonio (2007) outlines four aspects of social sustainability: (1) social, (2) socio-
institutional, (3) socio -economic and (4) socio-environmental, which cover various thematic
areasconcerning the social realm of individuals and communities. Weingaertner et al. (2014)
contend that social sustainability is generally perceived through three main themes: social
capital, human capital and well-being. These themescan synthesse both individual and
communal concerns, which are significant to social sustainability.




Recent studies show that social sustainability themes and indicators are moving away from
traditional social measures, such as employment and income levels, toward multidimensional
sustainability measures, such as quality of life and social cohesionl(andorf 2011; Larimian et
al. 2021). The existing literature enumerates various physical factors of social sustainability,
including decent housing, attractive public realm and local environmental quality (Eizenberg
et al. 2017).

Since introducing the concept of sustainability, this topic has been setas a goal in various fields

including urbanism. Making the cities and communities more sustainable is one of the 17
sustainable development goals (SDGs) set by the United Nations General Assembly in 2015

(Bagheri 2020). The Od « a ¢ md rfec Bcns (OOPMNpgktc KgRgqgr cpl
amkkslgrgcg _q “nj_acq ufcpc ncmnjc u_lr rm jgt
the diverse needs of existing and future residents, are sensitive to their environment, and
contribute to a high quality of life. They are safe and inclusive, well planned, built and run, and

mddcp cos_jgrw md mnnmpr (©ODRM2005, p.I58. emmb qgcpt gacc

Hilgers (2013) provides a clear understanding of urban social sustainability by identifying three

distinct interpretations: The first, * @_ q g aq sqonra_gg |jfocuseg om mairftaining social

balance within an urban setting, primarily through two main principles of equity and
sustainability of the community (Bramley et al. 2009b). The second,» Qs gr _ gl _up,% ~ cf
deals with the social foundations necessary forsustainable developmentrather than its social

goals. Rotmans et al. (2000) suggests thattechnology and behavioural management arekey in

fostering sustainable behaviair. The third, " Aj r s p _ | g s draws dgnfluenceg fromr w %
postcolonial studies and deals with encouraging and protecting social and cultural diversity.

This approach also servesas a way to resist against a hegemonic interpretation and use of the

concept of ocial sustainability which only refers to Western developed cities.

1.2. Human needs and wantand the link to consumption pattern

People and their needs, weltbeing and quality of life are at the centre of the above quotesand

definitions in regard to (social) sustainability . Accepting the necessity of sustainable
development and referring to Brundtland % definition of the concept, Redclift (2005) argues

rf_r rfc 8lccbpuy _I'b amlgcosclrjw rfc bcdglgrgm
from one generation to another, but also from one culture to another. As the author says

8fAn one society it is agreed that fresh air and open spaces are necessary before
development can be sustainable, it will be increasingly difficult to marry this definition

md ~lccbgq% ugrf rfmgc md mrfcp gmagecasipc q qc
gl apc _qgcb (Redtjiftj2@05, g. 213)u ,

On the other hand, as noted in the Bruntdland report (WCED 1987, p. 14)*  8%n¥ironment%
is where we all live; and development%s what we all do in attempting to improve our lot
ugr f gl r f. Therefore, theb enyironment is related to people, their needs and their
activities.

However, there is an ongoing debate in the scientific community about the difference between
&vantspand 8heedqy with some arguing that the distinction is clear, while others show that this
categorisation is more subjective (Darby et al. 2018). Gough (2015) defines needs as a
particular category of goals that are considered universal and whose failure to be met will result
in serious harm (e.g. a sheltered place to sleep, a washroom), whereas wants are goals that




stem from an individual's particular preferences (e.g. an artist's studio, a garage)(Doyal et al.
1984). A different approach is proposed by Sen (1999), where the focus is not on a person's
resources (food or shelter) but on their capabilities to perform these functions (mobility,
literacy).

On the other hand, how and which needs and wants are to be satisfieddefines the consumption

patterns of individuals and households. Consumption patterns arethe processeof finding and

purchasing products to satisfy needs or desires(Coelho et al. 2020), reflect the values and
preferences of individuals (Bosserman 1983) and are influenced by various factors such as
income, culture and social norms (Bagheri et al. 2024d). Asthe boundary between basic needs
and human wants is blurred, consumption patterns could be shapedby the human quest for

comfort (e.g. living more comfortably in a larger house), or the effort to fit in the group . While

increases in consumption have traditionally been assumedo be correlated with higher human

well-being and quality of life, recent studiesshow no or even a negative correlation between

them (Vita et al. 2019a; Jackson 2005.

Housing satisfies me of the basichuman needs However, in addition to meeting the basic need
for shelter, housing also provides comfort and contributes to an individual s%dentity, status and
sense of belonging(Bagheri et al. 2024d). Studies show that housing needs and preferences are
influenced by factors such as societal norms, working styles and income levelsSALAMA 2011,
Benedikter 2012). The approach introduced by Sen(1999) in the needvs. want debate provides
a broader approach to housing needqDarby et al. 2018), as the need for a personal workspace
can now be met with different solutions (additional living space, public library). Consumption
patterns are thereforealso shaped by the solutionsavailable to meeting needs.

1.3. Energy consumption in residential sector

As a major energy consumer, the residential sector accounted for 27% of final energy
consumption in the European Union (EU) in 2021 (Eurostat 2023i). Around 65% of this
consumption stems from space heating and the rest is due to other operational need§.e. water
heating, lighting and electrical appliances, cooking, space cooling and other uses)(Eurostat
2023i). In the same year, greenhouse gas GHG) emissions from all household activities
accounted for 25% of EU emissions of which 43% were due to heating and cooling activities
(Eurostat 2022a). The high energy consumption inthe residential sector is mainly attributed to
the amount of floor area in the residential sector.

Thanks to energy efficiency measures, stricter building regulations and building renovations
specific heating consumption in the residential sector (i.e. heating consumption per m?) has
been decreasing in recent yearswith an average annualdecreaseof 1.4% between 2000 and
2021 (OdysseeMure 2023b). However, this reduction has beenoffset by the significant increase
in residential floor area in recent years The EU averageresidential floor area per personhas
increasedfrom 32.9 m? in 1991 to 46.3 m? in 2021. However, the situation varies across the
EU. The per capita floor area ranged from 24.2 m? to 86.4 m? in 2021, with Romania having
the lowest and Malta the highest values (own calculation based on available data in Odyssee
Mure 2023a).

This increasein floor area is reflected not only in the rising number of dwellings, but also in the
growing size of the dwelling s - which, according to Ellsworth-Krebs (2020), is the main driver
of household energy consumption. The increase in dwelling size is observed inalmost all EU
countries (with some exceptions e.g. Sweden and France)for both single and multi -family




houses(OdysseeMure 2023a). This large increase in required floor area puts a strain on the
housing sectorin the construction phase, as buildings are mostly constructed with energy- and
carbon-intensive materials such as cement and stee(Bagheri et al. 2024b). Sincebuildings also
require energy to be used and operated, there is a doubleburden on the energy consumption
of the buildings sector.

The increase in living space per capita has been observed despitea decreasein the EU
population (Bierwirth 2015) . This means that fewer people are currently using more living
space compared to decade ago, leading to a decrease in household sizewhich is expectedto
have an impact on final heating energy consumption (Guerra-Santin et al. 2010; Wei et al.
2014; Williams 2009). For example, according to Destatis (2022c), the per capita consumption
of space heating energy inone-person householdsin Germany is about 38% higher than the
average for all households.

Germany shows similar trends to the EU. In 2021, the residential sector contributed to 29% of
total final energy consumption, of which 80% was used for space heating (AGEB 2023).
Between 1991 and 2021, the floor area per person increased by 36%, reaching 47.7 m?,
compared to 35.2 m? in 1991. In this period, the average floor area of dwellings also increased
steadily from 82.1 m? to 92.1 m? (118 m? for single-family houses and 70.5 m? for multi -family
houses) (Destatis 2022a). Despite the low population growth of 4% and the 41% increasein
available housing spaceover this period (OdysseeMure 2023a), the country is facing a housing
shortage in its major cities, leading to a government decisionto build 400 000 dwellings per
year from 2024, putting even more pressure on the German buildings sector, which has already
failed to meet its climate targets (Bagheri et al. 2024c).

1.4. Strategies to reduce consumptioim residential sector

In his book on sustainable development,Huber (1995) addresseshe topic of consumption and
introduces consistency, efficiency and sufficiency as strategiedor achieving sustainability.
These conceps are widely used in energy research(see e.g.Samadi et al. 2017) and could be
explained using the term &nergy servicau(i.e. the benefits provided by energy such as lighting,
heating, cooling). Consistency refers tothe use of sustainable energy inputsto deliver the
energy service. Efficiencyrefers to reducing the energy input required for the energy service
output and sufficiency refers to reducing the energy service(Zell-Ziegler et al. 2021a).

This categorisation isconsistentwith the Avoid -Shift-Improve (ASI) framework (Zell-Ziegler et
al. 2021a) which originated in the transport sector and introduces an approach for
categorisation of policies aimed at reducing energy consumption (Dalkmann et al. 2007). The
rfpcc ngjj_pg mdAt mig gegreddgng tkecneechioriservicesce.gfhe need for
motorised travel' * 8§ Q.k.gwitchijng t&more environmentally friendly means, e.g. shifting
from private to public transport' _ likbn p8nti.e. increasing the efficiency of the service
provider, e.g. using more efficient fuels) (Bagheri et al. 2024d).

For the building s sector, these pillars can be translatedas follows:

1 Avoid/Sufficiency:  Changing consumption patterns towards low-consumption
behaviour, e.g. reducing the per capita floor area of the dwellings or lowering the
heating temperature

I Shift/Consistency: Using less energyintensive building materials, e.g. timber
construction




1 Improve/Efficiency: Reducing the energy demand of the building by improving the
efficiency of the building, e.g. insulating the walls or switching to a more efficient
heating systemto reduce the energy required for space heating

As excessive floor area is the main driverof high energy consumption (both in the construction
and operation phases of buildings) , the first approach appearsto have the greatest potential for
savings in the residential sector, asit has a dual effect reducing the need for new construction
and energy-intensive building materials, and also reducing the energy needs to operate the
building (heating and cooling) , as the larger the space, the higher the energy demand for
heating and cooling (Bagheri et al. 2024d). In line with this , Fuhrhop (2015) considersthe
construction of new buildings to be antisocial (Fuhrhop 2015, p. 43). In his opinion, instead of
constructing new buildings, we should make a better use of the existing ones with the help of
r f ¢ § {Fuwhrhgp@QL5, p. 163) that he introduces in his book.

From a different perspective, some studiessuch asPérezSanchez et al.(2022) and (Cherubini
2010), highlight the need for social and societal changes (concerning household and users) in
addition to technical and technological innovations to reduce energy consumption in the
residential sector. Reductions in consumption and emissions could be tackledfrom both the
demand and supply sides (using renewable energy sources on the supply side and lowering
heating temperatures on the demand side) (Bagheri et al. 2024b). In recent years, there has
been a focus on the role of individual choicesand behavioural changes in reducingthe energy
consumption on the demand side The International Panel on Climate Change (IPCQ and
European Commission provide two important examples of the integration of behavioural
changes asa necessary strategyto reduce energy. IPCC(2022a) has considered lifestyle and
behavioural changes as one of the sociaultural factors, whose change contributes tomitigation
in the buildings sector. The European Commission g | grg PCNmucpcCS _|l
proposes behavioural changes as shotterm measures torapidly save energy andreduce gas
and oil demand (Bagheri et al. 2024a).

Resistanceto change and the influence of external factors on individual behaviour makes
inducing behaviour changea challenging task (Bagheri et al. 2024b). However, this challenging
task canbe addressedthrough a variety of strategies,ranging from soft nudging (e.g. providing
tips on how to reduce heating demand and starting a competition between some households
on the amount of heat demand reduction) to policies that mandate a reduction (e.g. setting a
cap on the amount of space per person in a dwelling) or incentives it (e.g. facilitating the move
to smaller dwellings for the elderly). Energy consumption in the residential sector could benefit
from these behavioural changesboth in the construction phase (e.g. through strategies to
reduce the floor area and thus the need for new construction, such as changes in space use
behaviour) and in the operation phase(e.g. through strategies to reduce the needto heat and
cool the building, such as changes in heating behaviour)of the building life cycle .

1.4.1. State of research

Many studies, particularly in the recent decade, have focused on the highenergy consumption
in the residential sector, examined the causesof this high consumption and explored ways to
reduce it. The main approaches observed in these studies arelaborated below.

The first group of studies concernsthe drivers of consumption. Numerous <holars, such as
Huebner et al. (2017), Ellsworth-Krebs (2020) and Bierwirth (2015) emphasisethe growing
averagefloor area per personin recent decadesand acknowledge the significantimpact of living
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space and house sizen residential energy consumption. Many researchershighlight the crucial
role of occupant behaviour on the energy consumption in the building and study its impact at
different dimensions. At the macro level, Chen et al. (2021) provide a comprehensive resiew of
the occupant%qg g k n budding enérgy consumption, classified into different categories.
Some researches take a more focused approach looking at specific domains in housing. For
example, focusing on space heatingGuerra-Santin et al. (2010) analyse the impact ofoccupant
behaviour on heating energy consumption, and Wei et al. (2014) investigate how various
drivers of spaceheating behaviour are considered inmodels for simulating the building energy
consumption. Guo et al. (2018) focus on residential electricity consumption behaviour, and
Lindén et al. (2006) study user behaviour mainly in terms of the use of appliances.

The scond group of studies deals with the quantitative impact of behavioural changes. An
example of this is IPCC (2022a), which quantifies the demand-side mitigation potential
achieved by behavioural changesA common approachin the literature to quantify the potential
savings of behavioural change strategiesis scenario modelling. This approach is also used by
Kost et al. (2021) where behavioural patterns are used for developing scenariosand the energy
consumption is calculated for each scenario. Pauliuk et al. (2013) use a similar approachto
estimate the potential for reducing the consumption of the building stock. These studies
typically calculate savings based orvarious assumptions such as changes irfloor area, heating
habits including heating hours, thermostat settings andthe renovation rates of buildings. These
assumptions arebased on the data found in the literature or expert opinion.

Finally, the last group of studies has its focus on actions, strategies and policies aimed at
reducing energy consumptionin the residential sector. Examples of this can be seenin a study
on the sustainability of the residential sector, in which the authors present a list of actions at
both the household (social innovation) and dwelling (technical) dimensions and their possible
effects on energy and emissions(PérezSanchez et al. 2022) Similarly, Creutzig et al. (2018)
provide a set of options that contribute to mitigations in the demand side. In another study,
Fischer et al.(2019) highlight the savings potential of downsizing and investigate the strategies
for downsizing among seniors.

The impact of such strategies and policieson reducing energy consumption is further analysed
in studies such asthose by Khanna et al. (2021), who investigate the impact of different types

of policies on emission mitigations in the residential sector, and Huebner et al. (2017), who

specifically examine the potential of downsizing in reducing residential energy consumption. A
large part of the literature in this group concerns sufficiency policies, such asthose collectedin

a database byBest et al. (2022) or proposed by Schneidewind et al. (2013) to enable sufficiency
in the building s sector. In a more specific study,Bierwirth (2015) targets housing companies
and presents a range of posdile options that they can implement to develop a sustainable
building stock.

1.4.2.Research gap

The discussion ofsustainability outlined in Chapter 1.1 underscoresthe fulfilments of n ¢ mn j ¢ %q
needs as the heart of this discussion Housing, a fundamental human need, contributes to a

high share of energy consumption, largely due to behaviours and habits aimed at fulfilling

human needs. Additionally , the social pillar of sustainability emphasises the importance of
resident involvement and community engagementfor fostering sustainable communities These




elements are crucial when designing strategiesto reduce high residential energy consumption
and achieve sustainability in this sector.

Integrating the s q sper&pective into policy making offers dual benefits: firstly, existing policies
and infrastructure s can shape behaviour and the manner in which needs aremet; secondly,
including user perspective in policy development leads to greater acceptance and compliance
thereby improving the effectiveness and success of thee policies. Numerous studies, including
those presented in Chapter 1.4.1, have explored the reduction of residential energy
consumption through behavioural changesand have proposed grategies and policiesto lower
the energy consumption. However, the crucial role of user perspective inenergy reduction
remains under-investigated in existing literature and under-represented in current housing
policies. Moreover, there is anotable lack of empirical data on userbehaviour and its underlying
motives, particularly in relation to living space. This gap highlights a significant opportunity for
further investigating the strategiesthat could lead to more effective energy use strategies in the
residential sector.

1.5. Research questions and thesisitline

This thesis aims to provide recommendations for enhancing the effectiveness of policies
targeting the reduction of high energy and space consumption in the residential sector.lIt
focuses inparticular on the first pillar of the ASI framework, which has beenidentified as having
the greatest potential for reduction (see Chapter 1.4). The thesis exploresstrategiesto change
consumption patterns towards lower use. It focuses onthe need to integrate the user perspective
and individual behavioural aspectsinto policy development. Consequently, thethesis revolves
around three core components- users, housing consumption and policies - which are reflected
in the main question of the thesis outlined below:

What strategies can be implemented to incorporate user behaviour and perceptions into
policies, thereby optimi sing their impact on reducing energy consumption in the housing
sector?

Accordingly, this main question is divided into three sub-questions (hereafter referred to as
RQ), eachof which reflects one of the three componentsand is addressedin one or more of the
papers included in this thesis.

1 RQ1: What defines housing needs and user behaviouraround housing, and how will
needs evolve in the future? (Users)

1 RQ2: What factors influence consumption patterns in the housing sector? (Housing
consumption )

1 RQ3: How effective are existing policiestargeting residential energy consumption, and
how are they perceived? (Policies)

Applying qualitative and quantitative methods in data collection and analysis, this thesisis a
multi -method research (Bryman 2006). It aims to provide answers to these research questions
through literature review, paper questionnaireand online multi -country surveys and interviews.
In order to provide a more comprehensive view of the topic, the thesis captures different
perspectives (users and providers) and covers different geographical scopesfrom a
neighbourhood to the whole of the EU. An overview of the applied methods and the scope of
each paper isprovided in Figure 1.1.
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Figurel.1: Applied method and scope of each paper

Figure 1.2 provides a visual representation of the thesis structure. Chapters 26 are each
grounded in a scientific publication. These chaptersare further organised into two main blocks:

Chapters 2 and 3, which contribute to the contextual understanding of the study, and Chapters
4-6, which delve into user behaviour and policy acceptance.

Chapter 2 examines sistainable communities through the lens of the Garden City of Karlsruhe
as an exemplary urban settlement from which some lessons can be learnedThe ideas of the
Garden City - a model established wer a century agoto addressissues of excessiveural -urban
migration by offering a higher quality of life - are still considered relevantto r mb _ w %qg
However, p ¢ q g bneelds hgve changed over time. This chaptediscusses surveyesults that
indicate high satisfaction levels among Garden Cty residents. Nevertheless,it also highlights
the factors that lead to dissatisfacion and mistrust. The chapter emphasisesthe importance of
adapting to the changing needs of residents and improving the communication between the
users and the Garden City Cooperative

Chapter 3 examines the underlying factors that determine the behaviour of individuals and
investigates the influence of current and emerging trends on energy and space use in the
residential sector. This chapter provides an understanding of what shapes the lifestyle and
behaviour of individuals, which is also reflected in the patterns of space use in dwellings It also
presents how household structureis affected by these trends andhow this, in turn, affectsspace
and energy consumption. The chapter also explores how certan behaviours and daily habits
(e.g. working and leisure behaviour) affect space use.Using the ASI framework, the chapter
presentssocial and technical potential s that could facilitate and trigger changes towardslower
consumption in the housing sector.
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Chapter 4 builds on the theoretical background provided in Chapter 3 and explores patterns of

space use in the household sector in four European countriesGermany, Sweden, Poland and
Portugal. Usingempirical data collected in these countriesthrough an online survey, the chapter

examines the redistribution of fl oor space through strategies such as moving, sharing, and
rearranging in order to reduce the need for new construction in the housing sector. A cluster

analysis d the collected survey data identifies groups with high potential to change their space
use behaviour. The chapter presents thér willingness to change their space use behaviour and
their level of support for selected policies The chapter concludes bymaking recommendations

for improving the efficiency of residential space use

Chapter 5 presents a similar approach to Chapter 4 but focuses onthe heating behaviour of
households in four EU Member States Germany, the Netherlands, Greece, and PolandThe
chapter presents the results of anonline survey conducted in these countries and explores how
users have changed their heating behaviour in response to the energy criseslt also uses a
building stock model to estimate the impact of these changeson the reduction of residential
heating demand. This chapter recognises the inadequacy of the (shortterm) measures proposed
by the European Commissionto reduce gas demand and concludes by proposing a policy
packageto transform short-term responses to unexpected circumstancessuch as energy crises
into long -term behavioural changes.

Chapter 6 delves into the practical implication of selected measures- flat exchanges, moving
bonus and moving advice- in reducing residential space use These measuresare parts of the
redistribution strategies also mentioned in Chapter 4. The data for this chapter was collected
through interview s with housing companies in Germany asthey have the technical capacity to
implement such measuresdue to the available properties in their housing stock. The chapter
presents the success and failure factors of these measures angives recommendations for
enhancing their implementation. By capturing the perspective of the housing companies as
stakeholders in the provision of housing, this chapter complements findings of previous
chapters which mainly focus on the user perspective.

Chapter 7 builds on the previous chapters and includes thethesis discussion and conclusion as
well as recommendations andan outlook for future research.
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2. Traces of Social Sustainability in Garden Citi&rlsruhe as a Case Study

Abstract Discussions about sustainable communities as a significant measure in social
sustainability began in the 2000s. Sustainable communities are defined as places in which
existing and future generations would like to work and live. They contribute to the well -being
and quality of life and offer equal opportunities to their residents. The definitions are similar to
the objectives of one of the most influential movements in the history of urban planning: the
Garden City. The principles of the Garden City are applicable to new and existing towns and its
concept has been adopted in different contexts until today. Therefore, many lessons can be
learnt regarding sustainable urbanism by studying social sustainability in this type of urban
settlement. As a first step towards this aim, this paper studies the experience of living in the
Garden City of Karlsruhe today. A survey was conducted among the current inhabitants. The
study shows a high level of satisfaction and the tendency for a long residency in the Gaiden
City because of the reasons like ample greenery, central location, and quietness of the
settlement. The results will be used as the first dataset for developing a framework for urban
social sustainability in the Garden Cities.

! This chapter has been published as Bagheri, Mahsa (2020): Traces of Social Sustainability in Garden CitieKarlsruhe as a Case
Study. In: European Journal of Sustainable Development 9(4):250. DOI: 10.14207/ejsd.2020.v9n4p250.
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2.1. Introduction

Since introducing the concept of sustainability in the 80s, several scholars have tried to define
and interpret it. The concept of sustainable development was soon spread all around the world,
covering the discussions at different levels, ranging from local to global. Its flexibility resulted
in several attempts in redefining and reinterpreting the concept, in order to make it compatible
with the discussed issues.The topic has been addressed by scholars from different disciplines
including urban studies. Making the cities and communities more sustainable is one of the 17
sustainable development goals (SDG 11) set by thdJnited Nations General Assembly(United
Nations 2015). Among the three pillars of sustainability, the social dimension, especially in
relation to the built environment (Dempsey et al. 2011) has received the least attention
compared to the environmental and economic dimensions. However, the recent discussions in
sustainability are not limited to the environmental dimension only, instead they include
economic and social aspects. Including thesocial dimension in sustainability discussion
increased around the beginning of the 21% century (Colantonio 2007). As a context related
concept(Dempsey et al. 2011) social sustainability has been discussed at different urban levels:
from small-scale urban units (e.g. Ghahramanpouri et al. 2015) and neighbourhoods (e.g.
Bramley et al. 2009a) to large-scale cities (e.g.Panda et al. 2016) and regions (Spangenberg et
al. 2006). Having considered community as one of the three key components of the urban social
sustainability by scholars like (Yiftachel et al. 1993) shows the importance of sustainable
communities in enhancing social sustainability. Bristol Accord (ODPM 2005) defines
gsgr _gl _"jc amkkslgrgcqg _q 8nj _acqg ufcpc ncmnjc
They meet the diverse needs of existing and future residents, are sensitive to their environment,
and contribute to a high quality of life. They are safe and inclusive, well planned, built and run,
I'b mddcp cos_jgrw md mnnmp(OBRMg2008). Deimgsey etnamb g c |
(2011) describe the community stability as one of the measures in community sustainability
and Silburn (1999) indicates that a sustainable community requires long term residents.

Gl rmb_w%g qgqmagcrgcq a_pccp n_rfq f_tc ~camkec
more often compared to the past(Sennett 1999). This frequent spatial mobility and its effects
on saocial attachment and stability of the society has been previously addressed by some scholars
(seeToffler 1970; Packard 1972 Long et al. 1976 and Long et al. 1981). According to the world
pictured by these authors, one would assume that the concepits like place attachment and sense
of belonging, which are among the measuring factors of social sustainability, have no meaning
in contemporary societies. However, most of the debate about the increased rate of mobility
and its consequences in the society concern the United States. According t&chneider et al.
(2013), the residential mobility in West Germany is much lower than in the US, nevertheless
German residents still have a higher mobility rate compared to the average in the EU{European
Union 2015).

2.2. Notion of social sustainability in the Garden City

The Garden City movement, one of the most influential movements in the history of urban
planning, targets the uncontrolled growth of the cities and its consequences. In 1898, Ebenezer
Howard introduced the Garden City concept as a response to overcrowded and deteriorated
cities like London and as a solution to improve the quality of life of the residents. Howard
provided some ground rules for the concept but left the room open for the Garden City to be
designed based on the site characteristics and the soal and cultural backgrounds of the society.
The aim of the Garden City was to improve the quality of life, to provide each family with a
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house and a piece of garden, to accommodate people of different social classes and to provide
working opportunities at different levels all through building a well -planned city. Some of the
concerned are to be found also in the definition of sustainable canmunities: high quality of life,
opportunity and services for all and well-planned communities.

The Garden City movement originated in the UK but was soon translated and interpreted in
other countries. Germany was one of the pioneers to adopt the idea of the Garden City and to
initiate reali sing the concept by planning and building Garden Cities. Among the German
Garden Cities Karlsruhe was the first one to be founded and is considered as an important
example in Germany. The flexibility in designing the Garden City makes the concept adoptable
and transferable to different contexts and its principles applicable to new settlements as well as
the existing ones(Unwin 2014) . Considering that the characteristics of the neighbairhood play
| cgqgcl rg_|j pmjc gl pcggbcl r q% uthood (Feijeemdta. r m |
2009), it is necessary to analyse how the characteristics of a settlement, like the Garden City,
gldjsclac rfc uy,dngulibhgerésidenttdl mokilify. Thegefaore, the current paper
takes one of the most important German Garden Cities as the case study and analyses the
perception of the residents, of living today in the Garden City.

Figure2.1: Houses considered as historical monuments in the Garden Gitgrisruhgsource: City of Karlsruhe)

2.3. Case study

The Garden City Cooperative in Karlsruhe was founded in 1907 with the aim of building the
first German Garden City. However, the construction started firstin 1911 and Karlsruhe Garden
City was built, as the second German example, in an area called Ruppurrlocated in the south
part of Karlsruhe in southwestern Germany. According to an agreement between the Garden
City Cooperative and the city of Karlsruhe, a large part of the Garden City was registered as
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historical monument and therefore under conservation (Figure 2.1). Its architectural and socio-
historical significance, the artistic elements and exemplary values were the reasons for this
decision (DSchG BW 1983)

The area under conservation includes 641 single family houses (single buildings, row houses
and double houses) and 70 apartment buildings; out of which 646 are classified as historical
monument and considered in this paper. All single-family houses in the Garden City are
provided with a garden and have a similar spatial division which follows the clear zoning; the
kitchen and the living room on the ground floor; bedrooms on the upper floor and service area
in the basement. They are categorisd into different types according to their characteristics
including the entrance (side or central), position of the staircase, number of the rooms as well
as their arrangement and position (street side vs. garden side). The Garden City is run by
community ownership and the inhabitants are the members of the cooperative. The Garden City
Cooperative is in charge of the administrations and renting out the houses, meaning that the
inhabitants of the Garden City do now own the properties.

2.4. Methodology and data collection

Data for this research was gathered through a survey carried out by the author. The survey was
meant not to be anonymous as the end goal was to merge the data from the survey with the
database of the Garden City Cooperative. To this aim the participants wee requested to provide
the address of their house. The survey covered questions regarding the building (architectural
design, material, elements), inhabitants (demographic data, motivation for living in the Garden
City, satisfaction with the neighbourhood) and neighbourhood (activities and facilities). These
guestions were in different forms; rating scale (5-point) questions where the respondent could
afmmgec _ p_rc "~ cruccl / &) mucgqgr ' I b -8nde&f gef c
guestions, usually followed by a field where the respondents could add their answer if it was
not one of the possible options, openended questions, multiple choice questions where the
respondents could choose one or more answers.

In the first round the questionnaires were distributed (dropped in the mailbox) among all the
houses in the Garden City which are considered as monuments. Two months later a reminder
was sent to the households who had not participated in the survey or hadnot provided the full
address. One month after the first reminder, 100 addresses were picked using the random
function of Excel, and the chosen addresses were contacted in person and were requested to fill
in the questionnaire. After consultation with the Garden City Cooperative, respondents were
asked to return the filled-in questionnaires to one of the former representatives of the
Cooperatives who lives in the area. In order to potentially increase the response rate, and before
carrying out the survey, the inhabitants of the Garden City became aware of the ongoing
research with the help of the Garden City Cooperative and through an announcement in the
regular magazine (Freude am Wohner2017) published by the Cooperative.

Out of 646 households, 138 questionnaires were filled in and returned which gives us a response
p_rc md 0/ ,2#* wugrf _ amldgbcl ac jctcj md 73#
formula (Cochran 1963). After receiving the surveys, the data was inserted into an Excel
database, it was then analysed and when possible compared with the overall trend in Germany

(using the data from SOEPand Eurostat). The survey was carried out in 2017 and therefore the

results were compared with the available data from 2017.

14



2.5. Results

The relevant results of the survey are discussed here in two different categories, inhabitants and
their relationships and interactions in the Garden City. In each part the respective question from
the questionnaire is mentioned:

Demographic data

On average 2.2 people live in each household in the Garden City, higher than the average
household size in Germany (2.0). The highest share corresponds the households with two
people (47.9%) and 24.8% accommodate only one person. These values are respectly 33.8%
and 41.4% for Germany. The responding households include inhabitants between the age of 1
and 96 years old, with a mean and median value of 49.5 and 54 years, respectively. The mean
age in Germany is 45.9 years(Eurostat 2020b). Figure 2.2 and Figure 2.3 compare the values
in the Garden City and Germany. At least 28.6% of the participants in the survey have a
university degree, 22.6% have done a vocational training and 17.3% have a high school
diploma. The rest have either a secondary education or no ceiificates. More than half of the
participants in the survey must travel to work and the average distance from home to the place
of work is around 23.3 km.

48%

41%

34%

: I

14%
12%
9% 9%
3% 29 .
- - —
1 person 2 persons 3 persons 4 persons 5 persons 6 persons or

more

®m Germany  ® Karlsmuhe Garden City

Figure2.2: Household size Germany vs. Karlsruhe Garder{goityce: own illustration based on collected data §Bdrostat
2020a)

What was the initial reason for you to live in the Garden City?

The inhabitants were asked about the motivation for living in the Garden City. 61.0% of the
inhabitants made their own decision to live in the Garden City, out of which 5.6% have inherited
the house where they live in. It is to be noted that in the Garden City of Karlsruhe the rental
amlrp_ar a_I "¢ gl fcpgr cb r mecision,chirthr (20l6%) is theY%
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second common reason for living there, followed by marriage (11.8%) and moved in with the
parents (6.6%).

27%
26%
22%
20% 20%
18%
17% 17%
15%
9%
I " :
<20 20-35 36-50 51-65 66-80 >80

m Germany = Karlsruhe Garden City

Figure2.3: Age of the inhabitants Germany vs. Karlsruhe Garden(gityce: own illustration based on collected data and
(Eurostat 20209)

% of inhabitants
Ratio Garden City/ Germany
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® Germany @ Karlsruhe Garden City  ® Ratio

Figure2.4: Duration of living in the current hom&ermany vs. Karlsruhe Garden Gggurce: own illustration based on
collected data and SOEP

How long have you lived in the Garden City?

A comparison between the collected data from the Garden City and the available data for
Germany (SOEP)shows a noticeable difference between the ongoing trends Figure 2.4). The
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participants in the study have lived in their houses in the Garden City on average for 33.8 years.
This figure is almost half (18.5 years) for Germany. In both cases the share of the inhabitants
gradually decreases by increasing the period of living in thecurrent home. However, in case of
the Garden City the share is constantly higher up to the point of 70 years. Moreover, the trend
shows more consistency between the years 13 and 26. The graph clearly shows a positive and
increasing ratio between the values for the Garden City and the overall trend in Germany,
indicating a more sustainable trend in the Garden City. In total 50% of the participants have
resided in the Garden City for more than 35 years and 25% have lived there for almost 50 years
or more. These figures are respectively 14 and 28 years for GermanyTable 2.1).

Table2.1: Mean relative duration of living in the current hor@urce: own calculation based on collected data and SOEP)

Quartile 1 Median Quartile 3
Germany 7 14 28
Karlsruhe Garden City 11 35 49.5

Would you recommend others to live in the Garden City?

A 5-point Likert scale was used to define the extent to which the inhabitants of the Garden City
recommend living in this area. More than half of the residents absolutely recommend it to other
people to live in the Garden City. One fifth of the inhabitants would still recommend it however

with a lower certainty. This means 75% of the inhabitants highly recommend moving to the

Garden City. Only 7.5% of the participants do not make such a recommendation.

Are there any interesting activities orgased in the Garden City?

The Garden City Cooperative offers some activities in the neighbarhood and residents were
asked about their impression of those activities. Moreover, they were requested to name the
interesting offers by the Garden City. Among all 138 participants, 47 have provided a valid

answer to this question. Neighbaurhood Breakfast was the most mentioned activity with 64%.

After that offered excursions are the second most interesting, mentioned by 34% of the
participants. 15% of the inhabitants had mentioned that they do not participate in the events

and 6% were not aware of the available options.

How is your relationship with the neighbours?

A 5-point Likert scale was also used for thisquestion. Roughly two thirds of the residents have
a (very) close relationship with their neighbo urs (scales 4 and 5); among those 42.1% are in
very close contacts with the neighbaurs. The data for Germany shows a much lower figure; only
8.4% have a very close relationship with their neighbours (Figure 2.5). Around half of the

people in Germany have a moderate contact with the neighbairs, in contrast to 18% in the
Garden City. On the other hand, only around 15% of the residents do not have a lot of
interactions with the neighbours (scales 1 and 2).

What do you like in the Garden City?

This was an open question and the participants could write what they liked in the Garden City.
In total 126 participant have provided an answer to this question. As expected, the highest share
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relates to the greenery in the Garden City (54.8%). Among those, 36.2% of the inhabitants have
gncagdga_jjw kclrgmlcb 8§8j gwurgeckaragdristios.gtésthowpver_ q ml
not usual that only 54.8% of the participants have considered the green areas as a favarable

element of the Garden City. The next favaured characteristics are the central location (34.9%)

and having a peaceful and quiet environment (23.8%). Having own share of the garden is what

19.8% of the residents like about living in the Garden City. Other interesting figures in this list

are reasonable rent (13.5%), social mixture (7.9%), village feeling (7.1%), dismissal protection

(7.1%) and community living (5.6%).
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Figure2.5: Relationship with the neighluns- Germany vs. Karlsruhe Garden G#gurce: own illustration based on collected
data andSOEP)

What do you not like in the Garden City?

The parking situation in the Garden City (too many cars and narrow streets) is what bothers
the inhabitants the most; mentioned by almost half of the 98 participants who have answered
this question. 15% are unhappy with the way the problems are dealt with by the Cooperative.
In addition to that 10% of the residents consider their current rent expensive and they complain
about increases of the rent the reason for which is not always clear and traceable. Some of the
older tenants have expressed their willingness to move into a smaller flat as their family size
has shrunk and their current dwelling has more living space than their needs. What they
mention as the obstacle on the way is the higher rent that they will pay if they start a new
contract even if they will be living in a smaller flat.

