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Hinweis zu Inhalt und Aufbau
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Den Kern bilden die drei folgenden Beitrdge, die ab Seite 11 zusammengefasst und eingehender
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Hinweis zur geschlechtersensiblen Sprache

Experimentalstudien zeigen, dass es Leser:innen bei Verwendung des generischen Maskulinums in
Texten schwerer fillt, Frauen ,,mitzudenken* (Glim et al., 2024; Keith et al., 2022), selbst wenn diese
von der Verfasserin ,,mitgemeint* sein mogen. In der vorliegenden Arbeit sollen deshalb sowohl die
méinnliche als auch die weibliche Form im Text abgebildet werden. Dabei wird versucht, einen
Mittelweg zwischen emanzipatorischem Anspruch, Allgemeinverstindlichkeit, typografischer
Lesbarkeit und akademischer Konvention zu finden. Um beide Formen sichtbar zu machen, wird im
Folgenden iiberwiegend der grammatisch minnliche Wortstamm, getrennt durch einen Doppelpunkt,
um die weibliche Endung ergénzt (Nutzer:innen). Dies erscheint als typografisch angenehmere
Losung gegeniiber den im Text visuell hervorstechenden Alternativen mit Sternchen oder Unterstrich
(Nutzer*innen beziehungsweise Nutzer innen), dem schwierig lesbaren Binnen-I (Nutzerlnnen) und
der ausgeschriebenen Nennung (Nutzerinnen und Nutzer). Besonders sperrige Komposita (zum
Beispiel Expert:inneninterviews) werden zur besseren Lesbarkeit dennoch im Maskulinum gehalten.
Wenn durch Verwendung des Artikels eine Doppelnennung notwendig wére (der:die Nutzer:in) wird

das Femininum verwendet (die Nutzerin).
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1. Einleitung: Effizienz- und Suffizienzstrategie

,Energy Efficiency First“ lautet das selbst erkldrte Motto der Europdischen Union fiir den
Gebidudesektor (Europédische Kommission, 2021). Der Sektor ist von enormer Bedeutung, denn
weltweit sind Gebédude fiir 30% und in der EU fiir 40% des Endenergieverbrauchs verantwortlich
(Europdische Kommission, 2020a; International Energy Agency, 2023). Die Effizienzstrategie
dominiert auch in der deutschen Umweltpolitik: Gebdudehiillen sollen geddmmt, Gebaudetechnik
ausgetauscht und digitalisiert werden. Effizienz zielt darauf ab, einen gegebenen Output —
beispielsweise eine Raumtemperatur von 19°C in der Heizperiode — mit moglichst niedrigem
Ressourcenverbrauch zu erreichen, oder umgekehrt mit gegebenem Ressourceneinsatz moglichst viel
Output zu erzeugen (Goh & Ang, 2020; Irrek et al., 2008). Es handelt sich also um eine Optimierung
des Verhiltnisses von eingesetzten Ressourcen (Input) und resultierendem Output auf Produktions-
seite. Als alleinige Nachhaltigkeitsstrategie erscheint dieser Ansatz jedoch nicht ausreichend. Der
Fokus auf relative technische Verbesserungen blendet die absoluten Grenzen der 6kologischen
Tragfahigkeit aus (Daly, 2007; Kopatz, 2016; Rockstrom et al., 2009). Zudem werden die erwarteten
Einsparungen in der Praxis oft nicht erreicht. Etwa weil Haushalte nach einer Gebdudesanierung mehr
heizen (Winther & Wilhite, 2014), oder weil ihr Verbrauch vor der Effizienzmafinahme geringer war

als in der Planung angenommen (Sunikka-Blank & Galvin, 2012).

Deshalb soll Effizienz durch Suffizienz als komplementire Nachhaltigkeitsstrategie ergdnzt werden.
Die Suffizienzstrategie zielt darauf ab, den Ressourcenverbrauch durch MafBnahmen auf der
Konsumseite zu reduzieren, also zum Beispiel indem sich Haushalte mit einer niedrigeren
Raumtemperatur begniigen oder weniger Rdume beheizen. Allerdings wird Suffizienz oft als rein
individueller Ansatz verstanden, in dem Einzelpersonen ihren Konsum bewusst reduzieren. Darby
und Fawcett (2018) bemingeln diese Engfiihrung in ihrem Suffizienz-Konzeptpapier fiir das
European Council for an Energy Efficient Economy und fordern vermehrt praxistheoretische Unter-
suchungen zu Bediirfnissen und damit verkniipften Verbrduchen (ebd.: S. 20). Praxistheoretische
Beitrdge arbeiten bislang meist nicht explizit mit dem Suffizienzbegriff, obwohl sie besonders
relevant erscheinen, um das Verhalten von Konsument:innen zu erkldren und mdégliche Suffizienz-
ansitze im Gebdudesektor zu identifizieren. Die Praxistheorie versteht Konsum ndmlich nicht allein
als bewusste Entscheidung, sondern als Ergebnis der komplexen Verschrinkung von alltdglichen

Routinen, soziokulturellen Normen und Wissensbestinden sowie materieller Umwelt.

Fir diese Arbeit ist besonders die materielle Umwelt interessant. Gebdude konnen suffizientes
Verhalten erschweren oder Bediirfnisse und Ressourcenverbriauche ,,erschaffen, die in den Praktiken

der Haushalte zuvor nicht vorhanden waren — beispielsweise, wenn in technischen Normen eine



hohere Raumtemperatur vorgegeben ist, als die Haushalte in ihrem Alltag brauchen. In der Planung
werden fiir Bediirfnisse der Nutzer:innen Standardwerte angenommen, etwa flir Komfort-
temperaturen oder Mobilitét, obwohl die tatsdchlichen Gewohnheiten und Vorstellungen heterogen
sind. Die Hypothese dieser Arbeit ist, dass in der Gebdudeplanung zugrunde liegende und in Technik
materialisierte Annahmen tiber Bediirfnisse der Nutzer:innen ,,konsumeskalierend* wirken und so
suffiziente Alltagspraktiken verhindern. Planung kénnte im Umkehrschluss Konsum reduzieren,
wenn sie Gebdude stirker an die Bediirfnisse der Nutzer:innen anpasst. Im Folgenden soll anhand
empirischer Fille untersucht werden, wie Gebédudeplanung und -technik iiber die Bediirfnisse der
Konsument:innen hinaus gehen und mehr liefern, als diese eigentlich bendtigen. Dafiir wurden in drei
verschiedenen Feldzugéngen situierte Praktiken untersucht, die fiir den Energie- und Ressourcen-

verbrauch im Gebdudesektor besonders relevant sind.

In Kapitel 2 wird die Arbeit zunichst theoretisch verortet: Nach einem kurzen Uberblick zu bisheriger
Suffizienzforschung fiir den Gebdudesektor werden verschiedene theoretische Ansitze zur Erklarung
von Konsum diskutiert. Dabei erscheint die Praxistheorie fiir die hier verfolgte Fragestellung am
besten geeignet und wird daher ausfiihrlicher dargestellt. AbschlieBend wird, ausgehend von der
Problemstellung konsumeskalierender Dynamiken in der Planung, eine Suffizienzdefinition ent-
wickelt. In Kapitel 3 werden die drei Zeitschriftenbeitrdge in Hinblick auf ihre Datengrundlage,
Methode und zentralen Ergebnisse zusammengefasst und anschlieBend diskutiert. Kapitel 4 gibt eine
iibergreifende Synthese, zeigt Limitationen sowie weitere Forschungsbedarfe auf und entwickelt auf

dieser Basis Suffizienzansétze fiir den Gebaudesektor.
2. Erklarungsansitze fiir steigenden Ressourcenkonsum

2.1. Suffizienzforschung im Gebdudesektor

Bisherige Forschung zu Suffizienzansitzen im deutschen Gebaudesektor adressiert vor allem das
Thema Wohnfliche (Kenkmann et al., 2019). Dabei wurden insbesondere strukturelle
Wachstumstreiber und Suffizienzhindernisse identifiziert, etwa finanz- und steuerpolitische
Instrumente wie Gewerbesteuer, Grunderwerbssteuer oder Eigenheimzulage (Bocker, 2020; Kopatz,
2016) sowie Mechanismen des Mietmarkts wie giinstige Altmietvertrige oder ein mangelndes
Angebot an 1- bis 2-Raum-Wohnungen (Lorek & Spangenberg, 2019; Weber, 2020). Zudem gibt es
vielfdltige praktische Ansdtze, um Wohnflachen zu reduzieren. So zeigen Beitrége aus Bauwesen und
Stadtplanung Moglichkeiten des kleineren Bauens (Prytula et al., 2020), der Um-, Weiter- oder
Mehrfachnutzung von Gebduden und der Mobilisierung von leerstehendem oder unterbelegtem
Wohnraum auf (Hierl & Oertel, 2025; Martin, 2024). Als Ergéinzungen beziehungsweise Alternativen

zu gegenwirtigen Wohnungsmairkten werden Organisationsansitze wie Wohnungstauschborsen oder



,Wohnen gegen Hilfe* (Bierwirth et al., 2023) erprobt und Wohnformen wie Co-Housing oder
Okodérfer (Lietaert, 2010; Nelson, 2018) diskutiert. Teilweise werden auch soziokulturelle Normen
wie das Eigenheim im Griinen als ,,fest verankertes kulturelles Leitbild* (Bocker, 2020, S. 22-23)

oder Einstellungen von ,,Downsizern (Alexander & Ussher, 2012; Sandberg, 2018) angesprochen.

Die dargestellte Literatur ist dabei groftenteils eher angewandt und versucht, umsetzbare Losungen
zu konzipieren. Insbesondere die technisch-baulichen und organisatorischen Alternativen werden
selten wissenschaftlich evaluiert (vgl. Darby & Fawcett, 2018). Suffizienzansitze sind daher haufig
untertheoretisiert. Der Fokus auf umsetzbare Losungen bedeutet zudem oft eine Unschérfe im

Verstiandnis, wie Bediirfnisse entstehen und sich entwickeln.

2.2. Wachsende Anspriiche: Konsumtheoretische Perspektiven

Die Suffizienzliteratur argumentiert, dass Konsumreduktion nicht nur 6kologisch geboten, sondern
auch moglich ist. Ab einem gewissen Wohlstandsniveau geht mit steigendem Wirtschaftswachstum
langfristig keine entsprechende Erh6hung des Wohlbefindens mehr einher (Easterlin, 1974; Easterlin
& O’Connor, 2022) und fiir viele Bediirfnisse gibt es Séattigungsgrenzen (Princen, 2005), zum
Beispiel fiihrt eine hohere Raumtemperatur im Winter nicht linear zu mehr Komfort. Auf englisch
wird dabei zwischen ,,needs* und ,,wants‘ unterschieden. Als menschliche Grundbedirfnisse wurden
beispielsweise korperliche Integritit und Autonomie, Gesundheit, Subsistenz, Reproduktion,
Sicherheit, Freizeit, Spiritualitit, Kreativitit, Kontrolle {iber das eigene Umfeld oder die Mdglichkeit,
Beziehungen einzugehen, genannt (Gough, 2020; Max-Neef et al., 1989; Sen, 1984). Was zum
Erfiillen dieser Bediirfnisse dann im Einzelfall als notwendig erachtet wird, ist allerdings kulturell
verschieden und unterliegt historischem Wandel. Max-Neef et al. (1989) unterscheiden dafiir
zwischen wenigen, aber universellen ,,needs” und kontingenten ,,needs satisfiers®. Im Beispiel der
Raumwirme liegt etwa das Grundbediirfnis der Gesundheit zugrunde. Doch im historisch oder
kulturell vergleichenden Blick zeigt sich, wie unterschiedlich die dafiir benétigte Temperatur
ausgelegt wird. Beispielsweise beschreibt Rudge (2012), dass 1880 in GrofBlbritannien fiir Wohn-
zimmer 12-20°C und fiir Schlafzimmer mindestens 4°C Lufttemperatur empfohlen wurden. Niedrige
Wohnzimmertemperaturen wurden allerdings ertriglich, oder sogar komfortabel, durch die deutlich
wirmeren Bekleidungsstandards der viktorianischen Ara und zusitzliche Strahlungswirme durch
offene Kaminfeuer. Auch internationale Feldstudien dokumentieren Komfort bei Temperaturen von
6°C im antarktischen Winter bis 30°C in pakistanischen Biiros (Roaf et al., 2005, S. 115; Shove,
2003, S. 35). Doch in heutigen Industriegesellschaften werden fiir Komfort weit mehr Ressourcen
verbraucht als durch diese historischen und kulturellen Spannweiten grundsétzlich moglich erscheint.