2.6. Discussion

Bramley et al. (2003) believe that the sense of belonging to the surroundings is stronger in the
homeowners compared to the renters. Similarly, research on geographicmobility in the EU

(European Union 2015) shows that there is a lower likelihood for the homeowners to move
home than the renters. The same study reveals that people living in the cities are more likely to
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change places than the ones in rural areasKemper (2008) analyses the type of destination
dwellings to which the inhabitants move. The results show that the highest share in West
Germany corresponds the residential buildings with 5-8 apartments and the least favairable is
the terraced house. According to the results of this study, the most observed destination quarters
are the ones with mostly new buildings; with a slight difference comes the quarter with mostly
old buildings (built prior to the second world war) i n the second place. The points mentioned
here do not match the characteristics of the case study of this paper, as the Garden City of
Karlsruhe is run by community ownership in which none of the inhabitants of the settlement
owns their property. It consists of mostly old buildings and terraced houses.

Sustainable communities are defined as the places where existing and future generations would
like to live and work. This paper analysed the Garden City which was developed following the
idea of sustainable living long before the idea of sustainability became prominent in order to
find out if it is still able to keep up with these promises. The presented survey provides strong
support for this assumption. First of all, it has shown the willingness of the residents to not only
live for a long time in the Garden City but also recommend living in the Garden City to others.
About two-thirds of all 138 participants in the survey have lived in the Garden City for more
than 25 years. Among all the participants 60.1% have freely decided to live or to continue living

in the Garden City. Several factors could be the possible reasons behind these observations, e.g.
community ownership, architectural and urban features, the history behind the Garden City. It
could be argued that although the inhabitants do not own the pr operties, they have the feeling
of homeowners due to the special circumstances in the Garden City, namely membership in the
Cooperative and the long waiting times for receiving a house. On the other hand, the street
structure and the design of the houses night encourage the residents to have a closer
relationship with the neighboupg* uf _r u_qg pcdcppcb rm _qg rfc &
respondents.

Like all empirical work, the study design also has some limitations. The most important one is
probably that it is likely that the survey sample is biased towards more engaged renters as
participation in surveys in voluntary. Second as participants were aked to provide their names
this may have increased social desirability as well as the fact that the survey was handed in via
a former representative of the cooperative. However, this design was chosen after weighing
different alternatives. The aim of this paper was then to share those observations and to raise
the interest for further research about the underlying reasons. Socially enhancing the situation
in the communities and settlements like Garden Cities would count as a crucial step toward
social sustdnability and it is hence essential to identify the relevant indicators of social
sustainability in the Garden Cities. The results of this study will be used as the first dataset to
develop a framework specifically suitable for the Garden Cities.

Although the Cooperative publishes the news and updates about the Garden City regularly, it

seems that some of the problems and dislikes mentioned by the inhabitants are indeed due to

the lack of communication about the ongoing projects and policies within the Garden City
Cooperative. Hence it would be essential to communicate the observations of this survey with

rfc E_pbcl Agrw Ammncp_rgtc _|I b rm r _aijc rfcaqg
Although the satisfaction rate is already high in the Garden City, it is assumed that making

people more involved and improving the ways of communication, would improve their
satisfaction level even more. Therefore, this paper has tried to investigate the ongoing concerns

and impressions of the inhabitants and will communicate them with the Garden City
Cooperative.
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2.7. Conclusion

This paper focuses on sustainable communities as one of the indicators of urban social
sustainability. Considering the similarities between the definition of a sustainable community
and the objectives of the Garden City movement, e.g. the concerns about lgher quality of life
and providing opportunities and services for all, the study tries to find the traces of social
sustainability in one of the first examples of the Garden City in Germany. Building on the results
of this paper, the next step would be to study other indicators of the social sustainability in this
type of settlement. The results of the survey will then serve as the initial dataset for developing
a framework for studying social sustainability in the Garden Cities. The findings of this study
will be made available to the Garden City Cooperative.
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3. Investigating the influence of current trends and behaviours on household structures

and housing consumption patterris

Abstract: As a major contributor to overall carbon emissions and energy consumption, the
housing sector has great potential to reduce energy consumption, whether by reducing the
number of appliances, heating temperature or floor space. Consumption patterns encompas
how people choose and consume products that satisfy their needs and wants. However, wants,
and to some extent needs, are influenced by various factors and existing material and non
material (infra)structures, especially in the housing sector. Focusing on the floor area, this
paper aims to identify potentials towards lower consumption lifestyles by applying the Avoid-
Shift-Improve framework in the residential sector. Through a conceptual review, the paper
explores what shapes current patterns of pace use and outlines potential future pathways.
Starting from the macro level, the paper examines existing and emerging (societal) trends with
(potential) impacts on housing consumption. It then looks at the structural development of
households affected ly the studied trends. At the micro level, the paper provides an overview
of the potential impact of individual behaviour on space use patterns within different categories
of housing behaviour. The paper identifies the potential for social and technical change in the
housing sector and concludes that promoting nonmaterialistic narratives (avoid), offering
alternative and innovative solutions to satisfy people's spatial needs (shift) and designing
flexible buildings (improve) appear to be effective ways for fostering behavioural change
towards more efficient use of space.

2 This chapter has beerpublished asBagheri, Mahsa; Troger, Josephine; Freudenberg, Charlotte (2024): Investigating the influence
of current trends and behaviours on household structures and housing consumption patterns. In: Consumption & Society.
DOI: https://doi.org/10.1332/27528499Y2024D000000025.
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3.1. Introduction

The housing sector is a major contributor to CG, emissions. In 2020 all phases of construction,
use and operation, accounted for at least 37% of global CQ emissions and heating and cooling,
cooking, and the use of appliances are responsible for at least 28% of these emission&nited
Nations, Human Rights Council 2022). The increase in the per capita of living space, that has
been observed worldwide in the recent decades, results in, on the one hand, the need for more
building materials and on the other hand, an increase in energy consumption during the use
phase of the dwelling. Reducing the floor area therefore not only reduces the energy demand
in the use phase of the building but also has the largest potential for reducing the emissions
from materials in the building s sector (Zhong et al. 2021). This type of demand reduction is
therefore the most effective approach to reducing the carbon footprint of the housing sector.

A household is defined as a social unit consisting of a person living alone or a group of people
living together in the same dwelling ( Merriam-Webster 2023 Eurostat 2017). Household
structure, which refers to household demography, living arrangements and household
economics (Sociology 2019), varies across cultures and countries and evolves over time,
influenced by dynamic socioeconomic trends. Housing satisfies the need for shelter, one of the
basic needs to which every individual is entitled (Doyal et al. 1984). However, in addition to
satisfying this basic need, the form of housing and housingrelated behaviours play a role in the
self-expression and sense of belonging of individuals, making a house a symbol of self
(Newmark et al. 1977).

The link between consumption patterns and lifestyle has been discussed in several studies in
recent decades (e.g.Reusswig et al. 2003 Gram-Hanssen 2012 Oliveira et al. 2020). Gram-
Hanssen(2012) argues that an individual's values and attitudes shape their lifestyle and can be
observed through their different types of consumption in all areas, from food to housing to
clothing. Similarly, Bosserman(1983) defines lifestyle as a pattern of consumption that reflects
values, tastes and preferences. Many studies have addressed this link in different sectors such
as energy, food, housing and transport Reusswig et al. 2003 Hubacek et al. 2007, Gram-
Hanssen 2012 Saleem et al. 2019. Moreover, the ever-increasing environmental impacts of
Western lifestyles and consumption patterns, especially in the housing sector, have already been
addressed Bjarn et al. 2018; Saleem et al. 2019.

The way we consume and how these patterns relate to our needs has also been addressed in

the literature. Coelho etal.(2020,p.21) bcdgl ¢ aml gsknrgml n_rrcplg
ncmnjc qc_paf* nspaf_qgqc _I b amlgskc npmbsarq g
Consumption patterns are directly defined by how and which needs and desires we want to
satisfy, which in turn should be an indicator of a growing quality of life. While classical
economic theories predict a linear correlation between our consumption growth and quality of

life, recent empirical evidence suggests a weak link between the two, showing no or even a
negative contribution of consumption to quality of life ( Vita et al. 2019a; Jackson 2005.
Moreover, at the macro level, after a certain threshold, the satisfaction of human needs
increasingly depends on norrmaterial factors (Vita et al. 2019a; Sen 1988), such as social ties

and psychological well-being (Sirgy 2002).

Considering the fluidity and changeability of lifestyles, theories recognise that people are not
determined by static parameters at a personal or situational level but by dynamic and interactive
ones(Walters 2006) . Studies show that housing needs and preferences are influenced by factors
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such as societal norms, working styles and income levels (see e.ddgjrup 2003 and Benedikter

2012 , Qmag _ | grpsarspecgqg* mil rfc mrfcp f_Ib* _p
continuously find new solutions and solve problems based on their intuition and past social
experiences(Bourdieu 1987). Meadows (1999) pcdcpqgq rm 8jctcp_ec nmglr
complex system where small interventions can lead to large changes. The author lists several

8§nj _acq rm glrcptclcp gl rfc gwgr ckaq rm ¢t mi
parameters, informationflow _ | b r f ¢ g wigdger & & 022)nsuppart this framework

and argue that changes in situations, such as infrastructure and available options, as well as

changes in people's mindsets, can lead to fundamental changes in behavioural patterns.

Investigating the trade-offs of selected actions and their possible effects on energy consumption
in residential buildings, PérezSanchez et al.(2022) emphasise the significance of incorporating
both social (concerning the household) and technical (concerning the dwelling) changes to
address environmental challenges in the buildings sector. Our paper builds upon their findings
and delves deeper into identifying the potential for these social and technical changes in the EU
housing sector, aiming to achieve reduced energy consumption. To accomplish this, the paper:

1. explores the potential and important routes of influences between different factors in
the housing sector that affect the amount of space used in dwellings Figure 3.1) and

2. applying the Avoid-Shift-improve (ASI) framework, identifies the social and technical
solutions that can potentially orient the impact of those factors towards such positive
changes.

Existing and emerging trends

y Y

Household structure and

household size Individual behaviour

Space use and floor area

Figure3.1: Potential routes of influence between different factors in the housing sgctdy one-way relationships
considered)

With its origins in the early 1990s in Germany, the ASI framework introduces an approach to
structure the policy measures to reduce energy consumption and GHG emissions in line with
the 1.5 Paris Agreement goal(Dalkmann et al. 2007) . With a focus on the demand side, the
dp_kcumpi amlqgqggrg md rfpcc ngjj_pq8 &§_tmgbpu p
l cch dmp kmr mpgqgch rp_tcj'* 8§ qgf gd+efficient. &nd pc qqg c
environmentally friendly means (e.g. modal shift from private cars to buses or trains) and
§gknpmtcpu dmasqgcqg ml glapc _qgqgle rfc cddgagcl aw
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efficiency). Initially the framework targeted the transport sector. However, it has been taken up
in some other domains as well. For instance,Creutzig et al. (2018) and IPCC(2022a) use the
ASI approach in the discussions for mitigating climate change and illustrate serviceoriented
solutions in sectors and services such as clothing, appliances, goods and nutrition. Even within
the transport sector, the framework is used with different foci (e.g. a conceptual framework for
transport in response to COVID19 in TUMI 2020 and telecommunication in Corral Naveda
2022).

In line with the ASI framework, the present work reflects on the impact of selected factors on
space use and propose recommendations for improving the social and technical infrastructure
to achieve space use reductions as a contribution to reach the Parislimate targets and increase
societal well-being. We apply a conceptual review of qualitative and quantitative literature at
multiple levels to identify the affecting factors. Figure 3.2 illustrates the research design and
highlights the steps of analysis. The methods and data sources used for the analysis are
explained throughout the paper in each chapter.

What drives the consumption of space in the residential sector and how can it be
redirected towards reduced space consumption?

Research
guestion

" Existing and emerging trends with Exploration of the effects on i L
o8 . - - Consumption patterns within the
> q potential impact on housing household structure, household size . . -
0 & . . different behavioral categories
consumption and space consumption
| — | T

Rapid literature review
Secondary analysis of national and
official statistics

— — ——

Secondary analysis of national and

official statistics Meta-analysis of quantitative data

Identification of the potentials for reducing the space consumption in the household sector

M Methods

Figure3.2: Research designor studying the drivers of residential consumption
3.2. Existing and emerging trends

This chapter examines the selected trends that may have an impact on the use of space in the
housing sector, either directly or indirectly through changes in household structure that in turn
affect the space use.To select these trends, a rapid literature review was conducted using
various combinations of the following keywords in search engines such as Google Scholar and
Scopus:trends/factors, effects, residential space use, household structure/composititme titles
and abstracts of approximately 150 sudies were scanned, of which 25 were considered
potentially relevant. The main text of these studies was analysed with the aim of extracting
factors that were considered to have an impact on space use or household structure. Nine
studies discussing such fators and the list of trends and factors mentioned in these studies are
presented in Table 3.1. The listed trends and factors were harmonised (e.g. wage rates,
economic well-being and income are all collapsed into income) and the recurring trends (i.e.
mentioned more than once) were examined. The resulting factors are ageing population,
income, employment, marriage, divorce, births, digitalisation, urbanisation and sharing
economy. Additionally, the historical development of these trends was studied through
secondary analyses of official national and EU statistics from reputable sources such as the
Statistical Office of the European Union (Eurostat) and the Federal Statistical Office of Germany
(Destatis).
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Table3.1: Selected literature on factors influencing space use or household structure

Source Mentioned factors/trends

Blau et al. (2013) wage rates, tax and transfer incentives, legal environment,
state of the marriage market

Mason (2023) economic well-being

Greenwood et al. (2017) fertility , women employment, marriage, divorce,
assortative mating, children living with a single mother, shift
in social norms

Wulff et al. (2004) ageing population, birth rates, divorce and marriage rate
OECD(2021) teleworking, digitalisation, ageing population, climate change
OECD(2022) COVID-19 pandemic, digital sharing platforms, e-commerce

effects, rapid population ageing, urbanisation

Williams (2009) ageing population, couple forming later in life, divorce rates,
income, house prices and availability, employment
opportunities, social provision for children and the elderly,
the age at which young people move into their own homes

Xie et al. (2020) urbanisation

Stewart (2006) birth rates, longevity, family disintegration, life expectancy,
childhood mortality rate, income, ageing population,
employment rate, homeownership

PérezSanchez et al.(2022)  shareability and economies of scale, fexibility of time and
level of services

Ageing population

Pgggle jgdc cvncar _law _Ib jmu "~ gprf p_rcq kc_I
total population is increasing. The median age in the EU-27 is projected to increase by 4.5 years

between 2019 and 2050, reaching 48.2 by the end of this period (European Parliament 2021).

The proportion of the EU population aged 80 and over is projected to increase two and a half

times between 2021 and 2100, from 6.0% to 14.6%. The over65s will account for 31.3% of

the EU population by the end of the century. In 2021, their share was only 20.9%, which was

already 17% more than a decade before(Eurostat 2023s). In contrast, the population group

aged 15 to 65 will shrink by about 10 percentage points over the same period(Eurostat 2023r) .

An increase in the median age in Europe has also been observed in recent decades: from 38.4

years in 2001 to 43.7 years in 2019 (European Parliament 2021).

Income

Economic conditions, including income trends, vary across European countries due to factors
such as economic policies, global economic dynamics, and regional circumstanceg\ccording
to recent data from Eurostat (20230), the EU countries with the highest median disposable
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incomes in 2022 were Luxembourg, the Netherlands, Austria, Belgium, Denmark and Germany.
In contrast, Bulgaria, Slovakia, Romania, Hungary, and Greece reported the lowest values. This
indicatesthat income varies considerably across Europe with the Nordic countries having higher
per capita income than the Southeastern andthe Baltic States. Furthermore, the Gini coefficient
was 29.6 in 2022. In tendency, the Gini coefficient slightly declined over the last 10 years across
Europe (Eurostat 20230). However, many studies highlight a widening gap between rich and
poor in many European countries and outline increasing inequality over recent decades (e.g.
Blanchet et al. 2019; Hung 2021; and Eurostat 2010). This gap may be influenced by factors
such as changes in labour markets, technological advancements, globalisation, and policy
decisions. Furthermore, growing income disparities in the EU have led to economic
consequences, including migration from poore to wealthier countries and shifts in industrial
production, which has also fuelled discontent and support for populist movements, posing a
threat to cohesion and democracy within the EU.

Employment

In 2020, 72.3% of the EU population aged between 20 and 64 were employed, 10% more than
the rate in 2000. In the same period, with the exception of Greece and Denmark, in all EU
countries the employment rate has increased. The absolute employment rates 2020 separated
for males and females of the same age group follow almost the same pattern in the member
states with an average EU level of 78.0% for men and 66.5% for women. However, the relative
rates compared to year 2000 differ significantly for men and women. The female employment
has risen in all the EU countries except for Romania and the highest jump is observed in Malta
where the female employment in 2020 is double that of 2000, followed by Bulgaria and Spain
with an increase of around 35.0% in the number of employed women. The change in the male
employment rate in the same period ranges between-10.3% in Greece and 29.2% in Bulgaria.
The EU average has risen by 3.7% for the male population compared to the major increase of
19% for the female population (Eurostat 2023h).

Marriage, divorce, childbirth

While the crude marriage rate, i.e. the number of marriages during the year per 1000 persons,
in the EU has fallen from 5.2 in 2000 to 3.9 in 2021 (Eurostat 2023p), the crude divorce rate
has fluctuated over the same period, peaking in 2006 and then falling slightly. In 2022, an
average of 1.7 divorces per 1000 persons were reported, showing almost one divorce for every
two marriages. Between 2000 and 2017, the aveage age at first marriage increased in EU
member states with available data for both men and women between around 2.1 and 5.5 years.
The average age of women at the birth of their first child has also increased over the last two
decades in all EU countriesbetween 1.3 and 4.6 years, reaching an average of 29.5 years in
2021. In that year, women in more than a third of EU member states gave birth to their first
child at an average age of 30 or more.

Digitalisation

One of the most influential trends of recent decades has been increasing digitalisation. The term
refers to the widespread transformation of formerly analogue processes, assets, goods and
services into digital ones, enabled by underlying innovations in information and communication
technologies (ICT). Across different sectors of the economy and society, the increasing
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integration of digital technologies is shaping the way businesses and public administrations
operate and the way individuals interact with each other and the world around them.

The trend shapes the way people carry out everyday tasks, gather information or communicate

in a globalised world. Digital technologies have also helped to reduce transaction costs, increase
process efficiency, productivity and competitiveness in various €onomic sectors and support

the creation of entirely new digital goods and services of the sca _j j cb 8bgegr _|j
(Kravchenko et al. 2019). Disruptive machine learning and artificial intelligence technologies
support breaking new scientific ground and creating new industries and markets, ultimately
affecting the organisation of societies around the world. As such the digitalisation trend is not

only changing technology landscape but is also fundamentally driving sociceconomic
transformation processes.

SharingeEconomy

In traditional markets, consumers buy products and acquire ownership(Dervojeda et al. 2013).
However, the sharing of goods and services has become increasingly important in Europe in
recent years(Hamari et al. 2016) and the demand for sharing models is expected to grow in
the future. While the emergence of new technological capabilities is accelerating the growth of
the sharing economy, the literature identifies key motivations for consumers to prefer the
sharing ecanomy. In contrast to ownership which often involves a high financial burden for
purchase and maintenance reasons, the sharing economy is financially profitable for consumers,
who only have to pay for what they actually use. Owners of shared items have alsothe
opportunity to generate income by sharing them. Motivation in terms of norms such as
environmental sustainability is seen as an important predictor of participation in sharing
economy business models(Hamari et al. 2016) as sharing economy models are generally
expected to be highly sustainable(Prothero et al. 2011). The use of the sharing economy can
involve a significant level of personal interaction and community experience, particularly when
products are offered by individuals rather than &acelesgt companies. There is a growing
demand for this type of consumption, leading businesses to shift from transactionbased (i.e.
primarily focusing on completing a transaction or exchanging goods or services) to experience
based services (i.e. the focus is ortreating a positive experience for and a sense of connection
with customers) that rely on trust (pwc 2015). Another important consumer trend influencing
the development of the sharing economy is the change in what is seen as a status symbol. While
property used to be a kind of status symbol, there is a trend away from this understanding,
especially among young people (pwc 2015). In contrast to owning property, users of access
driven business models are far less tied down and enjoy the ability to switch products and
services at any time.

Urbanisation

Urbanisation has been identified by the European Commission as one of the most influential
megatrends for some time. At a global level, the population living in cities, defined as high-

density places of at least 50,000 inhabitants, has more than doubled inthe last 40 years, from

1.5 billion in 1975 to 3.5 hillion in 2015. It is projected to reach 5 billion by 2055, almost 55%

md rfc umpjb%g nmnsj _rgml, Gl Cspmnc rmm* rfc
recent decades, with more and more peopé moving to urban areas (European Commission

2023). By 2021, more than 70% of Europe's population already lived in urban areas(World

Bank 2022), and Europe's urbanisation rate is expected to increase to around 83.7% by 2050
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(United Nations 2018). However, this process is uneven across the continent. While
urbanisation rates are already high in Western and Northern Europe, there is still a significant
level of rural-urban migration in Eastern Europe and certain rural areas. (World Bank 2022) .

There are many reasons for urbanisation in Europe. One the one hand, cities offer a wider
choice of jobs and career opportunities in different sectors, especially in services, technology
and creative industries. Proximity to businesses, universities and reearch institutions fosters
innovation and economic growth. In addition, urban areas offer a wide range of educational,
health and cultural opportunities. High -quality schools and universities, medical facilities,
museums, theatres, restaurants and shoppig opportunities attract people who value the urban
lifestyle and want to benefit from the diverse opportunities (European Commission 2023).

3.3. Impact of trends on household structure and consumption

3.3.1.Household structure

Traditional family structures have changed in many European countries. There is an increase
in non-marital partnerships, single parent families, patchwork families and samesex
partnerships. These changes have implications for social support systems, chitdre, housing
and legal recognition of partnerships. The nuclear family, with the traditional concept of
partners committing to live together and share their lives, remains the dominant family type
across Europe but is losing ground in terms of numbers. With the higher number of nonmarital
cohabiting couples, the proportion of children born out of wedlock is also increasing (Kapella
et al. 2010).

The trend towards starting a family later is noticeable throughout Europe. This is particularly
evident in a higher age at first childbirth among women as well as in later first marriages. In
2022, 5.5% of adult women aged 25-54 years, in the EU, were sinde parents with children,
against 1.1% of adult men (Eurostat 2023l). In many European countries, the number of
childless households is also increasing. The number of singl@erson households without
children in the EU increased by 30.7% from 2009 to 2022 (Eurostat 2023l). This is the result
of various factors such as demographic changes, occupational challenges, higher female
participation in education, changing lifestyles and individual preferences.

The share of adults aged 1824 who still live with their parents increased from 2007 to 2020
and started dropping afterwards. In 2021 an average of 80% was reported in the EU27. The
similar trend is observed for the wider age range of 18-34, however in this age group the figures
fluctuate more extremely among the countries, ranging from 16.0 to 76.5% (Eurostat 20230).
In most EU countries the figures have only changed slightly between 2007 and 2021. Few
exceptions are Ireland and Portugal where children stay 3 and 5 years longer with their parents
and Lithuania and Estonia where they leave the parental home around 3 years earlier than
before (Eurostat 2023j).

3.3.2.Household size

The average size of households in the EU has been shrinking in recent decades, going from an
average of 2.4 persons per household in 2007 to 2.2 in 2022(Eurostat 2023l). The share of the
households occupied by only one or two residents has increased reaching at least 60% of all EU
households in 2022. While the EU average share of singlgperson households was 26 % in 2007,
the figure had already risen to 36.2% by 2022, covering more than one-third of the EU
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households. In the same period the share of tweperson households inhabited by childless
couples increased by around 5% reaching almost a quarter of all EU householdgEurostat
2023I).

The trend towards smaller households can be explained on the one hand by the decline in
marriages and births and the spread of partnerships with separate living arrangements. On the
other hand, the progressive demographic ageing and the improvement of thehealth condition
of older people ensure that more and more senior citizens lead an independent household alone
or in pairs. In addition to these socio-demographic factors, the high occupational mobility of
workers has also promoted the trend towards smalleg households (Destatis 2023).

3.3.3.Floor area and room per capita

While the EU population increased by only about 1.6% between 2009 and 2021, the number of
households rose by 8% in this period. The per capita floor area has also increased in recent
decades reaching 48.7m? in 2021 compared to 41.4 m? in 2009 and 35 m? in 1990 (Odyssee
Mure 2023a) and the number of rooms per person has increased from 1.5 in 2009 to 1.6 in
2021. However, this increase in space isnot evenly spread across age groups, household types
and income groups. In 2021, the lowest overcrowding® rate in the EU was observed among
those aged 65 and over, at 7% compared with an average of 17%, while the younger generation
lived mostly in overcrowded dwellings (e.g. 28.4% of 12-17 year olds and 25.7% of 20-29 year
olds) (Eurostat 20230). The same trend is observed for the number of rooms per person. On
the other hand, almost half of the oldest age group have too many rooms in their dwelling,
compared with only 25% of the under 18s. Single and double households in which all or one
member is aged over 65 occupy the largest number of rooms per person. A comparison of
household composition shows that childless single or double adult households occupy the
highest number of rooms per person. Any increase in the number of adults or children redwces
the share of rooms per person. The overcrowding rate is also negatively related to the income
level, with the lowest income households (quintiles 1 and 2) above the average.

3.4. Areas of lifestyles affecting the space use patterns

This chapter explores how certain behaviours and individual habits affect the space use in the
housing sector. We built categories and argue how they have a direct effect on floor space
(Figure 3.3). A meta-analysis is conducted to synthesise quantitative data on consumption
patterns across these different behaviour categories. Search terms such apace requirements
for remote working and frequency of home cooking among EU/German citizemsgre used to
identify relevant studies. Data was obtained from studies, scientific papers, existing databases,
and official national and EU statistical portals.

Food-related behaviour

The frequency and style of dining can impact the space dedicated to the dining area. If
individuals or households prefer formal dining, a separate dining room may be desired, while
those who have casual or informal eating habits may use multipurpose spacefor dining or opt

3 According to Eurostat (2011), a dwelling is defined as overcrowded if the household living in it has at its disposal, lessthan the
minimum number of rooms equal to: one room for the household, one room per couple in the household, one room for each
single person aged 18 or more one room per pair of single people of the same gender between 12 and 17 years of ageone
room for each single person between 12 and 17 years of age and not included in the previous categoryand one room per
pair of children under 12 years of age.
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for smaller dining rooms. Food behaviour plays also a significant role in the kitchen design and
layout. If individuals frequently engage in cooking meals from scratch, they may prefer ample
counter space for food preparation and have additional food processing appliances such as a
blender. In contrast, if the individuals rely more on ready -made or take-out meals, a smaller
kitchen with less emphasis on cooking space may be preferred, however they might have larger
freezers and appliances such as a microwas/that also need space and energy. According to the
GermanBMEL (2022) nutrition report, 4 5% of Germans cook daily, 3%, 2-3 times a week and
only 18% once a week or less. When it comes to eating out, 15% say they go out frequently,
72% rarely and 13% never (ifd Allensbach 2022).

Hygiene behavior
shower, laundry, ...

e

Food behavior
cooking, eating, ...

Space use

P pattern Work behavior
A length, frequency and
R0 type of work, .
Leisure behavior
hobbies, social events,

Figure3.3: Behaviour categories influencing residential space use pattern

The complexity of cooking and number of people eating the meals, can also influence the need
for specific or larger appliances. People who cook regularly, or for more household members
may need larger kitchens with larger ovens, freezers and storage. Especially big appliances like
big refrigerators, standalone freezers, ovens and dishwashers require additional space and
larger kitchens. Kitchen size in the UK for example tends to be relative stable, having gone up
from 12.27 m? for houses built in the 1930s, to its peak of 15.37 m? for houses built in the 1960
and back to 12.61 m? for houses built in the 2010s (Thomas 2019). Storing and preserving food
uses space and energy, while cooling and refrigeration food is especially energy intensive
(Eurostat 2022c). Different types of diets or culinary interest may require specific storage areas
for ingredients, spices and kitchen tools. The proximity of supermarkets or fresh food stores in
urban areas can increase the number of shopping trips and reduce the need fofood storage
and refrigeration, resulting in less space usage and energy consumption for refrigeration.

Work behaviour

In 2022, around 75% of the EU population aged between 20-64 was employed(Eurostat 20239)
from which more than 10% worked usually from home (Eurostat 2023f). However, occurrence
and intensity of working from home varies across countries. In a global survey conducted in
2021 and 2022, respondents from European countries worked weekly between 1.2 (Greece) to
1.8 days (Netherlands) in the home office. In Germany, the proportion of employees working
at least partly in a home office fell from just under 30% at the beginning of 2021 to around
25% at the end of 2022 (ifo Konjunkturumfragen 2022) . Regarding the daily working time,
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more than one-third of Hungarians surveyed spent three to five hours a day working from home,
41% spent six to eight hours and 13% more than eight hours(statista 2022).

Teleworking has become increasingly common in recent years, especially in the wake of the
COVID-19 pandemic (Eurostat 2022d), with individuals being sometimes forced to use different
areas of their homes as offices. The change in the working pattern continued even after the
pandemic with more employees willing to work from home and more employers offering this
possibility. The arrangement of working space can vary depending on personal preferences,
spatial feasibility, occurrence and intensity of working from home as well as type of the work.
It can range from using the kitchen table as a desk in the times that it is not used asa dining
table, to dedicating a separate room with all office equipment to the home office.

Therefore, the impact of typical home office configurations on housing space consumption can
vary widely depending on the setup. A teleworker who moves to a larger house to accommodate
their home office can have a significant impact on the household spaceconsumption. In
households with several teleworkers, efficient use of existing space (such as a kitchen table)
can lead to more energyefficient home office configurations. Teleworkers use 6.5m?
exclusively (or 4% more than non-teleworkers) and 12.5 m? generally for home offices. 45% of
telecommuters have a dedicated office, while the rest uses shared space in their homg@'Brien
et al. 2020). However, the need for a working space at home is not limited to the employees
with teleworking possibility, but also self -employed people and the employees who actually
cannot work remotely but need some preparations for their work (e.g. teachers preparing the
teaching material).

Leisure behaviour

According to the OECD Time Use Databasé2016) the EU population aged between 15 and 64
spends from 241 minutes per day in Portugal to 368 minutes a day in Norway on leisure. Leisure
time includes indoor and outdoor activities such as recreation and entertainment that take place
during free time. The type and intensity of hobbies people pursue can have an impact on space
requirements. Indoor leisure activities may require specific spaces within the home, for example
people who enjoy playing musical instruments may require a designated music room or ar@
with adequate space for their instruments and equipment. Similarly, those who pursue hobbies
such as painting or crafting may need a dedicated workspace or studioHowever, some other
hobbies may not require a dedicated space and allow for multifunctional rooms, such as turning
the living room into a gaming area. Outdoor activities require less living space than indoor
activities, however some may be less flexible than othersindividuals who enjoy gardening and
outdoor games may allocate space for a garden or patio, while people who enjoy outdoor
hobbies such as hiking, skiing and surfing may need less space in their home for these activities,
and more for storing the necessay equipment.

Some leisure activities allow for some flexibility and leave room for individual preferences in
how they are carried out. For example, people who like to exercise may use multipurpose rooms
in their homes to do their exercises, create a dedicated fithess eea or choose to go to a gym.
Leisure behaviour often involves entertainment activities such as watching movies, playing
video games, or hosting gatherings. This can influence the allocation of space, with the living
room or media room being designated asan entertainment hub, equipped with comfortable
seating, audiovisual equipment, and storage for media. According toDestatis (2013) people in
Germany use media (e.g. TV, radio, smartphone) for an average of three hours in their leisure
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time. The impact of the organisation of leisure time on the living space has been a topic of
interest in recent studies. The question of whether a separate living room is necessary for leisure
activities or socialising has been raised. In the UK, the averge living room size is reported to
be 17.09 m? (Thomas 2019).

Hygiene behaviour

Hygiene behaviours include activities related to personal hygiene and household cleanliness,
such as showering and laundry. How long and how often we shower or bathe, and how we
wash and dry our clothes, can have an impact on space and energy use, particatly in the
bathroom. For example, the average room size for newly built bathrooms in the UK is 5.55m?
(Thomas 2019). The size and layout of residential bathrooms can be influenced by the choice
of bathtubs or shower, as the bathtubs tend to be larger than showers. Currently, for example,
35% of all Dutch households have a bathtub (TNS Nipo 2022). The availability and use of
bathroom space can vary according to the showering patterns of household members, i.e. how
often and for how long they shower. In Germany, for example, people shower for 6-10 minutes
on average, with 53% of people saying theyshower 2-4 times a week or less, 14% showering
5-6 times and 27% showering daily (Yougov 2021). When multiple household members have
similar showering routines, it is probable that they prefer having more than one bathroom.

The frequency of laundry may also have an impact on space use, with the vast majority of
respondents (82%) in Austria doing laundry at least once a week and 10% doing so daily
(MindTake 2018). This can impact the amount of laundry-related clutter in a home, and the
space required for laundry equipment and supplies. As the convenience of frequent laundry
appears to be important, washing machines are common household appliances in many
European countries, with more than 90% of households in Romania, Austria, Poland, Portugal,
Italy, Spain, Germany, the United Kingdom, and the Netherlands owning one (Statista Global
Consumer Survey 2022) This could lead to larger bathrooms or kitchens as personal washing
machines take up more space than shared ones such as those in laundry rooms.

The way of drying clothes can affect the use of space in a home. Clotheslines and racks can take
up significant amounts of space depending on their size and placement, while tumble dryers
are typically installed in a specific location in the home and may require additional ventilation

or plumbing. Although many households choose to use clotheslines or drying racks instead, the
ownership rate of tumble dryers in Germany, for example, has increased from 32% in 2000 to
43% in 2021, remaining still much lower t han the ownership rate of washing machines(Destatis
2022b).

3.5. Discussion and Conclusion

The housing sector accounts for a large share of total final energy consumption, mainly driven
by the amount of space in this sector and the energy required to heat it. This paper examines
the trends and factors influencing space use in the housing sectorand, by analysing their
(potential) impact, suggests social and technical solutions for facilitating the reduction in space
use.

The trends examined in this paper can have varying direct and indirect impacts on residential
energy consumption and space use. For example, the growth of the sharing economy in the
housing sector may lead to a reduction in the average size of dwellings pe person due to
reduced ownership of appliances and storage needs. However, it could also lead to an increase
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in floor area if certain parts of the dwellings are only rented out occasionally and are not used
otherwise. Another example is the urbanisation and densification of urban areas, which often
result in limited available living space. Rising rents and property prices in urban centres push
people towards smaller living spaces. This shift in consumption patterns is also accompanied by
the adoption of sharing models, such as carsharing and co-working spaces, which encourage
sharing resources rather than individual ownership.

Potential changes in household structure resulting from such trends could also impact space
use patterns. The growing number of households with only one or two adults and a high per
capita area is a consequence of the increasing proportion of people over . Delayed
childbearing and higher employment rates among women also play a role in forming childless
households, which have an aboveaverage per capita area. Higher divorce rates are another
trend that increases the need for housing, as more dwellings areequired for the same number
of people. This situation is exacerbated when shared custody of children requires space in each
parent's home.

In addition to the existing trends outlined in this paper, other consumption or behavioural
trends may emerge or accelerate due to, or facilitated by, unforeseen adverse events such as
those observed in recent years, namely the COVIEL9 pandemic and the Russian invasion of
Ukraine. In response to these unexpected circumstances, individuals and companies showed
signs of short and long-term behavioural, lifestyle and strategic adjustments that could disrupt
historical trends (e.g. the increase in teleworking (Lund et al. 2021), digital health seeking (van
Kessel et al. 2023)and online shopping (Said et al. 2023) following COVID-19 and the adoption

of energy-saving behaviours (EEA 2023) and changes in household expenditure trends
(Menyhért 2022) following the energy crises as a result of the warin Ukraine).

On one hand, the household structure and the (space use) consumption patterns in the
residential sector are influenced by external trends and factors; on the other hand, household
needs and behaviours are dynamic and constantly evolving, influenced by thes factors.
Therefore, solutions for reducing consumption in the housing sector should consider these
constant changes and their underlying reasons.

Some of the trends analysed in this paper (i.e. the ones regarding the ageing population,
employment, marriage, divorce, and childbirth ) have an impact on the household structure,
which in turn changes the spatial needs of households. Therefore, more flexibility is needed to
accommaodate the changing living situations. However, the existing buildings that are supposed
to satisfy the needs of households are typically designed with static features, resulting in a
mismatch between supply and demand(Greden 2006). As a response, adaptability should be
considered a key principle in designing new buildings to achieve resource efficiency.
Adaptability refers to the capacity of a building to be modified to accommodate new situations
or conditions (Schmidt Il et al. 2016) . This can encompass regular changes such as varying
day-night uses or utilising (re)movable partitions to connect the rooms when larger space is
needed, as well as longterm adjustments like designing modular apartments that can be
combined or separated D align with household needs. Integrating flexibility and adaptability
into the design process (as suggested byOzinal et al. 2021 and Hosseini Raviz et al. 2015
creates spaces that can be easily modified and reconfigured to meet changing needs. Improving
the design of the buildings, eliminates the need for constant expansion or reconstruction, as
spaces can be adapted to meet evolving user requirements.
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Some other trends (i.e. digitalisation, sharing economy and urbanisation) do not necessarily
f_tc _ bgpcar gkn_ar ml rfc fmsqgcfmjb qgrpsarspc
and habits and, therefore, influence the space use pattern in the rasidential sector. While these
trends may have the potential to reduce space consumption (e.g. higher prices and limited
available space in cities leading to decreased living space), they may also increase the need for
more space (e.g. the uptake of digitaisation leading to the need for additional space to work
from home). New approaches and innovative solutions are needed to counteract this increase
in space need. To address this, alternatives for more flexible use of existing housing should be
promoted. This would involve rethinking how space is used and encouraging individuals to
adapt their behaviour to make the most efficient use of available space. Maximising the use of
existing space can reduce the need for additional construction and minimise resoure
consumption. This could include providing communal spaces (recreation facilities, coworking
spaces, social events) to reduce the need for additional individual rooms in each dwelling or
promoting collective living arrangements. The role of such social innovations in reducing
consumption has already been discussed in the literature (e.g.Lorek et al. 2019 and Jaeger
Erben et al. 2015). Raising environmental awareness and reducing barriers for changes could
help promote this approach and shift from traditional space use patterns to more innovative
ones.

Lastly, consumption patterns, lifestyles and behaviours are influenced by, among other things,

social norms and values, which play an important role in shaping our perceptions of what is

desirable or acceptable in society. These perceptions are influencetdy factors like income, as

higher income usually results in higher consumption. Non-materialistic values have been
gseecqrcb rm jc_b rm _rrgrsbcgqg md gsddgagcl aw
McDonald et al. 2006 and Boulanger 2010). Reorienting social norms towards value-driven and
non-materialistic norms may lead to less resource and materialintensive behaviour. By
understanding these influences, we can avoid the need for high consumption and work towards

promoting sustainable lifestyles and creating a built environment that supports both individual

well-being and environmental sustainability.
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Figure3.4: Summanyf the studied trends and their impact on household structure and consumption
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To summarise, this paper highlights potential social and technical changes that could facilitate
space use reduction as illustrated in Figure 3.4. From the social perspective, focusing on
households, the need for space consumption can be avoided by promoting nomaterialistic
narratives and shifted by introducing social innovations in the use of space. From a technical
point of view and focusing on buildings, integrating flexibility into design processes can improve
space efficiency. It is essential to acknowledge that individual behaviours and habits are shaped
by a variety of factors at different levels, including socio-demographics, as well as cltural and
geographical identities. Variations in thermal comfort needs across different ages and genders,
the tendency in certain cultures to live in large families or host substantial gatherings, and the
higher consumption levels typically seen in high-income households are just a few examples of
how these factors can impact energy consumption. Recognising and addressing these diverse
needs and backgrounds is crucial for understanding and developing effective solutions to the
residential sector's signifiant space and energy consumption challenges.

3.6. Limitations and outlook

We could identify some important trends based on our literature search. Nevertheless, this
conceptual overview has a number of shortcomings. First, we were not able to quantify the
importance of each trend based on our analyses as we only selected them guigatively and
derived some implications. Future studies should try to quantify the influences over time and
build a more complex framework of influences and effects of these trends on space use.
Furthermore, we only analysed the relationships in one diredion as illustrated in Figure 3.1.
However, one may assume that the effects are not linear, but are mutually reinforcing, not only
in a top-down manner but also in a bottom-up way. We do not suggest the existence of a causal
effect as shown in this figure, nor do we deny causality in the other direction. Furthermore, the
behavioural categories examined in this paper relate to standard and common activities carried
out in an average household. Our conclusions highlight the significant impact of habits and
behaviours on space requirements ad use. However, a more indepth study of activities, such
as childcare or eldercare with specific space requirements, may provide further insights into
other types of impacts on space use and should be stimulated by the current research.
Additionally, our focus has been solely on activities within dwellings. Yet, there are other
behavioural categories that occur outside the home and can significantly influence space use.
For instance, mobility behaviour, including transportation preferences (e.g. car ownership and
having a garage, bike, public transportation), can impact location choices (e.g. proximity to the
tram lines), the need for specific spaces (e.g. parking space) and spatial dimensions (e.g. smaller
affordable flats in the city centre). Including su ch activities in future research would provide a
comprehensive overview of factors affecting space use pattern and reveal intesectoral
connections, such as those between the transport and residential sectors.
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4. Exploring residential space use pattern: Findings from a matiuntry survey

Abstract: The residential sector significantly contributes to total energy consumption in the
European Union. Over the past decades, the average floor area per person has increased
steadily, resulting in higher energy demand for building materials, heating and cooling.
However, the distribution of floor area is not equal across different demographic groups and
household compositions. Redistributing floor area offers a significant opportunity to save
resources and reduce the need for new construction by avaling unnecessary consumption.
Strategies such as moving, sharing and rearranging can facilitate this redistribution in the
residential sector. In order to assess the feasibility of these strategies, this paper examines the
asppclr pcqgbc lhe plidentiat dectdr gegardipg sgace use and explores the
potential for change. It draws on empirical data from an online survey conducted in Germany,
Sweden, Poland and Portugal. By conducting a cluster analysis of the collected data, the paper
identifie s two groups with the highest potential for change in residential space use. It examines
their willingness to change their space use patterns and investigates the acceptance of specific
strategies that could lead to a reduction in the need for new construdion in the residential
sector. In order to promote more efficient use of space in the residential sector, the paper
recommends encouraging space sharing, supporting structural changes in dwellings, and
providing incentives for moving from under -occupied dwellings. It advocates for the
implementation of tailored policies that consider the characteristics of each group, along with
targeted awarenessraising efforts to increase policy acceptance.

4 This chapter has been submittedto an international peer-reviewed journal as Bagheri, Mahsa; Propper, Alexandra; Klein,
Genevieve (2024): Exploring residential space use pattern: Findings from a multicountry survey
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Project administration, Software, Visualisation, Writing - Original Draft; Alexandra Propper: Formal analysis, Methodology,
Software, Validation, Visualisation, Writing - Review & Editing; Geneviéve Klein: Investigation, Resources, Writing Original
Draft
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4.1. Introduction

Climate change is a growing concern, contributing to environmental problems such as rising
global average temperatures, ocean acidification and extreme weather eventyYong et al.
2022). The International Panel on Climate Change (IPCC) has indicated that our best chance
of avoiding irreversible impacts of climate change is to limit the global average temperature
increase to 1.5°C above prandustrial levels (IPCC 2023). Anthropogenic activities are likely
the main contributor to climate change, as many sectors, such as energy and material
production, rely heavily on the combustion of fossil fuels and emit large amounts of CO;
(Hoeller et al. 2023) .

Reducing greenhouse gas (GHG) emissions challenging, given the widespread combustion of
fossil fuels across sectors and countries. Nonetheless, innovative technological solutions, such
as energy efficient buildings, electric vehicles, and renewable electricity for heating and cooling,
pose dternatives to conventional fossil fuel fed systems (Cherubini 2010). In addition to
technological innovation, altering societal consumption patterns is an essential strategy that
should be considered in parallel to technological innovation to reduce GHG emissions
(Cherubini 2010) . The IPCC emphasises that mitigation pathways in line with warming targets
are characterised by reductions in energy demand (among other strategies) and do not solely
rely on modifications to the supply side (IPCC 2023). Furthermore, uncertainties remain about
the deployment and efficacy of some technologies. Therefore, applying multifaceted strategies
to reduce emissions is appealing, ensuring the efforts are diversified and not reliant on a single
solution.

The residential sector is a large emission contributor, accounting for 39% of processelated
CQO; emissions and 36% of final energy use in 2018(IEA 2019). This high share of emissions is
due to the carbon intensive materials often used in construction (i.e. cement, steel), energy use
(heating, cooling) and the operation of appliances (Hoeller et al. 2023) . Many strategies and
solutions in the framework of sufficiency, consistency, and efficiency(Huber 1995) are actively
being deployed or promoted to reduce the emissions from this sector. Some of these strategies
include using renewable energy instead of fossil fuels and using alternative materials or
construction methods (i.e. wood, modular designs) (Hoeller et al. 2023) . Both supply and
demand side interventions are being applied; an example of supplyside modification might be
using renewables as energy sources, and a demansdide modification might be encouraging
consumers to keep their thermostats below a certain tempeature.

A factor that significantly influences the material and energy use (and therefore CG; emissions)
in housing is the space or size of the dwelling, as larger living spaces generally require more
building materials and have higher energy consumption during the use phase (mainly for space
heating). In recent decades an increase ifiving space, i.e. floor area per capita, has contributed
to a rise in carbon-intensive activities within the residential sector (Thomas et al. 2019). In
2018, the EU average floor area per capita ranged from 20 ni (in Romania) to 55 m? (in
Cyprus), showing an increase of 16% compared to 2000(Gynther 2021). It was inferred that
changes in comfort preferences (i.e. alargerj gt gl e gn_ac gq kmpc 8amkd:]
one-person households, and changes in family structures drove this increase. An earlier study
in the UK found an increase in living space from 38 n¥ to 44 m? per person between 1991 and
2001.This increase is also likely connected to the increase in ongerson households (from 18%
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to 29% of dwellings) (Williams 2009) , which in turn could be related to a multitude of factors,
such as a higher divorce rate and an ageing population.

The under-occupation(or overconsumptior) of a dwelling, where there is more space or rooms
than the household uses or needs, can limit housing availability for those who need more space.
Certain groups may overconsume while others may under-consume. The typical pattern
observed is overconsumption among those living alone and in older age groups, creating a
"mrrjclcai rf_r pcqrpgarqg wmslecp fmsqcfmjbqg%
market at affordable prices (Costa-Font et al. 2022). This inefficient use of space exacerbates
existing pressures on housing, creating more energy and material demand. There is already a
general shortage of suitable, affordable housing in many European countries. In major German
cities, for instance, there is a shortage of around two million affordable dwellings (Dgb 2018).
To address this deficit, the government has planned to build 400,000 new dwellings per year
(Fillies 2023).

Given the positive relationship between living space use in residential housing and CQ
emissions, it is imperative to consider strategies to reduce total housing related emissions. One
such strategy could be to improve space use efficiency and reduce the total amount of space
consumed in housing Such a strategy would especially rely on changes in the demand side, in
particular consumer demand and behaviour with regard to space in housing, keeping in mind
that housing should meet the needs of its residents Ibem et al. (2015) consider both housing
_bcos_aw _I b pcggbclrq% g_rgqd_argml _qgqg gknmpr
housing meets the needs of its residents. One could therefore assume that the perception of
residents towards their living space could hawe an impact on their spacerelated behaviour, also
including any changes to their living space. Therefore, abetter understanding of high space
users and their motivations could advance efforts to reduce overconsumption. Knowledge of
groups that generally show high space use or overconsumption in housing can be found in the
literature. For instance, Destatis (2018) identifies the highest living space per person in single
person households andCostaFont et al. (2022) observe the phenomenon of underoccupation,
which is most common among older age groups. However, there is a significant gap in literature
when it comes to understanding the attitudes and perceptions of these individuals, as well as
their willingness to change their behaviour. In order to address this gap and to identify the
potential for reducing residential space use, this paper aims to answer the research question,
'How could consumer behaviour be changed to reduce space use in the residential sectofThe
objective of the research question is to investigate

1. the current housing consumption behaviours related to space use,
2. key target groups for modifying behaviour and
3. possible strategies for improving the efficiency of how we use space in housing.

After introducing background concepts on consumption and modifying human behaviour in
Chapter 4.2, Chapter 4.3 presents the methods and data sources used to find answers to
different parts of the research goal, also illustrated in the research design inFigure 4.1. The
structure of the results in Chapter 4.4 follows the research objectives. These are discussed and
presented in Chapter 4.5 and used as input for policy recommendations. The paper concludes
with Chapter 4.6, by summarising the findings and the key takeaways.
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4.2. Modifying consumer behaviour

Aml gsknr gml gqg n_prgasj _pjw gknmpr _|Ir gl rmb _wo¢
to prosperity (Priest et al. 2013). While everyone is a consumer, there are differences between
consumers, resulting from differences in individual behaviour, which, in turn, is influenced by

factors such as income, culture, and lifestyle. Behaviour is also strongly affected by social
influence. Social influence theorydiscusses how the behaviour of others affects how we behave

and how this effect is often unconscious (Goldsmith et al. 2011). People have a desire to

aml dmpk _I b ~dgr gl % ugrf gmag_jjw _aacnrchb | mp
has also been shown to impact sustainable behaviour significantly. Examples include positive
reinforcement from neighbours for kerbside recycling or shame for particularly environmentally

damaging actions such as flying(Goldsmith et al. 2011) . This social influence can also have a

major impact on individual behaviour in the context of housing. For example, having a larger

house or a garden is often seen as a sign of wealth and status and provides a sense of
achievement. The decisiontobuyatms qgc rf r kccrq rfcgc 8apgrcpg
not only by individual desires but also by external social pressures. These social influences can

be strong enough to create social norms, characterised as social behaviours and widely accepted

or considered appropriate by a group and thus influence how the group behaves. When
behaviour does not conform to what is considered acceptable by the group, it can lead to
exclusion (McDonald et al. 2015) . Understanding the motivations behind the behaviour is well
researched in fields such as psychology and is particularly useful for those working in business

and marketing. In the context of this research, an understanding of consumer behaviour is

necessay to identify appropriate policies that could trigger changes in behaviour, primarily to

reduce space consumption in housing.

Modifying human behaviour can be a challenging task. Various external factors often influence
behaviour, and individuals are naturally inclined to resist change. This resistance stems from
the fact that deviating from established routines often requires more energy than continuing
with familiar patterns (Ford et al. 2008) . While people are generally resistant to change, there
is variability in this resistance, with some people being more resistant to change and others
being more tolerant or accepting (Oreg et al. 2008). This variability is often a function of
individual dispositions, personalities and experiences. Moreover, dissatisfaction with the status
guo can also lead to changes. However, the field or system in which the change occurs also
influences the resistancelevel (Lewin 1947) . High restraining forces within the system, such as
financial or infrastructural barriers, are likely to create more resistance. The combination of
resistance to change, on the one hand, and the many factors influencing the behaviour, on the
other hand, makes attempts to change behaviour challenging. This is also true of modifying
consumer behaviour to achieve environmental benefits. However, many factors, such as income
_I'b cbsa_rgml* gldjsclac _|I g | b g(slopbgslyy¢vigal. _r r gr
2019). Additionally, while there is often an intention to act more sustainably, this intention
often needs to be translated into action. This phenomenon is defined as the intention behaviour
gap (Stefan et al. 2013). This gap is usually due to a lack of tangibility of the benefits (i.e.
whether they are economic or symbolic), an overestimation of environmental ideology (how
important people perceive the environment to be), or an oversimplification of the factors that
contribute to the adoption of the sustainable behaviour (i.e. financial constraints are more
important than initially thought) ( Carrigan et al. 2001 and Devinney et al. 2010). Thus, to
bridge this gap, strategies for behavioural change should focus on addressing these key areas,
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whether through educational campaigns, initiatives or policies that target the critical barriers
to change.

Strategies to modify consumer behaviour can vary, from policies implemented by governments
to nudging techniques enacted by companies or campaigns arranged by grassroots
organisations (Wilkinson 2013) . The Energy Sufficiency Policy DatabasgBest et al. 2022)
provides a comprehensive overview of the initiatives and policies addressing the living space in
residential buildings. The measures listed range from fiscal to regulatory and informational
strategies and are targeted at individuals, households, administations, and organisations. The
measures aimed at the efficient use of space include those related to moving, sharing and
modification and vertical densification of the dwellings. These are the strategies that the paper
focuses on when examining the potental for changing the behaviour of space users. Moving
measures include bonuses for moving to smaller dwellings and the promotion of living in
alternative forms of housing (e.g. shared flats, ecovillages). Modifications include fiscal benefits
for subletting an unused room or subsidies for structural partitioning of the dwelling (so that
another household/individual could live in a separate part of the dwelling). Vertical
densification is related to alterations of the dwelling, but focuses on extensions suchas attic
conversions. Extensions mainly focus on improving the efficiency of space use (vertical rather
than horizontal), i.e. instead of buying a completely new dwelling, the existing one can be
modified. Instruments such as subsidies, reduced approval rquirements or support for
organisational matters can promote such extensions. This type of policy is generally targeted at
those with excess space in their dwellings and could promote and enable more efficient use of
space and reduce overall space consumjn in housing. Sharing is a concept or initiative that
is receiving increasing attention to improve the efficiency and sustainability of using and
consuming goods and materials (Hossain 2020). The sharing economy or sharing society
involves reducing private ownership and increasing communal access or sharing of goods and
services(Cheng 2016).

How could consumer behavior be modified to reduce space use and consumption in housing?

RQ1: What are current consumer
behaviors and attitudes in the

RQ2: What are key groups that
could be targeted for modifying

RQ3: What are possible strategies
to initiate change in consumer

Research
questions

context of space use in housing? behavior? behavior?
Data collection > > Data analysis > > Data interpretation >
8 I
'?,’ Multi-country survey, including = Describing each cluster
IS questions on: Exploratory data analysis (socio-demographic factors)
2 = Socio-demographics * Determining the willingness to
% * Space use behavior 1 change and policy acceptance
% » Attitude and perception * Policy recommendations
o = Willingness to change Cluster analysis
= Policy acceptance
S o
§ g_ Consumption patterns in the Key target groups for modifying Possible strategies for modifying
2 ‘g housing space use behaviour behaviour
o

Figure4.1: Research desigthe different colours show the method and output for each research questions
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4.3. Methodology and data

This paper applies a quantitative method following a three-step approach, including data
collection, analysis, and interpretation. After presenting the scope of the study, each of these
steps is further explained in this chapter. The research design of the paper is presented ifrigure
4.1. The colour code in this figure shows the methods and the output for each research question.

4.3.1.Scope of the study

The countries studied in this paper were carefully selected following a criteria-based selection

npmacqgqg, Dgpqrjw* _ gecr md gl bga_rmpg rf __r

residential space use were selected (presented iTable 4.1), and their values, extracted from
Eurostat datasets, were compared across the E{27. Countries were then ranked from best to
worst for each indicator. The ranking was decided based on two criteria: the value of the
indicator and the positive or negative impact on the average floor area per person. For example,
if a country had a higher average household size (i.e. number of people per household), it had
a higher position in the ranking compared to a country with a lower household size. Conversely,
a country with a higher proportion of single -family houses in its building stock had a lower
ranking, as single-family houses have a higher average floor area than multifamily houses.
After ranking the countries for all indicators, the countries with the highest number of
occurrences in the top five best or worst countries were listed as potential study countries. The
list was narrowed down, taking into account data availability and the aim of having
representatives for eachof the four regions of Europe: North, East, South and West The four
countries selected areSweden, Poland, Portugal and Germany.

Table4.1: Categories and indicators considered in the selection process of the studied countries

Category Indicator

Building stock Share of singlefamily houses

Population Share of groups with high saving potential (Childless couples and singles)
Housing size Household size

Average floor area perperson
Change in the average floor area per person (2019 vs. 2000)

Rooms per person

4.3.2.Data collection

Data for this paper was collected through an online survey conducted in four EU countries:

Germany (DE), Sweden (SE), Poland (PL) and Portugal (PT). Respondents were carefully
selected by a Market Research institute that conducted the fieldwork between 4 ad 31 August

2023. Specific quotas were defined using official statistics to ensure a representative sample in
terms of building type, ownership structure, income, age, gender, location, and household

structure. The survey questions were available in Englsh and in the local language of each

country surveyed. To avoid misinterpretation of the survey questions, the translated versions of
the survey were reviewed by native speakers, and the survey was pretested and piloted prior to
starting the fieldwork. The collected sample included 6012 observations, which were reduced
to 5766 (DE: 1440, SE: 1442, PL: 1444, PT: 1440) after data cleaning explained in Chapter

4.3.3.1.
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4.3.2.1. Survey questions

Five comprehensive categories of questions were included in the survey: socidemographics,
current space use behaviour, attitude and perception, willingness to change, and policiesTable
4.2 provides the reasoning behind each category and the examples of included questions.
Depending on the information needed in each category, a wide range of question types were
used in the survey, including yes/no questions, multiple choice, Likert scale andopen-ended
questions. The English version of survey questions can be found isupplementary material in
Chapter 4.8, including also the questions that are not considered in this paper.

Tabled.2: Categories, examples of questions and justification for their use in the survey

Category Examples of questions Justification
Socio-demographics Questions regarding: Understanding differences in sociedemographics can
be a helpful tool in providing suggestions for action
1 Age points or policies to modify behaviour.

1 Household composition
1 Household income

Space use behaviour Questions regarding: To get an overview of the available spaces and the
ways they are used.
1 Size of residence (nf)
1 Number of rooms
1 Available spaces

Attitudes and perception Questions regarding: Sl bcpqgr _I bgl e gl bgtgbs _|j
of space residence can also help guide action points and
1 Perception towards size of residence provide an indication of those that may be more

(too large, smalll, or just right) wiling to modify behaviour. For example, an

1 Lack of space for specific activities

Nt ' individual with high m %capita who believes their
1 Flexibility in using the space

bucjjgle gq 8hsqgr pgefryp
change than someone who perceive the residence as
§rmm | _pecy, Kcpegle m h
much space an individual has) with subjective
information (i.e. thei r perception of their residence)
helps generae a better understanding of the potential
for modifying behaviour and action points.

Willingness to change 1 Would you rent out a room in your  The purpose of this section of questions was to
residence? investigate how respondents would respond to certain
1 Would you share communal spaces?  suggestions for using space more efficiently. These
guestions were given to those that indicated their
dwelling was too small or too large. It was assumed
rf _r rfmgec rf _r gl bga_r
pgefrpyg umsjb j _ai kmrgt _
meet their needs.

Three categories of questions were asked within this
gcar gml * §Qf _pglep &g9,a

8Pc_pp_leglep _I'b &8Kmtgl
as the main possible areas for change. Depending on
ufcrfcp _ pcqgnmlbclr pcq
§rmm qk_jju* gncagdga o0s:
category.

Policy acceptance 1 Do you support Policy X? This category of questions was aimed at investigating
1 Can you make use of Policy X? how respondents answered certain policy suggestions.

1 What factors may limit you in acting  Four main areas of policies were included in the

on the policy? gsptcw* u8 FExtEdingl ® Mongy and

§Structural Changeqt These areas were chosen basec
on current policy suggestions from the Energy
Sufficiency Policy Database(Best et al. 2022). Policy
instruments for these measures include fiscal relief
and subsidies for subleasing and structural
partitioning, tax advantages, reduced legal
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requirements (i.e. for an additional storey), promoting
alternative housing. It should be noted that most of
these measures are not targeted at those that live in
residences that are on the smaller side, but rather for
those that live in larger residences.

Using this information as a base, below is an example
of the policies that were presented to the respondents
of the survey (seesupplementary material in Chapter

4.8 for a full overview of the policies):

(Renting an existing room)

Policy 1: If someoneents out an existing room/space
in their own home on a longterm basis and not for
tourist purposes, the person receivéisancial benefits
such as tax reductions on the rental income.

8Rfc rcpk &pclrp gl rfggqg n_ncp pcdcpg rm “mrf pclrgle &g, c,e. alowngl|
someone else to your own property in exchange for payment)

4.3.2.2. Description of the collected sample

The youngest respondents (1824 years) and the oldest (over 65 years) account for the smallest
(7%) and largest (22%) shares, respectively. The remainder is almost evenly distributed
between 25 and 65 years. Males and females are also equally representedh ithe sample. Two-
person households have the highest share (39%) and around 61% of the households consist of
couples with (30%) or without (31%) children. More than half (53%) of the respondents reside

in multi -family houses and 65% of dwellings are owneroccupied. All income groups (Quintiles
1-5) are almost equally represented in the sample. The characteristics of the respondents at the
country level broadly follow the distribution observed in the whole sample, with some
deviations. Table 4.5 in Chapter 4.7.1 shows a detailed overview at both aggregated and
country level.

4.3.3.Data analysis
4.3.3.1. Data cleaning and processing

Following the completion of the survey and before starting the analysis, a data validation
process was conducted to increase the validity and reliability of the data used in the analysis.
This process was completed for five components: survey completion the and responses to four
open-ended questions. The validity of the responses for these components was determined
through literature and expert judgement. The data validation process is an alternative for
aml ggbcpgl e msrjgcpq grhnges ivere setlfor thevdatagtg he ar@lgskda c
identifying outliers was considered redundant because all data within the ranges were
considered valid and to be included in the analysis. For details concerning the validation process
see supplementary material in Chapter 4.8. The data processed and cleaned in this step was
used for further analysis.

4.3.3.2. Exploratory data analysis

After data validation, an exploratory data analysis (EDA) was applied to the dataset to gain a
first understanding of the dataset characteristics and also discover the patterns and visualise
the main trends (Gudivada 2017; Unwin 2010). Besides describing the characteristics of the
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survey sample (presented in Chapter 4.3.2.2), the method was used to answer the RQL1,
identifying the consumer behaviour in the housing space use Chapter 4.4.1). The questions in
the categories sociedemographics, space use, and perception are used in this step.

4.3.3.3. Cluster analysis

One of the main aims of this research was to identify groups of individuals that could be targeted
for modifying behaviour to increase the efficiency of space use (RQ2). This was done using
cluster analysis. Clustering is a technique used to group data paits with similar properties such
that the data points in one group have more similarities within the cluster than they do with
data points in another clustered group. It is especially useful when handling large data sets
(Gere 2023) as it can be used as a reduction procedure. It can also identify patterns, develop
taxonomies or create typological frameworks (Frades et al. 2010). Algorithms used to create
the subsets of data (clusters), are based on calculated similarities or dissimilarities. Various
clustering algorithms exist, categorised into four types: partitioning (centroid), hierarchical,
density or grid (Yadav et al. 2013 Frades et al. 2010 Rasyid et al. 2018 and Turéinek et al.
2012). In this paper the k-means clustering algorithm from the scikit-learn library in Python
was used as the clustering method to group the data. Kmeans is widely recognised(Wdgrzyn
et al. 2024) and falls under partitioning methods, which involve dividing the main dataset into
smaller datasets (clusters). The kmeans algorithm assigns a predetermined number of k
clusters at the start of the clustering operation, and this value remains constant ttroughout the
process. Various techniques can be used to determine the optimal number of clusters, one of
which is the commonly used Elbow method (Cui 2020), employed also in this paper (Figure
4.15 in Chapter 4.7.2). The partitioning process begins by inputting the chosen number of
clusters. Initially, arbitrary mean (centroid) values are assigned to all clusters, and each data
point is assigned to the closest centroid. The closeness or similarity is measured using distance
metric, such as Euclidean distance, commonly used for numeric data.

As mentioned in Chapter4.1,inct _js_rgle ufcrfcp mp I mr rfc fr
l ccbg _I'b cvncar_rgml* I mr mljw fmsqgglsarolebcos _
Given that dissatisfaction with the status quo increases the likelihood of change, and assuming

that the perception of the residents could reflect their degree of satisfaction, this paper considers

both objective (actual space use) and subjective aspectéperception of space) as key factors in
individuals' willingness to change. Therefore, the cluster analysis took into account variables

from both categories (seeTable 4.7 in Chapter 4.7.2).

As we collected data from four different countries, it was important to assess whether there
were significant differences in the dependent variables due to country effects. Oneway ANOVA
test revealed significant differences across country means for sevetavariables, suggesting that
country membership could influence the responses. To further explore the betweencountry
variance and account for nested structure of the data we used a multilevel model (MLM)
approach. The null model allows to derive the intra-class correlation coefficient (ICC). The ICC
estimates the variation attributable to the grouping structure, in this case, countries, relative to
the variation at the individual level (Nezlek 2012). Our analysis revealed a low ICC for each
dependant variable from 0.00-0.07, suggesting that the variation within countries is not
significantly greater than the variation between countries (see Table 4.8 in Chapter 4.7.3). The
nesting of data within countries is less significant than initially thought, meaning that country
effects do not play a significant role in explaining the variance of the dependent variables. We
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then introduced a fixed effects model that included the country parameter to assess its
contribution to the variance in the dependent variables. Comparing the log-likelihoods between
the null model and the fixed effects model, we observed no substantial improvement in fit with
the inclusion of country. The p-values of the fixed effects model further suggested that country
did not significantly predict the dependent variables. Those findings imply that although the
ANOVA revealed statistical differences in he group means, these differences are not substantial
enough to create significant variability between countries. To visually countercheck the MLM
results, the clustering was conducted at the country level and the results were compared with
the portions of the first clustering for each country. The results also showed no significant
heterogeneity between the countries. This allowed us to neglect countrylevel effects and focus
our cluster analysis on the individual level of the aggregated country data. Findly, to check the
robustness of the clustering results, a hierarchical clustering was carried out on the full dataset,
which showed a similar pattern in partitioning as the k -means. The results of these further
analyses are presentedas supplementary material in Chapter 4.8.

4.3.4.Data interpretation

This step combines the results from EDA and cluster analysis and aims at answering RQ3
(identifying possible strategies to trigger changes). As a result of clustering, the target groups
are identified. Through a profile analysis and using the standardised means, the dominant
variables that define each cluster are identified and used to label the clusters. Then, to better
understand the characteristics and behaviour of the clusters formed, they are described
according to their socio-demographic characterisics. For each factor (e.g. age, household
composition, location), the category with the highest share is taken as the dominant
characteristic. If two categories have more or less the same maximum range, both are used to
describe the cluster. The willingness to change and perception towards policies is also analysed
for the selected clusters. This step uses responses to the survey question categories socio
demographics, willingness to change and policies are used in this step. Based on the available
information, strategies are recommended to trigger changes in the selected target groups.

4.4. Results

This section presents the findings of the study. It begins with providing key statistics related to
space use and perception within the study sample and addressing RQ1 Ghapter 4.4.1).
Subsequently, the clustering results and the distinctive characteristics of each cluster are
presented, addressing RQ2 Chapter 4.4.2.1). Furthermore, the section explores the willingness
to change and policy acceptance among respondents, addressing RQZhapter 4.4.2.2).

4.4.1.Space use consumption patterns
4.4.1.1. Facts andigures

Two sets of questions were asked in the survey to determine the space use patterns in the
studied households. The first set concerns the actual figures on the dwelling itself, namely the
available living space in m? and the available rooms. To make the figures comparable between
the countries and households, the per capita values are considered in the rest of the analysis.
There is a similar pattern in the surveyed countries for both indicators, with Poland having the
lowest mean values and the interquartile ranging between 20 and 42 n? for the area and from
1.3 to 1.7 rooms per person. The other countries have almost identical Q3 at around 60 n% and
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two rooms per person, meaning that 25% of the respondents in these countries live in a dwelling
with more than 60 m? per capita. However, the Q1 varies slightly between countries
(areal/capita: DE: 34, PT: 26, SE: 30). The figures show the threshold below which 25% of the

surveyed households fall regarding the per capita floor area Figure 4.2). At the aggregated

level, the collected sample reports on average 52 m of floor area and 1.7 rooms per person.

The highest area per capita values are reported in the dwellings occupied by single adult
without children (72 m 2), or in single -family houses (63 m?) and located in the countryside

(58 m?). More details including average values per capita, can be found inTable 4.6 in Chapter

4.7.1.
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Figure4.2: Fivenumber summary; Left:range ofarea/capita, Righttooms/capita- after removing theoutliers

The second set of questions aims to understand how the respondents use the available space in
their residences.Figure 4.3 presents the detailed results of the questions asked in this category,
at aggregate and country level. In the whole sample, the households are almost evenly divided
into three groups regarding their facilities for guest accommodation: dedicated guest room,
sleeping facilities (e.g. sofa bed, inflatable mattress) in one of the rooms usually used for other
purposes (e.g. living room), and no facilities. Around 85-90% of the households never or rarely
have guests sleeping over or organise gatherings at theidwelling. Of the households with a
designated guest room in their dwelling, only 14% have guests sleeping over more often than
few times a year. Slightly below one-third of the households (strongly) agree that some rooms
in their dwellings are rarely used, and almost three-quarters of the respondents (strongly)
believe that they can find suitable spaces in their residences for their desired activities. To have
a better picture of the occupied living space of the respondents, the existence of a second
residence was also investigated, which was affirmed by 17% of the households, from which
37% had also indicated to have rarely used rooms in their current dwelling.
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Figure4.3: Use of the living space in the studied countries
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4.4.1.2. Perception of the space

GI mpbcp rm gltcgrge_rc rfc pcgnmlbclrg% ncpach

their level of satisfaction with the residence as a whole and then about their perception of
individual characteristics, namely size, layout, and number of rooms. Generally, the majority
(78%) of the survey respondents are (very) happy with their dwelling (Figure 4.4a). However,
their perception towards the layout and size of the dwelling and the number of rooms varies
marginally ( Figure 4.4b). While 77% of the respondents find the size of their dwelling just right,
only 69% think they have the appropriate number of rooms. Additionally, the layout of 75% of
the dwellings meets the needs of their residents. The differences can be seen in casashere,
for instance, a large dwelling has only large separate rooms; in this case, the household may
wish to have more rooms, even though they find the dwelling size just right or even too big.

Overall satisfaction 17% 3%

B Very happy MHappy B Neitherhappy ®Unhappy ™ Veryunhappy
nor unhappy

Meeting the needs Not meeting the needs

L t of the dwelli
ayout of the dwelling 5% 5%

Just enough Too many Too few
69% 9% 23%

Number of rooms

Just right Too large Too small

Size of the dwelling 7% B 14%
o o o

Figured.4: a) Overall satisfaction witthwelling, b) Perception afesign, number of rooms and size of dwelling

To further focus on the analysis of the floor area of the dwellings, the respondents were asked
about the desired size of the dwellings if they had indicated that their dwelling was either too
small or too large. The link between the actual, perceived anddesired size of dwellings shows
that the respondents who consider their dwelling to be too small have a per capita floor area of
36 m? and wish for 100 m2 per person. On the other hand, those who perceive their dwelling
as too large have an average floor aea of 85 m?/capita and wish to have 56 m? instead.
Respondents in dwellings perceived too small were asked about the activities for which they
would need more space. In first place comes Receiving/accommodating guests, selected by
more than half of the respondents, followed by Storage and Free tme activities. The overview
of all other activities is presented in Figure 4.14 in Chapter 4.7.1.

4.4.2.Consuming groups and their characteristics

The comprehensive descriptive analysis of the actual and perceived space use within the study
sample was followed by a kmeans cluster analysis. This analysis was instrumental in
systematically identifying the groups with the potential to change their consumption patterns.
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The cluster analysis revealed four distinct groups, each with its own characteristics. Each cluster
is labelled based on their dominant variables (i.e. the variables which have the strongest impact
on clustering results and the membership of an observationin a specific cluster): Cluster 1 as

Room-optimiser, Cluster 2 as Perceptiondriven, Cluster 3 as Spaceoriented, and Cluster 4 as

Satisfaction-seeker (for more details seeFigure 4.16 in Chapter 4.7.2).