Wie ldsst sich das Entstehen von Anspriichen, und ihre Ubersetzung in Konsum, konzeptualisieren?



In der sozialwissenschaftlichen Konsumforschung (fiir einen Uberblick vgl. Hansen & Nielsen, 2023;
Warde, 2005, 2014) lassen sich grob drei Ansdtze unterscheiden: Skonomische, kultur- und

praxistheoretische Erklarungen.

Okonomische Ansitze betrachten auf der Angebotsseite (makro-)okonomische Institutionen und
Produktionsweisen. Beispielsweise wurde Konsum durch Produktivitétssteigerung, Ausweitung der
Arbeitszeit und die kostengiinstige industrielle Fertigung von Konsumgiitern erhoht (Repke, 1999).
Zur Erkldrung der Nachfrageseite wird das utilitaristische wirtschaftwissenschaftliche Modell
zugrunde gelegt, demzufolge die Konsument:innen gemil ihrer Priaferenzen und in Reaktion auf
Preissignale handeln (Warde, 2014). In der Soziologie wird dieser Ansatz insbesondere durch den
methodologischen Individualismus vertreten (Coleman, 1966; Diekmann & Voss, 2004). Hoher
Konsum ist in dieser Perspektive darauf zuriickzufiihren, dass Individuen die Moglichkeiten
(Kaufkraft und verfligbares Angebot) dazu haben und sich dafiir entscheiden, weil der Erwerb der
gewlinschten Giiter ihr Wohlbefinden beziehungsweise ihren personlichen Nutzen erhoht. In Konsum
driickt sich eine personliche Préferenz aus, die nicht ndher untersucht wird (Jackson, 2004; Repke,
1999). Erklarungsansitze fiir Energie- und Ressourcenkonsum im Gebaudesektor wiirden dann etwa
beschreiben, dass Menschen bei steigendem Wohlstand groflere Wohnfldchen in Anspruch nehmen,
oder auch mehr Bereiche ihres Zuhauses wirmer temperieren, weil sie dadurch ihren Wohnkomfort
und somit ihre Zufriedenheit steigern. Damit Verbraucher:innen suffizient leben, miisste dies ihren
Préferenzen entsprechen. Eine Person mit hohem Umweltbewusstsein konnte etwa den Wunsch nach
einem niedrigen CO»-FuBlabdruck gegen ihren Komfort abwigen und sich infolgedessen fiir eine
etwas niedrigere Raumtemperatur entschlieBen. Die Annahme ist, dass sich umweltfreundliche
Einstellungen auch in Konsumentscheidungen niederschlagen (Ajzen, 1991), etwa dem Kauf
okologischerer Giiter oder dem bewussten Verzicht. Dadurch wird die Erhebung von Umwelt-

einstellungen zu einem wichtigen Forschungsfeld (Frick et al., 2025).

Kulturtheoretische Erkldrungen beschreiben hingegen, wie bestimmte Konsumformen notwendig
sind, um Gruppenzugehorigkeit und gesellschaftlichen Status zu markieren (Bourdieu, 1984; Douglas
& Isherwood, 1996; Veblen, 2008). In der Moderne wird Identitdt zudem zu einem individuellen
Projekt, das den Konsum stetig neuer Giiter notig macht (Giddens, 1991). Auf den Gebdudesektor
iibertragen konnte mit dieser Perspektive zum Beispiel untersucht werden, wie sich durch
Zugehorigkeits- beziehungsweise Distinktionsdynamiken Wohnstandards etablieren. So konnte
— zugespitzt — Status in bestimmten gesellschaftlichen Milieus iiber einen groflen Neubau auf der
griinen Wiese ausgedriickt werden, in anderen wiederum {iiber eine Altbauwohnung in besonders
exklusiver Lage. In dieser Tradition stellt beispielsweise Bittlingmayer (2000, Kap. 5) suffiziente

Lebensstile fiir akademische Milieus als Mittel der Distinktion gegeniiber einer hoheren Klasse dar.



Eine suffiziente Elite konnte alternative Statussymbole wie Zeitwohlstand (Schneidewind & Zahrnt,

2013) vorleben und fiir weitere Teile der Gesellschaft wiinschenswert machen (Paech, 2012).

Diese Ansidtze werden jedoch vermehrt kritisiert. Gerade gegen die kulturzentrierte Erkldrung 14sst
sich anfiihren, dass der Fokus auf die symbolische Bedeutung des Konsums die vielen ,,unsichtbaren*
alltdglichen Verbrauche im Gebédudesektor ausblendet. Beispielsweise kann der Strom- und Wasser-
konsum beim Waschen schwerlich als identititsstiftend erkldrt werden (Gronow & Warde, 2001;
Warde, 2014). Auch werden Konsumhandlungen wie Heizen oder das Befiillen einer Waschmaschine
routiniert ausgefiihrt und unterliegen im Alltag keiner Abwégung etwa iiber Okologische Aus-
wirkungen. Zudem fiihrt der theoretische Fokus vor allem des methodologischen Individualismus
dazu, dass die Verantwortung fiir die 6kologisch notwendige Konsumreduktion bei den Personen
selbst liegt (Jackson, 2004) und so gleichsam abgewalzt wird (Winterfeld, 2016). Politik soll diese
durch Anreize und Sanktionen beeinflussen und ist dann weitgehend von der Pflicht befreit, geeignete
Rahmenbedingungen fiir 6kologisches Verhalten bereitzustellen (Shove, 2010). SchlieBlich gibt es
vielfdltige materielle und infrastrukturelle Hiirden, die den Verhaltensspielraum einschridnken und
durch Einzelpersonen oder Haushalte nicht verdndert werden kénnen. Die Praxistheorie reagiert auf

diese Einwéande.

2.3. Konsum als Ergebnis situierter Praktiken

Die Praxistheorie integriert sowohl die angesprochene Routiniertheit, die Konsum im Alltag mehr
oder weniger unbewusst ablaufen lésst, als auch die materiellen Rahmenbedingungen, die den Alltag
der Verbraucher:innen strukturieren. Anstatt allein die Beweggriinde individueller Akteure fiir
bestimmte (Konsum-)Handlungen zu betrachten, sind nun Praktiken der zentrale analytische Fokus.
Eine Praktik ist ein bestimmtes Arrangement aus Infrastrukturen und Dingen sowie aus den sozialen
Normen, Vorstellungen und Routinen der Ausfiihrenden. Um die Herangehensweise der Praxis-
theorie in Abgrenzung zu den oben diskutierten Ansédtzen deutlich zu machen, soll basierend auf
Shove (2003) kurz das Beispiel der Ausbreitung von Klimaanlagen im Gebdudesektor skizziert
werden. AnschlieBend werden die wichtigsten Inhalte der Praxistheorie(n) resiimiert und eine

Definition gegeben.

Der oben skizzierte methodologische Individualismus wiirde sich vor allem mit individuellen
Entscheidungen zu Konsum und Nutzung von Klimaanlagen befassen (Wang et al., 2021).
Kulturtheoretische Perspektiven konnten diese Darstellung beispielsweise um eine Erkldrung
ergidnzen, wie Klimaanlagen zu wichtigen Signifikanten eines ,,modernen westlichen* Lebensstils
wurden (Wilhite, 2009). Dagegen beschreibt Shove (2003) in praxistheoretischer Perspektive die

Ausbreitung der Klimaanlage als einen langeren Prozess, in dem sich verschiedene Elemente auf eine



bestimmte Art ineinander fligen mussten, um zu einer Praktik des Klimatisierens zu werden, die
mittlerweile in vielen Teilen der Welt gleichsam zu einem Grundbediirfnis und selbstverstindlichen

Teil des Alltags geworden ist.

Nach der technischen Entwicklung der Klimaanlage musste diese Art, Rdume zu temperieren, als
etwas Wiinschenswertes etabliert werden. Shove zeigt auf, wie dieses ,,Bediirfnis* zunéchst nicht
eindeutig gegeben war, und durchaus andere Deutungen der Klimaanlage kursierten — etwa als
gesundheitsgefdhrdend oder als Zeichen von Schwéche (Shove, 2003, S. 51). Eine wichtige Rolle bei
der Etablierung eines Bedarfs spielte die Forschung um den thermischen Komfort. Hier wurde
basierend auf Laborexperimenten (Fanger, 1970) ein Temperaturbereich ermittelt, den die meisten
Menschen (im Durchschnitt) als akzeptabel empfinden.! So wurden fiir die Klimaanlage Mirkte
geschaffen, denn kein natiirliches Klima produziert konstant die nun wissenschaftlich definierten
»idealen* Bedingungen (Shove, 2003, S. 30). Die Aufnahme in internationale Standards und Normen
wie ASHRAE 55 oder ISO 7730 fiihrte zu einer schnellen Verbreitung, denn obwohl diese nicht
verpflichtend sind, halten sich Ingenieur:innen daran (ebd.: S. 34). Heute ist die Klimatisierung in
viele materielle Umwelten derart eingebettet, dass fiir Individuen kein Entscheidungsspielraum iiber
Konsum oder Nichtkonsum existiert. Beispielsweise sind Klimaanlagen fiir Hochhéduser im
International Style zwingend notwendig, da die Glasfassaden fiir hohe Wiarmegewinne sorgen und
Fenster in hohen Etagen nicht geéffnet werden kdnnen. Mit dieser materiellen Verankerung wurden
gleichzeitig die Kompetenzen der Nutzer:innen restrukturiert. Wihrend im passiven Gebédude
Hrichtiges® Liiften und Verschatten notwendig sind, um das Raumklima ertraglich zu halten, werden
diese praktischen Fihigkeiten nun an die Klimaanlage abgegeben — zum Teil auch erzwungener-
malfen, etwa indem Fenster nicht mehr selbstindig bedient werden konnen. Frithere energieneutrale
Anpassungsstrategien wie Nachtliiften oder der Aufenthalt vor dem Haus, im kiihlenden Lufthauch

einer verschatteten Veranda, werden dann nicht mehr praktiziert.

In dieser Beschreibung scheinen bereits die Komponenten einer Praktik auf, die Shove et al. (2012)
spater als drei ,,Elemente* systematisieren: ,,materials, competences, meanings®, libersetzbar etwa
mit: materielle Infrastruktur, Dinge; Kompetenzen, Routinen; Deutungen oder Verstindnisse. Die
Klimaanlage und eine zunehmend auf Klimatisierung ausgelegte Architektur sind die materiellen
Komponenten der neuen Kiihlungspraktik. Mit ihr wandelte sich auch das Verstindnis, was ein

komfortables, gesundes oder ertrigliches Raumklima ist, und sie erfordert von den Individuen andere

! Die Faktoren Kleidung, Aktivititsniveau, Strahlungstemperatur, Luftgeschwindigkeit und -feuchtigkeit werden dafiir
konstant gehalten beziehungsweise fiir verschiedene Orte und Tatigkeiten Standardwerte angenommen. Fiir eine sitzende
Biirotitigkeit in der Heizperiode wird zum Beispiel ein Bekleidungswert von 1 clo eingesetzt, was einem zweiteiligen
Anzug entspricht (Hellwig et al., 2008).