Cluster Information
140 A
=== Total Mean
=== European Mean
120 A
Cluster 1
N=2107
. Mean Perception Size=2.0
100 4 Mean Area/Capita=43.8
~ Cluster 2
E N=1544
il . Mean Perception Size=2.0
s 804 Mean AreafCapita=42.4
S
b Cluster 3
=% -
MN=990
@ 60 O Mean Perception Size=2.4
<t Mean Area/Capita=107.7
Cluster 4
MN=1125
40 1 Mean Perception Size=1.4
Mean Area/Capita=32.7
20 A
' .
Too Small Just Right Too Large

Perception of residence size

Figure4.5: Average actual and perceived floor area in the clusters

As depicted in Figure 4.5, Cluster 1 (Room-optimiser) and Cluster 2 (Perception-driven) are
quite similar in terms of their average floor area of around 43 m?2 and their neutral perception
of the residence size. They comprise about 63% of respondents of the survey. Given our
assumption that perception drives behavioural change, these clusters may not present a high
potential for change. Respondents in these clugers live in dwellings of a size higher than the
European average and appear satisfied with their living space, thus presumably seeing no need
to change their circumstances. Conversely, Cluster 3 (Spaceriented) and Cluster 4
(Satisfaction-seeker) standout in this figure. The Space-oriented cluster, with a relatively high
average floor area of 108 n?, are individuals who perceive their dwelling as too large.
Satisfaction-seekers, with a much lower average floor area of 33 n%, consists of individuals who
feel their dwellings are too small. These two clusters, with their unique characteristics, present
a higher potential for change as their average floor area significantly deviates from the sample
average, and the respondents & not satisfied with the size of their dwelling. As a result, the
remainder of the analysis focuses on these two clusters, and examines their socidemographic
characteristics, willingness to change, and level of policy support.

4.4.2.1. Sociedemographic characteristics

Respondents in the Spaceoriented cluster are mostly over 45 years old and come from one and
two-person households. They are mainly singles or couples without children, living in their own
single-family houses in the suburbs or in the countryside. In terms of financial situation, there
is a slight tilt towards the high incomes in this cluster. This cluster is dominated by employed
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respondents with an academic degree. In contrast, Satisfactiorseekers consists mainly of
respondents aged 2545, who are couples with children living in the cities. They live in their
own dwelling in multi -family houses and are evenly distributed among al income groups. Most
respondents within this cluster are employed and either have an academic degree or completed
secondary education. A detailed overview of the sociedemographic characteristics of these
clusters is presented inFigure 4.6.

Household composition

Age Household size
%
11% 11%
35% 18%
32%
44% 22%
37%
50% 32%
23%
— 8% |
Cluster 3 Cluster 4 Cluster 3 Cluster 4 Cluster 3 Cluster 4
1 Person m 2 Persons m 3 Persons mSingle adult without children ® Single adult with children
18-24 m25-45 m46-65 mover 65 i
W 4 Persons B S Persons W6 or more Persons W Couple without children Couple with children
M Others
Location Building type Ownership structure
14%
36% Hla 31%
45%
22% 75%
36% 85%
54%
Cluster 3 Cluster 4 Cluster 3 Cluster 4 Cluster 3 Cluster 4
City M Country side M Suburb Multi-family house M Single-family house m Owner occupied  m Tenant-occupied
Education Income Employment
H
Cluster 3 Cluster 4 Cluster 3 Cluster 4 Cluster 3 Cluster 4
Academic degree m No school completed Quintile 1 m Quintile 2 m Quintile 3 W Unemployed W Retired
W Primary education W Secondary education m Quintile 4 mQuintile 5 W In training/education m Housewife/ husband
Employed m Others

W Vocational training

Figured.6: Sociedemographic characteristics of the selected clusters

4.4.2.2. Willingness to change

Survey respondents were asked about their perception of the size of their residence, with the
nmgqg gjgrw md af mmggle “~cruccl 8rmm qk_jju*
presented to the respondents sequentially, with each question depnding on the answer
provided to the previous question. The number and type of follow-up questions and options
varied according to the strategy under consideration. In order to understand the level of
willingness to follow one of the strategies for optimising the space use, introduced inTable 4.2,

the approach presented inFigure 4.7 was followed.
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How do you perceive the size of your residence?
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Yes No

|

Why are you planning
on moving?

Why not?

Figure4.7: Approach for studying the willingness to change

Figure 4.8 to Figure 4.11 illustrate the stepwise results for the strategies studied in this paper.
For instance, if a respondent from the Spaceoriented cluster perceives the residence size as too
large, the subsequent question will inquire whether they are willing to share certain common
spaces. If they indicate a willingness to share, they will be asked which spaces they would
consider sharing. Conversely, if they express a reluctance to share, the followup question will
inquire about the factors that would motivate them to con sider doing so. Respondents who find
the size of their residences just fine would not receive any follow-up question on willingness to
change and are also excluded from further analysis in this section. Only a negligible number of
respondents in the Spaceoriented cluster find their residences too small; similarly, among the
Satisfaction-seekers, very few perceive them as too large. These are also excluded from the
analysis. 39% of the respondents in the Spaceoriented cluster (hereafter called Potential
downsizer$ consider their residences as too large, and 58% of the Satisfactiorseekers find their
residences too small (hereafter calledRoomseekers The remainder of this section presents the
willingness to move, share space, rent, and rearrange the spaamong the Potential downsizers
and Room-seekers portions.
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Sharing

One-third of the Potential downsizers and 43% of Room-seekers are willing to share some space
with others. Potential downsizers are keen to sharethe service areas such as the garden, garage
and basement. Roomseekers would be willing to use common spaces primarily for hobbies,
socialising activities, home office and laundry. The majority of those unwilling to share spaces
say nothing can change their mind in this regard. Financial benefits followed by trust in the
other users could motivate onethird of Potential downsizers towards space sharing. For Room
seekers, the main incentive is found in the cleanliness and comfort of the shared space, and #
attractive prices come only at the third place.

Moving

Around two-thirds of Room-seekers and 44% of Potential downsizers have already considered
moving out of their current residence. However, 75-80% of them have not yet found a suitable
dwelling despite searching for one. The rest has found a new place and gher will move soon
(12-13%) or has decided not to move (8-13%). The ones who have never considered moving
have indicated various reasons. For Potential downsizers, this is predominantly (66%) due to
the attachment to the current residence or neighbourhood. The dominating reason of Room
seekers is financial barriers, namely not being able to afford a different residence (48%) and
high moving costs (15%).

Rearranging

Half of Potential downsizers and 30% of Roomseekers have considered rearranging their
dwelling to match their spatial needs. Among those, 22-23% will soon realise their plans for a
rearrangement. In the rest of the cases, either no decision was made yet43-50%) or the plans
were not realised even after the decisions were made (3548%). Around 70% of Potential
downsizers and more than half of Roomseekers have never considered rearrangement in their
dwelling. The most often mentioned reason for Potential downsizers is that the idea has never
occurred to the households. For Roomseekers, the rental contracts are to blame as most of the
respondents cannot make such decisions as tenants. More than half of the respondents in this
group do not consider such charges feasible, and onethird cannot afford such changes.

Renting (out)

One-quarter of Potential downsizers could consider renting out an unused room or part of their
residence. In contrast, a rough two-thirds of them do not want strangers to live in their homes.
For 12% of Room-seekers, renting an additional room in the same building or the vicinity of
their dwelling could be an option to compensate for the lack of space that they are perceiving.
However, around half of Room-seekers think having a room outside of the dwelling will not be
convenient. The rest either cannot affard an additional room (25%) or think finding such a
room to rent would not be feasible (12%).
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Are you willing to share some spaces with others?

What would incentivise you to use the common spaces? (n=357)

32 Possibility of social interactions

= Easiness of organisation

® Guaranteed availability

W Attractive prices

W Trust in the organisation and in users
& Cleanliness and comfort

B Nothing can change my mind

Cluster2
n=1544

Willingness
to share

How do you preceive the size of your dwelling?

Which spaces would you be willing to share? (n=130)

Workspace
= Dining room
= Hobby room
W Laundry
W Living room
m Kitchen
W Basement
W Garage
B Garden

common spaces? (n=279)

55 Eating
62 ® Cooking

167 mHobbies

For which purposes would you be weilling to share the

74 m Accommaodating guests
95 mLaundry
96 w Home office/studying

W Sodializing activities

What would motivate you to share some space? (n=259)

Easiness of organisation
B Some guarantee of availability of use
m Possibility of termination

9 mTrustin the other users
85 W Financial benefits
133 W Nothing can change my mind

Figure4.8: Willingness to share ithe selected clusters

Have you ever considered moving
out of your current residence?

Why have you not considered moving?

80%

Too small

0% 20% 40% 60% 100%

m Cannot afford a different place to live at the moment

B Moving costs are high

m No chance to find a suitable place

m Not willing to the leave the current residence/neighbourhood

B No consensus in the househald

m Others

Cluster2
n=1544
Willingness

to move

Cluster3
n=990

Figure4.9: Willingness to move in the selected clusters

How do you preceive the size of your dwelling?

What did it lead to?

Too large

Too small

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

m Despite looking, have not yet found a suitable place
B Found another place and will move soon

B Found another place but decided not to move
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Willingness
to
rearrange

Have you ever considered maing some “5‘

. N 42%
rearrangements in your residence?
\ Too large

Just finegg
59%
39%

Yes :
48%
Too large \ Too small
0% 20% 40% 60% 80% 100%
Changes were considered but no decision has been made yet
Too small
B Changesare planned and will be carried out soon

B Changes were considered but were not made in the end

How do you preceive the size of your dwelling?

What did it lead to?

Why have you not considered any rearrangements?

0 50 100 150 200
B Others

M The idea has never occurred to my household

® Have no time for doing it

W The organisational process for such changes s too complicated

W The gained space is not worth the costs

m Cannot afford the costs of such changes

mThere are no possibilities for such changes

I'am just a tenant and cannot make such decisions

Figure4.10: Willingness to rearrange in the selected clusters

Willingness How do you preceive the size of your dwelling?

to
rent(out) /
uslflnne Just fine,
42% Would you consider renting out a room or a part of

59%
Ten ke your residence that you're not using?
Would you consider renting an additional room in the oo {1

same building or in a neighbouring buildings? Too large _
Too small _ 0% 20% 40% 60% 80% 100%

Yes, renting out a room/part of the dwelling could be an option

0% 20% 40% 60% 80% 100%
m No, | am just a tenant and not allowed to sublease rooms
Yes, renting an additional room could be an option M No, it is not possible to find someone who wants to rent out a room
W No, | cannot afford the costs of an additional room m No, | do not want strangers to live in my home
mNo, will not find a room to rent W Others

W No, it is not convenient to have a room outside the residence
mOthers

Figure4.11: Willingness to rent(out) in the selected clusters

4.4.2.3. Policy acceptance

Following the different strategies for changes indicated in Table 4.2, the respondents were

asked three types of questions for each group of policies: first, to which extent they support the
policy, second, whether they are affected by the policy, and third, what they consider barriers

to the policy. Contrary to section 4.4.2.2, the analysis of this section considers all respondents
in the Spaceoriented and Satisfaction-seeker clusters.

Around 20% of the respondents in the Spaceoriented and Satisfaction-seeker clusters oppose
the suggested policies. The rest either support or have a neutral opinion about the policies. The
highest support rates in both clusters are for the policies related to renting (42 -45%) and
moving (40-42%), and the highest opposition rates are for extensions (4349%) and structural
changes (41-46%) (Figure 4.12). These figures are much different when considering only the
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respondents who could use the proposed policy (seeFigure 4.13). They support all the
suggested policies to a high extent (5770%). Also here, the highest support rates are for renting
and moving. Only between 4 and 11% of the respondents oppose the policies.

a Cluster 3 b. Cluster 4
voving - | woving -
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m Strongly support  ®Support ®Neutral ™ Oppose M Strongly oppose m Strongly support  mSupport mNeutral mOppose ® Strongly oppose

Figure4.12: Degree of policy support in Clusters 3 (Spagented) and 4 (Satisfactieseeker)

a.
Cluster 3 b. Cluster 4
0% 20% 40% 60% 80% 100% 0% 20% 40% 60% 80% 100%
m Strongly support  mSupport  Em Neutral mOppose EStrongly oppose m Strongly support  ® Support B Neutral mOppose  EStrongly oppose

Figure4.13: Degree of policy support for the households that can make use gidlieies

The respondents in the Spaceoriented cluster mainly named organisational effort as a barrier
to following the policies; regarding the extensions in the dwelling, they see financial effort as
the main barrier. The occurrence is almost similar for different strategies. The pattern is almost
the opposite for Satisfaction-seekers,where financial effort is the main reason for not following
the policies except for renting, where organisational effort is seen as a barrier. Here, however,
the occurrence fluctuates significantly among different strategies, ranging from 360 for renting
to 560 for extensions. The legal requirements are less problematic in both clusters, and lack of
time is considered the least common reason for not following the policies (for more details, see
Table 4.3).

Table4.3: Barriers in supporting the studied polici@®tal number of respondents Cluster 3 =990, Cluster 4 = 1125)

Lack of time ITegaI Organgational Flnanglal Others
requirements effort constraints
Cluster 3 Renting
(S_pace Extensions
oriented) ]
Moving

Structural change

Cluster 4  Renting
(Satisfacti
on- ]
seeker) Moving

Structural change

Extensions
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4.5. Discussion and policy implication

This section aims at answering the research questions of the paper presented in the Introduction
and Figure 4.1, by discussing and interpreting the results presented inChapter 4.4. The section
ends by discussing the limitations of the study and remarks for further research.

4.5.1.Consumption patterns in the residential sector (RQ1)

The findings on space use and the number of rooms per capita are consistent with existing
literature, indicating that single adults without children and couples without children tend to
have the highest space use. Targeting these two groups could be an efttive approach to
effectively using the space, as they are theoretically the two groups with the greatest potential
to make a change in their living space. Conversely, the groups with the lowest space use were
couples with children (similar to what is rep orted in literature, e.g. in Destatis 2018and Gleeson
2021 the lowest per person floor area is observed for the couples with dependent children), but
also multi-generational households and households with multiple adults (i.e. shared flats). This
points to the promotion of multi -generational households as an appoach to reduce the per
capita space use. Although this concept is generally uncommon in Europe (as was also reflected
in the survey), increasing housing pressures and ageing populations may lead to more people
willing to live in such arrangements (Liu et al. 2021) . Encouraging sharing between known
individuals, such as friends or family members, could support this concept, since many
respondents with excess space do not want to live with strangers.

Around a quarter of households feel that they do not have enough rooms, while only 14%
consider their dwelling too small. This discrepancy between the satisfaction with the number
of rooms and the size of dwelling could be addressed by (minor) structural changes, such as
dividing large rooms. Furthermore, the discrepancy between the households that consider their
dwelling to be too large and the ones who need more space is also observed in the study sample
of this paper. While 14% of respondents find their dwelling to be too small, 9% perceive their
dwelling as too large.

The paper highlights the potential for optimising space in the residential sector. On one hand,
86% of the families with a designated guest room never or only rarely have guests sleeping over
and one third of the households have a room that they rarely use On the other hand, some
households do not have enough space in their dwelling for activities such as receiving and
accommodating guests, storage, free time activities. This imbalance presents an opportunity for
behaviour modification. Rooms that are seldom used have the greatest potential for sharing
through innovative solutions. By promoting space sharing, unused or rarely used spaces can be
utilised by others when not in use.

4.5.2.Groups of interest identified in the cluster analysis (RQ2)

The results of the cluster analysis provided two key groups of interest: first one consist of
respondents in the Spaceoriented cluster, with high space use and perception that their
residence is too large (affluent suburban homeowners with an average areaper person of
108 m?) and second one, Satisfactionseekers, with low space use and the perception that their
residence is too small (urban residents with limited space of 33 n?/ capita). Table 4.4 provides

a summary of the characteristics of the selected clusters. The high space use group has a high
proportion of older, retired individuals leaning towards higher incomes. The low space use
group mainly comprises of younger individuals, often with children, with variable incomes. In

56



terms of improving space use efficiency and reducing total space consumption, the group with
high space use is the main target for modifying behaviour. In addition to having high space use,
this group is aware that they have too much space. However, thereis a gap between this
knowledge and acting on it (similar to the intention behaviour gap). This gap poses an area of
potential for modifying behaviour. However, it should be noted that although this group has a
generally high level of awareness that their residence is too large, most were also quite happy
with their residence. This high level of satisfaction means that they would probably need strong
incentives to be motivated to change. The group of low space users, which indicated that their
needs in terms of space and number of rooms are largely not being met also poses as a group

that could benefit from certain initiatives or policies and behaviour modification to better
address their needs.

Table4.4: Characteristics of selected clusters

Cluster 3 (Space-oriented)

Cluster 4 (Satisfaction -seeker)

Size of cluster 990 1125
Space use and Floor area (m?/capita) 108 33
perception .
Number of rooms/capita 3.3 1.2
Eerceptlon of residence Too large Too small
size
Socio- ] Age group Above 45 Between 2545
demographic )
characteristics Household size 1 and 2-person households 2-person households

Household composition

Singles or couples without children

Couples with children

Building type Single-family house Multi -family house
Ownership structure Owners Owners
Location Suburb or countryside Cities
Income level Slight lean towards high income From all income groups
Employment Employed Employed
Education Academic degree Academic degree
Willingness and Sharing Yes Garden, garage, basement Hobbies, socialsing activities,
limitations to home office
change No Nothing can change their mind Nothing can change their mind
Moving Yes Despite looking have not found a Despite looking havenot found a
suitable place suitable place
No Not willing to leave the current Cannot afford a different place at
residence the moment
Rearranging Yes Changes are considered but no Changes are considered but no
decision made yet decision made yet
No The ideahas never occurred to my | am just a tenant and cannot make
household such decisions
Renting out Lm* G bml %r u_I r No,itisnotconvenientto have a
my home room outside the residence
Policies Support for All Opposition rate 21%, Highest Opposition rate 17%, Highest
acceptance policies support renting (45%) and moving support renting and moving (42%)
(40%)
Only Opposition rate 8%, Highest Opposition rate 7%, Highest
affected support renting (68%) and moving  support renting (65%) and moving
(70%) (67%)
. Mainly organi sational efforts Mainly financial constraints
Barriers

(Extensions: financial constraints)

(Renting: organisational effort)

4.5.3. Strategies for motivating change in consumer behaviour (RQ3)

The results of the sections on willingness to change(Chapter 4.4.2.2) and policy acceptance
(Chapter 4.4.2.3) point to a set of strategies that could be recommended for each of the clusters,
which are referred to as target groups here.
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Sharing

A willingness to share spaces is observed in both groups. While Potential downsizers are willing
to share service areas (garden, garage and basement), Roofseekers are willing to use the
communal space mainly for free time activities (hobbies and socialsing) and the home office.
The willingness to share in both groups points to the potential for sharing communal spaces
and the need for more sharing platforms. While space for a home office was not as popular as
more space for a home office. This high willingness rate to share this space suggests that, for
those without a home office but wanting or needing to work remotely, there could be more
potential for communal w orkspaces to alleviate some of the spatial needs of those in residences
which are too small. Communal workspaces have been on the rise, with nearly 2.2 million
people reportedly using them globally in 2019 (BerbegalMirabent 2021). It can alleviate
housing pressures, as, with the rise of working remotely, more people want an athome office
space, which can lead to people moving to larger dwellings for such a spac€Mukherjee et al.
2023). Thus, increasing and promoting communal workspaces could be a good strategy to
reduce the desire to move to a larger dwelling. Furthermore, communal workspaces also foster
connections and creative environments for workers, providing social and environmertal
benefits (BerbegalMirabent 2021). Respondents noted some important factors that would
encourage them to use them, including attractive prices, cleanliness, and equipment. Therefore,
these elements should be paid special attention when integrating and using such communal
spaces.

Moving

Many respondents in both clusters have considered moving to another place but have not yet
found a suitable dwelling despite looking for one. Although the share of the households wanting
to move from the smaller dwellings is much higher than that of those wanting to move out of
the larger dwellings, the fact that, there are households in both groups willing to move out of
their dwelling should be addressed by promoting and facilitating flat swap (platforms). For
Potential downsizers, the sense of belongingand attachment to the current neighbourhood
hinders the willingness to move. To better reach this group, specific types of flat swaps should
be promoted, and the swap should occur only within the current building or neighbourhood.
The financial constraints for Satisfaction-seekers can be addressed by fiscal support, such as
moving bonuses or swaps while maintaining the rental conditions.

Furthermore, high-consumers planning to move (53.1%) are mostly in between 25 and 45 years
old. Interestingly, only 10% are over 65, despite this age group having a high proportion of
individuals in the clusters with high m ?/capita and the perception that their residence is too
large. The survey results suggest that this is due to a combination of factors, including
attachments to their current residence and environment, a lack of suitable alternatives and
interest, and costs However, current findings indicated that financial incentives could
encourage more people to move to a smaller residence. Therefore, policies including such
initiatives could facilitate more movement to open up under-occupied dwellings. However,
financial incentives alone may be unlikely to encourage people to move. This was identified in
previous unpublished research, which found that households that received a moving bonus
would have moved anyway. Thus, addressing the emotional attachment to the current residence
and environment may be equally important when motivating change, particularly for older
households. Assisting in finding an available dwelling close by, as well as identifying a dwelling
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with more suitable features (particularly for older people, i.e. having a lift or a dwelling with
few stairs) and helping with the actual physical act of moving, could be effective strategies
(Bergstra 2021).

Rearranging

A significant proportion of both groups have considered rearrangements but have not made a
decision. Consultation offers for this group can provide information, identify barriers and try to
resolve them, thus increasing the chance of a rearrangement in theresidence. Upon closer
examination, those who have considered or are planning changes for the near future are more
likely to do so if they find their residence too small rather than too large. This suggests that
people are more willing to make changes when they feel they need more space than when they
have too much. Having extra space may not cause them much distress, apart from cleaning and
heating costs, whereas not having enough space is more likely to cause distress. Among the
groups with low space use individuals more often desire more rooms rather than more space.
Therefore, policies or initiatives that assist in making structural adjustments to the residence,
such as divisions, could be beneficial and result in fewer households seeking larger dwelligs.

On the other hand, those who have not considered rearrangements have different reasons.
Potential downsizers are mainly unaware of this option. Increasing information campaigns and
providing consultation services could help to improve the situation. Among the Room-seekers,
however, no changes have been considered due to the restrictions of being a tenant. To
encourage tenarts to follow the measures to use space more efficiently, changes need to be
made to tenant-landlord relationships and the freedom of tenants to make some changes.

Renting (out)

One-third of Potential downsizers are unwilling to rent out their excess space due to concerns
about privacy and security, as they do not want strangers living in their homes. Convincing
them otherwise can be challenging, as previous research suggests thathoosing to live with
others is typically driven by social reasons, such as alleviating loneliness. Therefore, promoting
shared flats or intergenerational housing formats could be an effective strategy, as people are
more likely to share their homes with familiar individuals. However, current findings indicate
that financial incentives can also be effective in encouraging more shared housing
arrangements. Initially, 24% of those in the high space use cluster expressed willingness to rent
out a room, which increased to approximately 50% when the policy for renting out a room was
suggested. Thus, combining the social and financial incentives in policies or initiatives could be
particularly effective in promoting shared housing in under -occupied residences. Bychanging
social norms and developing innovative solutions, renting out and sharing the available space
in such households is possible while maintaining privacy. Half of Roomseekers find it
inconvenient to have an external room. This barrier can also be adressed by thinking out of
the box and introducing innovative solutions.

There is a high support rate for the strategies discussed above. However, the rate of policy
support significantly increases when the policy is addressed to the targeted groups, i.e. the ones
for whom the policy could be relevant. This proves the need fortailored policy design to increase
the effectiveness and acceptance of the policy instruments. Moving and renting could be low
hanging fruits due to their high support rate. There is a clear direction for the policies; in the
Spaceoriented cluster, offering organisational support will increase the probability of following
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the instruments more, whereas for the Satisfactionseekers, more financial support would
promote that. Besides the discussed policies, the following strategies could also encourage the
more efficient use of the space.

BonusMalus system

While providing a benefit is often a good incentive to encourage specific behaviour, some
studies suggest a punitive approach as a more effective approach to discourage unwanted
behaviour. A case study comparing the impact of charging people for plastic bgs and providing
a bonus for using reusable ones found the former a more effective approaciiHomonoff 2018) .
This is rooted in the behavioural economics theory of loss aversionwhich states that people
tend to be more resistant to losing than to gaining something of equal value (Smelser et al.
2005). This sort of punitive tax has already been applied to housing in some countries to deter
people from over-occupying. The bedroom taxin the UK poses extra taxes on spare rooms in
social housing. This is 14% for one and 25% for two or more spare rooms(UK Government
2013). Similarly, Zurich has set a minimum occupancy rate for renting subsidised flats in the
city, so the number of people in residences should not fall below the number of rooms minus
one (Wirtz 2013) . In the new German property tax, the properties are valued according to a
value-dependent model in which the land area is among the decisive factors
(Bundesministerium der Finanzen 2022). Applying such taxes could encourage the residents
with excess space to move to more appropriately sized dwellings or to share the space with
others. It should be noted that applying such a tax should be coupled with providing assistance
and sufficient living alternatives. For instance, applying a bedroom tax to encourage leaving to
smaller residences cannot be effective without offering suitable alternative living places. Similar
policies could be applied to reduce the vacancy rate. Examples of those arthe speculation and
vacancy tax in Canada(Government of British Columbia 2024) and in France (Information,
Directorate for Legal and Administrative 2024), tax benefits in Australia for renting a residence
or only a part of it (Australian Government 2019) and extra taxes in Singapore when buying
the second residence(Liew 2024). In general, a bonusmalus system used already in other
sectors, such as transport, to promote the use of lowemission cars (e.g.IEA 2021) and industry
to increase the rate of recyclability (e.g. CITEO 2021) can also be effectively applied to the
building s sector. It can promote the efficient use of space by rewarding those who optimise their
living space and penalising those with excessive space. However, to ensure its success, it is
crucial to define baseline references for the system carefully.

Change of narratives

To better engage residents with excess space use, it would be beneficial to emphasise improving
quality of life and well -being. The Swedish concept of Déstadning, or death cleaning is a
minimalism-related concept that promotes decluttering (Magnusson 2017). Applying this
concept to housing would involve downsizingto smaller dwellings, which could incentivise
people to make such moves. Instead of solely promoting downsizing, it is suggested that the
|l _pp_rgtc "¢ gfgdrcb rm 8pgefrggxglepg dmasqgl e
life rather than simply moving to something smaller (Hammond et al. 2018). This approach
may be more effective for individuals who are emotionally attached to their homes, as a positive
perception of the change and understanding of benefits increases acceptancé_ewin 1947).
Combining these approaches, creating the rightsizing narrative and providing the necessary
support and resources could potentially assist the older population transition out of dwellings
that are too large.
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4.5.4. Limitations

While most of the quotas set to ensure the representativeness of the study sample achieved a
completion rate above 80%, some fell significantly short of their target. For instance, the over
65 age group in Portugal proved particularly challenging to reach, with the target share barely
exceeding 50%. This difficulty may be attributed to the technological nature of the online
survey. In such cases, one option to address the unmet quotas is to weight the data. However,
in this paper, it was decided not to apply any weighting for the following reasons: first, given
the different factors that were taken into account for representation, applying weighting to all

of them would have been time-consuming, as it would have required a manual weighting
process (Borkowicz 2023). Given that this research was already methodintensive, other
methods were prioritised. Second, weighting introduces assumptions about the missing data,
potentially leading to a biased representation. In the case of the over65 group from Portugal,
assumi e rf _r rfc 8kgqqglep 3. # umsjb f _tc pcgnmll
could be highly misleading, especially given that many questions were perceptionrbased.
Finally, weighting adjustments can increase variance and error estimators, as highlinted by
Kalton et al. (1986) and Pike (2008).

Furthermore, the assumptions made for the data validation are subject to some limitations. The

chosen valid ranges for space (M), number of rooms and total number of people were partly

derived from literature. However, no reliable sources were found for determining the

8k vgksk qgqgxc md _ pcggbcl acpu? 8kgl gksk pmmk
pcggbclacp* mpcg@kmdgphmhkkdisk ?29g _ pcqgsjr* rfc t_
literature but also based on expert estimation and assumptions. This approach may have
inadvertently excluded data that could have been valid.

4.6. Conclusions

With the overall aim to analyse the potential for change to reduce the use of living space, this
n_ncp gbclrgdgecq rum icw r_pecr epmsng ~_qcb ml
space use behaviours and attitudes in four European countries The first cluster consists of
individuals who are over-consumers and are aware that they have excess space. The second
cluster comprises individuals whose spatial needs are not fully met. In each cluster, the paper
examines the socieademographics, willingness to change and acceptance of specific policies aim
to reduce residential space use. The findings of this research indicate that the policies
investigated could effectively reduce overconsumption, if the suitable frameworks are
provided. It recommends targeting over-consumers by encouraging them to share unused space
in their dwellings and providing incentives to move to smaller dwellings that meet their spatial
needs. In order to target the group whose spatial needs are not being met, the paper
recommends promoting communal spaces and providing financial support for structural
changes. In order to increase the effectiveness of housing policies addressing space use, the
findings of the paper point to the need for tailored policies, taking into account the
characteristics of each target group and raising awareness of existing policies.
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4.7. Appendices
4.7.1. Appendix A:Further results of the analysis

Table4.5: Characteristics of the survey observations, in the whole sample and at the country level

Aggregated Germany Poland Portugal Sweden

Total observations 5766 1440 1444 1440 1442
Age 18-24 7% 5% 10% 6% 7%
25-35 18% 14% 23% 19% 17%
36-45 18% 17% 18% 22% 14%
46-55 19% 17% 17% 24% 17%
56-65 17% 21% 14% 14% 20%
Older than 65 22% 26% 19% 15% 25%
Gender Female 50% 47% 54% 48% 52%
Male 50% 53% 46% 52% 48%
Others 0% 0% 0% 0% 0%
Household 1 Person 21% 29% 19% 17% 20%
size 2 Persons 39% 42% 30% 33% 52%
3 Persons 20% 16% 22% 27% 14%
4 Persons 13% 8% 17% 17% 8%
5 Persons 4% 2% 7% 4% 4%
6 or more persons 3% 2% 5% 2% 2%
Household Couple with children 30% 24% 33% 40% 22%
composition Couple without children 31% 38% 25% 19% 43%
Single adults with children 7% 5% 6% 8% 11%
Single adults without children 24% 31% 23% 23% 19%
Others 7% 2% 13% 10% 5%
Location City 42% 41% 38% 42% 45%
Suburb 33% 38% 27% 35% 32%
Countryside 26% 21% 35% 22% 23%
Building type Multi -family house 53% 58% 50% 51% 54%
Single-family house 46% 41% 49% 48% 45%
Others 1% 1% 1% 1% 1%
Ownership Owner occupied 65% 46% 83% 72% 60%
structure Tenant-occupied 34% 54% 16% 27% 39%
Others 1% 0% 2% 1% 0%
Income Quintile 1 19% 21% 21% 16% 16%
Quintile 2 19% 19% 18% 18% 22%
Quintile 3 19% 20% 18% 22% 19%
Quintile 4 21% 22% 21% 22% 21%
Quintile 5 21% 19% 22% 22% 23%
Education No school completed 0% 0% 0% 0% 1%
Primary education 3% 1% 3% 2% 6%
Secondary education 33% 19% 39% 39% 37%
Vocational training 27% 48% 18% 17% 23%
Academic degree 36% 31% 39% 43% 32%
Employment Full-time employed 49% 44% 50% 58% 45%
Part-time employed 8% 12% 7% 5% 10%
Self-employed 6% 5% 5% 9% 4%
In training/education 3% 1% 4% 3% 4%
Housewife/lhouse husband 2% 4% 4% 1% 1%
Looking for work/currently 4% 5% 7% 5%
unemployed 5%
Retired 24% 29% 25% 16% 28%

Others 2% 1% 2% 1% 2%




Tabled.6: Overview of the space usedifferent categories, including the area and number of rooms per capita
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Figure4.14: Activities for which not enough space exists in the perceived too small dwellings




4.7.2. Appendix B: Clustering details

Table4.7: Variables considered for cluster analy$fisth objective and subjective variables were considered in the clustering

Category Variable

Objective Area per capita
Number of rooms per capita

Existence of unused rooms in the residence

Subjective Overall satisfaction with the residence
Perception towards number of rooms

Perception towards residence size

—===- ebowat k=4, score= 1202314

1600

1400

distortion score

1200

1000

o R e,

Figure4.15: Distortion Score in the elbow methothe figure shows the optimal number of clusters (K=4) for the cluster
analysis
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Figure4.16: Standardised means amentroids in the formed clusterst shows the standardised mean and the centroid of

the clustering variables. The former is calculated by subtracting the mean of each variable from its original value and then
dividing it by the standard deviation of that variable. The higher the standardised mean of a variable, the stronger ¢he impa
onclustering results. Forinstancey / f dzZA 0 SNJ nX GKS Ol NAl6ftS ah@SNIft aldArAatl
the cluster membership. Variable centroid is the mean of all observationth&brvariable. Cluster centroid, i.e. a vector
containing one number for each variable, shows the railtiensional average of each cluster and allows for comparisons
between clusters
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4.7.3. Appendix C: Nesting within countries

We used the Python module statsmodels, and its implementation of mixed linear models
(MIxedLM) (Seabold et al. 2010) to test whether individual -level data were nested within
countries. We assumed a twelevel MLM to assess the hierarchical structure of our data, with
individuals (i) at the first and countries at the second level (j). We examined the results of the

null mo del, which accounts solely for a global intercept to explain the dependent variable. The
variance A of the residuals at different levels allowed us to calculate the ICC.

06 * ——
K K

The results of this analysis for the dependent variables of the survey data, are systematically
presented in Table 4.8. The very low ICC suggests that the countryeffect for the dependent
variables are negligible.

Table4.8: Results of multilevel analysis for survey variables

Variance of random components

Dependent variables Random Intercept Variance _ _ e
() Residual Variance ( G
Area per capita 83.93 1805.01 0.04
Number of rooms per capita 0.03 1.79 0.01
Second residence 0.01 0.24 0.02
Unused rooms 0.00 1.77 0.00
Available space for activities 0.01 1.09 0.01
Guests sleep over 0.01 0.40 0.03
Facilities for guests 0.01 0.75 0.01
Events 0.00 0.40 0.01
Overall satisfaction with residence 0.02 0.74 0.02
Perception (Residence size) 0.00 0.23 0.00
Perception (Number of rooms) 0.00 0.29 0.01
Perception (Layout) 0.00 0.19 0.00
Using little resources 0.04 0.74 0.06
Sharing habits 0.02 1.19 0.02
Flexible space use 0.02 0.96 0.02
Using little space 0.04 0.87 0.04
Policy (Renting) 0.05 1.11 0.04
Policy (Extensions) 0.03 0.88 0.03
Policies (Moving) 0.02 1.01 0.02
Policies (Structural change) 0.02 0.94 0.02

66



4.8. Supplementary material

Supplementary data to this chapter (survey questions validation process of the collected data
and results of hierarchical clustering) can be found at:
http://dx.doi.org/10.24406/fordatis/353
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5. Reduction of gas demand through changes in heating behaviour in households: novel
insights from modelling and empirical evidenee

Abstract: The geopolitical situation and the energy crisis caused by the Russian invasion of
Ukraine have led to proposals for immediate reduction in energy consumption within the
European Union. The REPowerEU Plan of the European Commission proposes behavioural
changesasshorr cpk kc_gspcqg rm p_ngbjw pcbsac rfc CS%
This paper investigates the energy saving potential resulting from changes in household heating
behaviour. Through a comparison of modelling results with results of the analysis of empirical
data collected in a survey of households in four EU Member States (Germany, the Netherlands,
Greece, and Poland), the paper examines the adequacy of the shotierm measures proposed by
the EU and the instruments needed toleverage such measures and increase their potential
impact. Although the reported changes in heating behaviour lead to a 2.0% to 3.5% reduction

in residential gas demand in the countries studied, the study recognises that the EU targets for
reducing the gas demand will not be met under current regulatory conditions, and considers
the energy savings observed in this paper and in the literature as a shorterm response to
unexpected circumstances. The paper proposes a policy package to transform these respsss
into the long -term behavioural changes needed to achieve climate targets. Promoting uptake of
household technical infrastructure, providing financial support and implementing information
campaigns are suggested as effective approaches to achieving sags targets.