Kompetenzen — etwa, sich bei Hitze im Innenraum aufzuhalten und das Haus gegentiber dem Auf3en-
raum moglichst undurchldssig zu halten. Anhand dieser drei Elemente sollen im Folgenden
wesentliche Aspekte der Praxistheorie vertieft werden. ,,Die” Praxistheorie ist allerdings kein
einheitliches Theoriegebdude, sondern speist sich aus unterschiedlichen Quellen (fiir einen Uberblick
vgl. Reckwitz, 2003). Es sollen daher vor allem diejenigen Beitrdge diskutiert werden, die flir die
vorliegende Untersuchung von Praktiken und moglichen Suffizienzansidtzen im Gebaudesektor einen

analytischen Mehrwert bieten.

Das Element der Kompetenzen in der Systematisierung von Shove et al. (2012) unterscheidet sich
deutlich von den weiter oben dargestellten Theorien, in denen mentale Abwagungsprozesse eines
rationalen Individuums im Vordergrund stehen. Die Praxistheorie stellt infrage, inwieweit tiberhaupt
in Alltagssituationen abgewogen und entschieden wird. Praxistheorien verstehen Handlungen als
primér getragen von einem praktischen, impliziten Wissen (Giddens, 1984) dariiber, was in
bestimmten Situationen zu tun ist. Diese Art des Wissens wird nicht reflektiert und kann
normalerweise nur begrenzt sprachlich expliziert werden (Collins, 2001). Auch in neuen Situationen
werden selten die moglichen Handlungsoptionen rational abgewégt, sondern es wird auf vorhandene
Muster aus bereits bekannten Kontexten zuriickgegriffen, um die Situation zu bewiltigen (Hitchings,
2007; Schatzki, 2013). Der Vollzug im Alltag wird hervorgehoben. Praktisches Wissen kann regel-
und textbasiert (zum Beispiel durch Bedienungsanleitungen) erlernt werden, wird aber meistens eher
durch das Kopieren anderer Praktiker:innen (Lave & Wenger, 1991; Shove et al., 2012, Kap. 4, S. 6-
7) angeeignet oder wie angesprochen aus anderen Kontexten iibertragen, und schlieBlich so weit

inkorporiert, dass die Handlung ohne Reflexion gekonnt ausgefiihrt wird.

Gestiitzt werden Handlungsroutinen nicht nur durch das implizite Wissen, sondern auch durch die
materielle Umgebung. Das Element der Materialien umfasst etwa ,,Objekte, Infrastrukturen, Geréte,
Hardware und den Korper selbst™ (Shove et al., 2012, Kap. 2, S. 3). Die Science and Technology
Studies und Akteur-Netzwerk-Theorie werden daher auch als Bezugspunkte der Praxistheorie
genannt. Gegenstdnde legen durch ihre Gestaltung eine gewisse Gebrauchsweise nahe (Latour, 1996),
konnen diese aber nicht vollstdndig determinieren. Studien aus den Science and Technology Studies
beschreiben, wie die Entwickler:innen technischer Objekte eine Vision der Welt und der kiinftigen
Nutzer:innen definieren und diese Rollen in die Technik einschreiben (Akrich, 2006; Callon, 2006).
Im Gebrauch werden die Gegenstinde dann allerdings von den Nutzer:innen in ihren Alltag
eingepasst (,,Domestizierung® (Silverstone, 1992)) und dabei unter Umstédnden anders genutzt und

angeeignet als vorgesehen.

Subjektive Handlungsmotive spielen auch in der Praxistheorie eine Rolle, werden jedoch im

Vergleich zu den eingangs vorgestellten Ansédtzen deutlich dezentriert als nur eine von drei



handlungsleitenden Komponenten. Shove et al. fassen sie als ,,meanings* zusammen, die ,,soziale
und symbolische Bedeutung der Teilnahme [an einer Praktik]“ (2012, Kap. 2, S. 3). Solche
Deutungen sind oftmals das, was in sozialwissenschaftlichen Studien erfragt wird; etwa die
personlichen Werte und Einstellungen zu Umweltthemen (Frick et al., 2025). Spielarten der Praxis-
theorie wiirden allerdings davon ausgehen, dass Werte und Normen den praktischen Dispositionen
nachgelagert sind (Bourdieu, 2021; Warde, 2014, S. 285) und Menschen ex post mit Erzdhlungen
legitimieren, was sie ohnehin tun. Bereits im obigen Beispiel der Klimaanlage wurde gezeigt, wie
Praktiken an iibergreifende Bedeutungsdiskurse, wie beispielsweise Gesundheit oder Modernitit,

andocken.

Jede Praktik speist sich aus diesen drei Elementen in einer spezifischen Konfiguration. Praktiken
»existieren* aber nur in ihrer Ausiibung durch die Praktizierenden. Deshalb bieten Shove et al. (2012)

fiir Praktiken folgende Definition an:

“IS]ocial practices consist of elements [material, competences, meanings] that are integrated when

practices are enacted.” (Shove et al., 2012, Kap. 2, S. 1)

Diese knappe Definition soll auch in der vorliegenden Arbeit verwendet werden. Eine letzte hilfreiche
begriffliche Unterscheidung ist die zwischen ,,practice as entity®, also eine raum-zeitlich relativ
stabile und als Praktik erkennbare Entitit und ,,practice as performance®, das heillit die konkrete
reproduzierende Ausfithrung (Schatzki, 1996). Die Praktik als Entitét bleibt auch dann bestehen,
wenn die Ausiibung variiert beziechungsweise sich einzelne Elemente verdndern — so wird etwa Auto-
fahren als eine Praktik anerkannt, auch wenn sich lokale oder individuelle Fahrstile unterscheiden
beziehungsweise sich technische Komponenten, die symbolische Bedeutung oder Kompetenzen der
Verkehrsteilnehmenden &ndern (Shove et al., 2012, Kap. 2). Sind Verdnderungen jedoch
,uberwiltigend, zahlreich oder weitreichend*, konnen sie die Praktik derart transformieren, dass sie
als eine ginzlich neue verstanden werden muss (Schatzki, 2013, S. 11).2 Ein gingiger praxis-
theoretischer Ansatz, der bereits im vorherigen Kapitel geschildert wurde, ist die Analyse der
(historischen) Evolution von Praktiken, wie die der Klimatisierung im Wohnbereich. Eine solche
langfristige Betrachtung von ,,practice as entity* kann allerdings die Diversitdt in der alltdglichen
Reproduktion, die situierte ,,practice as performance® nicht beriicksichtigen (Hitchings, 2013). Sie
sollte daher um eine Beschreibung ergénzt werden, wie ,,solche Strukturen lebendig werden oder
fortdauern*, wie Konsumpraktiken im Alltag angeeignet und ausgefiihrt, also reproduziert werden

(Jaeger-Erben & Offenberger, 2014, S. 167).

2 In der Einordnung von Praktiken und ihrer Veréinderung gibt es allerdings eine gewisse Unschérfe. Shove et al. (2012)
schlagen vor, hierzu die Einschéitzung der Praktizierenden zu erheben oder eigene analytische Schliisse zu ziehen, die
immer anfechtbar bleiben.



Die vorliegende Arbeit interessiert sich dabei besonders dafiir, wie in der materiellen Umwelt
eingebettete Vorstellungen liber Nutzerbediirfnisse mit der Aneignung und Reproduktion durch die
Triger:innen der Praktik zusammenwirken — und mdglicherweise deren Konsum steigern. Der
ndchste Abschnitt diskutiert, welche Rolle dabei die Gebdudeplanung spielt, und entwickelt davon

ausgehend eine Definition suffizienter Praktiken und Planung.

2.4. Konsumeskalierende oder suffiziente Planung?

Wie weiter oben am Beispiel der Klimaanlage diskutiert (Shove, 2003), kann bereits die Planung von
Gebéduden und Gebdudetechnik Steigerungsdynamiken beinhalten, wenn sie vorher nicht, oder nicht
in dieser Grofenordnung, existierende Bediirfnisse annimmt und dadurch erst etabliert. Die zugrunde
liegenden Standardwerte und technischen Regeln geben nicht unbedingt akkurat die tatsdchlichen
Bediirfnisse der Nutzer:innen wieder. In ihrem Review von Suffizienzansédtzen im Gebaudesektor
bezeichnen Lorek und Spangenberg (2019, S. 289) dies mit Bezug auf die vorgegebene Raum-
temperatur der technischen Normen als ,,tension between upscaling norms and factual needs*. Auch
Brischke et al. (2016) weisen im Forschungsprojekt ,,Energiesuffizienz®“ auf Fille hin, in denen
Haushaltstechnik mehr Output liefert als die Nutzer:innen grundsétzlich oder in diesem Augenblick
benodtigen. Das wire beispielweise der Fall, wenn Gebdudetechnik eine hohere Raumtemperatur
bereitstellt als von der Nutzerin eigentlich gewiinscht. Hier geht Technik also iiber die Bediirfnisse
der Konsument:innen hinweg und liefert zu viel. Daher ergdnzen Brischke et al. (2016) neben den
Suffizienzstrategien der Reduktion und Substitution als dritte Mdglichkeit die Anpassung, das heilit
,den Abbau oder die Vermeidung von Uberdimensionierung, UbermaB an Funktionen und iiber-

fliissigen (nicht in Anspruch genommenen) Lieferungen von Techniknutzen* (S. 17).

Ein Suffizienzansatz im Gebdudesektor konnte demnach die Anpassung der Gebdaude an moglicher-
weise geringere Bediirfnisse der Nutzer:innen sein. Brischke et al. (2016) illustrieren dies anhand des
,Downsizing* bestehender Technik. Doch auch der Verzicht auf Konsumsteigerung in der Zukunft
erscheint als relevante Suffizienzmallnahme — etwa Gebdude und Menschen weiterhin mit passiven
MaBnahmen wie Nachtliiftung, Verschattung oder Ventilatoren zu kiihlen, anstatt auf energie-
intensive Klimatisierung umzusteigen. Bocker (2020, S. 80 ff.) beschreibt dies im Kontext der
Stadtplanung als suffiziente ,,Nulloption‘: In Planungsprozessen sollte es moglich sein, sich ginzlich
gegen eine Entwicklung zu entscheiden. Ein solcher Verzicht auf kiinftige Entwicklung und

,Upscaling* sollte ebenfalls in einer Suffizienzdefinition abgebildet sein.

Das dieser Arbeit zugrunde liegende Verstindnis von Suffizienz beinhaltet deshalb nicht nur die

Reduktion von Konsum im Vergleich zum Status quo, sondern auch den Verzicht auf eine



Konsumsteigerung in der Zukunft. Praktiken sollen daher als suffizient gelten, wenn sie entweder
(1) eine umweltentlastende Konsumverdnderung beinhalten, oder (2) eine umweltbelastende

Konsumeskalation vermeiden.