® This chapter has beenpublished as Bagheri, Mahsa; Koch&ski, Maksymilian; Kranzl, Lukas; Korczak, Katarzyna; Mayrhofer,
Lukas; Miiller, Andreas; Ozer, Ece; Rao, Swaroop (2024): Reduction of gas demand through heating behaviour changes in
households: Novel insights from modelling and empirical evidence. In: Energy and Buildings. DOI:
10.1016/j.enbuild.2024.114257
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Katarzyna Korczak: Resources; Lukas Mayrhofer: Software, Writing- Original draft preparation; Andreas Miiller:
Conceptualisation, Resources; Ece Ozer: Software, Formal analysis; Swaroop Rao: Formal analysigalidation, Writing -
Review & Editing
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5.1. Introduction

Between 2013 and 2022, the share of natural gas in the total energy available for final
consumption in the European Union (EU) slightly decreased, falling from 22% to 20% (Eurostat
2023a). In 2013, 27% of the gas consumed by the EU was supplied by Russig§European
Commission 2014). In 2022, this share fell to approximately 23% (own calculation based on
the Council of the European Union 2024). In the same decade (20132022), the natural gas
consumption in residential buildings in the EU has been relatively stable, ranging between 825
and 1020 TWh (Eurostat 2023k), making gas the most widely used energy carrier for space
and water heating (OdysseeMure 2020). Between 2013 and 2021 Europeans enjoyed a trend
of falling nominal gas prices (excluding taxes and levies), which decreased from 3.89 EUR/kWh
in the first half of 2013 to 3.17 EUR/kKWh in the first half of 2021 (Eurostat 2023k). With the
Russian invasion of Ukraine in February 2022, this trend reversed. In the first half of 2022 gas
prices drastically increased by 53% as compared to the first half of 2021.

In response to rising gas prices and the risk of supply disruptions, demand reduction measures
became urgently needed. In this context, the European Commission and the Council of the
European Union have put forward several proposals and regulations aimed & gas demand
reduction (Council of the European Union 20223, 2022b; European Commission 2022a2022b,
2021a, 2022c). The proposed policy measures addressing gas consumption in buildings can be
grouped into the following two main categories:

1. Building-related energy efficiency improvements and roll out of heat pumps
2. Kc_gspcq _gkcb _r qgrgksj _rgle "~ sgjbgle maas
down heating, using less airconditioni ng or adjusting boiler settings

The European Commission expects the first category of measures to provide nearly three times
more savings than the second one: 37 bcm of natural gas saved versus 13 bcm of natural gas
saved, with likely overlaps leading to overall savings lower than the sum of the savings from
both groups of measures. Still, infrastructure changes in buildings would require a significant
amount of time for implementation as well as investment, estimated at over 56 billion euros in

addition to the investments planned in the npct gmsqj w _ | | ms (Earapban 8 Dg r
Commission 2021b) measures. In this context, the second category of measures, i.e. building
maasn_| rqg% "~ cf _tgmsp af |l ecqg* amkcq rm rfc q

(comparatively) quickly and, according to the European Commission, without any investment

(European Commission 2022b) In April 2022, the International Energy Agency (IEA) and the

European Commission started thePlaying my partcampaign with energy saving tips directed at
fmsgcfmjbg _I b “~sgjbgle k_I _ecpg rm f(Ejyropeap c bs ac
Commission & International Energy Agency 2022)

Despite the paramount importance of behavioural changes in the EU policy targets set in
response to the current energy crisis, there are several open questions regarding the potential
impact and feasibility of short-term reductions in gas demand for spaceand water heating in
the EU through behavioural measures. In this context, this paper:

1. analyses economic, energy, environment-, building-, and occupantrelated factors
influencing household behavioural change and assesses the impact of energy saving
measures, such as lowering the heating temperature, on the reduction of gas demand
for spaceand water heating in EU households
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2. evaluates the achievability of reducing the heating temperature in selected EU Member
States, with different socio-economic contexts

3. k_icqg pcamkkcl b_r g mermendrgypolicy toencréas%heg impactlofe
changes in household behaviour aimed at reducing gas demand for space and water
heating.

Unlike previous studies that may have focused more on economic (e.g., priceelated (Zhu et
al. 2018)) or the technical aspects of energy savings due to behaviour change (e.g., heating
systems changes(Sovacool et al. 2021)), this paper directly investigates the short-term
behavioural changes households can adopt to reduce their energy consumption, particularly in
heating, in response to the energy crisis prompted by the geopolitical situation in the EU
between 2021 and 2023, specifically, following the Russian invasion of Ukraine. The novelty of
the study concerns also the timely analysis of the adequacy of shorterm measures proposed
by the EU to rapidly reduce dependence on Russian gas. The inclusion of different EU Membe
States with varied socioeconomic and climatic conditions adds depth to the analysis,
recognising the heterogeneity within the EU and the need for tailored approaches in
policymaking.

This paper is structured as follows. In Chapter 5.2, we provide a literature review of existing
studies on heating behaviour and potential impacts of shortterm behavioural measures,
assessments of the achievability of such impacts, and available evidence on possible policy
actions in this area. In Chapter 5.3, we present the methods employed in this paper as well as
the empirical basis. In Chapter 5.4, we present the calculated savings potential of changes in
heating behaviour (e.g. lowering indoor temperatures). We then analyse the attitudes of
households across the EU towards space heating and the drivers of these attitudes. I8hapter
5.5, we compare the saving potentials derived from modelling and survey results and reflect on
policy objectives for the short-term reduction of gas demand for space and water heating in the
EU and discuss policy implications. Finally, Chapter 5.6 briefly presents the conclusions of our
study.

5.2. Background

The Council Regulation (EU) 2022/1369 set a non-binding target for all Member States to
reduce gas demand by 15% between 1 August 2022 and 31 March 2023, compared to the
average of the same period in the previous five yeargCouncil of the European Union 2022a).
The reduction of indoor temperatures has been identified as a particularly important measure
to reduce gas demand in buildings in the shortterm (Harputlugil et al. 2016 ; European
Commission & International Energy Agency 2022 Shamas et al. 2023. However, the potential
effectiveness of this measure is highly dependent on social factors, including especially the user
comfort needs, and has not yet been thoroughly investigated across the EU following the start
of the war in Ukraine. In a study relying on modelling, Rohde et al. (2012) estimate that
lowering the indoor temperature of buildings in the EU -27 by 1°C offers a potential 9%
reduction in gas demand in terms of reduced heating degree days.

The energy savings from lowered indoor temperatures in buildings are not only uncertain, but
they are also influenced by a variety of factors, including individual thermal comfort
preferences, environmental attitudes, motivation to conserve energy, the cos and availability
of energy, understanding of the impact of energy use, and the usability of installed thermostats
(if installed at all). Some studies indicate that prompting individuals to voluntarily lower the
temperature at which they heat their homes could be of limited effectiveness, since people
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simply want their homes warm when the weather is cold (Sovacool et al. 2021). The scant
gagclrgdga qrsbgcqg md rfc CS fmsqgcfmjbg% _rrgrs
rf _r Cspmnc_| g% ugjjglelcqgqg rm jmucp rckncp_rs
Sweden in 2019 could not imagine allowing greater temperature variation in their homes to

save energy(Hagejard et al. 2021). A study of households in the Netherlands and Siberia found

that people living in yurts care less about stable thermal conditions than typical Dutch sedentary

dwellers, which indicates that psychological acceptance of a certain level of discomfort is
challenging for modern societies (Khovalyg et al. 2023). Experiences from before the current

energy crisis show that to manage inadequate space heating, people prefer to act on the energy

supply side (e.g. install a bigger boiler), rather than to change their behaviour (e.g. wearing

extra clothes to feel warmer), as evidenced by nationally representative surveys conducted in

Sweden, Germany, Italy, Spain, and the UK (N = 10109) in 2020, which reported that the

mean preferred indoor temperature in winter in these five countries is between 20.88 °C and
21.83°C(Sovacool et al. 2021). These findings are consistent with prior findings by Stazi et al.

(2017), which indicate that sometimes individual factors affect the heating use more than
environmental ones, such as outdoor temperature. On the other hand,Canale et al.(2021) find

that additional technical assistance improving user awareness, such as #nome displays, can

help lower the consumption of heating by 17%. An information campaign in ltaly led to a

significant increase in the amount of time spent below 19°C, yet stil the average indoor air
temperatures were always between 18.7°C and 22.3°qCanale et al. 2023).

While many studies attempt to identify the main drivers of heating behaviour (e.g. Belaid et al.
2020; van den Broek et al. 2019 some scholars go further and analyse the role of such drivers
in heating behaviour. In a review of the existing literature on drivers of occupant behaviour,
Wei et al. (2014) identify 27 drivers that influence energy consumption in the residential sector.
The authors categorise the factors as environmental, buildingrelated, occupantrelated and
other, and examine whether a correlation between these factors and heating behaviour has
been addressed in the literature The results are partially shown in Table 5.1.

Following the Russian invasion of Ukraine in 2022, reducing gas demand became one of the

key topics of energy policy and public debate in the EU and its Member States. Before the start

of the 2022-2023 heating season, over a third of households in Germanysaid they would lower

the temperature on their thermostat (Dena 2022). An EU-wide study on this question was
conducted by a manufacturer of smart thermostats, whose users lowered the indoor
temperature by various values compared to the previous heating season, ranging from 0.28°C

(the minimum result, observed in Bulgaria) t o0 0.99°C (the maximum result, observed in the
Netherlands and Belgium) (Tado 2023). Still, this study was restricted to smart-thermostat
sqcpq _I b bgb | mr amlrpmj dmp rfc pcgnmlbclrq
conclusions for EUj ct c | clcpew cddgagclaw nmjgaw rf _r
economic status aswell as the characteristics of household heating systems, which are
important drivers of energy-related behaviour (Belaid et al. 2020).

This study provides original research quantifying the impact of behavioural changes aimed at
reducing gas consumption in the EU residential sector after the start of the war in Ukraine. Our
modelling of the impact of behaviour change on gas consumption is compared with new
empirical evidence on the heating behaviour of households in four EU Member States. For this
purpose and inspired by Wei et al. (2014), the relationships between heating behaviour and
five selected factors in three categories are examined: economic (heating price and income
level), building and occupant-related (building type and ownership structure), and energy and
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environment-related (energy carrier). Therefore, this research complements prior studies on
consumer price elasticity of residential energy demand, which offer insight into the degree to
which households are likely to adjust their energy consumption in response to price changes
(Bldzquez et al. 2013 Zhu et al. 2018 and Ohler et al. 2022). However, unlike the present study

which offers new perspectives on price elasticity in relation to gas consumption, most previous
research primarily examined price elasticity with respect to electricity usage. The figures shown
in Table 5.1 indicate whether or not a correlation has been reported in the literature between

the selected factors and hearing behaviour.

Table5.1: Number of papers in the literature reporting on the correlation between the selected factors and heatiagiair
(based onWei et al. 201%

Cateqor Factors Correlation No correlation
o reported reported
Heating price 2 1
Economic factors
Income level 5 4
Building and occupant - Ownership structure 3 1
related factors Building type Z 5
Energy and environment - _
ergy and environment Energy carrier 1 1

related factors

5.3. Methodology

5.3.1.Selected measures

Among the proposed behavioural changes to reduce gas demand, the reduction of heating
temperature was selected for indepth analysis in this paper. This measure is mentioned,
directly or indirectly, in the Energy Sufficiency Policy DatabasgZell-Ziegler et al. 2022), the
IEA8O-Nmgl!l r Nj | rm Pcbsac rfc Cspmnc | S(IE4 m| %q
2022a)* ~_I'b rfc 8Nj _ wBA?2022K ,which aims turaige awaraness of ways
to save money and energy and reduce reliance on imported fuels. It is one of the behavioural
changes that can be implemented in the shortterm, and its impact on energy savings in the
short and long-term can be quantfied, building on existing models and methodologies. In
addition to this main measure, other energy-saving behaviours and lowinvestment measures
(e.g. reducing ventilation rates or closing curtains in front of windows) are addressed in the
paper.

5.3.2.Regional scope of the study

To provide a multi-faceted analysis of the role of behaviour change in reducing gas
consumption, the present study focuses on gadbased heating demand in the household sector
in four EU Member States. The countries were carefully selected using indicatorgsrom Eurostat

database (European Commission 2024), to ensure a balanced representation of various levels
of factors influencing heating behaviours identified in Table 5.1. Within each category of

factors, we consider the following indicators across the EU Member States: (1) in the category
of economic factors, we investigate country-specific gas prices and household income levels;
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(2) in the category of building and occupant -related factors, we analyse countryspecific shares
of multi -family residential buildings as well as shares of households that are tenants; (3) in the
category of energy and environment-related factors, we study country-specific final energy
consumption for space heating in households (kWh/m?) as well as the share of gas in final
energy consumption in the residential sector. After comparing the country-specific levels of
these indicators with their averages for the whole EU-27 (Figure 5.1), we select the following

four EU Member States for the study:

Germany (DE)

Between 2011 and 2019, Germany had the highest annual average heating energy demand in
the whole EU (441.4 TWh/year) (Veljkovic et al. 2023). In 2022 German households had a
median equivalised disposable income above the EU average and gas prices below the EU
average. In 2020 the share of German households living in multifamily houses (MFH) was
higher than the EU average, and almost half of them (49.5%) were tenants rather than owners,
which was also higher than the EU average. In 2020 the German residential sector was more
dependent on gas than the EU average. Due to the relatively coldwint pg* rfc amsl rp
energy demand for space heéing per square metre was also higher than the EU mean value.
The preferred mean indoor air temperature in winter in German households is 21.28°C
(according to the study of Sovacool et al. 2021), while the requirement for indoor temperature

in winter according to national legislation and building codes is 20°C (Brelih 2013).

Greece (GR)

Despite the relatively low median equivalised disposable income of Greek households, in the
second half of 2022 they were exposed to gas prices that were higher than the EU average and
almost two times higher than gas prices for households in Germany. Thigaised questions about
the prominent position of natural gas in Greece's energy transition strategies(IEA 2023a). In
2020 a higher proportion of Greek households lived in multi -family houses than the EU average,
while the share of tenants was lower than the EU average. In the same year, Greek households
were less dependent on gas than the EU average. As the countrgenerally experiences mild
winters, the final energy demand for space heating in households was below the EU average.
The requirement for indoor temperature in winter according to national legislation and building
codes is 20°C(Brelih 2013) .

The Netherlands (NL)

Similar to Germany, in 2022 Dutch households enjoyed a median equivalised disposable income
above the EU average. However, unlike Germany, gas prices for household consumers in the
Netherlands were above the EU average, reflecting the national energy mixwhich relies heavily
on gasfired power stations, and the national gas market structure which is sensitive to changes
in wholesale prices and hedging costqKoenraadt 2022). In 2020 the share of Dutch households
living in multi -family houses was lower than the EU average, and almost a third of them
(30.9%) were tenants, slightly higher than the EU average (30.0%). In 2018, 90% of residential
heating demand was covered by natual gas(IEA 2020), making Dutch households significantly
kmpc bcnclbeclr mi e_q rf _| rfc _tcp_ec gl rfec
square metre for space heating fell slightly below the EU average. This can be partly explained
by the fact that the typical set point indoor temperature in the Netherlands is 18°C, which is the
lowest in the EU (Veljkovic et al. 2023) .
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Poland (PL)

The median equivalised disposable income of Polish households was below the EU average in
2022. In the second half of the year, they enjoyed significantly lower gas prices than the EU
average due to the retail gas price cap introduced by the governmentEuractiv 2022). In 2020

a lower share of households in Poland lived in multi-family houses than the EU average, and
the share of tenants was also lower than the EU average. Although Polish households have a

jmucp pcjg_lac ml e g amkn _ p cghdemand for bpace Be@ting t ¢ p

ncp qos_pc kcrpc u_q amkn_p_"jc rm Ecpk_1 w%qg*
for indoor temperature in winter according to national legislation and building codes is 20°C
(Brelih 2013) .

5.3.3.Methodological approach

To obtain a comprehensive view of the saving potentials of the studied measures, the paper
used a multi-method approach (Kasirye 2021). Using a modelling approach, the study
guantifies the energy savings resulting from the implementation of behavioural measures such
as reducing the heating temperature. An online survey was used to investigate the heating
behaviour of the residents. The @vings potential suggested by the modelling exercise was then
compared with the saving potential derived from the online survey, and with the policy changes
set out in the European Commission and EU Council communications, legislative proposals,
recommendations, and regulations published between the years 20212023 to tackle rising

clcpew npgacqg _I b rm pcbsac rfc CS%q bcncl becl

analysis was used to draw conclusions on the adequacy of the proposed measures and the &g
for new ones.

5.3.3.1. Modelling

The modelling was carried out using the sociotechno-economic building stock model
Invert/EE -Lab, described byMiller (2015). This model uses a dynamic bottomup approach
and simulates future energy demand for space heating, cooling, hot water, and lighting for a
large number of building archetypes in EU Member States, taking into account parameters and
boundary conditions such as economic incentives, regulatory instruments or technological
progress Mdller 2015; Kranzl et al. 2019). Energy demand calculations follow a quasisteady-
state approach, using the same indoor temperature for all relevant building components (e.g.
wall surface temperature, window surface temperature, and indoor air temperature) with
monthly energy balance alculations. This reduction in complexity allows for modelling the
building stock of entire countries, which would otherwise require significant computing power
and time. In a direct comparison between an Invert and an EnergyPlus model of the energy
consumption of different European cities, there were no systematic and significant deviations
in heating demand between the two approaches(Mayrhofer et al. 2023; Zangheri et al. 2014),
justifying the use of the model for the purposes of this paper. The effective indoor temperature
in buildings is modelled as a function of dwelling size, energy performance of the building,
heating energy costs and class of household income (se#liller 2015; Loga et al. 2003 and
Loga et al. 2022). The model has recently been used and calibrated in several studies also for
EU-27, which was taken as a starting point for this paper (see e.g.Kranzl et al. 2022). Details
on the building stock data is provided as supplementary material toin Chapter 5.8.
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Simulations with the Invert model were carried out for the residential sector in the EU -27 and
the results are presented for the EU27 as a whole and for the four selected Member States. We
start from a climate corrected base year data of 2019 (i.e. assunmg average climate data for
the period of 2005-2019). Based on the corresponding demand, we implement a shoriterm
behaviour change in several distinct scenarios by reducing the indoor temperature by 0.5°C to
4.5°C, in steps of 0.5°C, compared to a baseli@ scenario with a temperature set point of 21°C.
This baseline set point is deemed more common in building than the oftentimes used set point
of 20°C(Loga et al. 2001) and still in line with DIN EN 12831 which allows a comfort surcharge
of indoor temperature set points up to 3°C above 20°C. In buildings that already have lower
indoor temperatures to begin with (due to e.g. large floor area, high energy costs, low-income
households), the indoor temperature was reduced by 0.125°C up to 1.25°C in 0.125°C
increments. Thus, the results show the isolated effect of a shordterm change in indoor
temperature levels, without considering other effects such as changes in heating syems or
building retrofits, which would require longer lead -times to be realised. The model considers
the climatic conditions within each country as outdoor temperature levels. Thus, the difference
between indoor and outdoor temperature levels varies betwesn countries. Thus, a temperature
reduction of 1°C in warmer climate leads to a lower relative reduction of this temperature
difference (and the resulting energy needs for space heating)during the heating season. This
effect is also discussed in the resuk section.

In additional scenarios, we consider ambitious energy efficiency measures and changes in the
used energy carriers by energy carrier shifts. Energy efficiency measures include reducing the
air exchange rate, e.g. by air tightening windows, reducing the ventilation rate, reducing the
use of domestic hot water, and decreasing thermal exchange rates e.g. by closing curtains in
front of windows or adding window films. The energy carrier shift scenario includes an
increased use of secondary heating systems (e.gcoal or biomass fuelled systems) and an
increase in installed solar surface area and heat pump capacity. The energy carrier shift
scenarios (increased output of secondary heating systems, increased solar surface installation
rate, and increased heat pump nstallation rate) are combined in the final analysis. Energy
efficiency measures are analysed individually. Details of the scenario specifications are given in
Table 5.2. Energy demand for all scenarios was calculated for the entire year.

Table5.2: Description of additional model scenariGhie n50 value refers to the air exchange rate occurring as a result of air
leakage through the building envelope at 50 Pa.

Scenario Description
Energy efficiency Air exchange rate Reducing n50 value to 1ht in buildings where
measures it was initially higher than that.

Ventilation rate Reducing baseline heating and ventiation air

exchange rate by 30%

Domestic hot water ~ Reducing baseline hot water consumption by
30%

Thermal exchange Reducing the heat loss of windows by
rates subtracting 0.14 W/m2K from the baseline u-
value in 1/6 of all single -glazed windows
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Energy carrier Secondary heating Increasing energy output of installed coal and

shifts systems biomass fuelled secondary heating systems by
50%, assuming that 15% of current coal and
biomass demand (according to Eurostat energy
balances) is attributable to such systems.

Solar surface Increased solar surface installation rate, so that
installation rate 70% of the installation decrease between the
peak year 2008& Cs p M™ g c p taw2619 |
&CspM gcpt %CR restared./ For
countries that increased their installed solar
surface area between 2008 and 2019, an
increase of 20% in their installation rate is

considered.
Heat pump Increased heat pump installation rate to reach
installation rate 70% of the EU target& Cs p M™ gc pt %C

gas heated buildings with an average of 12 kW
and 1500 full -load hours

5.3.3.2. Survey

The survey data was collected in Germany, the Netherlands, Greece and Poland using an online
questionnaire. Fieldwork took place in the selected countries between 16 December 2022 and
8 January 2023 and respondents were members of a research panel managday Dynata Market
Research. Quota sampling(Rukmana 2014) was used to ensure the representativeness of the
sample in terms of household income, building type and ownership structure (tenant/owner).
Eurostat datasets were used for defining the quotas. The survey questions were available in five
languages (English, German, Dutch, Greek, and Polish) and the translation of the survey into
the target languages was checked by native speakers to aid misinterpretation arising out of
translation errors. Pretesting and piloting ensured that the survey conveyed the authog %
intentions. The English version of the survey questions ispresentedas supplementary material
in Chapter 5.8.

The parts of the survey considered in this paper focused on heating behaviour in the heating
periods 2021-2022 and 2022-2023. In the surveyed countries, the heating period usually starts
in October and ends in March or April and can vary slightly from year to year. To avoid
confusion and to avoid influencing the responses, no specific definition of heating periods was
given. The heating behaviour was investigated in three areas, namely the heating temperature,
the adopted non-technical energy saving measurs (e.g. keeping the doors closed while heating,
wearing more clothes), and the technical improvement (e.g. changing the thermostat from a
manual to a programmable one). The questions relating to the 2021-2022 winter period were
answered retrospectively.

In order to investigate the impact of the selected factors from Chapter 5.2 on heating behaviour,
guestions on ownership structure, income and the building type were included in the survey.
In addition, some questions were asked to enable a comparison of the heating periods of 2021
2022 and 2022-2023, the technical improvements available in the building (e.g. thermostats),
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and the level of information that the respondent s have about the possibilities of improvement

the heating system. It is assumed that the average occupancy rate of the dwelling (i.e. the
average number of days during which the dwelling was occupied or unoccupied, taking into

account, for example, daily indoor and outdoor activities of household members and average
holiday periods) did not change significantly between years. Longterm unoccupancy of the

dwelling (e.g. long holidays) in any of the survey years is considered to be exceptional and its
impact on the survey results is considered to be negligible.

The collected sample consists of 3872 responses with the following contribution: Germany 998,
Greece 900, the Netherlands 1000 and Poland 974. It was aimed to keep the samples from each
country at roughly the same size to ensure representativeness of theamnple and to increase
statistical power in the tests. Although the primary focus of the present study is on gas users
and their behaviour, to allow for a comparison between gas and nongas users, data from users
of all heating energy sources were collectedin the survey.

Respondents were asked to report the heating temperature during both heating periods and for
the periods when someone was at home and when no one was at home. These temperatures
were used to identify invalid responses. Temperature ranges between 15°C and ®C for
occupied dwellings and between 10°C and 30°C for unoccupied dwellings were considered
plausible and therefore valid (see Arsad et al. 2023 for a review of temperature ranges for
thermal comfort). In addition to the absolute value in each year, the inter -annual difference
was used as a second criterion to remove invalid responses. Only the values betweeis°C and
5°C were considered realistic and valid. Whenever the average heating temperature is
mentioned in the results, it refers to the average of the heating temperatures of occupied and
unoccupied periods. The analysis of the energy saving measures was based on binary data, i.e.
if a measure was selected, it takes a value of 1, otherwise it would take a value of 0. The final
dataset, after removing 27 speeders and 274 invalid responses (42 invalid responses for
absolute temperature and 232 invalid responses for temperature difference), contans 3571
responses (DE: 925, GR: 814, NL: 915, PL: 917).

In addition to the descriptive analysis of the results, where appropriate, hypothesis tests were
carried out using t-tests and chisquared tests to examine the statistial significance of the
effects. The main findings of these tests are presented in the results section and are used to
formulate the policy recommendations. An overview of the statements tested and the detailed
test results are presented in Table 5.13 - Table 5.24 in Chapter 5.7.3. The analysis and
hypothesis tests were carried out at two levels: (i) at the aggregate level, without distinguishing
between countries, and (ii) by differentiating between the four countries considered in this
study. Where the results are at country levd, this is indicated, otherwise the presented figures
refer to the whole sample.

5.4. Results
5.4.1.Saving potentials derived from bottorup modelling

In the baseline scenario, i.e. with no changes in indoor temperature levels, the total final energy
demand for space heating and hot water in residential buildings in the EU-27 is around 2500
TWh, of which almost 900 TWh (36%) is accounted for by natural gas (seeFigure 5.2).
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Figureb.2: Final energy demand for space and water heating in different scen&é®7

These results are in line with Eurostat (2023c), according to which households in the EU-27
consumed around 2200 TWh of energy for space heating and hot water in 2020, of which 850
TWh (39%) is accounted for by natural gas. In our model, space heating alone accounts for
about 80% (2000 TWh) of this demand. Total energy demand can be reduced by 102 (4%) to
720 TWh (29%) in the 0.5°C and 4.5°C reduction scenarios, respectively. However, a 4.5°C
reduction in indoor temperatures could be considered as a significant decrease in comfort. It is
particularly im portant to consider households that are already unable to adequately heat their
homes without the proposed measures. Nevertheless, this scenario shows the high saving
potentials and the fact that high gas prices could force behavioural changes in at leaspart of
the building stock. More realistically, final energy demand could be reduced by 199 TWh (8%)
in the 1°C scenario and up to 292 TWh (12%) in the 1.5°C scenario. Correspondingly, natural
gas demandcould be reduced by 38 TWh (4%) in the 0.5°C scenario to 269 TWh (30%) in the
4.5°C scenario, with a saving potential of 74 TWh (8%) in the 1°C scenario and 108 TWh (12%)
in the 1.5°C scenario. Furthermore, the reduction in energy demand does not follow a
completely linear trend. The largest reductions in final energy demand were found between the
baseline and the 0.5°C scenario (reduction of 102 TWh; 14% of total reduction potential), while
the additional reductions between the 4°C and 4.5°C scenarios were only half as large (54 TWh;
8% of total reduction p otential). The lowest reductions in final energy demand resulted from
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the reduced air exchange scenario with a maximum saving potential of 0.06 TWh, followed by
the reduced thermal exchange scenario with a total saving potential of 26 TWh, of which 10
TWh come from natural gas savings and a further 4 TWh from electricity and district heating

savings. Improving ventilation behaviour leads to a total saving of 72 TWh, of which 43 TWh is
from gas-related energy carriers (natural gas, district heating, electricity), and reducing hot

water use leads to a potential saving of 121 TWh (46 TWh for natural gas, 29 TWh for electricity

and 14 TWh for district heating). Shifting energy carriers leads to a reduction of 32 TWh for

natural gas and 25 TWh for district heating, while the demand for solar heating increases by
0.7 TWh and for electricity by 1.1 TWh due to the electricity demand of heat pumps. A detailed
overview of the results can be found in Table 5.8 in Chapter 5.7.1.

Looking at the four studied countries individually, the relative saving potentials for natural gas
demand are highest in Greece with a reduction between 7% for the minus 0.5°C scenario and
50% for the minus 4.5°C scenario (sedrigure 5.3). For the other countries, the saving potentials
are quite similar for the low temperature reduction scenarios (e.g. between 3% and 5% for the
minus 0.5°C scenario). Only for the higher temperature reduction scenarios (minus 2.0°C or
more) the savings stat to diverge between countries, but still remain in a similar range (e.qg.
between 24% and 31% for the minus 4.5°C scenario). The differences can mainly be explained
by the different climatic conditions but are also related to the different effective indoor
temperature levels in the baseline scenario and the different building stock constellations in
each country. Poland shows the lowest saving potentials, followed by Germany and the
Netherlands. For the EU27 Member States combined, our models calculate saing potentials
between 4% (minus 0.5°C scenario) and 28% (minus 4.5°C scenario), meaning that of the four
countries studied, only Poland had a lower saving potential than the EU-27 average. One reason
for the relatively strong effect of a 1°C temperature reduction in warmer countries such as
Greece is that the average temperature difference between indoor and outdoor temperature
over the heating season is lower than in colder climatic areas. Thus, by reducing the indoor
temperature by 1°C, the relative deaease of the temperature difference between indoor and
outdoor temperature in Greece is higher than in the colder countries.

Single-family houses (SFH) account for the majority of natural gas demand in the surveyed
countries, with the exception of Greece, where 87% of the natural gas demand comes from
multi -family houses as shown inFigure 5.4. For the EU-27, these shares are roughly equal, with
51% of natural gas demand coming from singlefamily houses and 49% from multi-family
houses. The importance of the building categories for the impact of gas saving policies therefore
appears to vary corsiderably between countries.

In 2022, Greek and Polish gas consumers experienced the highest (84%) and the lowest (29%)
increases in energy prices respectively Eurostat 2023k). The dotted lines in Figure 5.3 show
the impact of the energy price increase as it occurred in the year 2022 on gas demand as
estimated in the model Invert/EE-Lab (Miller 2015) and the underlying short-term price
elasticity. The analysis reveals that, Greece again has the higheststimated saving (triggered
by the 2022 price increase) of 10%. The estimated impact on price triggered savingsor the
other countries are in the range of the minus 0.5°C and minus 1.0°C scenarios, similar to Greece
(PL: 3%, DE: 5%, NL: 5%). Further research is needed to gain insight into the price responses
of different households in terms of energy consumption, which is beyond the scope of this study.

80



100

80

60

Relative change in gas demand (%)

40 -
DE DE (2022 gas prices)
=GR = aeeeee GR (2022 gas prices)
20 | —NL = eeeeess NL (2022 gas prices)
—PL  ieeeas PL (2022 gas prices)
— E 27
0 T T T ! ! ! '
.G K K o0 K¢ - Ke 1 Ne
cﬁ?’ c,\Q :,\?) ‘;‘p "q:’ 6;59 e‘bb ‘)‘9 ‘),‘P
& K & S S S > > >
& & & & & & S S N
& PS & & & & & & N

Figure5.3: Relative changes in residential natural gas demand for space and water heating in different sa#riadosr
temperature (solid lines) and estimates of the impact of behavioural changes due to price increases (dotted lines)

B Single-family house ® Multi-family house

Share of building types (%)

o =2 =2

2 3 2 >

0 ) 0 o »
2 8 £|2 8 £| P g8 2|2 8 £2|2 g8 =
s 5ozlg Boglg Bozlg Bilg o
e f S |2 £ T | L E |12 £ T e £ 29
T 2 e|T 3 T 5 | T 35 o|T 3 o
b o w ° © w ° © 1T} ° © 1T} ° o w
£ Z E Z £ Z g Z £ Z
g 2 2 2 2
(] o (] (m] o

DE GR NL PL EU-27

Figureb.4: Share of building type in total final energy demand by energy carriers with high sensitivity to gas prices

81



5.4.2. Qurvey resultsand derived aving potentials
5.4.2.1. Socieeconomic and building characteristics

The distribution of age groups among respondents varies from country to country. However, as
the survey is addressed to the household as a whole (i.e. including all household members), the
age of the respondent is not expected to influence the answers giva. Residents living in all
building age groups are representedin the sample. The quotas set for data collection in terms
of building type, ownership structure and income (describedin Chapter 5.3.3.2) were largely
met (see Table 5.9 in Chapter 5.7.1), resulting in a maximum absolute deviation from official
statistics of 7% (in only one case). For most groups there is a small deviation of up to 2% from
the official statistics. The largest deviations are observed in Greece, where certain groups (e.g.
low-income households living in rented single-family houses) proved difficult to reach. For
building types and ownership structures, a negligible proportion of respondents fall into the
§mrfcpgqu a_rcempw, Gl rfc pck_gl bcongidereddwhenf g g
presenting the results for these indicators. A detailed overview of the occupant and building
characteristics of the survey sample is presented imMable 5.10 and Table 5.11 in Chapter 5.7.1.

5.4.2.2. Heating behaviour
Heatingtemperature

On average, the reported heating temperature in the heating period 20222023 is slightly lower
than in the heating period 2021-2022 (Table 5.13). The stated indoor temperature decreased
between the heating season 20212022 and the heating season 20222023 from 19.44°C to
19.16°C in Germany, from 19.02°C to 18.96°C in Greece, from 18.00°C to 17.70°C in the
Netherlands and from 20.37°C to 20.20°C h Poland.
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Figureb5.5: Distribution of the average heating temperatureft: all households, right: only households that reported a
temperature reduction (in each diagram the box shows the middle 50% of the data, the line and the cross in each box indicate
the median and mean, respectively).

These figures take into account all survey responses, those reporting a reduction in the heating
temperature and those reporting either an increase or no change in average temperature
between years. On average, slightly above 30% of respondents (DE: 33%, &: 28%, NL: 34%,
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PL: 30%) reported a reduction in their heating temperature compared to the previous year. If
only this group is considered, the reduction in heating temperature is much higher (around
1.6°C) than if all observations are taken into account (seeFigure 5.5).

Energy saving measures

To get an overview of the (non-technical) approaches followed by households to save energy,
and also to identify changes in behaviour in this respect, respondents were asked whether they
had taken certain measures during the last and current heating periods. The list included
measures for reducing heat demand (e.g. shortening the heating period and reducing the
heating hours, not using one or more rooms), lowering energy losses (e.g. keeping doors,
windows, shutters and blinds closed) and compensating for keat demand by other means (e.g.
wearing more clothes and using a blanket or hotwater bottle).

The overall picture of adopted approaches varies between countries, however, in 20212022
(Figure 5.6) keeping windows and doors closed is the most chosen approach in all surveyed
countries, followed by not heating unused rooms (DE, NL, PL) and closing shutters and wearing
more clothes (GR). Between 11% (DE, NL) and 21% (PL) of respondents did not take ay
energy saving measures. The results of the survey show an average increase of 24% in the
number of energy saving measures applied by each household in the heating period 2022023
compared to the previous year (Figure 5.7).
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Figureb.6: Overview of the stated adopted energy saving approaches in the heating perioe22021
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Figure5.7: Increase in popularity of energy saving approaches in the heating period222&compared to 2022022

Although the largest increase (around 30%) was reported in the Netherlands, certain measures
received high attention in all countries in the current heating period compared to last year,
namely: shortening the heating period, reducing the heating hours and wearing more clothes.
In addition, the use of a blanket or hot-water bottle to save heating energy has increased
between the years in Germany and the Netherlands.