Eine umweltentlastende Konsumverdnderung (1) wére beispielsweise, wenn sich eine Biiro-
gemeinschaft darauf einigt, die vorhandene Klimaanlage nicht mehr ganztigig, sondern nur noch
wiéhrend der heillesten Stunden nach dem Mittagessen zu betreiben (vgl. Koth, 2025), wodurch Strom
eingespart wird. Ein Beispiel fiir das Vermeiden umweltbelastender Konsumeskalation (2) wére eine
Biirogemeinschaft, die sich darauf einigt, keine Klimagerdte nachzuriisten. Es erfolgt zwar keine
Konsumreduktion gegeniiber dem Status quo, aber eine Konsumausweitung und dadurch
Umweltbelastung in der Zukunft wird vermieden. In beiden Beispielen entscheidet sich die Biiro-
gemeinschaft aktiv fiir eine suffiziente Option — doch Suffizienz koénnte auch von einer Anpassung
des technischen Elements ausgehen, ohne dass die Nutzer:innen sich umstellen. In der Suffizienz-
strategie der ,,Anpassung™ (Brischke et al. 2016) wird Technik auf die tatsdchlichen Bediirfnisse
angepasst. Das wire zum Beispiel der Fall, wenn die Solltemperatur im Sommer erhoht wird, weil
die Klimatisierung fiir die meisten Biirobeschéftigten ohnehin etwas zu kiihl ist. Es erfolgt im
Ergebnis eine Konsumreduktion (1), obwohl sich das Verhalten der Nutzer:innen nicht veréndert.
Aus diesen Uberlegungen folgt, dass Bau- und Gebdudeplanung dann suffizient ist, wenn sie durch

Konsumreduktion oder das Vermeiden von Konsumeskalation eine Umweltentlastung bewirkt.

2.5. Hypothese und Vorgehen

Die Hypothese der Arbeit lautet, dass in der Gebdaudeplanung zugrunde liegende und in Technik
materialisierte Annahmen iiber Bediirfnisse der Nutzer:innen konsumeskalierend wirken und so
suffiziente Alltagspraktiken verhindern. Planung kénnte im Umkehrschluss Konsum reduzieren,

wenn sie Gebdude(technik) stirker an die Bediirfnisse der Nutzer:innen anpasst.

Es soll gepriift werden, wie solche Momente der ,, Konsumeskalation® in situierten Praktiken
entstehen. Dafiir werden vor allem die alltidgliche Reproduktion und Interpretation von Bediirfnissen
durch die Nutzer:innen von Gebéduden und Quartieren, aber auch die Deutungen von Planer:innen
untersucht. Fiir den deutschen Gebédudesektor sollen auf Basis empirischer Félle Suffizienzmoglich-
keiten aufgezeigt und gleichzeitig grundlegender zum praxistheoretischen Verstidndnis von Suffizienz

in Alltagspraktiken beigetragen werden.

Die Praxistheorie zeichnet sich gerade durch ihre ,.konzeptuelle Offenheit* aus, die es ermdglicht,
unterschiedlichste Gegenstinde zu beforschen und innerhalb einer vergleichsweise flexiblen
theoretischen Rahmung offen fiir die empirischen Befunde zu bleiben (Schifer, 2016, S. 14). Da

Theorie, Methodologie und Empirie darin eng verschriankt sind (ebd.), ergibt sich keine strenge



Methodenlehre aus einem praxistheoretischen Forschungsprogramm. Wie bereits beschrieben
arbeiten Untersuchungen zum Teil historisch, um die Genese und Evolution von Praktiken
analysieren zu konnen (Shove, 2003). Im Feld der Energieforschung finden sich dariiber hinaus
zahlreiche Arbeiten, die ,,practices as performances®, also ihre alltdgliche Ausfiihrung und Re-
produktion, in den Blick nehmen (Eon et al., 2017; Gram-Hanssen, 2010). Dabei kommen
Befragungsmethoden zum Einsatz, die sich nicht ausschlieBlich auf die Motivationen und Ansichten
der Menschen stiitzen, sondern versuchen, ihre alltiglichen Handlungsroutinen nachzuvollziehen. Es
bleibt jedoch fraglich, inwieweit die Befragten ,,zuverldssige Erzdhler:innen* sind, da viele Routinen
unbewusst ablaufen und kaum erinnert oder artikuliert werden. Daher werden zusitzlich oft weitere
Daten erhoben, etwa durch Messungen oder Beobachtungen. Beobachtungs- und Umweltdaten
konnen als Verhaltensspuren der Befragten dienen und gleichzeitig das materielle Element von
Praktiken reprisentieren. In den vorgelegten Beitrdgen wurden neben Befragungsdaten auch
Temperaturmessungen, Memos von Haushaltsbesuchen, Fensterzdhlung an Fassaden oder GIS-
gestiitzte Auswertungen von Gebduden und ihrem Umfeld hinzugezogen. Durch die verschiedenen
Feldzugédnge und Forschungsdesigns wurde die methodische Vorgehensweise jeweils gegenstands-

und situationsangemessen angepasst.

3. Zusammenfassung und Diskussion der Forschungsarbeiten

Im Folgenden wird jeweils zunéchst eine deutschsprachige Zusammenfassung gegeben, in der
Relevanz, Datengrundlage, Methode und zentrale Ergebnisse dargestellt werden. AnschlieSend wird
diskutiert, welchen Beitrag die Artikel zum iibergreifenden Thema der Arbeit leisten. Eine Synthese

erfolgt in Kapitel 4 ab Seite 25.

3.1. Wiarme- und Liiftungspraktiken in energieeffizient gedammten
Mehrfamilienhdusern

Bauer, A., Mdller, S., Gill, B., & Schroder, F. (2021). When energy efficiency goes out the window:
How highly insulated buildings contribute to energy-intensive ventilation practices in Germany.

Energy Research & Social Science, 72, 101888. DOI: 10.1016/j.erss.2020.101888.

Der grofite Teil des Endenergieverbrauchs privater Haushalte wird fiir Raumwérme aufgewendet (um
67%, vgl. fiir 2023: Umweltbundesamt, 2025). Politische Steuerungsansitze fokussieren daher seit
Jahrzehnten darauf, die Energieeffizienz von Gebédudehiille und Gebédudetechnik zu erhéhen.
Allerdings wird in der Literatur eine ,,Energy Performance Gap*“ (EPG) diagnostiziert, also eine
Liicke zwischen den in der Planung errechneten und den in der Nutzungsphase tatsachlich erreichten

Verbrauchen. In verschiedenen Studien betragt diese zwischen +15 und +35% (Cali et al., 2016), ein
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neuerer Review von 144 Studien gibt fiir Wohngebdude einen Median von +30% an (Mahdavi &
Berger, 2024), und fiir die im Beitrag untersuchten Gebdude berechneten Moeller et al. (2020) eine
EPG von +15,4%. Diese Liicke wird oft den Bewohner:innen zugeschrieben (Delzendeh et al., 2017;
Zou et al., 2018). In 36% der von Mahdavi et al. (2021) reviewten Studien wird die Fenster6ffnung
als Ursache der EPG benannt: Bewohner:innen 6ffnen die Fenster hdufiger und/oder ldnger als
modellhaft angenommen. Aulerdem sind Raumtemperaturen in vielen Féllen hoher als angenommen
(Mahdavi et al., 2021, S. 30). Allerdings sind die Hintergriinde dieser Interaktion mit der
Gebidudetechnik unklar. Genannt werden unter anderem Abrechnungsmodalitdten, Einkommens-
niveau oder Umwelteinstellungen der Haushalte (ebd.: S. 32). Diese Erklarungen zielen, ganz im
Sinne des methodologischen Individualismus, auf die Ressourcen und Motivationen der Individuen
ab. Allerdings stellt die Praxistheorie infrage, ob die EPGs immer als Rebound-Effekt (im Sinne einer

bewussten Komfort- und dadurch Konsumsteigerung) erklirt werden sollten.

Die Hypothese des Beitrags ist, dass die EPG in den untersuchten Gebduden als Folge einer
ungiinstigen Interaktion heterogener Haushaltspraktiken und der verdnderten Technik im Feld
verstanden werden kann. Er untersucht, ob die Erhéhung der Gebdudeddmmung zu einer (von den
Haushalten nicht intendierten) Konsumeskalation beitrdgt, die moglicherweise die Einsparungen

durch Energieeffizienz vermindert — und wie sich dies auf suffiziente Praktiken auswirkt.

3.1.1. Zusammenfassung des Beitrags

Feld und Methode

In der Studie wurden in sechs Mehrfamilienhdusern (entsprechend dem Standard der Energie-
einsparverordnung 2009) insgesamt 19 teilstandardisierte Interviews mit Bewohner:innen gefiihrt.
Zusitzlich wurden in den Wohnungen wihrend der Interviews Oberflichentemperaturen gemessen.
Altere Messungen von Raumtemperaturen und Fensterdffnungen (2012-2013) sowie Fenster-

zahlungen bei Feldbesuchen (2016-2018) wurden ergidnzend herangezogen.

Ergebnisse

Die der Gebdudeplanung zugrunde liegende Energieeinsparverordnung nimmt 19°C Lufttemperatur
im Innenraum als Ziel an, das moglichst energieeffizient zur Verfligung gestellt werden soll. Dies
wird vor allem iiber die Dammung der Gebédudehiille erreicht, damit die einmal aufgewendete
Heizenergie im Inneren verbleibt und nicht {iber diinne Wénde beziehungsweise undichte Fenster
schnell nach auBen abgegeben wird. Dadurch ergibt sich eine gewisse Trigheit: Die Gebaude heizen
sich langsam auf und speichern diese Wiarme dann auch lédnger. Zusitzlich haben die untersuchten
Hauser recht grofle und nach Siiden ausgerichtete Fensterfronten, sodass die Sonneneinstrahlung im
Winter zur Erwérmung der Innenrdume beitrdgt und Heizenergie eingespart werden kann. Die

Zieltemperatur soll {iber alle Rdume und Wohnungen hinweg hergestellt werden, wobei eine



durchschnittliche Luftwechselrate von 0,7 vol/h angenommen wird. Mogliche Temperaturunter-
schiede zwischen den Rdumen und Wohnungen werden nicht beriicksichtigt, obwohl die Winde in

und zwischen Wohnungen im Vergleich zu den AuBBenwénden deutlich weniger stark geddmmt sind.

Diese Gebaudetechnik, als das materielle Element der untersuchten Praktiken, ist fiir alle Haushalte
gleich. Die erhobenen Kompetenzen und Deutungen der Haushalte zeigen jedoch eine deutliche
Heterogenitét. Im Beitrag werden fiinf ,,Typen* beschrieben, die jeweils unterschiedliche Heizungs-
beziehungsweise Liiftungsroutinen aufweisen. Dabei gibt es in mehreren Fillen Briiche zwischen den
Gewohnheiten und Vorstellungen der Haushalte und dem, was die Gebdudetechnik ermdglicht. Das

betrifft vor allem das Abkiihlen der Rdume in bestimmten Situationen.

Der Temperaturbereich, der als komfortabel empfunden wird, variiert sowohl zwischen als auch
innerhalb von Haushalten (je nach Raum und Person). Auch die Individuen haben wechselnde
Komforttemperaturen, unter anderem in Abhéngigkeit von der Tageszeit oder je nachdem, welche
anderen Praktiken gerade stattfinden (zum Beispiel schweiftreibendes Putzen oder ruhiges Sitzen vor
dem Fernseher). So ist es vielen Befragten in bestimmten Rdumen oder Situationen schnell zu warm.
Etwa wenn das Zimmer den kiithlen Vormittag iiber beheizt wurde und nachmittags beim Putzen ,,die
Sonne herauskommt®. Sind die Raume im Winter allerdings einmal aufgeheizt, fiihrt das Abdrehen
des Heizkorpers erst deutlich spéter zu niedrigeren Temperaturen, denn die Gebdude verlieren die
gespeicherte Wiarme nur langsam. Die erwartete ziigige und spiirbare Senkung der Temperaturen

»erlaubt das Gebdude nur liber die Fensterliiftung.

Zudem sind viele Haushalte unterschiedliche Temperaturen in verschiedenen Zimmern gewohnt. Ein
hiufiger Fall ist, dass Wohnzimmer eher hohe, Schlafzimmer aber eher niedrige Temperaturen
aufweisen (Letzteres wird gestiitzt durch die verbreitete Vorstellung, dass es gesund sei, bei kiihlen
Temperaturen zu schlafen). Durch die Eigenschaften des Gebdudes kiihlen die Schlafzimmer aller-
dings nicht stark genug aus. Auch hier liiften die Haushalte die iiberschiissige Wérme ab, teilweise
durch ganztigiges Kippliiften. Temperaturdifferenzen gibt es nicht nur zwischen Wohn- und
Schlafzimmern, sondern auch zwischen Wohnungen, etwa wenn ein Haushalt mit einer generellen
Vorliebe fiir eher kiihlere Temperaturen neben wiarmeliebenden Nachbarn liegt. Im Beitrag wird die
mogliche Auswirkung solcher Temperaturdifferenzen zwischen Rdumen mit einem vereinfachten
Modell quantifiziert. Das Modell zeigt, dass bei unterschiedlich beheizten Rdumen (23°C im Wohn-
zimmer, 18°C im Schlafzimmer) Wirme aus dem Wohn- in das Schlafzimmer {ibertragen wird, die
von den Haushalten durch Liiften abgefiihrt werden muss, um die gewiinschte niedrigere Temperatur
im Schlafzimmer zu halten. Je besser die Gebédudehiille geddmmt ist, desto eher tritt dieser Effekt

auf — in den untersuchten Gebéduden bereits ab einer Aullentemperatur von -2,5°C.



Ein weiterer Grund fiir das beobachtete hdufige Liiften ist das Vergessen gekippter Fenster. Weil das
Gebdude nur langsam abkiihlt und die Grundtemperatur in den meisten Wohnungen recht warm ist,
stellt sich bei Kippliiften kein schneller beziechungsweise deutlicher Kéltereiz ein. Ohne diesen Kélte-

reiz als sensorische Erinnerung bleiben die Fenster dann teilweise iiber lange Zeitrdume gekippt.

3.1.2. Diskussion

In den untersuchten Gebduden sind bestimmte planerische Annahmen iiber Bediirfnisse und
Verhalten der Bewohner:innen materialisiert: eine homogene Komforttemperatur fiir alle Individuen,
Réume und Haushalte sowie eine durchschnittliche Liiftungsrate. Die darauf ausgerichtete Gebaude-
technik passt allerdings in vielen Fillen nicht zu den heterogenen Gewohnheiten und Verstiandnissen

der Haushalte.

Die ,,Priferenzen® fiir unterschiedliche Temperaturbereiche konnen im Sinne der Praxistheorie als
eine Korpergewohnheit beschrieben werden, die sich durch biologische oder psychologische
Variation, aber auch durch Habituation (etwa das Aufwachsen in einer bestimmten Klimazone) er-
klaren ldsst. Dabei scheinen Kompetenzen und Verstdndnisse zum Teil auch von fritheren Wohn-
situationen gepragt. Die Erwartung, dass das Raumklima schnell und spiirbar angepasst werden soll,
entstand womdglich in einem technischen und soziokulturellen Kontext, der eben dieses Feedback
erzeugt — sei es durch eine ,,bollernde Heizung* oder das Ausziehen mehrerer Kleidungsschichten.
In weniger gut geddmmten Gebéduden ist es grundséatzlich eher kiihl, iiber die Heizkorper fordern die
Nutzer:innen situationsgerecht Wéarme an. Durch hohe Vorlauftemperaturen erwiarmen sich diese
schnell und geben spiirbare Strahlungswirme ab. Eine vergleichbare Konstellation wurde schon
einleitend in der historischen Studie von Rudge (2012) fiir britische Hauser beschrieben: Dort
herrschte eine kiihle Grundtemperatur, die durch zusitzliche Kleidung und die Warme von Feuer-
stellen ertriaglich wird. Auch die Vorstellung von der gesundheitsforderlichen Wirkung kalter Schlaf-
zimmertemperaturen konnte das Ergebnis eines kulturellen Endogenisierungsprozesses eben dieser
materiellen Situation darstellen. Die Nutzer:innen nehmen diese Gewohnheiten und Verstindnisse
aus fritheren Lebensabschnitten oder Wohnungen mit und fiihren sie nach Maoglichkeit in der

veranderten materiellen Situation weiter.

Die Praktiken der Haushalte scheinen sich nun allerdings in eine Richtung zu wandeln, die das Ziel
der Energieeffizienz unterlduft: eine warme Grundtemperatur mit haufiger, zum Teil konstanter,
Fensterliiftung. Man konnte dies als Rebound-Effekt deuten, bei dem durch warme Temperaturen und

Abkiihlung durch angenehme ,,frische Luft“ ein Komfortgewinn erzielt wird.? Die praxistheoretisch

3 In diesem Sinne ist es ein Komfortgewinn gegeniiber der umgekehrten Situation einer eher kithlen Wohnung und
spiirbarem Zuheizen — aufler fiir diejenigen Haushalte, die es grundsétzlich eher kiithl mogen.
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orientierte Untersuchung zeigt jedoch, dass das hédufige Liiften nicht allein ein Ergebnis der
Priferenzen der Haushalte ist, sondern eine emergente Praktik aus dem Zusammenwirken der
verdnderten Technik mit den bestehenden Kompetenzen und Verstindnisse der Haushalte. Dabei
entstehen Verbrduche, die nicht zwingend mit den Bediirfnissen der Haushalte iibereinstimmen.
Héaufiges Liiften signalisiert nicht unbedingt einen Wunsch nach ,,frischer* Luft, sondern ist oftmals
die einzige Moglichkeit des Abkiihlens. Auch Praktiken, die im friiheren Arrangement suffizient
waren, etwa nur situativ oder einzelne Rdume zu heizen und die Grundtemperatur niedrig zu halten,

wirken sich nun negativ auf den Energieverbrauch aus.

Mit der Zeit konnten sich die Haushalte an diesen neuen Standard gewohnen. Die suffiziente
Anpassung an niedrige Temperaturen, zum Beispiel durch Kleidung, Teppiche, Hausschuhe, Wérme-
flaschen, warme Getrinke oder Decken wird unwahrscheinlicher, denn Komfort wird nun durch
Heizenergie beziehungsweise das Abliiften von Heizenergie erzeugt. Denkbar ist auch ein
Evolutionspfad, auf dem die Bewohner:innen trager Hauser ihre Kompetenzen und Deutungen an die
Gebaudetechnik anpassen, sodass beispielsweise ein warmes Schlafzimmer normal wird. Dies
erscheint allerdings fraglich, solange gewohnte Routinen ohne grof3ere Briiche und mit nur geringen
Modifikationen weitergefiihrt werden konnen — also etwa bereits ab dem Morgen das Fenster kippen

anstatt nur kurz vor dem Schlafengehen zu liiften.

Ein Suffizienzansatz fiir Heiz- und Liiftungspraktiken im Gebédudebereich wire, die Heterogenitit
der Praktiken und damit auch Bediirfnisse zu akzeptieren, und die technische Ausstattung auf eine
niedrigere ZielgroBe zu optimieren. Fiir manche Haushalte wire eine eher kiihle Grundtemperatur
ausreichend und Komfort kdnnte mit passiven Malnahmen wie Kleidung, Decken oder Wérme-
flaschen erhoht werden. Die Praxistheorie legt nahe, dass sich Methoden der suffizienten Anpassung
an niedrigere Temperaturen schnell wieder reaktivieren lassen, solange sie in Korpergedéchtnis,

Gegenstinden oder Anleitungen ,,gespeichert™ bleiben (vgl. Shove et al., 2012, Kap. 3).

In bereits gebauten Hausern konnten technische Losungen fiir die hdufig vergessenen gekippten
Fenster nachgeriistet werden. Bei gedffnetem Fenster konnte zunédchst automatisiert die Heizung
ausgeschaltet werden. Das frither leiblich spiirbare Feedback konnte technologisch vermittelt auf
andere Sinne verlegt werden, zum Beispiel indem bei erfolgreicher Kiihlung ein Farb- oder Tonsignal
erscheint. So lassen sich Routinen durchbrechen — was allerdings auch zu Reaktanz und Abwehr

vonseiten der Nutzer:innen fiihren kann.

Zusammenfassend ist festzuhalten, dass in den untersuchten Gebéduden durch die Interaktion tréger
Routinen und Verstdndnisse der Bewohner:innen und einer verdnderten materiellen Umwelt neue

Praktiken entstehen, die das Ziel der Energieeffizienz unterlaufen. Ehemals suffiziente Praktiken



werden nun energetisch nachteilig beziehungsweise sind nicht mehr nétig. Als Suffizienzansatz wird
ein niedrigerer Ausgangspunkt in den technischen Standards vorgeschlagen, der die Heterogenitit
der Nutzerbediirfnisse anerkennt. Auch technische ,,Nudges* kdnnten unterstiitzen, sind aber ihrer-
seits wiederum der Manipulation durch die Haushalte ausgesetzt — insbesondere, wenn sie deren

Gewohnbheiten irritieren.

3.2. Siedlungspraktiken in einer wachsenden Stadt

Bauer, A., & Duschinger, S. (2024). Exploring ‘good practice’ densification projects: the impact of
green space and density on local acceptance. European Planning Studies, 32(10), 2103-2123. DOL:
10.1080/09654313.2024.2324040.

In der Stadtplanung dominierten im Laufe der Jahrhunderte unterschiedliche Positionen in Bezug auf
das Verhiltnis von Siedlungsdichte und stddtischem Griin. Die Gartenstadt-Bewegung propagierte,
auch in Reaktion auf beengte Wohnverhéltnisse wéahrend der Industrialisierung, reine Wohnviertel
mit viel Griin und geringer Einwohnerdichte (Einfamilienhduser) (Howard, 1902; Simon, 2016). In
der modernistischen Stadtplanung des 20. Jahrhunderts wurden durchgriinte Wohngebiete mit
hoherer Dichte (Mehrfamilienhduser mit vielen Etagen) geplant, die gemiBl einer Logik der
Funktionstrennung autogerecht an Innenstddte angebunden wurden (Gold, 1998; Le Corbusier,
1973). Mittlerweile wird weitere Verdichtung verfolgt: Die , kompakte Stadt* oder ,,Stadt der kurzen
Wege* verfligt iiber eine hohe Dichte mit gemischter Nutzung, sodass mdéglichst viele Ziele zu Full
erreicht werden konnen (Bocker, 2020; Europdische Kommission, 2007, 2020b; Rat der
Europédischen Union, 2020). Das Leben in einer kompakten Stadt wird vielfach als suffizient
beschrieben (Bocker, 2020; Bohnenberger, 2021; Cohen, 2020), allerdings meist im Vergleich zu
dispersen Siedlungsstrukturen (,,urban sprawl) und vor allem in Hinblick auf die Parameter

Infrastruktur, WohnungsgroBe und Alltagsmobilitit.*

Das Planungsleitbild der kompakten Stadt wird in der stddtebaulichen Praxis mit der Strategie der
Nachverdichtung verfolgt, also dem Bauen innerhalb bestehender Siedlungsstrukturen.> Doch es wird
zunehmend kritisiert, dass Nachverdichtung zulasten von Griin- und Freiflichen geht (Erlwein &
Pauleit, 2021; Naess et al., 2020). Deren Bedeutung riickt in der Stadtplanung, unter anderem im Zuge
von Diskussionen um urbane Hitzeinseln (Bauer et al., 2025) und die ,Leistungen® griiner
Infrastruktur (Hansen & Pauleit, 2014), stiarker in den Vordergrund. Die Forschung zu den Effekten

von Nachverdichtung auf urbanes Griin und dessen Funktionen fiir Bewohner:innen steht allerdings

4 Die okologischen Vorteile des stidtischen gegeniiber ldndlichen Lebens werden allerdings auch kritisch diskutiert
(Berghauser Pontetal., 2021; Lin & Yang, 2006) — etwa kdnnen urbane Lebensstile durch das dortige héhere Einkommen
und mehr Konsummaéglichkeiten ressourcenintensiver sein (Gill & Moeller, 2018).