In addition to these non-technical saving measures, the use of alternative (more efficient)
heating systems was examined. This showed an average increase of 44% between years, with
the lowest increase in Germany (35%) and the highest in Poland (58%).

Technical improvements

The technical ability to control the temperature of the heating system facilitates the
implementation of the desired changes in heating temperature. For this reason, the survey asked
respondents about the type of thermostat in their heating system and whatimprovements they
had made between the two heating seasons, in terms of temperature control, e.g. switching
from a manual thermostat to a programmable or smart thermostat. Figure 5.8 presents the
results concerning the technical improvements in the surveyed countries.

Around a fifth of respondents (DE: 21%, GR: 18%, NL: 16%, PL: 22%) made a technical
improvement e.g. by changing the thermostat before the 20222023 heating period. Of the
remainder who did not make such a change, around two-thirds had no information about the
possibility of such improvements - of these, on average 75% had not searched for information
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and around 15% had not found any useful information despite searching - and a third had not
made any improvements despite being aware of the possibilities. More than half of this group
consider such changes to the controller to be either too expensive or ot worth the potential
energy savings. 10% do not have the time to consider such improvements. Among the other
reasons given for not being informed about the possibilities for improvement or not
implementing the changes despite being informed, the dominant one is that they are tenants
and therefore have no influence on the decisions and actions, chosen by around 30% of
respondents who selected this category.
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BFinding information not attempted
W Helpful information not found
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Figure5.8: An overview of technical improvements in the studied countbesveen the two heating periods
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5.4.2.3. Reasons for the adopted heating behaviour
Heating temperature

The type of energy carrier used by the household appears to have a statistically significant effect
on the temperature reduction. In general, households using gas as an energy source reported a
greater reduction in heating temperature than those using other energy sources. At country
level, this trend seems to be general in at least three countries, Germany, Greece and the
Netherlands, but not in Poland (Table 5.14). In addition, households in the countries with
higher gas dependency (NL, DE) reported a higher reduction of the heating temperature
compared to those with lower gas dependency (GR, PL) Table5.17). Looking at the ownership
structure, the analysis shows that in all countries, a higher percentage of owners than tenants
have reduced the heating temperature in the current heating period (Figure 5.9).

40

® Owner-occupied m Tenant-occupied

30

27%

Occurrence of temperature reduction (%)

Germany Greece Netherlands Poland

Figureb.9: Occurrence of a heating temperature reduction by ownership structure

At the aggregated level, as well as at the country level, with the exception of Poland, tenant
occupied dwellings heat at a lower temperature on average and have reduced the heating
temperature between years to a lesser extent than ownefoccupied dwellings. Heating at a lower
temperature is also reported in singlefamily dwellings in the whole sample and in the
individual countries except for Germany (see Table 5.19 and Table 5.20). In both heating
periods, the average heating temperature is directly related to the wealth of the household at
the aggregated level (Figure 5.10). A similar trend can also be seen within individual countries,
i.e. wealthier households tend to heat at a higher temperature. However, no relationship is
observed between income level and temperature reduction Table 5.16).
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Figure5.10: Average heating temperature by income level

Energy saving measures

The type of energy carrier does not seem to play a role in the absolute number of energy saving
measures adopted by households in each heating period. However, even in this case, Germany
and the Netherlands show a slightly larger increase in adopted energysaving measures in the
heating period 2022-2023 compared to the previous year and compared to Greece and Poland
(Figure 5.11). One possible explanation for this is the higher gas dependency of the first two
countries, which could make consumer gas prices in these countries more vulnerable to external
price shocks. In general, the overview of adopted energy saving measures in kb heating
periods shows that the occupants of singlefamily houses adopted slightly more of these
measures. The same is true for rented dwellings Table 5.3).

Table5.3: Adopted energy saving measures by ownership structure and building type

Number of measures Owner -occupied Tenant-occupied MFH SFH
Average 2021-2022 4.34 4.48 423 454
Average 2022-2023 5.43 5.51 5.26 5.54
Added 1.09 1.03 1.03 1.00

However, no consistent trend could be observed at the country level with regard to building
type and ownership. Looking at income level, low-income households (quintiles 1 and 2)
already adopted a higher number of energy saving measures in the heating peod 2021-2022
and had a lower increase in the number of adopted measures between the two heating periods
compared to middle and high-income households (quintiles 3-5). Nevertheless, the trend is also
observed in the current heating period at both the individual and aggregated levels, with the
exception of Germany (Figure 5.12). It should be noted that the individual energy saving
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measures are not directly comparable, especially in terms of costs and saving potentials,
therefore a more detailed analysis of energy saving measures was not possible with the data
collected for this paper.

m Energy saving approaches added in 2022-2023

® Energy saving approaches already adopted in 2021-2022

Absolute number of measures in each period (0-9)
Share in the accumulation of both years (%)
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Figure5.11: Overview of saving measures adopig@dhsolute values and relative increase between heating periods)
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Figure5.12: Overview of the adopted saving measures by income in each heating period
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Technical improvements

According to the analysis, the type of energy carrier seems to have an influence on the
occurrence of technical improvements. In all countries, dwellings heated by district heating are
the least likely to have undergone technical improvements. In Germany, the Netherlands ad
Poland, wood is in second place. In these countries, households using electricity have (almost)
the highest rate of technical improvements (Table 5.4). Focusing on gas, there is generally no
statistically significant trend across countries when it comes to technical improvements
undertaken by households using gas heating compared to the others Table 5.24). Looking at
countries individually, in Germany a higher proportion of households with gas heating made a
technical improvement than households with other energy sources. Counterintuitively, the
opposite trend was observed in the Netherlands. Within the total sample, technical
improvements are more frequent in owner-occupied dwellings and also in singlefamily houses
(Table5.5). At country level, some of these associations were not statistically significant (Table
5.21 and Table 5.22). Regarding the financial situation, low -income households (quintiles 1
and 2) are less likely to invest in technical improvements than middle and high-income
households (quintiles 3-5) in the whole sample. This trend is also observed in Germany and the
Netherlands and is statistically significant (Table 5.23).

Tableb.4: Occurrence of technical improvements by enecgyrier

Energy carrier DE GR NL PL
Coal 27%
District heating 10% 13% 3% 9%
Electricity 28% 15% 33% 46%
Gas 25% 21% 13% 25%
Gasoil 19%

Heat pump 20% 22% 22% 35%
Solar 34%

0]] 22%

Wood/pellet 16% 19% 8% 19%

Table5.5: Occurrence of technical improvements by ownership structure and building(%gpe

Owner -occupied Tenant-occupied MFH SFH
Germany 24.5 18.1 19.2 24.0
Greece 20.1 14.0 16.9 20.5
Netherlands 17.7 10.9 14.5 16.0
Poland 22.3 17.6 14.2 28.4
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5.4.3.Relationship between the studied factors and heating behaviour

Combining the results of the modelling (Chapter 5.4.1) and the survey (Chapter 5.4.2) for the
countries studied, this Chapter summarises the relationships that could be identified between
the studied factors and heating behaviour (Table 5.6). Statements on heating temperature and
technical improvement have been made whenever the effect was statistically significant. The
statement for energy prices comes from the modelling results, and for energy saving measures
no statistical test was possilbe due to the nature of the data collected. Cells are blank where no
clear relationship could be found. It should be noted that this table does not imply any causality
between the studied factors (e.g. although larger temperature reductions are reported in the
more gasdependent countries (NL and DE), this does not mean that the reductions are only
due to the choice of the energy carrier or its price, as other factors may influence the
temperature reduction).

Tableb.6: Summary of the identified relationships between heating behaviour and selected féotansllustration)

Heating behaviour

Heating temperature Energy saving measures Technical improvements

Country level Aggregated Country level Aggregated Country level Aggregated
Building - SFH residents - SFH residents - SFH residents
type heat with a slightly adopt are more
lower more likely to invest
temperature measures than in technical
compared to MFH residents improvements
MFH residents (Table5.4) than MFH
(Table 5.19) residents
(Table 5.22)
Energy Larger Larger Residents in - Least -
carrier temperature temperature countries with technical
reductions in reduction higher gas improvements
gas using reported in gas dependency in district
households in  using added heating (Table
DE, GR, NL households relatively 5.4); In DE
(Table 5.14); compared to more energy more
Larger the rest (Table saving improvements
temperature 5.14) measures are made by
reductions in between the gas users, in
gasdependent years than the NL the
countries than other opposite trend
in others countries is observed
(Table5.17) (Figure 5.11) (Table 5.24)
Ownership  Only in DE Tenants heat - Tenants Owner- Owner-
structure tenants heat at a lower adopted occupied occupied
at a lower average slightly more households in  households
average temperature saving DE, GR, NL are more
temperature than owners measures than are more likely to invest
than owners (Table 5.20) owners (Table likely to invest  in technical
(Table 5.20) 5.4) in technical improvements
improvements  compared to
compared to the tenant-
the tenant- occupied ones
occupied ones (Table5.21)
(Table 5.21)
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Income Wealthier Wealthier Number of Number of In DE and NL,

level households in  households saving saving average to
DE, NL and PL tend to heat at measures measures high-income
tend to heat at  a higher followed in followed in households
a higher temperature each periodis  each period is are more
temperature than lower inversely inversely likely to invest
than lower income related to related to in technical
income households income income improvements
households (Table 5.15) (except for DE  (Figure 5.12) than low -
(Table 5.15) in 2022) income
(Figure 5.12) households
(Table 5.23)
Energy Higher increase in energy prices results in higher energy savings.
price

5.5. Discussion
5.5.1.Comparative analysis of saving potentials: model vs. survey and policy targets

Combining the results of the survey with the saving potential calculated by the modelling
exercise, it is possible to reflect on the achievability of the demand reduction targets set by the
EU following the Russian invasion of Ukraine in early 2022. Around 30% of households in the
sample report having reduced their average heating temperature in the heating period 2022
2023 compared to the previous year. The figure for Germany (33%) corresponds to the reported
willingness to reduce the temperature before the start of the current heating period (Dena
2022). However, the average temperature reduction of around 0.3°C reported in Germany
would only lead to a reduction in gas demand in the residential sector of around 2.5%. The
same applies to the other countries (GR: 3.5%, NL: 2.8%, PL: 2.0%).

Nevertheless, the study points to a change in heating behaviour as a possible effect of the gas
crisis following the war in Ukraine. At the micro level, it is observed that households using gas
as an energy source report a higher temperature decrease tharthe others. Similarly, at the
macro level, a larger temperature decrease is observed in the countries with higher gas
dependency (DE and NL). Moreover, the increase in energy saving measureis the heating
period 2022-2023, especially in the gasdependent countries, may indicate a reaction to the
energy crisis. Although the actual change in energy prices varied between countries, with the
highest increase in the months immediately following the Russian invasion, similar changes in
behaviour were observed inall the surveyed countries. Therefore, lowering the temperature
and following the energy saving measures could be the result of both a real increase in the
energy bill and the perception of higher gas prices conveyed by the media. In contrast to the
experience before the energy crisis(Sovacool et al. 2021), the use of more clothes to save
heating energy increased by more than 60% in gasdependent countries compared to the last
heating period. However, this may be a shortterm measure, possibly influenced by fears of a
possible gas shortage or the actual inceased prices. Transforming such shorterm behavioural
changes into sustainable longterm practices is key to achieving demand reduction targets. This
will require a range of policy instruments, for which further evidence from the survey may also
be relevant.

The main reason given for not making technical improvements such as changing the thermostat
is the financial burden. However, in the Southern and Eastern European countries surveyed
(GR and PL), the direct and immediate costs of such a change have the greéast negative impact,
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while in the Western European countries surveyed (DE and NL) the focus is on the saving
potential and the payback period. Generally, Germany and the Netherlands show similar
heating behaviour in terms of technical improvements and energy saving measures. The same
applies to Greece and Poland. Taking this into account, experience from one country could be
used for policy recommendationsin the other.

Between 50-70% of the respondents (DE: 53%, GR: 50%, NL: 72%, PL: 58%) reported the
measured heating temperature, in other cases the reported temperature was estimated. The
ability to measure the temperature (e.g. using a thermometer or smart thermostat) could be
associated with better control and possibly reduction of the temperature, however, there was
no statistically significant difference between the reported reduction of the heating temperature
for those who estimated and those who measured {Table 5.18). It is also not surprising that
even before the energy crisis, lowincome households had already adopted many energy saving
measures and were less likely to invest in technical improvements than the other income groups,
possibly due to lower disposable ncome. Considering that already in 2021 on average 6.5% of
households in the studied countries were not able to keep their dwellings adequately warm
(from 2.4% in NL to 17.5% in GR) (Eurostat 2023n), this income group already has a very low
gas demand and therefore cannot be expected to make a large additional contribution to gas
demand reduction by lowering the heating temperature.

Policy instruments to address rising energy prices were already provided by EU regulators in
2021, as wholesale electricity prices in the EU and many other regions increased by 200% to an
annual basis, due to increased global demand(European Commission 2021a) Less than two

weeks after the Russian invasion of Ukraine, the European Commission and the Council of the
European Union initiated a series of interrelated communications, regulatory proposals,

recommendations and regulations aimed at reducing dependence a Russian fossil fuels,

reducing EU gas demand and protecting households andeconomy from excessively high gas
prices (Table 5.7).

Table5.7: EUlevel policy instruments addressing the reduction of gas demand and prices irf22@21

Date Reference Policy instrument Policy = document
type
13 October 2021 (European 8R_aijgle pgqggl e ¢ | Communication
Commission 2021a) dmp _argml _I b gsnt
8 March 2022 (European Msrjglc md 8§PCNmMuc | Communication
Commission 2022c) for more affordable, secure, and
gsqgr _gl _"jc clcpewj
23 March 2022 (European Commission proposal to amend the Regulation proposal,

Commission 2022a) Security of Gas Supply Regulation and a o
Amkksl ga_rgml 8 §Qc ¢ Communication
affordable energy prices: Options for
gkkcbg_rc kc_gspcq

18 May 2022 (European The Commission REPowerEU Plan to Communication,
Commission 2022b) rapidly reduce dependence on Russian
fossil fuels Regulation proposal,
Recommendation
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5 August 2022 (Council of the Regulation (EU) 2022/1369 on Regulation
European Union coordinated demand-reduction
2022a) measures for gas

22 December 2022  (Council of the Regulation (EU) 2022/2578 establishing Regulation
European Union a market correction mechanism to
2022b) protect Union citizens and the economy
against excessively high prices

The data collected in the present study suggest that the behavioural changes of building
occupants investigated in this study, such as lowering the indoor temperature, are unlikely to
make a significant contribution to the EU policy target for gas savings through behavioural
change, i.e. 13 bcm of natual gas saved(European Commission 2022b). We can speculate on
the reasons for the gap between the energy saving targets set by policy and the weak energy
savings observed in this paper and in the literature. One reason could be poor implementation
of the proposed policies. Another possible reasa for not meeting the targets could be poor
design of the measures in the first place or an overestimation of the savings potential of
measures designed to appeal to individual behaviour changes.

On the one hand, policy responses to the urgent need to reduce gas demand for space and water
heating in the EU were not closely coordinated, as the EUlevel regulation only provided a list
of exemplary measures that could be implemented by Member States (Article 6 of Counil
Regulation 2022/1369). No clear targets, timetables and budgets were set for behaviour change
campaigns (Council of the European Union 2022a, 2022b; European Commission 2022a
2022b, 2021a, 2022c;). In Germany, the national energy saving campaign was not successful
gl _afgctgle rfc | _rgml_j emtcpl kcl r %dumaygmecr
2022; Sorge 2023. In Finland, the Down a degregrogramme, which aimed to reduce indoor
temperatures also ran an awareness campaigtfAstetta Alemmas Campaign 2022) In Sweden,
households were encouraged to decrease their electricity consumption in order to reduce gas
consumption in power plants (Energimyndigheten 2022).

On the other hand, Germany, the Netherlands, and Poland introduced retail price caps for gas
consumption in the residential sector (Federal Ministry for Economic Affairs and Climate Action

2022; Sejm of the Republic of Poland 2022 Government of the Netherlands 2023). Greece
introduced a subsidy per unit of gas consumed by householdgKathimerini 2022) . While these

policy instruments aimed to minimise increases in gasbills for the most vulnerable consumers,

such measures blunted the price signals that play an important role in promoting behavioural

changes towards reducing energy demandvan Dender et al. 2022).

5.5.2.Reflection on policy implications

According to the modelling results for the EU-27 countries, a 0.5°C reduction in indoor
temperature leads to a 4% decrease in gas demand for residential space and water heating. A
1.0°C reduction lowers gas demand by about 8%. The impact is higher under wamer climatic
conditions and depends on the mix of buildings and the uptake of the measure in different
building types. It suggests that achieving the 15% gas demand reduction target by only lowering
the indoor temperature would require heating with on ave rage 2°C lower temperatures. Indoor
temperature requirements for thermal comfort in winter vary between 15 and 21°C across the
EU, with the lower and upper limits reported in only one country and most of the remaining
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countries in the 19-20°C range (Brelih 2013) . However, the average heating temperature in
residential buildings in the EU is over 22°C (European Commission & International Energy
Agency 2022), which is about 3°C higher than the average heating temperature recorded in the
survey, which may indicate some social desirability bias in the survey responses. The 2°C
reduction needed to meet the targets would require the surveyed households to heat atan
average temperature of 17.2°C, which is around the minimum recommended room temperature
in Germany (Lee et al. 2022, UBA 2022). Considering that the reported average temperature
in the surveyed countries is already quite low compared to the EU average, further lowering the
temperature may cause health issues as living in cold rooms can lead to various illnesses, sleep
disordersor depression(World Health Organization 2018) . Nevertheless, the survey found only
an average temperature reduction of 0.3°C when comparing the heating period 20222023 with
the previous year, which is much lower than the assumed reduction potential.

The observed decrease in EU gas consumption in the building sector in 2022 is partly due to
the climatic conditions and the mild winter, leading to a decrease in the number of heating
degree days compared to 2021(IEA 2023b). Changes in heating behaviour as a result of the
war in Ukraine might also have played a role. About 6% of the decrease in EU gas consumption
between 2019 and 2022 and 7-11% of the gas savings in the German building sector in 2022
are attributed to changes in heating behaviour (Enerdata 2023, Expertenrat fur Klimafragen
2023). However, this effect is expected to be temporary, stimulated or forced by the war in
Ukraine and higher energy prices.

Improving thermostats could help achieve the goal of heating at a lower temperature by making
it easier to control the temperature. A large proportion of respondents (around two -thirds) who
had not improved the way they control the temperature between the heating periods report
that they had no information about this option. Although this was partly (around 75%) because
they had not looked for information, around 15% could not find any helpful information despite
trying. Lack of time was also cited as a barrier to such ctanges. Technical improvements, such
as upgrading thermostats, could be better promoted and facilitated by offering all-in-one
packages that include consultation and information on the available options, installation of the
chosen technology and aftersalesservice. This could be included in the annual inspection of
the heating system and offered by the responsible companies.

High costs and long payback periods were compelling enough reasons for more than half of the
survey respondents not to make technical improvements despite having the information.
Therefore, measures involving financial support in various forms could be provided to overcome
the financial barriers to the acquisition of technical improvements. The higher rate of technical
improvements reported in the single-family and owner-occupied dwellings, as well as in the
more affluent families, points to the role of socio-economic factors in setting the priority for
investment in such technical changes, and may also indicate the existence of a landlordenant
dilemma regarding investment in household infrastructure improvements. Tailored measures
targeting specific groups such as tenants and lowincome households, could therefore be useful
to reach a larger population.

The reported higher temperature reduction and the greater increase in the number of adapted
measures in Germany and the Netherlands, the two more gaslependent countries, compared
to the other surveyed countries, might indicate the (mental) impact of the e nergy crisis on
heating behaviour and the need for information campaigns (as also studied by e.g.Corbos et
al. 2023 and OECD 2023. Presumabily, this is partly due to the sharp rise in energy prices and
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the fear of not being able to pay heating bills in the coming winter (IEA 2023b), and partly due
to the anticipation of gas shortages. In both cases, there is an incentive tocchange behaviour
towards lower consumption (a pure price incentive in the first case and a longerterm incentive
to save resources in the second). Hence, information campaigns could be an effective way of
raising public awareness of the longterm scarcity of resources and the importane of reducing
energy consumption, as well as the economic and environmental impact of reducing energy
consumption. However, to achieve greater savings, such information policy instruments aimed
at the general public could be complemented by detailed, tailor-made information, e.g. through
direct feedback on energy consumption patterns €k et al. 2010; Ellegard et al. 2011). The
resulting awareness of energy consumption seems to have a positive effect on changes in
heating behaviour, i.e. lower heating temperatures and better control of heating (see Newman
et al. 1975; Groot et al. 2006; Lindén et al. 2006) and to lead to energy savings of different
ranges depending on the strategy used(Zangheri et al. 2019). The role of digitalisation in
providing immediate and detailed feedback on energy consumption (eg. installation of gas
meters) could be promoted to support demand response efforts for the grid as well as to monitor
aml gskcp%q mul aml gsknr gml ,

Changes in heating behaviour in response to energy price increases are discussed in several
studies (e.g. Wilhite et al. 1996 ; Day et al. 2009) and confirmed by the sensitivity analysis in
this paper. Thus, well-designed fiscal measures could be another effective way to stimulate
energy savings. As also suggested b¥oasidis et al. (2022) in their study on monetising
behaviour changes, lower consumption could be encouraged through financial incentives and
rewarded with bonuses. An example of such incentives is the concept of feedhn tariff for energy
savings (i.e., the users receive a financial incentive for each energy unit they save), whose
potential characteristics and impact was already explored a decade ago (seBertoldi et al. 2013
and Eyre 2013). On the other hand, high-consumers could be induced to reduce consumption
through progressive prices and additional taxes, bearing in mind that only small tax increases
may not lead to immediate responses in energy consumption Qtt et al. 2022). However the
level of taxation should be carefully defined to achieve the desired demand reduction, while
avoiding unintended energy poverty in the less affluent households(Bertoldi 2022) . In the long-
term, vulnerable consumers could be also protected through targeted policies (e.g. direct
transfers) rather than price caps and consumptionbased subsidies.

5.5.3.Limitations and future work

We have selected a set of countries based on the factors considered relevant for the scope of
this paper (see Chapter 5.3.2). However, due to the diversity of countries and their energy
systems within the EU, the study does not claim to cover a fully representative set of countries.
Similar studies should be repeated in other countries, taking into account other aspects and
dimensions, in order to get a complete picture of the situation in the EU.

The nature of the data collection method for the survey imposes some limitations on the
conclusions that can be drawn from this study. The survey responses relate to selfeported
behaviour rather than observed behaviour. In addition, as the survey asks fo information on
past behaviour, some social desirability bias cannot be excluded. Furthermore, gender
perspective was not considered in this study, as the focus of the survey was primarily on
household heating behaviour. Future research should consider geder as a variable of analysis
to explore how the gender of the respondents may influence the results.
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Due to the different underlying characteristics (such as climatic conditions, social, economic,
and demographic characteristics) of the studied countries, a direct comparison of temperature
differences between countries is not necessarily very enlighteningHowever, these temperature
differences, can be interpreted within each country. Moreover, according to the analysis in this
paper, the location of the respondents (country) has a greater effect on the results than socie
demographic factors (e.g. income, age). Therefore, a similar study with more observations in
each country is recommended for a more detailed crosscountry analysis.

The impact of building energy performance and dwelling size on the effective indoor
temperature used in the modelling is derived from empirical data for Germany (see literature
guoted in Chapter 5.3.3.1, Loga et al. 2003 and Loga et al. 2022). A detailed analysis of the
extent to which the derived functions are valid for other countries within Europe could not be
carried out within the scope of this paper and is left for further research.

Finally, a direct comparison between the modelling and survey results could be misleading
without taking into account the limitations of the data used. The modelling results were
calculated with climatic data for 2019 while the survey was conducted in the heating periods
2021-2022 and 2022-2023. However, while the heating degree days in 2022 were significantly
lower than in 2021, they did not deviate much from the 2015 -2019 average (Eurostat 2023b),
allowing for at least some comparability. At EU-27 level, the number of heating degree days in
2022 was about 4% lower than the 2015-2019 average. This differed from country to country.
For example, in Belgium, the Netherlands and Germany the number of heating degree days was
92% (Belgium) and 95% (Germany) of the average, while in Poland and the Baltic states the
number of heating degree days was abut 2 to 5% higher than the average. In terms of
demographics and building characteristics, the survey datalargely matches the input data used
for modelling. As explained in Chapter 5.4.2.1, the survey sample is broadly representative of
the population of the studied countries, at least in terms of building type, ownership and
income. The input data used for modelling is also based on official statistics. As the survey refers
to the year 2022-2023 and the model uses data from the base year, there may be some
differences between the two datasets simply due to the evolution of the building stock and
demographics, but we do not expect a major change within only a few years. Therefore, the &ct
that both datasets are representative of the countries allows for some comparability.

5.6. Conclusion

The present research is a case study to investigate the effectiveness of the measures
recommended by the European Commission (e.g. REPowerEU) and the Council of the European
Union (e.g. Council Regulation (EU) 2022/1369) in achieving the policy targets set by the EU
or the Member States. The study focuses on gas demand and the EU target to reduce it by 15%
in Member States between 1 August 2022 and 31 March 2023, compared to the average for the
same period in the previous five years. Due to the high share dthe residential sector in EU gas
demand, this sector is expected to make a large contribution to energy savings. Using modelling
and survey approaches in four selected European countries, the paper examines the energy
savings in this sector resulting from changes in heating behaviour with a particular focus on
reducing heating temperatures. The survey was conducted in Germany, Greece, the Netherlands
and Poland and examined the changes in household heating behaviour between the 20222022
and 2022-2023 heating periods in three aspects: heating temperature reduction, energy saving
measures (e.g. not heating unoccupied rooms) and technical improvements (e.g. replacing
manual thermostats with programmable ones).
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The observations of the whole sample (N=3571) showed an average temperature reduction of
0.2°C between years, from 19.2°C to 19.0°C. This corresponds to a-3.5% reduction in gas
demand of the studied countries. Overall, around 30% of respondents reported a reduction in
their heating temperature. The energy savingmeasurescovered in the survey includedthe ones
aimed at reducing heat demand, lowering energy losses and compensating for heat demand by
other means. The most commonly reported measure in 2021-2022 was keeping doors and
windows closed. There was an average increase of 24% between years, so that in 2022023
the most common practices were: shortening the heating period, reducing the heating hours
and wearing more clothes. On average, 20% of respodents have made a technical
improvement to better control the heating temperature. Two -thirds of the remainder had no
information on the possibilities for such an improvement.

The study also looked at the impact of selected building characteristics and socieeconomic
factors on changes in heating behaviour. Households using gas as an energy source reported a
greater reduction in heating temperature than those using other energy sources. Occupants of
single-family houses heat at lower temperatures and are more likely to invest in technical
improvements than occupants of multi-family houses. While tenants heat at a lower average
temperature than owner-occupiers, they are less likey to invest in technical improvements.
Wealthier households tend to heat at higher temperatures and take fewer measures to save
energy. Analyses were carried out at the aggregate and country levels. Respondents in the gas
dependent countries (DE and NL) reported higher temperature reductions and added more
energy saving measures compared to the other countries.

The paper recognises that individual measures may not be sufficient to achieve the EU targets.
Furthermore, the observed behavioural changes leading to reduced energy consumptions may
be a temporary effect of unexpected circumstances, such as high energyrjzes or geopolitical
situations. Hence, to maximise the impact of such measures and to facilitate the transformation
of these shortterm responses into longterm behaviour, they need to be designed in conjunction
with other measures and as part of a policy package. We therefore recommend a number of
policy measures to encourage and facilitate reductions in heating energy consumption. These
include (i) promoting technical improvements, such as the upgrading of thermostats, by
providing financial and technical support (e.g. all-in-one packages providing consultation,
installation and after-sales services), (i) raising public awareness of the need to reduce
consumption in the face of resource scarcity, while motivating energy savings through the
provision of detailed and tailored information (e.g. direct feedback on consumption patterns)
and (iii) using financial incentives in the form of bonus schemes to reward lower consumption
or as progressive prices or additional taxes to penake higher consumption.
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5.7. Appendices

5.7.1.Appendix A: Summary tables

Table5.8: Summary of the modelling resultSinal energy demand in TWh tbe EU27 countries as well as the four surveyed
countries Germany, Greece, Netherlands and Poland for all model scenarios. Total final energy demand is shown in the same
row as the scenario names and additionally the final energy demand of some selected energy carriers (gas, district heating
and electreity) is listed for each scenario.

EU-27 Germany Greece Netherlands Poland
[TWh] [TWh] [TWh] [TWh] [TWh]
Baseline 2511 558 39 96 224
Gas 894 271 5 72 30
District heating 263 45 0 4 51
Electricity 239 24 2 10 16
Air exchange 1.0 2511 558 39 96 224
Gas 894 271 5 72 30
District heating 263 45 0 4 51
Electricity 239 24 2 10 16
Thermal exchange 50% 2485 554 39 95 221
Gas 884 269 5 71 30
District heating 260 45 0 4 50
Electricity 237 24 2 10 16
Secondary heating 2 456 553 38 93 219
Gas 862 268 5 70 29
District heating 238 44 0 3 49
Electricity 240 24 2 10 15
Ventilation rate 30% 2439 539 39 93 217
Gas 868 261 5 69 29
District heating 252 43 0 4 48
Electricity 234 24 2 9 16
Hot water 30% 2389 534 37 90 215
Gas 848 259 4 68 29
District heating 249 43 0 4 49
Electricity 209 22 2 8 14
Temperature minus 0.5°C 2 409 537 37 91 216
Gas 857 260 5 68 29
District heating 254 44 0 4 49
Electricity 232 24 2 9 15
Temperature minus 1.0°C 2312 516 34 87 209
Gas 821 250 4 65 28
District heating 245 42 0 4 48
Electricity 225 23 2 9 15
Temperature minus 1.5°C 2220 496 32 83 202
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Gas 786 240 4 62 27
District heating 236 40 0 3 46
Electricity 219 22 2 9 15
Temperature minus 2.0°C 2132 477 30 79 196
Gas 754 231 4 59 27
District heating 228 39 0 3 44
Electricity 213 22 2 8 14
Temperature minus 2.5°C 2051 459 29 76 190
Gas 723 222 3 56 26
District heating 220 37 0 3 43
Electricity 208 21 2 8 14
Temperature minus 3.0°C 1976 443 27 72 185
Gas 695 214 3 54 25
District heating 212 36 0 3 41
Electricity 203 20 2 8 14
Temperature minus 3.5°C 1907 428 26 69 180
Gas 669 207 3 51 25
District heating 205 34 0 3 40
Electricity 198 20 2 8 13
Temperature minus 4.0°C 1845 415 25 67 176
Gas 645 200 3 49 24
District heating 198 33 0 3 39
Electricity 194 20 2 7 13
Temperature minus 4.5°C 1791 403 23 65 172
Gas 625 194 3 48 24
District heating 192 32 0 3 38
Electricity 191 19 2 7 13

Table5.9: Comparison of survey data wifficial statisticgthe figures in the column official statistics are own calculations

based orEurostat 2023dor building typeand Eurostat 2023dor ownership structure and income grosip

Official statistics

Survey data

DE GR NL PL DE GR NL PL
Building type SFH 41% 41% 75% 56% 43% 34% 75% 52%
MFH 56% 59% 21% 44% 57% 66% 24% 48%
Ownership structure Owner 51% 74% 69%  86% 51% 69% 70% 85%
Tenant 49% 26% 31% 14% 49% 29% 30% 14%
Income groups Quantile 1 20% 20% 20% 20% 19% 14% 20% 17%
Quantile 2 20% 20% 20% 20% 19% 21% 21% 21%
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Quantile 3 20% 20% 20% 20% 20% 22% 20% 21%
Quantile 4 20% 20% 20% @ 20% 21% 19% 21% 21%

Quantile 5 20% 20% 20%  20% 20% 24% 19% 21%

Table5.10: Summary of the survey sampleccupanirelated characteristics

Germany Greece Netherlands Poland
Observations 925 814 915 917
Age of respondents 18-25 3.9% 8.0% 3.2% 11.8%
26-35 12.6% 20.5% 12.5% 30.0%
36 -45 21.0% 32.3% 15.3% 24.1%
46 - 55 16.5% 2.8% 22.3% 6.2%
56 - 65 21.9% 25.8% 20.1% 18.4%
Above 65 24.0% 10.6% 26.7% 9.5%
Ownership structure Owner 50.8% 69.2% 69.8% 84.6%
Tenant 49.1% 28.9% 30.2% 14.3%
Others 0.1% 2.0% 0.0% 1.1%
Income groups Quantile 1 19.4% 13.9% 19.5% 17.1%
Quantile 2 19.2% 21.3% 20.7% 20.6%
Quantile 3 19.8% 22.4% 20.2% 20.6%
Quantile 4 21.2% 18.9% 20.5% 20.6%
Quantile 5 20.4% 23.6% 19.1% 21.0%
Household size 1 21.4% 11.4% 19.6% 12.6%
(Number of people livingin 2 42.5% 26.5% 45.4% 24.8%
the household)
3 20.4% 29.7% 15.1% 30.3%
4 12.0% 24.4% 15.0% 20.5%
5 2.8% 6.1% 4.2% 8.2%
6 or more 0.9% 1.7% 0.9% 3.6%
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Table5.11: Summary of the survey sample: Buildiegated characteristics

Germany Greece Netherlands Poland
Observations 925 814 915 917
Year of construction <1945 12.8% 1.5% 9.8% 9.7%
1945 - 1969 21.4% 9.1% 15.2% 14.5%
1970 - 1979 19.5% 20.8% 18.5% 18.5%
1980 - 1989 14.8% 20.9% 19.1% 16.0%
1990 - 1999 12.5% 16.5% 12.1% 11.8%
2000 - 2010 9.7% 26.3% 13.9% 13.4%
2010 - 2020 7.6% 4.8% 8.4% 13.7%
> 2020 1.7% 0.2% 3.0% 2.3%
Building type Single-family house 42.8% 34.2% 75.2% 51.8%
Multi -family house 57.0% 65.5% 24.2% 47.8%
Others 0.2% 0.4% 0.7% 0.4%
Heating type Individual heating 22.6% 33.3% 16.8% 23.7%
Central heating 62.5% 18.6% 63.0% 68.2%
Single-story heating 9.0% 46.3% 18.8% 5.6%
No info 5.9% 1.8% 1.4% 2.6%
Energy carrier Coal 0.3% 0.2% 0.2% 19.8%
District heating 16.1% 2.0% 6.7% 28.9%
Electricity 4.2% 22.4% 9.2% 4.3%
Gas 52.5% 23.2% 72.1% 27.6%
Gasoll 0.5% 39.1% 0.1% 0.9%
Heat pump 4.4% 2.2% 3.5% 3.7%
Solar 0.2% 0.2% 3.5% 0.3%
Oil 16.3% 0.9% 0.3% 0.8%
Wood/pellet 3.5% 7.9% 2.6% 13.4%
Others/ no info 1.8% 2.0% 1.7% 0.3%
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5.7.2. Appendix B: Statistically tested statements

Table5.12: Overview of the statistically tested statements

ID Description Test

H1 The average heating temperature in the heating period 2022-2023 is  paired t-test
lower than that of 2021-2022

H2 Households using gas as an energy carrier, show a higher heatinc two-sample ttest with equal
temperature reduction than households using other energy carriers ~ variances assumed

H3 Low-income households (quintiles 1 and 2) heat with a lower two-sample ttest with equal
temperature compared to the average and highincome households variances assumed
(quintile s 3-5)

H4 Low-income households (quintiles 1 and 2) have reduced their two-sample ttest with equal
heating temperature more than the average and highincome variances assumed
households (quintiles 3-5)

H5 Households in the countries with higher gas dependency (NL, DE) two-sample ttest with equal
performed a higher heating temperature reduction compared to the variances assumed
ones with lower gas dependency (GR, PL)

H6 Households in which data was estimated have reported a higher two-sample ttest with equal
temperature reduction than the households in which data was variances assumed
measured

H7 Households in SFH heat with a lower temperature compared to the two-sample ttest with equal
households in MFH variances assumed

H8 Owner-occupied households heat with a higher temperature two-sample ttest with equal
compared to the tenant-occupied households variances assumed

H9 Technical improvements occur more often in owneroccupied Chi-squared test
households

H10  Technical improvements occur more often in singlefamily houses Chi-squared test

H11  High-income households (quintiles 3-5) are more likely to invest in  Chi-squared test
the technical improvement than the low-income households
(quantiles 1 and 2)

H12  Energy carrier has an influence on the occurrence of technical Chi-squared test

improvements (gas vs. other energy carriers)
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5.7.3.Appendix CResults ofstatistical hypothesis testing

Table5.13: H1- The average heating temperature in the heating period 22023 is lower than that of 2022022.¢ G £
denotestheta O2 NB 2F (GKS KelLRiGKSara (Sadxr aRTé (ksSord 33a20AFGSR R

Mean Mean

heating heating

temperature  temperature

2022-2023 2021-2022 Difference

N G G °C) t df p
All countries 3571 19.00 19.21 0.20 12.77 3570 0.00
Germany 925 19.16 19.44 0.27 9.44 924 0.00
Greece 814 18.96 19.02 0.06 1.55 813 0.12
Netherlands 915 17.70 18.00 0.30 10.52 914 0.00
Poland 917 20.20 20.37 0.16 5.26 916 0.00

Table5.14: H2- Households using gas as an enecgyrier, show a higher heating temperature reduction than households
using other energy carrierd. (i ¢ RSy ADENBIRF W KS KelLlRikKSara (Sadzr aR¥¢ GKS
associated gscore.