5 Unter anderem durch Aufstockung, SchlieBen von Zeilen-/Blockbebauung oder Bauliicken sowie Konversion, zum
Beispiel von ehemaligen Werkstétten, Militdr- oder Bahngelédnden.
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noch am Anfang. Literatur zu Nachverdichtungsprotesten (oder generell Protesten von An-
wohner:innen gegen Infrastrukturprojekte) stammt ganz tiberwiegend aus Landern mit eher dispersen
Siedlungsstrukturen. Sie findet kaum Akzeptanz fiir die Erhdhung von Dichte. Einwénde sind vor
allem die negativen Externalitdten wie der Verlust von Griin- und Freifldchen, mehr Verkehr und die
Uberlastung offentlicher Dienste und Infrastrukturen (Haaland & van den Bosch, 2015; Pendall,
1999; Williams, 1996). Praxistheoretisch ldsst sich annehmen, dass dort die Akzeptanz geringer ist,
weil Kompetenzen und Verstindnisse in einem weniger dichten materiellen Kontext entstanden sind.
Doch auch hierzulande gibt es vermehrt Proteste gegen Nachverdichtung. In Deutschland basieren
Beitrdge zum Thema allerdings oft auf der Einschdtzung von Stadtplaner:innen, wihrend die
Anwohner:innen selbst oder auch Beteiligte aus Architektur und Wohnungswirtschaft selten befragt
werden. Es gibt also Forschungsliicken zur Gestaltung von Nachverdichtung 1) aus Sicht der

Anwohner:innen und 2) in bereits dichteren européischen Stidten.

Der Beitrag stellt die Hypothese auf, dass die Akzeptanz der Anwohner:innen weniger von
quantitativen Effekten eines Nachverdichtungsprojekts auf Dichte und Begriinung abhingt, sondern

stiarker von dessen Folgen fiir ihre alltdglichen Praktiken.

3.2.1. Zusammenfassung des Beitrags

Feld und Methode

Fiir diese Untersuchung wurden 18 Interviews mit Expert:innen aus Planung und Architektur sowie
mit Bauherren, Lokalpolitiker:innen und Aktivist:innen geflihrt. Fiir fiinf als Fallbeispiele
ausgewdhlte Nachverdichtungsprojekte wurde eine Befragung der direkten Anwohner:innen durch-
gefiihrt (N=136) um zu erheben, wie sie die Auswirkungen der Projekte einschédtzen. Zudem wurde
GIS-gestiitzt ausgewertet, welche Folgen die Projekte fiir die Ortliche griine Infrastruktur und

Flachenversiegelung hatten.

Ergebnisse

Anwohner:innen beurteilen die Nachverdichtung ihrer Umwelt nicht nur anhand der quantitativen
materiellen Verdanderung, sondern vermittelt durch ihre Deutungen der Situation und die Auswirkung
auf ihre Alltagsroutinen. Etwa werden neu geschaffene Griinflichen, obwohl sie eine quantitative
Verbesserung darstellen, kritisch gesehen, weil sie flir die Anwohner:innen nicht zuganglich sind.
Umgekehrt werden Baumfallungen beziehungsweise eine Verkleinerung von Griinflichen teilweise
auch positiv aufgenommen, wenn sie neue und von den Anwohner:innen gewiinschte Nutzungen
ermOglichen. Hinsichtlich der Qualitit und Funktion von Griinflachen zeigen sich allerdings deutliche
Unterschiede zwischen der Wahrnehmung von Anwohnenden und Expert:innen. Ein besonders
markanter Fall: Wéhrend die Nachverdichtung eines Innenhofs mit einem Preis fiir ,,flichen-

effiziente* Gestaltung ausgezeichnet wurde und das Architekturbiiro von einem ,,fast vollstandigen



Erhalt des wertvollen Baumbestands* spricht, beschreiben die Anwohner:innen den Verlust fast aller

Funktionen (etwa Sonnenbaden oder Grillen) und die Ersatzpflanzungen als ,,Architektengestriipp.

In Hinblick auf die Auswirkungen von Dichte lieBBe sich davon ausgehen, dass in den Alltagspraktiken
der Anwohner:innen zunichst einmal die materiell erhohte Dichte (sowohl baulich als auch in
Hinblick auf die womdoglich hohere Personendichte in Griinflachen, auf der Strale oder bei der
Nahversorgung) als spiirbarste Verdnderung der Alltagspraktiken auffdllt. Zwar werden bei den
grofften Projekten (gemessen an der Zahl neu gebauter Wohnungen) die meisten negativen
Kommentare hinsichtlich der entstandenen Dichte abgegeben, wihrend in kleineren Projekten
hiufiger auch positive Auswirkungen von Dichte bemerkt werden — wie der Zuzug junger Familien
in eine als liberaltert empfundene Gegend oder mehr Angebote im Viertel. Doch auch hier erfolgt die
Bewertung nicht rein entlang der quantitativen Verdnderung. Besonders ausschlaggebend erscheinen
dabei Diskurse um die soziale Mischung; zudem erfolgt eine gewisse Abwégung der Notwendigkeit.
Neubauten, die nur einer bestimmten Zielgruppe dienen, werden tendenziell mit Skepsis betrachtet.
Besser bewertet werden Projekte, die einen ,,nachvollziehbaren Bedarf erfiillen, etwa indem sie

bezahlbaren Wohnraum fiir Gefliichtete oder Auszubildende schaffen.

Der Beitrag zeigt auf, wie eng die Pkw-Mobilitit mit der Moglichkeit dichteren Zusammenlebens
verkniipft ist. Einer der zentralen Ablehnungsgriinde ist, dass Anwohner:innen durch die Nach-
verdichtung eine Verschlechterung der Parkplatzsituation in der Gegend erwarten. Im Regelwerk der
Bayerischen Bauordnung ist ein Stellplatzschliissel von 1,0 festgelegt, durch den fiir jede neue Wohn-
einheit ein Pkw-Stellplatz bereitgestellt werden muss — entweder durch Bau einer Garage oder durch
Umwidmung eines 6ffentlichen Parkplatzes in einen privaten. Tiefgaragen erscheinen als gangbare
Losung, machen die Bauphase aber langer wie auch larmintensiver und wirken sich negativ auf das
spatere Baumwachstum aus. Der Stellplatzschliissel schrinkt zudem das Angebot der besonders
nachgefragten Kleinstwohnungen ein, weil der Bau von einem Tiefgaragenstellplatz pro Wohnung

die Kosten und den Platzbedarf eines Bauprojekts enorm steigert.

SchlieBlich widerspricht der Beitrag dem NIMBY-Narrativ®, das viele Planer:innen anfiihren. Nicht
nur ist die iiberwiegende Zahl der befragten Anwohner:innen gegeniiber Wohnungsneubau grund-
satzlich positiv eingestellt und eine allgemeine Wachstumskritik wird nur von Wenigen geteilt,
sondern eine generelle Akzeptanz flir Neubau korreliert auch mit einer gesteigerten Akzeptanz fiir

das Projekt vor der eigenen Haustiir.”

¢ Das Akronym NIMBY steht fiir ,,not in my backyard” und beschreibt das Phéinomen, dass Anwohner:innen zwar die
Notwendigkeit bestimmter Dienstleistungen oder Infrastrukturen anerkennen, sich aber dennoch dagegen wehren, dass
diese in ihrer Néhe stattfinden (vgl. Diskussion bei Burningham, 2000).

7 Eine Aussage iiber den kausalen Zusammenhang der Korrelation ldsst sich nicht treffen; es konnte ebenso gut sein, dass



3.2.2. Diskussion

Der Beitrag schldgt vor, dass die Akzeptanz von Neubauprojekten durch deren Passung mit den
lokalen Praktiken beeinflusst wird. Allerdings wurde deutlich, wie unterschiedlich Anwohner:innen
und Expert:innen die Auswirkungen der Projekte auf Alltagspraktiken vor Ort einschétzen.
Anwohner:innen kennen die Nutzung und spezifischen Eigenschaften etwa von Griinflichen oder
anderen Infrastrukturen im Quartier aus dem téglichen Erleben. Architekt:innen und Planer:innen
hingegen bewegen sich nur selten ldnger am Ort der geplanten Projekte und ,,sehen* weniger lokale
Spezifitdt. Stattdessen orientieren sie sich eher an allgemeinen Grundsdtzen wie bestimmten
Gebidudetypologien (zum Beispiel Nachkriegssiedlungen), abstraktem Wissen ihrer Profession wie
etwa ,,Qualitidten* urbanen Griins (Zalar & Pries, 2022), und den Kennzahlen ihres jeweiligen
Auftrags. Die Perspektive der Anwohnenden einzuholen, kdnnte also fiir Nachverdichtungsprojekte
eine Art Korrektiv darstellen, um diese besser an die lokalen Gegebenheiten anzupassen. Falls solche
Beteiligungsprozesse durchgefiihrt werden, scheinen sie auch die Akzeptanz der Projekte zu

verbessern.

Dabei ist keine der Perspektiven per se besser oder objektiver. Fiir die Ausstattung mit Griinflichen
im Quartier wird in der Planung aktuell diskutiert, aus wissenschaftlicher Forschung Kennzahlen
abzuleiten; etwa die Anzahl von Bidumen / Griinflaichen pro Kopf oder innerhalb einer bestimmten
Entfernung vom Wohnort, die fiir Klimaanpassung, Gesundheit und Wohlbefinden nétig sind
(Konijnendijk, 2021; Owen et al., 2024). Sollte eine solche Kennzahl in der Bauplanung zur
Orientierung angesetzt werden, konnte diese (zunichst als Mindeststandard gedacht) allerdings durch
Marktdynamiken zum neuen Standard, das heilit Maximalwert, werden. Zum Teil wird Begriinung
aber auch instrumentalisiert, um Immobilienpreise in die Hohe zu treiben (,,Griine Gentrifizierung®,
vgl. Haase et al., 2023). Befragte man im Gegensatz nur Bewohner:innen nach ihren Bediirfnissen,
wiirden diese womdglich die Bedeutung von lokalen Griinfldchen tiberbetonen, um Nachverdichtung
abzuwenden. Allerdings kann die Wahrnehmung der Relevanz von Griin, ebenso wie die Bereitschaft
zur Partizipation, sozio6konomisch unterschiedlich verteilt sein, sodass urbanes Griin gerade dort,
wo es besonders notig ist, am wenigsten eingefordert wird (Wolch et al., 2014). All diese Aspekte
zeigen die Problematik einer einheitlichen planerischen Kennziffer, die unabhédngig von den lokalen
Bedingungen durchgesetzt wird. Doch muss auch die Perspektive der Anwohner:innen kon-
textualisiert werden. Die vorliegende Studie legt nahe, dass sich Praktiken — und damit die AuBerung
von Akzeptanz — mit der Zeit anpassen. Selbst wenn die materielle Verdnderung des Quartiers

zundchst auf Ablehnung stoft, organisieren sich Praktiken mit der Zeit neu und am Ende ,,war es

die Anwohner:innen der gelungenen Projekte gerade deshalb auch der stadtweiten Nachverdichtung positiv gegeniiber
stehen.



doch nicht so schlimm® wie zunédchst angenommen (eine wiederholte Aussage der befragten An-
wohner:innen). Partizipationsprozesse konnten daher neben Anwohner:innen weitere Parteien
hinzuziehen, die Praktiken beobachten und lokale Bediirfnisse einschidtzen konnen (etwa in Quartiers-
management oder der Sozialarbeit), wéhrend Planer:innen die Perspektive der kiinftigen
Bewohner:innen vertreten. In den untersuchten Fillen schien Partizipation nicht nur zur Akzeptanz
der Anwohner:innen beizutragen, sondern auch die Qualitit der Projekte zu verbessern (Durch-

mischung der Wohnungstypen, an tatsdchliche Bedarfe angepasste Freifldchen).

Ob Partizipation der Anwohner:innen Suffizienz unterstiitzt, kann nicht per se beurteilt werden.
Gemaél der eingangs entwickelten Definition sind Praktiken suffizient, die eine umweltentlastende
Konsumverdnderung beinhalten, oder eine umweltbelastende Konsumausweitung vermeiden. Bei der
Beurteilung der Suffizienz kommt es allerdings auch auf die Rahmenbedingungen und konkrete
Ausgestaltung an. Handelt es sich um Spekulationsobjekte und ,,Opernwohnungen* (Fuhrhop 2020:
57 ft.), die iberwiegend leerstehen, dann ist Nachverdichtung nicht suffizient, da sie eine umwelt-
belastende Konsumsteigerung ermoglicht. Erfiillt Nachverdichtung hingegen den Wohnraumbedarf
von Haushalten, die anderenfalls am Stadtrand wohnen und tiglich mit dem Pkw pendeln, kann sie
als suffizient bezeichnet werden. Dariiber konnen die Anwohner:innen allerdings nicht entscheiden,
da es der Steuerung durch Politikinstrumente bedarf (Kopatz, 2016). Doch moglicherweise hilft
Partizipation, stddtebauliche Nachverdichtung in eine suffiziente Richtung zu steuern. In den
untersuchten Beispielen war die Akzeptanz der Anwohner:innen héher, wenn die Projekte moglichst
wenige Stellpliatze erforderten und einen nachvollziehbaren Bedarf sowie eine soziale Durch-
mischung erfiillten. Nachverdichtungsprojekte mit ,,tatsdchlich bendtigtem* (das heiflt nicht als
Zweitwohnsitz oder spekulativ genutztem) Wohnraum fiir verschiedene Haushaltsformen, moglichst
ohne Pkw, erscheinen sowohl suffizient (Bocker, 2020, S. 30 ff.) als auch akzeptabel fiir
Anwohner:innen. Letztere sind dann ihrerseits eher bereit, den urbanen Raum mit mehr Menschen zu
teilen. Wenn die Beteiligung von Anwohner:innen beliebte Orte und Funktionen im Quartier erhélt,
lasst sich zudem mutmalBen, dass dies mogliche Rebound-Effekte verringert, etwa die hiufigere

,»Flucht ins Griine* mit dem Pkw (Czepkiewicz et al., 2018; Westerink et al., 2013).

Anwohner:innen in die Nachverdichtungsplanung einzubinden kdnnte zudem eine Diskussion iiber
Alltagspraktiken und Konsum anstofen. In der Studie wurden Anwohner:innen lediglich zu ihren
Wiinschen fiir die Quartiersentwicklung gefragt. Ohne eine Abwagung zwischen unterschiedlichen
Bediirfnissen vornehmen zu miissen fallt es leicht, sich fiir bezahlbaren Wohnraum und mehr
Begriinung auszusprechen. Weitere Forschung oder Partizipationsformate konnten dabei entstehende
Zielkonflikte verdeutlichen — etwa zwischen den beliebten Tiefgaragen und Baumwachstum — sodass

auch Anwohner:innen aufgefordert sind, ihre Anspriiche infrage zu stellen.
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Insbesondere die planerische Annahme, dass jeder Haushalt tiber einen Pkw verfiigt, wirkt konsum-
eskalierend: Sie beschrinkt indirekt das Angebot von Kleinstwohnungen und verankert nicht nach-
haltige Mobilititspraktiken infrastrukturell. Diese Norm konnte stattdessen so weit flexibilisiert
werden, dass je nach erwarteten kiinftigen Nutzer:innen der Stellplatzschliissel angepasst werden
kann. Durch eine grof3ere Heterogenitit innerhalb der Bauprojekte (unterschiedliche Wohnungstypen
und Bewohner:innen) variieren auch die Mobilititspraktiken. So kdnnte Heterogenitét die Akzeptanz
nicht nur durch eine gesteigerte soziale Mischung erhohen, sondern auch durch den reduzierten Stell-
platzbedarf. Flexiblere bauliche Losungen, wie die erhaltende Uberbauung oberirdischer Stellplitze
in einem der untersuchten Beispiele, konnten die heute noch weit verbreitete Praktik beherbergen und
dennoch Raum fiir kiinftige Verdnderung lassen. Und schlielich kdnnten Suffizienzmafinahmen bei
einem Moment ansetzen, in dem sich Praktiken ohnehin im Wandel befinden: Im Beitrag wird das
Beispiel einer Genossenschaft genannt, bei der Verzicht auf einen privaten Pkw Gegenstand des
Mietvertrags ist, flankiert von vielfdltigen Mobilitidtsangeboten im neuen Quartier. Durch einen Um-
zug miissen viele Alltagspraktiken auf die neue lokale Situation angepasst werden und erscheinen so

etwas durchléssiger fiir Veranderungen.

Zusammenfassend ist auch in diesem Fall die Planung nicht hinreichend in der Lage, situierte
Praktiken zu beriicksichtigen. Im Gegensatz zu den Beispielen der Heiz- und Kiihlenergie (Beitrag 1
und 3) lésst sich die Umweltauswirkung hier weniger eindeutig einschitzen. Doch bewerten An-
wohner:innen diejenigen Nachverdichtungsprojekte positiver, die nachvollziehbare Bedarfe erfiillen
und deren Bewohner:innen mdglichst wenige Autos mitbringen, was grundsétzlich als suffizient er-
scheint. Trotzdem muss die Perspektive der Anwohner:innen kontextualisiert werden, denn auch sie
ist nicht ,,objektiv* — Planungsprozesse konnten deshalb als Aushandlung von Bediirfnissen, vertreten
durch unterschiedliche Parteien, verstanden und konzipiert werden. Suffizienzpotenzial besteht
dariiber hinaus in der Flexibilisierung des Stellplatzschliissels sowie der technischen Infrastruktur, in
einer groBeren Heterogenitit der Wohnformen und in der Nutzung von Umziigen als Umbruch-

momente, in denen nachhaltigere Alltagspraktiken moglich werden.

3.3. Kiihlungspraktiken in Biiros und Homeoffices

Bauer, A. (2025). Working from home as an adaptation strategy to heat: comparing temperatures and
workers’ assessments for 203 offices and 107 homes. Building and Environment, 112680. DOI:
10.1016/j.buildenv.2025.112680.

Mit zunehmender sommerlicher Hitze wird auch in Deutschland die Kiithlung von Gebauden relevant.

Neue Biirogebdude werden oft bereits mit Klimaanlage gebaut, doch der iiberwiegende alte Gebdude-
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bestand wird sich in Zukunft deutlicher autheizen. Eine flichendeckende Nachriistung mit Klima-
anlagen wire nicht nachhaltig, da sie viel Strom verbrauchen® und mit ihrer Abwirme die Stadt

zusitzlich autheizen (Hsieh et al., 2007).

Der Bedarf nach Klimatisierung wird mithilfe der bereits diskutierten thermischen Komfortstandards
begriindet, die wiederum in Planungsnormen verankert sind. (Biiro-)Gebdude miissen nach der Norm
DIN EN 16798-1 einen sommerlichen Mindestwérmeschutz nachweisen (Deutsches Institut fiir
Normung, 2022). Auch im Arbeitsschutz gibt es Vorgaben zu Raumtemperaturen (Bundesanstalt fiir
Arbeitsschutz und Arbeitsmedizin, 2010), die allerdings nicht bindend sind. Fiir Arbeitgeber:innen
ist zudem die Leistungsfahigkeit ihrer Beschiftigten von Interesse. In der Literatur wird ange-
nommen, dass thermischer Komfort mit Leistungsfdhigkeit gleichzusetzen ist, und dass Letztere in
einem umgekehrt u-féormigen Zusammenhang mit der Temperatur steht — das hei3t bei einem Wert

von etwa 21,8°C am hochsten ist und in kélteren oder wiarmeren Umgebungen abnimmt (Porras-

Salazar et al., 2021).

Ob die Klimatisierung von Arbeitsplitzen fiir Komfort notwendig ist, wird allerdings in einer breiten
Literaturdiskussion angezweifelt. Die sogenannte ,,adaptive theory™ weist auf Basis internationaler
Feldstudien in natiirlich beliifteten Biirogebduden darauf hin, dass sich Biiroarbeitende in einem
breiten Temperaturspektrum wohlfiihlen und Komfort berichten (de Dear & Brager, 1998; Nicol &
Humphreys, 1973). Neben der Akklimatisierung an lokale Klimabedingungen sorgen die
Nutzer:innen solcher Gebdude selbst fiir thren Komfort durch MaBinahmen wie Kleidung anpassen,

liften oder verschatten.

Der Ansatz der Effizienzstrategie wire, Klimaanlagen energieeffizienter zu machen und ineffiziente
Gerite auszutauschen (International Energy Agency, 2024, S. 78). Der Beitrag stellt die Hypothese
auf, dass das Arbeiten von zuhause eine suffiziente Form der Anpassung an Hitzeperioden darstellen
kann, da keine Klimatisierung bendtigt wird und Mallnahmen wie die oben genannten fiir Komfort

und Leistungsfahigkeit ausreichen.

Bisherige Forschung zeigt, dass Menschen ihre Erwartung an das Klima anpassen und zuhause
,toleranter sind (Candido et al., 2010; Rissetto et al., 2022) oder sogar dieselben Temperaturen als
angenehmer bewerten (Oseland, 1995). Zuhause konnten mehr AnpassungsmaBnahmen zur Ver-
fligung stehen oder die empfundene Kontrolle {iber die Anpassungsmafinahmen hoéher sein. Die

Hitzebelastung in Homeoffices ist bislang noch kaum untersucht und stellt eine Forschungsliicke dar.

8 Auch wenn dieser Strom perspektivisch aus erneuerbaren Energiequellen gewonnnen werden kann, bleiben Probleme
wie Flachenbedarf und Netziiberlastung (International Energy Agency, 2024, S. 75 ff.) bestehen.
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3.3.1. Zusammenfassung des Beitrags

Feld und Methode

Fiir den Beitrag wurden mit 210 Biiro-Beschéftigten zunichst standardisierte Interviews an ihren
Arbeitsplédtzen gefiihrt. Wéhrend einer Hitzeperiode wurden die Beschéftigten an vier Werktagen mit
einem Online-Fragebogen befragt (zwischen 115-132 Teilnehmende) und Lufttemperaturen in ihren
Biiros beziehungsweise Homeoffices gemessen. Ergidnzend wurden Interviews mit Vertreter:innen

der beteiligten Betriebe (Mitarbeitendenvertretung, Gebdudemanagement und Arbeitsschutz) gefiihrt.

Ergebnisse

Der Grenzwert von 26°C aus der Arbeitsschutzrichtlinie ASR A3.5 wird in den meisten
konventionellen (passiven) Biiros der Studie bereits deutlich iiberschritten. Demgegeniiber sind in
den Homeoffices die Temperaturen im Mittel niedriger. Werden diese Temperaturen von den
Befragten auch so eingeschitzt, also relativ ,,nahtlos* in ein entsprechendes Gefiihl von Hitzestress
und Leistungsreduktion iibersetzt? Im Beitrag wurde der statistische Zusammenhang zwischen
gemessener Temperatur und berichteter Leistungsfahigkeit beziechungsweise Hitzestress gepriift. Der
Zusammenhang ist stark ausgeprdgt und statistisch signifikant, allerdings zeigen sich auch
individuelle Unterschiede. Die Bewertung unterscheidet sich vor allem in Abhédngigkeit von der
generellen Temperaturvorliebe der Befragten: Diejenigen, die angegeben hatten, es generell warm
oder eher warm zu mogen, berichten im Mittel auch eine hohere Leistungsfahigkeit und niedrigeren
Hitzestress als die Vergleichsgruppe mit generell kiihler Vorliebe. Auch Alter, Geschlecht und
Aktivititsniveau zeigen geringe Effekte. Wenn Befragte im Homeoffice arbeiten, hat dies im
Vergleich zum Biiro bei denselben Temperaturen ebenfalls einen leichten Effekt und sie berichten

etwas hohere Leistungsfahigkeit und reduzierten Hitzestress.