Mean
Mean heating
heating temperature
temperature  reduction
reduction (households
(gas heating  using other
households)  heating) Difference
N_gas N_other (°C) (°C) (°C) t df p
All countries 1588 1983 0.34 0.12 -0.21 -5.65 3569 0.00
Germany 486 439 0.32 0.14 -0.18 -2.73 923 0.01
Greece 189 625 0.29 0.01 -0.29 -2.63 812 0.01
Netherlands 660 255 0.45 0.24 -0.21 -2.60 913 0.00
Poland 253 664 0.12 0.17 0.05 0.68 915 0.49
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Table5.15; H3- Lowincome households (quintiéel and 2) heat with alower temperature compared to the average and

high-income households (quintige3-5). & G £

R Sy 2aiGR2aNBi K25 Gl K S

KelLl2iKSahAa

GSadz

FTNBESR2YZ GL¥ -stokS aa20AldSR LI
Mean Mean
heating heating
N_ N_ temperature, temperature, Difference
Q1,Q2 Q3-Q5 Q1,Q2(°C) Q3-Q5(°C)  (°C) t df p
2021-2022
All countries 1356 2215 19.01 19.34 0.33 431 3569 0.00
Germany 357 568 19.27 19.54 0.27 2.21 923 0.01
Greece 286 528 18.97 19.04 0.08 0.42 812 0.34
Netherlands 367 548 17.73 18.18 0.45 4.00 913 0.00
Poland 346 571 20.13 20.51 0.38 2.67 915 0.00
2022-2023
All countries 1356 2215 18.82 19.12 0.30 3.85 3569 0.00
Germany 357 568 19.00 19.27 0.27 2.17 923 0.02
Greece 286 528 18.90 18.99 0.08 0.46 812 0.32
Netherlands 367 548 17.48 17.85 0.37 3.17 913 0.00
Poland 346 571 20.01 20.32 0.31 2.16 915 0.02

Table5.16: H4- Lowincome households (quintile 1 and 2) have reduced theating temperature more than the average

and highincome households (quintile-8). 6 (i ¢ RSy 202NBIRF (iKS KéeLRGKSara G§Sads

T NB S R 2a¥sBeiated core.
Mean Mean
heating heating
temperature  temperature
reduction, reduction, Difference

N_QL,Q2 N_Q3-Q5 Q1,Q2(°C)  Q3-Q5(°C) (°C) t df p
All countries 1356 2215 0.22 0.18 0.03 1.00 3569 0.31

Table5.17: H5- Households in the countries withigher gas dependency (NL, DE) performed a higher heating temperature
reduction compared to the ones with lower gas dependency (GRARLE
associated degreesf freedom,0pe the associated score.

RSyadaaBirsg {ikS KelLRiKSa.

Mean Mean
heating heating
temperature  temperature
N_ N_ reduction, reduction,
Difference
DE,NL GR,PL  DE,NL (°C) GR,PL (°C) (°C) t df p
All countries 1840 1731 0.29 0.11 -0.17 -5.39 3569 0.00
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Table5.18: H6- Households in which data was estimated have reported a higher temperature reduction than the households

in which data was measured.(i ¢ RSy2®0D8aNBiRF HiKS KeLRdikSara (§Sailix aRFTE (K€
associated gscore
Mean Mean
heating heating
temperature  temperature
reduction (if  reduction (if
N N temperature  temperature
- - measured) estimated) Difference
measured estimated (°C) (°C) (°C) t df p
All countries 1914 1294 0.20 0.17 0.31 0.94 3206 0.34
Table5.19: H7- Households in SFH heat with a lower temperature compared ththeseholds in MFHI 1 ¢ RSy 2 (Sa (i K
a02N8 2F GKS KeLRGKSara (Sadsz aRT¢ G(ksBord 3a20AF GSR RSINBSa
Mean heating Mean heating
temperature temperature Difference
N_SFH N_MFH  _SFH (°C) _MFH (°C) (°C) t df p
2022-2023
All countries 1837 1719 18.83 19.20 0.37 4.93 3554  0.00
Germany 396 527 19.34 19.03 0.32 2.56 921 0.06
Greece 278 533 18.81 19.05 -0.23 -1.29 809 0.10
Netherlands 688 221 17.62 17.93 -0.32 -2.39 907 0.01
Poland 475 438 20.17 20.23 -0.06 -0.43 911 0.33
2021-2022
All countries 1837 1719 19.05 19.39 0.34 4.55 3554  0.00
Germany 396 527 19.62 19.30 0.32 2.62 921 0.00
Greece 278 533 18.83 19.13 -0.30 -1.62 809 0.05
Netherlands 688 221 17.95 18.12 -0.17 -1.28 907 0.10
Poland 475 438 20.29 20.44 -0.15 -1.10 911 0.13
Table5.20: H8- Owneroccupied households heat with a higher temperature compared to the tenantipied households.
Gié¢ RSyadDgarirg {iikKS KelLRiKSara (85adGr aRTé¢ (ksBord 3a20AF GSR
Mean heating Mean heating
temperature temperature Difference
N_owner N_tenant (owner) (°C) (tenant) (°C) (°C) t df p
2022-2023
All countries 2448 1096 19.11 18.78 0.32 4.01 3552 0.00
Germany 470 454 19.36 18.95 0.42 3.42 922 0.00
Greece 563 235 19.00 18.86 0.14 0.73 796 0.23
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Netherlands 639 276 17.72 17.65 0.08 0.63 913 0.26
Poland 776 131 20.16 20.46 -0.29 -0.43 905 0.33
2021-2022
All countries 2448 1096 19.32 18.95 0.37 461 3542  0.00
Germany 470 454 19.65 19.21 0.43 3.62 922 0.00
Greece 563 235 19.10 18.83 0.28 1.42 796 0.08
Netherlands 639 276 18.03 17.93 0.10 0.81 913 0.21
Poland 776 131 20.36 20.45 -0.09 -0.47 905 0.32
Table5.21: H9- Technical improvements occur more often in owszecupied householdsf KA Hé RSy 2iGSa
2F GKS KeLRGKSaAE REIABS da RF: TNESS R2&EmR2.OAXEGI SKS 3842041
Percentage of Percentage of
home -owners who tenants who
made technical made technical
N N_owner N_tenant improvements improvements Chi2 df p
All countries 3544 2448 1096 20.99 15.33 1565 1 0.00
Germany 924 470 454 24.46 18.06 5.65 1 0.02
Greece 798 563 235 20.07 14.04 4.03 1 0.05
Netherlands 915 639 276 17.68 10.87 6.78 1 001
Poland 907 776 131 22.30 17.56 1.49 1 022
Table5.22: H10- Technical improvements occur more often in sinfgleily housesd KA Hé RSy 2 Sa KS
KeLlRiKSara (dSadz aRT¢ GKS Faaz2OhidcdieSR RSINBSa 27
Percentage of MFH  Percentage of SFH
residents who residents who
made technical made technical
N N_MFH N_SFH improvements improvements Chi2 daf p
All countries 3556 1719 1837 16.57 21.61 1450 1 0.00
Germany 923 527 396 19.16 23.98 3.15 1 0.07
Greece 811 533 278 16.88 20.50 1.61 1 0.20
Netherlands 909 221 688 14.48 15.98 0.29 1 0.59
Poland 913 438 475 14.15 28.42 2741 1 0.00

l‘j

Table5.23: H11- Highincome households (quinti#8-5) are more likely to invest in the technical improvement than the-low
aGrdAaarao 27

income households (quantiéd and2).& KA H €

2T T NB SR assdriatédlgéoreli K S

RSy23Sa

i KS

/| KAH

N

N

Percentage of
households in

Percentage of
households in

Chi2

df
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Q1,Q2 Q3-Q5 Q1,02 who have Q3-Q5 who have

invested in invested in

technical technical

improvements improvements
All countries 1356 2215 18.36 19.68 0.95 0.94
Germany 357 568 18.49 23.06 2.74 0.01
Greece 286 528 20.63 16.67 1.97 0.16
Netherlands 367 548 12.26 17.88 5.27 0.02
Poland 346 571 22.83 20.84 0.51 0.48

Tableb.24: H12- Energy carrier has an influence on thecurrence of technical improvements (gas vs. other energy carriers).

d KAHé RSy20GS8a (GKS /KAnw adlFrdGAaidrad 2F (KS KeéLRGKSsdo
Percentage of Percentage of
households households
using gas using other
heating that heating that
have invested have invested
N_gas N_other in  technical in technical
heating heating improvements  improvements  Chi2 df p
All countries 1588 1983 19.45 18.96 0.114 1 0.71
Germany 486 439 24.60 17.53 7.03 1 0.01
Greece 189 625 21.16 17.12 1.60 1 0.21
Netherlands 660 255 13.18 21.96 10.75 1 0.00
Poland 253 664 24.50 20.48 1.75 1 0.19

5.8. Supplementary material

Supplementary data to this chapter (survey questions and model parameter$ can be found at:
https://doi.org/10.1016/j.enbuild.2024.114257
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6. Implementinghousing policies for a sufficient lifestyfe

Abstract: The German buildings sector is currently facing a double challenge: meeting emission
reduction targets and providing affordable housing in rapidly growing cities. Living space per
person has a major impact on the household energy consumption and has incrased
significantly in recent decades. On the one hand, new construction increases the demand for
often energy-intensive building materials, and on the other hand, energy demand during the
use phase of buildings is positively related to the size of the spae. Optimising the allocation of
living space therefore offers great potential for addressing both challenges. Sufficiency policies
such as flat exchanges, moving bonus and moving advice aim to reduce the total floor area in
the housing sector by using exising space more efficiently. However, the effectiveness of such
measures is not yet fully understood. As the sufficiency approach relies heavily on the individual
afmgacqg* pcqgbclrqgq% gltmjtckclr* ncpacnr giml
measures. An investigation in selected German housing companies shows that the potential of
these measures is not fully exploited under the current political and social framework in
Germany. Social acceptance and new norms and business models are needéar the effective
use of these measures.

Policy relevance:How effective is the implementation of sufficiency measures for space
utilisation in the German rental housing sector? The success factors and limiting barriers of the
measures along with the acceptability and effectiveness of these measures are investigad by

interviewing housing companies (some of them social housing providers) that have the

potential to implement such policies in their housing stock. Improvements are needed in the

social and technical infrastructure to increase the efiectiveness of the measures. Raising
awareness, rethinking communications and designing effective financial incentives are
recommended to make the measures attractive to the public. Involving all stakeholders, keeping
the issue on the political agenda and engaging in dialogue with policymakers are considered

effective steps in the process of achieving space sufficiency in the housing sector.

6 This chapter has been submittedto the Journal Buildings and Cities as Bagheri, Mahsa; Roth, Linda; Siebke, Leila; Rohde,
Clemens; Linke, HansJoachim (2024): Implementing housing policies for a sufficient lifestyle. In: Buildings and Cities, 5(1),
DOI: https://doi.org/10.5334/bc.435.

CRediT authorship contribution statement: Mahsa Bagheri: Conceptualisation, Methodology, Data collection, Data analysis,
Writing - Original Draft ; Linda Roth: Data collection, Data analysis Leila Siebke: Resources, Writing Original Draft ; Clemens
Rohde: Methodology, Writing - Review & Editing; Hans-Joachim Linke: Methodology, Writing - Review & Editing
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6.1. Introduction

Human well-being is already threatened by climate change and will be increasingly so in the
future (Gough 2020). Achieving the goal of keeping global warming well below 2°C, as part of

the legally binding Paris Agreement, requires rapid and deep cuts in greenhouse gas (GHG)
emissions. The latest report of the Intergovernmental Panel on Climate ChanggIPCC) states
that much additional effort will be needed to achieve the climate goals (IPCC 2022b). The main

drivers of climate change are increasing total and per capita consumption of energy, land and
other resources, which pose concrete challenges to global and local environmental
sustainability. This trend is the result of global urban development, characterised in its

structure, institutions and household behaviour and trends such as sprawl, spread, expansion
of large technical systems and growing populations (Jin 2017) . Previous studies have linked
energy consumption to human well-being (Burke 2020). For instance, a recent metaanalysis

investigated the threshold of rising energy consumption beyond which it no longer correlates

with increasing human well-being. Overall, the results suggest that European energy
consumption has reached such a thresholdwhere increased consumption no longer implies
increased wellbeing (Gynther 2021).

The Germanbuildings sector fails to meet its environmental targets (Umweltbundesamt 2020).

It is responsible for high resource consumption, typically accounting for 30% of the country's
final energy demand (Dena 2019) and 14% of total energy-related emissions(Sach et al. 2021).
To achieve climate neutrality in the buildings sector by 2045, a goal set by the German
government (Federal Climate Change Act 2021) CO; equivalent emissions must be reduced by
8.57 million tonnes annually from 2022 (Breidenbach et al. 2021). Energy use in the buildings
sector includes the energy required to construct and operatebuildings, which depends on
factors such as the need for new buildings, room temperatures or the size of the heated space.
Ellsworth-Krebs (2020) argues that the size of houses is the most important determinant of
household energy consumption, and hence the global increase in per capita floor space is a
problematic trend. Bierwirth et al. (2019) estimate that the available savings from reducing the
current per capita living space in Germany from 46.6 to 35 to 30 m2 would result in a theoretical
saving potential of 378 547 to 541 361 TJ, representing a reduction in space heating energy of
24.9-35.7%.

Over time, many techno-economic measures have been implemented to improve energy
efficiency, such as the thermal building regulation, resulting in increased energy efficiency and
reduced energy consumption of buildings. However, measures that address the human desire
to consume more are scarce and summaised under sufficiency policies. Sufficiency policies are
AN gqcr md kc_gqspcqg _I'b b_gjw np_argacq rf _r
while delivering human well -being for all within planer _ pw = ms(IPQC 2028kx . &d).
The concept of sufficiency is based on the idea that there is a point of enough consumption
where human needs are met and that this point should not be exceeded(Princen 2005).
Sufficiency in the buildings sector not only decreases emissions, but also positively influences
many dimensions of well-being and sustainable development such as health, social cohesion,
and economic sustainability (Wronski 2023; Hayden et al. 2022).

In addition to the long -known environmental impacts, there are several social issues in the
housing sector related to the availability of adequate living space and energy costs. First, there
is a mismatch in the housing market, with people living in dwelli ngs that they perceive as too
large (Gavrilis 2019), while young families urgently seek larger dwellings (Breidenbach et al.
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2021). In 2018, only 47.4% of households in German metropolitan areas had access to suitable
large and affordable housing and 34.5% of this shortage could be solved by an optimal
distribution of existing housing (Holm et al. 2021) . Second, rising gas prices, which are a
burden on households(BDEW 2022), make it even more urgent to reduce the use of gas, which,
accounts for 44.3% of space heating in Germany based on 2019 datgstatista 2021). While
8.1% of the German population was unable to heat their homes adequately due to energy
poverty in 2023 (Eurostat 2023m), this figure is expected to rise with energy prices, putting an
increasing number of German households at risk of being affected by rising energy prices. This
underlines the importance of reducing household energy consumption (Breidenbach et al.
2021).

While Germany has set a target of less than 30 A of new soil sealing per day (Deutscher
Bundestag 2021), 400 000 new homes are to be built each year to meet the need for affordable
housing in many German cities. Currently, the sealed area for housing and transport is the
fastest growing land use in Germany,increasing by 18.1% (7964 additional km?) between 2000
and 2022 (Umweltbundesamt 2024b). This is associated with negative impacts such as loss of
agricultural land, fragmentation of wildlife habitats, material and energy consumption for
construction and maintenance of additional buildings and infrastructure, increased traffic with
higher fuel consumption, and increased pollutants and noise (Umweltbundesamt 2024a).
Intensifying the use of existing buildings and sealed land in built-up areas is one way to meet
the demand for new housing in growing regions while reducing pressure on currently
undeveloped areas. This can be achieved by making better use of existing deifgcation potential
in urban areas (Breidenbach et al. 2021).

Increasing urbanisation is leading to regional imbalances in the availability of living space.
Specifically, some regions have a structural housing shortage, while others have many vacant
dwellings. In Germany, the average living space per person has increased from 14 m2 iri950
(Friedrich-Ebert-Stiftung 1997) and 34.8 m? in 1990 (iwd 2020) to 47.7 m? in 2021
(Umweltbundesamt 2023b). If this trend continues, living space per person will reach 52 m2 by
2030 (iwd 2020) . There are many reasons for this development, such as the increasing number
of one- and two-person households, the lack of small dwellings(Friedrich -Ebert-Stiftung 1997)
and the remanence effect.In 2022, around three-fourths of German households consisted of
only one person (41%) or two persons (34%) (Umweltbundesamt 2023a). One and two-person
households have a higher per capita living space than larger households(Umweltbundesamt
2023b). The figures for 2018 are 68 m? for one-person households, 49 nt for two -person
households and 33 n¥ for households with three or more persons. While there were around 17
million one -person households in Germany in 2022, only 2.5 million dwellings were smaller
than 40 m2 (Destatis 2024). In 2021, the average size ofnewly built dwellings was around 74
m2 in multi -family houses and 145 m? in single-family houses (Destatis 2021). The remanence
effect describes the tendency of shrinking families to remain in their large dwellings
(Umweltbundesamt 2023b). This means that older people often live alone in (possibly non-
accessible) oversized flats, which can lead to problemsn the housing market, especially in
dense residential areagFischer et al. 2016). A total of 20-50% of older people with a per capita
living space of over 80 m? feel that their living space is too large (Kenkmann et al. 2019).
However, the cost of moving (Kenkmann et al. 2019) and rising rents may make it financially
attractive for them to stay in their large homes (Gavrilis 2019).

The great potential and importance of well-designed energy sufficiency policies for achieving
climate and sustainability goals has been recognised byhe IPCC(2022b), Faber et al. (2012)
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and (Samadi et al. 2017). However, they are rarely considered as an option for achieving
climate goals of the EU Member States(Zell-Ziegler et al. 2021b). Sufficiency is often perceived
as complex (Zell-Ziegler et al. 2018), especially comparedwith technical emissionreduction
options such as efficiency and renewable energy policies. Furthermore, the impacts, feasibility,
and acceptability of sufficiency policies have not been fully explored. In particular, as they rely
directly on individual choices, the social perspective plays an important role. Thus, policymakers
and citizens still lack guidance to make informed choices for sufficiency policies, despite a
growing scientific base (Akeniji et al. 2019; Creutzig et al. 2022; Vita et al. 2019b).

Against this background, the paper investigates the effectiveness of such policies in optimsing
the use of living space (Figure 6.1). It focuses on selected policies from the Sufficiency Policy
Database (Best et al. 2022) that directly address residential space use, and examines their
perceptions and acceptability, as well as their limiting barriers and success factors, through
gualitative analysis of semistructured interviews with selected German housing companies. The
study explores the lessons that can be learnt for better policy design in the housing sector.

Selection of measures

4

RQ 1. How is the perception towards
available policies addressing the living
space?

Exploring the experiences of the housing associations with
the selected policies

~_

RQ 2. What are the limiting barriers and

tact  th licies? Analysis of the success factors and limiting barriers
success factors of the policies?

interviews

~_

space in the housing sector?

RQ 3. What are the lessons learnt from

the existing policies? Recommendations for the improvement of policies

How much can these policies
contribute to optimising the use of
Systematic analysis of semi-structured

Selection of housing
companies

Figure6.1: Research design of ttetudy on examining sufficiency policies

6.2. Methods
6.2.1. Context of the study

More than half of German households live in rented accommodation (Eurostat 2021) and more
than a third of rental housing is owned and managed by professional owners, including private
housing companies, public authorities, housing cooperatives and nonrprofit organi sations
(Savills 2019). With access to a large number of rental dwellings, housing companies have the
technical capacity to implement innovative approaches and plans to help balance the
availability of living spaces and reduce the housing shortage. Therefore, they are considerg to
be important stakeholders in promoting such sufficiency policies and were selected as
interviewees for this study.

6.2.2. Selected housing companies

In order to select the potential housing companies for the interviews, a list of all companies in
the field of Real estate leasing and rentals (N=10 971) was first extracted from a company
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database provided by Dun & BradstreetCorporation. From these, only those companies in
Germany with more than one employee and dealing with private dwellings whose contact

details were available in the database were filtered out (N=718). In the next step, the location

of the company and the number of rental apartments owned or managed byit were used as

two criteria to narrow down the list further. This was done in two parallel steps. The number

md _n_prkclrg _t_gj_"jc gl r tb lme araimplortant fagjocigthe q r ma i
degree of flexibility of the companies to implement different measures. Therefore, the database

u_q cvrclbcb rm glajsbc b_r_ ml r f gwebsites. Bhgsa _r mp
data was publicly available for 148 companies. For the second criterion (location), two

indicators were considered, namely: Growth potential and Housing shortage. In shrinking cities,

the population moves out of the city and gradually more housing becomes available for rent,

whereas in growing cities the demand for housing is constantly increasing Therefore, growing

cities are considered relevant for this study. On the other hand, cities with a housing shortage

are considered to benefit most from the successful implementation of the measures studied in

this paper.

According to a report by HBS (2019), of all German cities and municipalities, 80 are classified
as large cities, the rest as mediumsized (N=633) and small towns (N=2 018) or municipalities
(N=1 614). Of these, 2466 are (above average) growing, 1 309 are (above average) shrinking
and the remaining 659 do not show any significant direction. The BBSR(2020) examines the
housing shortage in 77 large German cities as the ratio of the required flats in the city to the
current building stock. This ranges from 6% in Wolfsburg to 31.4% in Heidelberg.

Companies whose number of dwellings is Selected cities
available online
Cities with growth:
148

+ 5 Cities

2
= + 5 States
'é Housing shortage compared to the stock * 11 Housing companies
2 (studied in 77 large cities) o
£ Cities with above-average growth:

All entries of the 2 + Q1: 10.4%, Median: 13%, Q3: 16.2% - 6Cities

database Active companies in = D Slates_ )
DE with available + Cities in the highest 25% (Q3): 20 + 14 Housing companies
10971 contact data + Cities in the highest 50% (Median): 40

+ Cities in the highest 76% (Q1): 568

Companies working 8781

with private dwellings G pendes wily Growth and shrinkage status
more than 1 staff
9539 member

Location

* Above-average growth: 874

* Growing: 1592

* No clear direction of development: 659
= Shrinking: 852

= Above-average shrinking: 457

Cities and municipalities by size

= Large city: 80
»  Medium-sized town: 633

= Larger small town: 879

*  Small town: 1 229

* Rural municipality: 1 614
*  Municipality-free area: 75

Figure6.2: Selection process for the housing companies

For reasons of data availability, only the large cities for which data on housing shortages was
available were considered. A threshold for the housing shortage was defined and all cities with
a housing shortage above this threshold were kept in the list. Al cities in this list for which at
least one company with available data on the number of rental dwellings was listed were
considered as potential interview partners. Figure 6.2 summarises the selection process. The 25
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companies selected are located in 11 cities and nine states (regional distribution) and have
different characteristics (commercial, non-profit, from the church or municipality).

6.2.3.Selected measures

Over 300 policies are listed in the Energy SufficiencyPolicy Databasé, 53 of which are related
to the buildings sector (as of March 2024). These include a variety of sufficiency strategies,
among those reducing living space, which is the focus of this paper. This strategy triggers
different actions, including building modifications, supporting ownership structures, new
construction and oriented moving and living. The aim of this paper is to focus on the low-
hanging fruit, i.e. measures that require only organisational effort which involve both the supply
side (housing companies) and the demand side (private households). Tlerefore, the category
of oriented moving and living is relevant, which in turn covers policy instruments related to
sharing, alternative housing and moving. The first two are excluded from this study as they are
either mostly relevant to homeowners or not feasible within the housing company building
stock. Under moving, which is the focus of this study, the following policy instruments are
listed: exchange of flats moving bonus and moving advice (Figure 6.3).

o e
Transpor‘l / freight Reduce energy Building modification
consumption (6) (5)
Induslry / o
Productlon (41) Reduce living space Supporting ownership
(15) structures (2)
Policy database
B”“d'“gs (53) Sustainable urb q Alternative Policy instruments
339 policies ustainable urban- an housing (1)

settlement development New construction (1)
without new sealing (18)

Cross-sectoral (63) Sharing (2) * Right to exchange flats
* Moving bonus / Bonus payment
N - " i i for living on small space
- Using existing buildings Oriented moving and ~ 3 .
Land TZ?)& food for living space (14) living (7) Moving (4) * Moving advice

Figure6.3: Process for selectingeasures

6.2.4.Data collection and analysis

Data for this study was collected through guideline-based semistructured interviews conducted
virtually using Microsoft Teams in March 2024. The interviews were conducted in German and
translated for this paper. A translated version of interview questions is available in the
supplementary material in Chapter 6.5. The systematic analysis of the interviews was carried
out in MAXQDA software and followed the six-step approach introduced by Réadiker et al.
(2020) . After systematically entering, preparing and organising the interview transcripts in the
software, a first set of categories was developed based on the research questions and the
interview guide (see supplementary material in Chapter 6.5). These categories were used for
the basic coding of the transcripts. In order to ensure high-quality coding, the first interview
was coded by two team members and the results were compared and discussed. Where
necessary, the coding was corrected. In the next round, the gbcategories were developed, the
text passages were coded accordingly, and the main content of the coded segments was noted.
Next, the appropriate analysis for the coded data was selected and carried outFinally, the
analysis result was documented.

” See https://energysufficiency.de/policy -database/.
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6.2.5.Interview guide

The interview guide contains questions in two main categories: the interviewed housing

company and the studied measures. In the first category, the characteristics of the company
(e.g. location, structure and form, number of flats) and the mechanism for allocating dwellings

are examined. The second part, on the policies, includes the description of the policy,
documentation on its implementation and impact, failure and success factors. The final

questions deal with suggestions for improving these policies.

6.3. Results

Of the 25 contacted housing companies, 13 responded to the request for an interview, three of
which were unable to give an interview despite their interest in the topic. In one case, the main
focus of the company had changed, making it unsuitable for the gudy. With the remaining nine
companies, an interview was scheduled but one was cancelled, resulting in eight complete
interviews. The eight interviews covered five cities and four states. Both cooperative and
privatised housing companies as well as thoseowned by municipalities or churches, were
represented. The respondents have different financial, legal and ownership forms and the size
of their housing stock ranges from 2 000 to 200 000 dwellings. Figure 6.4 provides more details
on the characteristics of the respondents. The interviewees were the chief executive officers of
the companies (the majority) or their deputies, chief operating officers, chairmen of the board
or managing directors. Half of the companies interviewed allocate part of their stock to social
and subsidised housing. All companies take into account household income and household size
(i.e. number of people in the household) when allocating their dwellings. This information is
only gathered at the time of allocation and is not updated. Other aspects such as age of children,
non-discriminatory selection, social mix in the neighbourhood, and special situation of a
household (e.g. violence, disability) are among the soft factors considered whenallocating flats.

5
3
2
| . |

Communal Church Private = Cooperative Between 1000 and Between 10 000 More than 100 000 Limited Liability Public Limited Incorporated
9 999 flats and 99 999 flats flats Company (LCC) Company (PLC) cooperative

Figure6.4: Characteristics of the interviewed companigkeft) Owner, (middle) stock size and(right) legal form

6.3.1. Experience with the studied measures

This section summarises the experience of the interviewed companies with the studied
measures, whetheror not they offer the measure, and how they communicate the measure.

6.3.1.1. Flat exchange

This measure is implemented by companies in two different ways: flat change, where a
household moves from its current dwelling to another, and flat swap, where two households
exchange dwellings, i.e. the first household movesinto the dwelling of the second household
and vice versa. Both options are offered, but the flat changes are more common. Four of the
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interviewed companies offer a flat change, one offersonly a change from a larger to a smaller
dwelling, and for two a change is generally possible but is not explicitly offered. On the other
hand, flat swap is only offered by two companies, in two it is part of a larger swap programme
(with other companies or within the municipality) and in one it is possible but not explicitly
offered. In the companies that offer a flat swap, either a new rental contract is signed with new
conditions (i.e. market price, but considering the price caps, the smaller flats will usually have
lower rents) or the basic rent per square meter remains unchanged, which means that the
tenants have a financial advantage by moving to a smaller flat.

In three companies the tenant receives a new contract with new conditions after a flat change.
Although it is assumed that in case of a move to a smaller flat the new rent will not be higher
than the old one, there is no guarantee that this will actually h appen. Some companies have
considered the financial incentive. One company offers the new flat at a lower m? price than
the normal price when moving to a smaller flat. One of the companies keeps them? rent the
same and the other one pays attention to thepoint that a change should not lead to a financial
burden. Usually, the tenants are temporarily relocated whenthe building is being renovated. In
this context, companies usually offer a permanent flat change, as this also reduces the financial
and organisational costs comparedwith the time when the household has to return to the
original flat. Another reason for offering this instrument is to free up space in the larger
dwellings and to have the possibility to increase the occupancy rate.

6.3.1.2. Moving bonus

Three companiesoffer financial support as a general rule: in one company tenants receive a
bonus when they move, even if they move out of the company; in another, the moving costs are
covered; in the third, a subsidy is paid when tenants move from a larger to a smaller flat, and

the amount of subsidy depends on them? reduction of the new flat compared with the old one.

In three other companies, financial support is offered only in exceptional cases, i.e. when the
move is due to, or in connection with renovation work, or when the company recognises that
the household is in financial difficulty. Two companies offer organisational assistance with the

move, which is particularly helpful for older tenants. The legal form of the company was

mentioned by two companies as a reason for not offering a moving bonus.

6.3.1.3. Moving advice

In two companies, consultation is offered and regularly communicated, but not exclusively on
relocation. Two companies offer moving advice only when a new building is planned or in the
framework of a flat change. In both cases, the high administrative coss and low output of the
consultations is the reason for not offering them regularly. Four interviewees mentioned that
tenants are aware that the organisation is there when they need it.

Table 6.1 summarises these offers in the interviewed companies. All these offers are
communicated in different ways: sending an email, tenant meetings, verbal conversations,
information events, word of mouth, personal visits to the site (in the case of new construction),
website, tenant newspaper, social media, flyers, and information stands in the housing areas.
The documentation of the implementation and acceptance of the offers variesbetween the
companies. While two companies comprehensively document and evaluate the measure, most
have no specific documentation of cases.In a few companies the data is recorded but not
evaluated. Only successful cases of flat swaps and flat changes are documented. Moving
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bonuses and moving advice are always coupled with flat exchanges. In the remainder of this
section, only flat swaps and flat changes are discussed, regardless of the incentives thad to

them.

Table6.1: Overview of the studied measures in the interviewed companies

Flat change

Flat swap

Moving bonus

Moving advice

Four offer a flat change

One offers a change
only from large to small

Two have no specific
programme but a

Two offer a flat swap

Two offer it in
cooperation with larger
programmes

One has the possibility

Three offer financial
support

Three offer financial
support in exceptional
cases

Two offer general
consultation not only for
moving

One only when new
construction is planned

but does not offer it
exclusively

change is possible Two offer organisational

support

One offers only within the flat
change

Four tenants know they can
contact them

6.3.2. Acceptanceand effectiveness

Three companies reported very little success with the flat swap measure, three others reported
that the measure is not (or no longer) offered because they do not expect (or have not observed)
much success and therefore the effort is not worthwhile. Even if successful, it creates more
administrative work for the company, which is a reason why one of the companies does not
advertise it, although it is generally possible to do so. On the contrary, another company offers
the measure because it wants to avoid tke higher future costs of an unstable neighbourhood.

Although flat changes are more common than flat swaps, companies report very low success
rates for this measure, despite advertising the offer through various communication channels.
Some companies even contacted all tenants who might be eligible for a flat change, but this nb
only failed to achieve much success, but in some cases led to negative feedback from tenants
who felt they were being evicted.

Looking at some figures, one company estimates the success rate of flat swaps (i.e. the
proportion of successful flat swaps from initial enquiries) at 4%. Approximately half of the swap
requests are initiated for the purpose of enlarging the dwelling. In another company, around
three-fourths of the flat changes in 2023 were due to lack of space in the old home, resulting in

a 41% increase in living space. Mne of the changes involved moving to a smaller flat. As a
positive example, one of the companies interviewed had an annual average of around 17
changes from large to smaller dwellings between 2011 and 2022, resulting in an average
reduction of 22% in living space. In general, the companies reported a wide range ofone to 80
cases of flat swaps and changes in their housing stock in recent years.

6.3.3.Success factors and limiting barriers

Experience with swaps shows that location plays a role in the success rate. Changes within the
neighbourhood and those that bring the tenants closer to the city centre are more successful.
Similarly, if the amount of space remains the same and only the loation changes through a
swap, there is a higher chance of success. When it comes to flat changes, tenants who really
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want to move will do so without any advertising. Nevertheless, communication plays a very
important role, because there is a very fine line between counselling and harassment, and by
apmgqgle rf _r jglc* amkn_I| gcq a_ | tispddanHaw ar c |
negative effect, as tenants may think that the companies are making a huge profit from each
flat change, when in fact each change costs the companies a lot due to renovation and
maintenance measuresThere is sometimes mistrust between t&ants and the housing company,
as the companies are biased as landlords and contractual partners and the adviceomes from
the party that could benefit from it. For this reason,it makes more sense that the municipalities
or non-profit organisations take over the communication. In general, accessibility for
wheelchairs and walking aids, lifts (especially to the underground car park), affordable rents
and lower operating and energy costs, and proximity to the previous flat and therefore to social
contacts are the factors that increase the chances of a successful flat change.

Interviewees also gave several reasons for the very low rate of swaps. From a financial point of
view, the rent is usually very low and therefore there is no financial pressure for households to
reduce the rent. On the other hand, after a flat swap, one has to sign a new contract usually
with a rent which is much higher than the old one. Therefore, there is no financial incentive to
move out of larger dwellings as households may end up paying the same or even more for less
space. In addition, the financial transaction costs of moving (e.g. new furniture, new kitchen)
are high.

In addition to the financial aspects, there are also high social transition costs. After a move, the
household and especially the children have a new environment. Although the means are
available, there is little willingness on the part of tenants in large flats to reduce their space,
which leads to a mismatch between offers from people in small flats looking for a larger flat
and people in large flats willing to move. Furthermore, both parties want to improve or at least
maintain their current living situa tion and therefore have high and sometimes unrealistic
expectations. This makes the likelihood of finding a match very low. The swap is often not
successful because of details such as the orientation of the flats, the direction of the living room,
and the lack of an ideal parking space.As far as flat changes are concerned, there is a very low
vacancy rate in the housing stock and tenants rarely move out, so it is not technically feasible
for companies to offer a flat change to every tenant. There is a strmg emotional attachment to
the flat, especially after a long period of living there. Tenants have usually built their social
structures around their current flat, they have their friends, neighbours, even a family doctor.
Moving to a new flat means a new gdart, a new neighbourhood and new neighbours, which is
not easy, especially for older people. On the other hand, the old contract with a really low rent
leads to a lockin effect, as there is usually no financial advantage in moving. In addition,
financial incentives are usually not important. In some cases, decisions are not made rationally
&dpmk | ms r q g b cepgdmtherextrgne rcasertidat an glaedy'tenant in need of
care, living on the third floor of a building without a lift is  unwilling to move to the ground
floor of the same building. The tenants have high expectations of their future flat: well-located,
barrier-free, cheap, and it is not possible to meet all these expectations.

6.3.4. Suggestedmprovements

After discussing the measures and their fators of success and failure, interviewees were asked
for their views on various instruments that could encourage more people to move out of under-
occupied dwellings. According to Eurostat (2011) under-occupied dwellings are those in which
the number of rooms is excessive in relation to the number of people living in the household).
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The suggestions are grougd under the categories of information and communication, financial,
and regulation, and are described below.

Information and communication

The issue of high per capita living space and its environmental impactsshould be kept alive in
discussions,just like the discussions onthe impact of meat consumption and flights. Public
campaigns, financially supported by government, should aim to raise awareness and create a
narrative on the issue that brings about positive dynamic in society. Communication should also
be improved at various levels. First there should be an exchange between housing companies
to learn from each other, as some are more @en about the topic than others. Second, it should
be the responsibility of the municipalities and non-profit organisations to provide information
and advice on (moving) options. Lastly, the issue should be communicated positively by all
n_prgcqg gltmjtcb* g, c, rcl _ 1 r q9%rofiaorgamsatibng ang *
politicians. It should be openly communicated that new housing cannot be built for every
generation, but the existing buildings should be used efficiently.

Financial

The public sector (state and national authorities) should encourage freeing up underoccupied
dwellings by providing financial incentives to both tenants and housing companies. By
subsidising the costs of moving, especially to smaller dwellings where there are no direct cost
benefits, the financial burden will no longer be a barrier to action . The provision of bonuses
and subsidies to housing companies also play an important role in incentivising them to
promote such measures, given the highrenovation and maintenance costs that housing
companies might incur after each flat change, as highlighted in the interviews. These costs
depend, however, on the condition of the flat and the extent of renovation work already carried
out. The very high costs addressed by the interviewees are probably due to the current
renovation requirements in the building sector and the fact that the flat changes often occur
after a very long stay, meaning that the flat is typically not in a good condition.

Other sufficiency measures, such aghe promotion of flat-sharing, should also be encouraged
through high financial incentives. Providing an empty flat through this measure would be more
cost-effective (considering high construction costs) and time-efficient (considering the lengthy
process required for new construction) than acquiring a flat through new construction. Based
on an example given in one of the interviews, offering two households a relatively high
hypothetical moving bonus of § 10 000 each to incentivise them to share a flat and thereby
freeing up the other flat would still be at least 10 times cheaper and faster for the housing
company than building a new flat .

Regulation

Qmkc glrcptgcuccqg dcjr rf _r ~fmkc% u_q _ qcl

homes should be respected. They did not believe that tenants could or should be forced to leave
their homes by regulation, as being too restrictive would not only be undemocratic but also

unlikely to be very successful. However, some possible regulations and models were suggested.

The first suggestion is to set a per capita rule for social housing (following the Swiss example).
In this model, the occupancy rate (i.e. the number of people living in the flat) is defined and if
the household size becomes smaller than required over time, the household has to vacate the
flat, with the possibility of moving to one of the flats offered by the housing company. The
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second suggestiongoesin the same direction as the first and is a prerequisite for it. Almost all
interviewees mentioned the misallocation tax (in German: Fehlbelegungsabgalpeas an effective
measure that existed in Germany for publicly subsidised housing and was gradually abolished
over time. Under this model, tenants had to continuously report their income to prove that they
still met the criteria for social housing, otherwis e they had to pay a tax to the municipality. A
similar measure where tenants either have to comply with the rules (e.g. occupancy rate) or to
pay taxes was considered effective in motivating tenants of under-occupied flats to move to
smaller dwellings. Another suggestion is to increase all rents up to a certain amount and set a
transition period for the occupants of the under-occupied flats to move to a smaller flat. If they
do not move out by the end of the transition period, their tenancy will be renewed at the higher
rent. The fourth proposal is a model in which the rent is capped for a certain amount of floor
space per person (e.g. 30 n?). The rent will be differentiated for new and old buildings. Any
floor space above this threshold would have to be ranted at the market price. For example, if a
household wants extra space for a home office, the space will be rented at the market price for
office space. Finally, one interviewee suggested the right to swap flats as an option, while
believing that this measure would not increase the number of swaps alreadyoccurring.

In addition to the instruments mentioned above, the improvement of the social and technical
infrastructure was considered essential. From a technical point of view, standardised processes
and universal digital platforms are suggested as a solution to bette organise flat swaps and flat
changes. A universal platform could provide a comprehensive overview of all available offers.
This will lead to better communication of prices and also reduce the perception of housing
shortage, which leads to some unrealistic housing requess. In order to achieve a better
distribution of available flats, the restrictive data protection rules, which oblige companies to
regularly delete applications and result in applicants having to regularly renew their
application, should be relaxed. On the social side, current social norms in the area of housing
(e.g. a three-room apartment as standard even for oneperson households), should be
reconsidered and redefined. On te other hand, social acceptance of the new concepts and rules
should be increased.

6.4. Discussion and Conclusien

In response to the muchdiscussed housing shortage in Germany and the need for new
construction, Hunziker (2024) considers a redistribution of space as an alternative to provide
the missing living space. He argues that this couldbe achievedif each individual gave up just
2% of their current 47.4 m 2 living space. Given that this current per capita space is about 36%
more than that of 1990, the present study investigates the success of selected sufficiency
measures in reducing the average per capita floor area in German rerdl housing managedby
housing companies. Eight housing companies in five cities and four stats were interviewed
through guideline-based semistructured interviews to explore their experiences with the
following measures: flat exchange (including flat swaps and flat changes), moving bonus and
moving advice. What Hunziker suggests for such spatial redistribution is theoretically true, but
as the author also acknowledges, it is challenging or eve impossible under the current German
political and social framework. While sufficiency relies greatly on individual choices, it should
not be seensolely as an individual li festyle change as these individual choices are strongly
shaped by available offers, existing infrastructure and the legal framework. To be succesul,
gsddgagcl aw ksqgr ¢ pce_ gSRUB024) and the marsy smajl-scader gt ¢
initiatives observed at the municipal level need to be scaled up to the national level Therefore,
this section discusses the different instrumentsproposed by the housing companies in terms of
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their potential role in changing the social and political framework in Germany , which is
essentialfor the full exploitation of sufficiency.

Moving advice is an important first instrument that can trigger further measures such as flat
swaps and changes. However, the fact that it is the responsibility of the housing companies does
not seem to be optimal. Given the sense of attachment, especially for older tenants (in terms of
both age and time spent in a flat), housing is a sensitive issue that needs to be handled carefully.
As housing companies are usually seen as contractors, communication on this issue is
challenging for them and not very successful. Giving the municipalities, as neutral stakeholders,
the responsibility, can build trust and lead to more success. The city of Tubingen already offers
such a programme, informing residents who have too much living space about options such as
downsizing or alternative living forms (Tubingen Universitatsstadt 2019). An evaluation of the
consultations conducted under this programme between late 2020 and December 2021,
reported by Bierwirth et al. (2022) shows a high level of satisfaction with the offer and
information provided. The consultations are reported to have given participants relatively
positive encouragementfor their plans. Participants were alsolargely confident that they would
implement their plan. The restrictions imposed by COVID 19 affected the quantity and quality
of the consultations carried out during this period, and the relocations and flat swaps were
rarely reasons for taking up the consultation offer. Therefore, the resultspresented in this report
are not directly comparable with the success rates reported by housing companies However,
the lessons learred in Tubingen may still be helpful in designing the programme in other
municipalities.

The moving bonus by itself does not seem to have an impact on the initiation of relocation,
especially in cases where there is no direct financial benefit from moving to a smaller dwelling
(when there is no price guarantee after a move). However,oncethe barrier of moving costs has
been removed it can be an effective instrument in combination with other financial incentives.
Public authorities should therefore support this instrument by providing financial incentives to
tenants and housing companies. Thecity of Frankfurt am Main offers such bonuses when
tenants move from a social housing flat to one that is at least 15 m? smaller (Stadt Frankfurt
am Main 2024). Similarly, in D usseldorf, landlords can receive a bonus if the move is due to a
flat swap (Tauschwohnung 2024). Such a subsidy could also be giva to housing companies, so
that they receive a bonusfor each successful flat changeSuch investments contribute positively
to the multiple objectives of the building s sector: providing affordable housing, preventing soil
sealing and reducing emissions.

Flat swaps and flat changes can be effectiven freeing up under-occupied dwellings for use by
larger households. However, in most cases they do not provide an incentive for residents to
move. A combination of different financial incentives that reward downsizing (such as the
packageoffered by ProPotsdam 2023 which includes a living space bonus a bonus for a shared
flat and a moving bonus) could make such instruments attractive. Furthermore, other
instruments are needed as catalysts to make the most of these potentially effective instruments.
The need for a universal platform has been raised asa technical prerequisite to facilitate flat
swaps. An example of such a platform already exists on a small scale in Berlthwith the
participation of six housing companies. Another example is the FrenchEchanger Habiter a
platform for social housing with the participation of around 40 housing companies. Since its

8 See https://inberlinwohnen.de/.
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launch in 2018, around 3 000 flat swaps have taken placewith a success rate of 4%, not higher
than the success rate already communicated in the interviews. Thisconfirms the need to
improve the social infrastructure to complement this technical infrastructure, also suggested by
the interviewees. Information campaigns should promote sufficiency as a social practice in all
sectors.However, the sense of attachment, as one of the notions of wellbeing and mentioned
in many interviews as a reason for the failure of the studied measures has to be considered as
a key factor when promoting sufficiency. This is crucial not only for increasing the success of
these measures, but also to prevent the unwanted social and psychological implications of
forcing such measues, intensively discussed by scholars in the context of forced relocations,
un-homing and displacement (e.g. Westin 2021; Elliott-Cooper et al. 2020). The multiple
benefits of sufficiency measures for the climate(e.g. lower energy and material consumption)
and individual well -being (e.g. stronger community ties, increased sense of equity)should be
communicated, so that peoplevoluntarily follow the measures on the basis of the information
they have.

This could be done, for example, by importing already practiced and accepted social norms
from other European countries. The Swiss minimum occupancy rate(Stadt Zurich 2024),
repeatedly mentioned in the interviews, is one such example. Tenants of social housings in
Zurich have to meet the requirements o household size and income level in order to continue
living in their flats. This is similar to the misallocation tax that used to exist in Germany, which

was abolished for two reasons first, it required a lot of administration and , second, it led to less
social heterogeneity in neighbourhoods, as higherincome tenants had to move out. Adapting
and reactivating this old law will make it possible to identify under -occupied dwellings that
could potentially be occupied by larger families. Merely enforcing a tax on high-income
households will not improve the situation, as they will simply pay and continue to live in their
under-occupied dwellings. Therefore, the focus of this measure should be on household size, so
that the high-income households can still stayin the neighbourhood and contribute to its
heterogeneity. The high administrative costs of regular data collection can be overcome by
improvements in digitalisation. Finally, residents seem to react only to significant price
increases. According to one inerviewee, tenants saved a lot of energyfollowing the 2022 energy
crisis and theresulting sharp increase in energy prices. However, this behaviour changedvhen
price caps were introduced. This low price elasticity, although typical for essential goods such

as energy, indicates that users are not easily willing to leave their comfort zone and alter their
habits towards low consumption behaviour (e.g. putting on extra clothes instead of turning on

the heating). The rent cap has not proved to be an effectiveinstrument. Defining an essential
_kmslr md gn_ac ncp ncpgml _r rfc a_nncb npgac
gn_acqg _r k_picr npgac &dsj dgj | gthedinancialpressure_| r q %
might incentivise freeing up the under-occupied flats; and second it can contribute to the use

of shared spaces such as shared office spaces, communal spaces for hobbies and guest
accommodations. This would be similar to the already established concept of car sharing in
Germany, which saves the occasional car drivers the annual high maintenance and insurance
costs. In the case of such a model with a defined essential living space, besides the indicator of
floor area per capita, new indicators of floor area per household size and floor area per
household composition should be used when discussing the occupancy rate of the flats.

Proper documentation of successful cases can identify opportunities for improvement.
Documenting and evaluating implementation cases is not a priority for many companies, mainly
due to capacity and the lack of incentives and a defined target. Even where doamentation is
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carried out, only successful swaps and changes are documented, making it impossible to
understand the real reasons why tenants do not want to move. Therefore, incentivising
amkn_l gcqg rm bmaskclr rfc pc_gmlq dmperhapseygens pc d
requiring them to do so, while compensating the extra cost and effort) would provide a good

overview of the failure factors and identify opportunities for improvement. This point was also

discussed in one of the interviews and, as a resultthe authors provided a set of questionsto be

included in an online flat swap portal, where tenants who have initiated a flat swap, will have

to enter the reason when terminating the process of a failed swap.

Although this study focuses only on rental properties managed by housing companies, this
presumably niche market still accommodates around 17% of German households. The
suggested instruments and the lessons learned from this part of the housing sector caalso be
applied to privately rented dwellings, which together account for more than half of German
dwellings. Moreover, motivating households to reconsider their spatial needs could be
effectively transferred to homeowners. Given this transferability, any success in this niche sector
in empowering and motivating occupants of under-occupied dwellings to downsize will
ultimately play a significant role in optimising space use, reducing per capita and total space
demand and decreasing the high residential enegy consumption.

While space heating is considered themain driver of high residential energy consumption in
Germany and most parts of Europe, the need for space cooling is steadily increasing due to
climate change and global warming. Most measures that reduce the energy demand for space
heating equally contribute to improving the energy demand for space cooling. In addition to
the savings achieved by reducing the need for new construction, space optimisation offers
significant savings potential by decreasing the energy regired to operate buildings, benefiting
both occupants and the environment. Despite the small samplesize, considered alimitation of
the study, the findings from the interviews with the housing companies provide a valuable
contribution to effective policy design that enables such space optimisation while still meeting
rfc maasn_lrqg% | ccbaq, Rf cqgqc amkn_Il gcq _pc gl k
highly committed to the issue and in dialogue with policymakers at various levels. As the
phenomenon of significant increases in space consumption and high residential energy demand
is not limited to Germany, the policy lessons may be widely applicable in other societies.
Nevertheless, the study sample does not allow for an exploration of the influence of the
characteristics of the housing companies (e.g. legal form, business model) on their interest in
adopting sufficiency and the number or type of measures they offer.

Furthermore, while the study offers insights into the factors affecting the success and failure of
the studied measures, the analysis of the interviews could only provide a partial picture of the
various cultural, social and economic factors that influence individual decision-making, which
contributes to the under-occupation of dwellings. Further research, including the views of
tenants living in these dwellings, is needed to develop a more holistic understanding of the
underlying factors. Additionally, a p otential analysis of the studied and proposed measures in
this paper could assist policymakers in the strategic allocation of resources, ensuring a balanced
ratio between effort and outcome and effectively reaching each target group with the most
appropriate measures.

Finally, at a time when the buildings sector, and housing companiesin particular, are faced
with the challenge of becoming carborneutral and also meeting the everincreasing demand
for housing, it is more important than ever to explore and invest in measures such as thee

122



discussed in this paper.Giventhe drastically increased construction costs and the high emissions
associated with emissiorrintensive building material s, it may be ecologically and economically
beneficial to redistribute and use more efficiently the existing space through such measures.
This last point could and should be further explored.

6.5. Supplementary material

Supplementary data to this chapter (interview questions and developed categories for the
gualitative analysis) can be found at: https://doi.org/10.5334/bc.435.s1
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7. Synthesis

7.1. Contribution and key results

This thesis aimed to provide strategies to optimise the impact of policies which address
residential energy consumption and target its reduction. In order to do so, an understanding of
user behaviour and the decisionmaking around housing was outlined using different
quantitative and qualitative methods. In order to capture various perspectives, different
stakeholders were approached in this thesis. With its three core components - user, housing
consumption and policies - this thesis focused on the social aspects ofesidential energy
consumption by considering the role of users their perception and acceptance in the
effectiveness of polidges in reducing consumption. Figure 7.1 presents a simplified overview of
the different steps to reach the aim of this thesis, presenting the core componentaddressed in
each step.

Housing
consumption

@ Setting the scene @ Understanding the context ® Analysisng user behaviour @ Investigating policies
'\.\J,/ : "‘\‘x/,/"’ \\\ / \\‘/ \,/

Users Policies

Finding strategies for effectively reducing residential energy consumption

Figure7.1: Overview of the working steps in the thesis

First, to set the scene a study on social sustainability was conducted in an exemplaryurban
settlement, the Garden dty of Karlsruhe. This case study was selectediue to the similarities
between the objectives of the Garden City concept and the definitions of a sustainable
community (as one of the indicators of urban social sustainability), focussing on human needs
and quality of life. The survey in Garden City showed a high satisfaction rateamong the
residents with t heir neighbourhoods and living conditions; however, it also pointed out a
dissatisfaction resulting from a lack of communication between the Garden City Cooperative
and the residents. It also recognises the needo adapt to the changing needs of theinhabitants.

Then, to further understand the context, the patterns of residential space useamong EU
households and their underlying factors were explored. The existing and emerging trends,and
how they impact the household structure and consequentlythe household consumption were
examined. This study recognisa the changes in household consumption occurring as a result of
changesin the surroundings and highlights the need for flexibility and adaptability in the
building s sector to be able to accommodate these changes within the existing space, instead of
expanding constantly. It also identifies the social and technical changng potentials that
facilitate behavioural changes towards lower consumption. Among those solutions are
promoting non-materialistic narratives and offering alternative and innovative solutions to
satisfy people's spatial needs.

After providing the first overview of what influences user behaviour andshapes consumption
patterns, the f ms q c fspareluse%nd heating behaviour in selected EU Member States were
captured through two online surveys. The first survey on the space use patternexamined the
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behaviour of the residents of households in Germany, Sweden, Poland and Portugal and
explored the potential for changes in their space use behaviour The households reportedan
averagefloor area per capita ranging from 39.0 m? in Poland to 60.5 m? in Portugal. A cluster
analysis d the survey data divided the households into four categories, two of which were
identified as having a high potential to change their space use behaviour. Theresidents in the
Spaceoriented cluster have a high average per capita floor area of 108 nt and perceive their
dwellings as too large. The individuals in the second cluster, the Satisfactionseekers, live on
average on 33 nt per capita and feel their dwellings are too small. For these two clusters, the
study further analysed the willingness to change the space use behaviour and theupport rate
of certain policies. Learning from the willingness to change and policy support of these two
identified clusters and considering that the distribution of floor area is not equal across different
demographical groups and household canpositions, the study recommendedsomestrategiesto
trigger changes in space use behaviour and achieve more efficient use of the available space.
These strategies include promotng space sharing, supporting structural changs in the
dwellings and providing incentives to residents of under-occupied dwellings to move to
rightsized dwellings. Each of these strategies is to be targeted to the right group considering
their characteristics, potential and capacity for change.

The second online surveywas conducted in Germany, the Netherlands,Poland and Greeceand

examined the changes in the heating behaviour between the heating periods 20212022 and

2022-2023. The survey focused on heating temperature, energysaving measures (e.g. not
heating unoccupied rooms), and technical improvementsin controlling the heating temperature

(e.g. replacing manual thermostats with programmable ones). The households in the studied
countries reported an average temperature reduction ranging from 0.06 °Cin Greece t00.3 °C
in the Netherlands. Using a building stock model, the savings potential achieved through these
changes in the heating temperature was calculated which was around 2-3.5%. This study
suggests promoting technical improvements by providing technical and financial support,

raising public awareness of theneed to reduce consumption, and using financial incentives in

different forms (bonusesor progressiveprices).

Finally, with a focus on specific policies- namely moving advice, moving bonus and flat
exchange - and to study their effectiveness, selected German housing companies were
interviewed to share what they learned from these sufficiency measures in their housing stock.
These policies mainly target a reduction in the per capita space use by encouraging the residents
of under-occupied dwellings to free up the spacefor larger families. Through a qualitative
analysis of these semistructured interviews, the status quo of the implementation of these
policies, as well as their success and failure factorswere investigated. The study showed that
whether and how these policies are offered varies from one company to another. However,
regardless of this, most companies reported a very low success rate for these measures.No
financial incentive to move, along with high social and financial transition costs, a mismatch
between the offers (people wanting to move from large flats to small ones and vice versa) and
emotional attachment to the dwellings are among the reasons for this low success rateThe
results show that, by using some financial, regulatory and communicational solutions, the
acceptability and effectiveness of these policies could increase. Learning ém the existing good
examples in Germany and other EU countriescould help achieve more success.
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Figure 7.2, a detailed expansion of Figure 7.1, underscoresthe research trajectory that this
thesis has followed to achiewe its objective. This figure also summarises the component(s),
applied methods and main results of each step along the path.

By utilising the outcomes and results of each explained step, thisthesis contributes to a
comprehensive understanding of user behaviour in the field of housing and closes the gap in
effectively addressing Siving spaceu as a major potential for policies, a point previously
highlighted by Fischer et al. (2019). From a practical standpoint, the thesis offers
recommendations based onempirical data, which can be instrumental in developing strategies
and policies that enhance space efficiency andtarget the reduction of energy consumption.
From a methodological perspective, the datasets collected in this thesis through multicountry
surveys, provide a rich insight into heating and space behaviour thereby filling the data gap on
empirical data about user (space use) behaviour. Thisinvaluable data has the potential to be
used by policy makers to make informed decisions or by other scholars for further research.
Using these datasets in the commonly used modelling exercises as model input or to build and
validate assumptions can helpin generating more reliable results. The integration of different
quantitative and quantitative methods in this thesis not only enhances the depth of the findings
but also provides multiple perspectives on the topic. This can serveas a model in future research
designs leading to more robust results and a more comprehensive understanding of the studied
topic.

7.2. Discussion andutlook

To answer the research questions and achieve thaim of this thesis, data was collected with

several perspectives and scopes and analysed using different methodsA detailed explanation
of the applied methods is provided in Chapters 2-6. This section reflects on than by discussing
the methods, their limitations and alternatives and, where applicable, making suggestions for
future studies.

Most of the data in this thesis wascollected through online and paper surveys Although a large
number of respondents could be reachedthrough this data collection method, it comes with
some limitations, which may vary depending on the survey design and distribution method. An
example of these limitations is the potential over- or under-representation of a specific group.
In the paper survey from Chapter 2, possibly more pensioners participated; therefore, the
respondents over 65 werepresumably over-represented On the other hand, in the online survey
of Chapter 4, this group was nat easy to reach possibly due to the technical nature of an online
survey, leading to an under-representation of this group in Portugal.

The interview method, also applied in this thesis, enables a profound exploration of the topic

under study. However, due to its time-consuming nature, the number of interview s conducted
is typically limited. As a result unlike survey results, interview results cannot be generali®ed
through scaling-up and statistical analysis of these results isnot feasible. For the data collection

in Chapter 6, an alternative approach could have been to use surveys to collect dda from

housing companies which would have provided a larger sample size However, this method

would have only provided superficial data on the implementation of the studied policies. While

a larger sample would have made it possible to explore interesting aspects such as whetherthe
legal form of the housing companies influences the number or type of measures they offer, it

would not have allowed for the in-depth discussions achieved through interviews, which were
crucial for this thesis.
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Chapter 4 used cluster analysis togroup the surveyedhouseholds andto identify th osewith the

highest potential for change While this could have also been doneusing classification methods,
the clustering approach was considered more appropriate for the purpose of the chapter. In

classification methods(supervised learning), the expected output is defined and the data points
are assignedto predefined classes.In clustering (unsupervised learning), the data points are
grouped according to their similarities without pre defined labels. This chapter aimed to explore
the space usepattern of the surveyed household without making any assumptionsabout their
behaviour. Therefore, the clustering approach was chosen for pattern identification. The
clustering was done using the k-means algorithm and Euclidean as distance metris and using
specific variables (space use andspace perception) as explained in Chapter 4.3.3.3. The
clustering could also be done with other sets of variables and different algorithms or distance
metrics. In Chapter 4, hierarchical clustering was implemented in addition to k-means
clustering, and similar results were obtained. For future research, statistical methods such as
regression analysiscould be used to further explore the relationships between the studied
factors and variables However, this was beyond the scope of thischapter.

Low data availahility, a familiar challenge to many scholars was also an issuein some stages
of this thesis and therefore ore of its limitatio ns. First, data availability was one of the sekction
criteria for selecting the countries to be surveyed,and some potential countries were filter ed
out as they were known to have less data availablecompared to the others. Second, due to the
lack of data, it was not always possible tovalidate the collected data through literature and had
sometimesto be done using expert assumptions.On the other hand, the quantification of the
influencing factors presented in Chapter 3 would give the opportunity of better dealing with
thesefactors. However, the lack of available data would be one limitation of such a study and
should be addressedn future research

This thesis focuses mainly on space use assgnificant driver of residential energy consumption
and studies selected activities within the dwelling that can impact space use. Gher behavioural
categories that occur outside the homeand can significantly influence space useand activities
in other sectors with an impact on residential energy and space consumption should be
considered in future studies. The surveys conducted in this thesis provide rich datasets beyond
the scope of this thesis, which can cover some of these topicart of this dataset from Chapter
4 has already been used in a study evaluating the impact of teleworking on energy consumption
of residential, transport and tertiary sectors. This study looks at, among others, the impact of
household decisiors on moving to a larger dwelling due to the need for an in-home office.

Among the end uses in residential buildings, thisthesisfocused an space heating as it currently

accounts for a high share of residential energy consumption in most European Countries.

However, the heat wavesexperiencedin recent years the reported rise in temperature and the

increase inthe use of cooling appliances point towards the increasing need for space cooling
and the importance of considering it in future studies on residential energy consumption.

However, many strategiesto reduce the energy need forspace heatingdiscussed in this thesis
(e.g. adjusting the temperature and using other means for satisfying the heating needs) could

also apply to spacecooling.

The strategiesexplored in Chapters 3 and 5- moving, sharing, rearranging - are not only low-
hanging fruit but also novel approaches that could significantly enhancethe efficiency of space
use in the residential sector with minimal effort . To build a comprehensive understanding of
the acceptability, feasibility, and effectiveness of all types of strategiessimilar studies should
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be replicated, focusing on other types of strategies This will provide an even more robust basis
for policymakers to make informed decisions in the future.

The empirical data collected in this thesis provides avaluable basis for policymaking. However,
it focuses mainly on the social aspect of user behaviouland could be further complemented by
studies on the economic aspects that should be considered in decisiemaking regarding these
strategies. An example of such a study is a cost comparison between two scenarios: (i) providing
a dwelling through new construction, or (ii) freeing an already existing dwelling through
sufficiency measures, as discussed inChapter 6. Such a study should consider all stakeholders
and their costs and benefits.

The countriesstudied in Chapters 4 to 6 were selectedon the basis offactors considered relevant
to the scope of each chapter Although, similar studies should be repeated in other countriesto
get a complete picture of the situation in the different European countries with their
characteristics, the findings of this thesis are transferable to other countriesfor the following
reasons Firstly, the topic of high residential energy consumption addressedin this thesis is
relevant to almost the whole of Europe. Therefore, some general conclusions could be drawn
for all countries regardless of their characteristics Secondy, Chapter 5 showed that although
the country factor seems to have a more significant influence on heating behaviourthan socio-
demographic factors, similar patterns of heating behaviour could be observedin Germany and
the Netherlands. The samewas true for Greece and Poland.Therefore, lessons fromone country
could be applied to other countries with a similar policy mix and energy prices. Thirdly,
concerning the space use patternthe study on space use behaviour Chapter 4) showed that
the country% gffects on behaviour are not as significant as socieademographics Therefore,
despite the focus on specific countries, the results of this thesisare transferable to other
countries with careful consideration of the local context and specificities, suggesting tha the
findings may have broader applicability under certain circumstances.

The extensiveliterature on high energy consumption in the residential sector, coupled with the
awarenessamong all interviewed housing companies of the sufficiency conceptand its crucial
role in reducing residential space use,underscores the significance of the topic addressed in
this thesis. However, greater emphasisshould be placedon integrating the § s g pepspective.
This thesis provides a solid foundation for incorporating this aspect, highlighting its potential
to enhance the effectiveness of the policies addressing this topic.

7.3. Concluing remarks andecommendations

The main aim of this thesis wasto provide strategies for optimising the impact of policies that
addressresidential energy consumption and target its reduction.

As discussed inChapters 4 and 6, many existing tools and policies could potentially lead to

reductions in energy and space use in theresidential sector. However, in order to realise the
full potential of these tools, improvementsin the technical and socialinfrastructure are needed

On the technical side, this includes increasingdigitalisation and using new platforms and

technologies and on the social side, increasing social acceptance and redefining social norms
Learning from the best examples of other countries and documenting the successsand failures
of existing strategies could also help to plan such improvements effectively.

Furthermore, as discussed inChapter 3, it is essentialto bear in mind that various external
factors shape individual behaviour and influence choices which in turn are reflected directly
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and indirectly in household consumption. To have efficient and effective policies, these diferent
backgrounds and their influence on policy acceptance andcompliance should be recognised
and taken into account when designing policies and strategies. While the Spaceriented cluster
identified in Chapter 4 can be encouraged to follow policies by receiving organisational support,
for the Satisfaction-seekers, more financial support would do the job. Tailored policies should
also consider the different capabilities of their target groups. Chapters 4 and 5 identify the
tenant-owner dilemma as an obstacle to making positive changes toreduce energy and space
consumption, as tenantsusually do not have the power to make these decisions.

Financial aspects play a crucial role in the decision-making of all stakeholders about
implementing or pursuing strategies to reduce consumption. The housing companies
interviewed in Chapter 6 mention financial costs as one of the barriers to implementing

sufficiency measures Similarly, the households surveyed in Chapters 4 and 5 considered
financial burden as a reason for not taking measures b reduce the consumption in their

dwellings. Therefore, designing policies with a financial component seemsto effectively trigger

positive changes towards lower consumption. However, the type and scope of these policies
should be carefully chosento avoid undesirable side effects such as encouragingeven more
consumption or pushing households into energy poverty.

Finally, the results of Chapters 2 and 6 show that communication is crucial for the success of
policies, as alack of communication can lead to mistrust and dissatisfaction, thus reducing the
chances of a succesful policy. Finding the best means of communication, transparent
communication and giving responsibility to the right stakeholders are key to involving
households and building trust. One aspect that should alsobe considered in communication is
to focus on the multiple benefits of reducing consumption, not only for the environment but
also for the individual .
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Traces of Social Sustainability in Garden Cities-
Karlsruhe as a Case Study

By Mahsa Bagheri'

Abstract

Discussions about sustainable communities as a significant measure in social sustainability began in
the 2000s. Sustainable communities are defined as places m which existing and future generations
would like to work and live. They contribute to the well-being and quality of life and offer equal
opportunities to their residents. The definitions are similar to the objectives of one of the most
influential movements in the history of urban planning: the Garden City. The principles of the
Garden City are applicable to new and existing towns and its concept has been adopted in different
contexts until today. Therefore, many lessons can be learnt regarding sustainable urbanism by
studying social sustainability in this type of urban settlement. As a first step towards this aim, this
paper studies the experience of living in the Garden City of Katlsruhe today. A survey was
conducted among the current inhabitants. The study shows a high level of satisfaction and the
tendency for a long residency in the Garden City because of the reasons like ample greenery, central
location, and quietness of the settlement. The results will be used as the first dataset for developing a
framework for urban social sustainability in the Garden Cities.

Keywords: sustainable urbanisni, social sustainability, sustainable commennities, nser satisfaction, Garden Cities

1. Introduction

Since introducing the concept of sustainability in the 80s, several scholars have
tried to define and interpret it. The concept of sustainable development was soon spread
all around the world, covering the discussions at different levels, ranging from local to
global. Its flexibility resulted in several attempts in redefining and reinterpreting the
concept, in order to make it compatible with the discussed issues. The topic has been
addressed by scholars from different disciplines including urban studies. Making the
cities and communities more sustainable is one of the 17 sustainable development goals
(SDG 11) set by the United Nations General Assembly (United Nations, 2015). Among
the three pillars of sustainability, the social dimension, especially in relation to the built
environment (Dempsey et al, 2011) has received the least attention compared to the
environmental and economic dimensions. However, the recent discussions in
sustainability are not limited to the environmental dimension only, instead they include
economic and social aspects. Including the social dimension in sustainability discussion
increased around the beginning of the 21st century (Colantonio, 2007). As a context
related concept (Dempsey ct al., 2011) social sustainability has been discussed at different
urban levels: from small-scale urban units (e.g. Ghahramanpouri et al, 2015) and
neighborhoods (e.g. Bramley et al., 2009) to large-scale cities (e.g. Panda, Chakraborty,
and Misra, 2016) and regions (Spangenberg and Omann 2006). Having considered
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community as one of the three key components of the urban social sustainability by
scholars like (Yiftachel and Hedgecock 1993) shows the importance of sustainable
communities in enhancing social sustainability. Bristol Accord (OIDDPM 2005) defines
sustainable communitics as “places where people want to ive and work, now and in the
future. "T'hey meet the diverse needs of existing and future residents, are sensitive to their
Cn‘it()llln(:nt, Zl.fld C()ntribut(: to a hlgh (.]L'lﬂ.]ity ()E ]if(). Thcy arc Sﬂfc ﬂ.lld ]._Ilclusivc, \VCH
planned, built and run, and offer equality of opportunity and good services for all”
{ODPM 2005). Dempsey ct al. {2011) describe the community stability as one of the
measures in community sustainability and Silburm (1999) indicates that a sustainable
community requires long term residents.

In today’s socictics carcer paths have become more mobile and consequently people
rclocate more often compared to the past (Sennctt, 1999). This frequent spatial mobility
and its effects on social attachment and stability of the society has been previously
addressed by some scholars (see Toffler, 1970; Packard, 1972; Long, Boertlein, and
United States. Bureau of the Census, 1976 and l.ong and DeAre, 1981). According to the
world pictured by these authors, one would assume that the concepts like place
attachment and sense of belonging, which are among the measuring factors of social
Sustainabi]ity, hﬂ‘TC no m(:al]ing iIl C()nt(:mp()rar_v S()CiCLiCS. H()\VCVCI, most ()f t}lC dCbthCS
about the increased rate of mobility and its consequences in the society concern the
United States. According to Schneider, Stahl, and Struyk (2013), the residential mobility
in West Germany is much lower than in the US, nevertheless German residents still have
a higher mobility rate compared to the average in the EU (Huropean Union, 2015).

2. Notion of Social Sustainability in the Garden City

I'he Garden City movement, one of the most influential movements in the
history of urban planning, targets the uncontrolled growth of the cities and its
consequences. In 1898, Ebenezer Howard introduced the Garden City concept as a
response to overcrowded and deteriorated cities like l.ondon and as a solution to
improve the quality of life of the residents. Howard provided some ground rules for the
concept but left the room open for the Garden City to be designed based on the site
characteristics and the social and cultural backgrounds of the society. The aim of the
Garden City was to improve the quality of life, to provide each family with a house and a
picce of garden, to accommodate people of different social classes and to provide
working opportunities at different levels all through building a well-planned city. Some
of the concerned are to be found also in the definition of sustainable communitics: high
quality of life, opportunity and services for all and well-planned communities.

The Garden City movement originated in the UK but was soon translated and
interpreted in other countries. Germany was one of the pioneers to adopt the idea of the
Garden City and to initate realizing the concept by planning and building Garden Cities.
Among the German Garden Cities Karlsruhe was the first one to be founded and is
considered as an important example in Germany. The flexibility in designing the Garden
City makes the concept adoptable and transferable to different contexts and its principles
applicable to new scttlements as well as the existing ones (Unwin 2014). Considering that
the characteristics of the neighborhood play an essential role in residents’ decisions to
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