Die Beschiftigten wurden zudem zu ihren Kiihlungspraktiken wiahrend heiler Tage befragt. Im
Homeoffice ist die Zufriedenheit mit denselben suffizienten Anpassungshandlungen héher als im
Biiro. Es ist plausibel, dass im Biiro durch (erwartete) Erwartungen der Kolleg:innen oder
Klient:innen Mallnahmen wie liiften, verschatten, Kleidung oder Arbeitstag anpassen eingeschréinkt
sind. Auflerdem sind in den Homeoffices die Temperaturen im Mittel niedriger, sodass solche

MaBnahmen — im Gegensatz zum Biiro — hédufig ausreichen.

Die Interviews mit Vertreter:innen der beteiligten Betriebe zeigen verschiedene Schwierigkeiten in
der Umsetzung. Dazu gehort etwa die Organisation der Arbeitszeit, die oft kein flexibles Reagieren
auf eine Hitzeperiode zuldsst — zum Beispiel, weil das monatliche oder wichentliche Kontingent an
Homeoffice-Tagen bereits aufgebraucht wurde. Auch bestimmte Téatigkeiten beziehungsweise im
Biiro materiell verankerte Arrangements von Arbeitsplidtzen lassen keinen Ortswechsel zu.

Beratungsgespriache oder Dienstleistungen vor Ort erfordern physische Anwesenheit, ebenso wie

23



nicht digitalisierte Akten, die nicht mit nach Hause genommen werden kénnen. Hinzu kommt, dass
viele andere Praktiken mit regelméBigen Homeoffice-Tagen verkniipft sind — etwa legen Beschéftigte
alle Ortstermine auf bestimmte Wochentage, um freitags von zuhause arbeiten zu konnen, und
arrangieren auch ihre Mobilitdt und Versorgung dementsprechend. In solchen Fillen besteht kaum
Flexibilitdt in der Anpassung auf heile Tage. Vorgesetzte nehmen dariiber hinaus hdufig an, zuhause
werde weniger oder schlechter gearbeitet. In Offentlichen Betrieben kommt schlieBlich ein
bestimmtes Verstidndnis von Gleichberechtigung hinzu: Es sollte keine individuelle Beurteilung der

Hitzebelastung vorgenommen werden, sondern ,,gleiche Rechte fiir alle® gelten.

Zwei Beispiele aus den teilnehmenden Unternehmen geben Hinweise, wie suffiziente
organisatorische Maflnahmen ,,praxisgerecht” umsetzbar sein konnten. In einem Fall wurde Hitze-
schutz als Aufgabe an Fiihrungskréfte delegiert. Eine solche ,,bottom up“-Umsetzung kann die
heterogenen Bediirfnisse innerhalb kleiner Teams moglicherweise besser beriicksichtigen und
Angestellte in die Umsetzung einbinden. Zwei Unternehmen hatten zudem ,,Desksharing®-Systeme
eingefiihrt, mit denen unterschiedliche Arbeitsplitze gebucht werden konnen. Dies flexibilisiert die
materiellen Arrangements, sodass sie besser auf individuelle Bediirfnisse anpassbar sind; zum
Beispiel konnen besonders hitzeempfindliche Beschiftigte an heilen Tagen einen Arbeitsplatz auf

der Nordseite des Biirogebdudes reservieren.

3.3.2. Diskussion

Die Bewertung von Komfort und Leistungsfiahigkeit folgte im Feld hauptsdchlich der gemessenen
Temperatur, wurde allerdings vermittelt durch die heterogenen Temperaturvorlieben der Biiro-
beschiftigten’. Ein allgemeines Bediirfnis nach Klimatisierung auf den in der Norm angegebenen

engen Temperaturbereich erscheint hier also nicht grundsétzlich gegeben.

Am Beispiel des Homeoffice zeigt sich, wie komplex eine suffiziente Alternative zur technischen
Losung umzusetzen ist — durch die Verkettung mit bereits etablierten Formen der Arbeitsorganisation,
aber auch Routinen der Arbeitnehmer:innen selbst. Die Umsetzung wiirde organisatorische und
kommunikative Aushandlung erfordern und zum Teil zwischen den Beschéftigten Debatten um
Gerechtigkeit anstoBen. Fiir Entscheider:innen in den Unternehmen ist die technische Ldsung

(Klimatisierung) hingegen vergleichsweise einfach umzusetzen, sofern die Mittel es zulassen.

Andererseits ist das Arbeiten von zuhause bereits ,,eingelibt“ und stiinde fiir Hitzeperioden
grundsitzlich im Repertoire der Praktiken zur Verfiigung. Die Praktik konnte zeitlich ausgeweitet

werden, wenn der Leidensdruck durch Hitze steigt oder der Betrieb sie als Moglichkeit der Anpassung

% Im Beitrag werden diese als ,,Temperaturpriaferenz‘ bezeichnet, um fiir die Leser:innen der Zeitschrift und die generelle
wissenschaftliche Debatte zum thermischen Komfort anschlussfahig zu sein. Im Sinne der Praxistheorie wiirde man dies
eher als Kompetenzen und Verstiandnisse beschreiben (vgl. Diskussion S. 14).
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sichtbarer und organisatorisch einfacher umsetzbar macht. Suffiziente MaBBnahmen wie liiften und
lockere Kleidung erscheinen auch deshalb im Homeoffice wirksamer, weil Beschiftigte keine
»Sanktionen durch Kolleg:iinnen erwarten miissen. Organisatorische Interventionen wie
Erinnerungs-Mails vor dem Sommer konnten hier ansetzen, indem sie an solche Maflnahmen erinnern

und kommunizieren, was im Unternehmen akzeptabel ist (Granier, 2018; Hitchings, 2013).

Allerdings treten die Beschiftigten in diesem Fall nicht selbst als Konsument:innen auf, sondern die
Arbeitgeberseite entscheidet iiber die Anmietung von Biirogebduden beziehungsweise die
Nachriistung mit Klimaanlagen — unter Umstdnden beraten von Expert:innen aus Architektur und
Gebaudetechnik, die sich wiederum an den gidngigen Normen thermischen Komforts orientieren.
Dabei wird thermischer Komfort tendenziell mit Leistungsfdhigkeit gleichgesetzt. Da diese ein
zentrales Ziel fiir Arbeitgeber:innen ist, erscheint nicht nur die Klimatisierung attraktiv, sondern auch
das bei Beschiftigten beliebte Homeoffice suspekt. In anderen Féllen argumentieren Beschéftigte und
ihre Vertreter:innen fiir Klimaanlagen als Maflnahme des Gesundheitsschutzes, wihrend die (der
teuren Investition abgeneigte) Arbeitgeberseite auf Klimaschutz verweist. Fiir widerstreitende

Interessen werden jeweils die ,,passenden‘ Deutungen aktiviert.

Zusammenfassend besteht das Suffizienzpotenzial in der Nutzung beziehungsweise Ausweitung
einer bereits etablierten energieneutralen Praktik anstatt der energieintensiven Option. Dies erfordert
jedoch mehr kontextspezifisches Wissen, Organisations- und Kommunikationsaufwand. Die
suffiziente Variante ist zudem unwahrscheinlich, wenn sie in einem Zielkonflikt mit den Interessen
der Arbeitgeberseite steht. Wird die Heterogenitét der Beschéftigten berticksichtigt, anstatt auf einen
Durchschnittswert fiir vermeintlich optimale Gesundheit und Leistungsfihigkeit effizient zu
optimieren, konnte ein breiteres Temperaturspektrum zugelassen und dadurch Konsum reduziert

beziehungsweise Konsumeskalation vermieden werden.

4. Synthese

4.1. Hypothese und Limitationen

Die Hypothese der Arbeit lautet, dass in der Gebdudeplanung zugrunde liegende und in Technik
materialisierte Annahmen iiber Bediirfnisse der Nutzer:innen konsumeskalierend wirken und so
suffiziente Alltagspraktiken verhindern. Planung konnte im Umkehrschluss Konsum reduzieren,
wenn sie Gebdude stirker an die Bediirfnisse der Nutzer:innen anpasst. In den Beitrdgen wurden
verschiedene solcher konsumeskaliender Dynamiken in der Planung festgestellt, die im Folgenden
noch einmal zusammengefasst werden. Ob und wie eine stiarkere Beriicksichtigung der Nutzer:innen

Suffizienz im Gebadudesektor unterstiitzen kann, wird anschliefend diskutiert.
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4.1.1. Bediirfnis- und verbrauchssteigernde Planungsnormen

Zunéchst zeigen die drei Beitrdge auf, welche Rolle planerisch-technische Normen bei der Steigerung
von Konsum spielen. Fiir Praktiker:innen im Planungs- und Ingenieurwesen, aber auch ihre
Auftraggeber:innen, sind die heterogenen Gewohnheiten und Verstdndnisse der aktuellen oder
spateren Nutzer:innen weitgehend unbekannt. Um ihre Arbeit zu dimensionieren und rechtssicher zu
erbringen, brauchen sie moglichst numerisch ausgedriickte Zielvorgaben. Dafiir werden Annahmen
iiber Verhalten und Bediirfnisse der Nutzer:innen getroffen. Sie basieren auf explizitem (zum Beispiel
wissenschaftliche Erkenntnisse, technische Normen) wie implizitem Wissen (zum Beispiel Erfah-
rungswerte, ,,Vorurteile* der Profession), aber auch auf Interessen der Auftraggeber:innen. Fiir die
Effizienzstrategie sind solche Zielvorgaben zentral: Sie dienen als Output-Variablen, die durch

technische Optimierung moglichst sparsam hergestellt werden sollen.

Allerdings sind Nutzer:innen nicht passive Empfanger:innen der materiellen Situation, sondern
integrieren neue Objekte, technische Systeme oder Infrastrukturen in ihren Alltag — und zwar oft
anders als von Planer:innen angenommen. Die diskutierten Beitrdgen verdeutlichen, dass Menschen
auch bei einer Verdnderung der materiellen Situation ihre etablierten Routinen nach Moglichkeit
»einfach weiterfiihren®. So zeigte Beitrag 1, wie die Technik eines energieeffizient geddmmten,
relativ trigen Gebdudes ,,domestiziert”, das heillt in bestehende Routinen und Verstindnisse ein-
gepasst wird, mit dem Ergebnis hédufiger Fensterliiftung. Ist eine Weiterfiihrung nicht in gewohnter
Form moglich, kommt es zu Irritation und Widerstand, wie etwa im zweiten Beitrag beim Eingriff
von Nachverdichtungsprojekten in die dort situierten Praktiken. Solche Dynamiken konnen die
Wirkung von EffizienzmafBnahmen erheblich mindern. Etwa weil weniger ,,Ertrdge™ (zum Beispiel
reduzierte Anzahl gebauter Wohnungen) oder Einsparungen (zum Beispiel durch héufiges Liiften)
erreicht werden als planerisch angenommen, oder weil sogar Mehrverbrauche entstehen. Wird ein
bestimmtes Konsumniveau technisch gesetzt, verschwinden mit der Zeit suffiziente Praktiken, in
denen der Verbrauch geringer blieb, etwa Komfort durch angepasste Kleidung statt durch Heiz- oder
Kiihlenergie. Das neue Niveau wird durch die Integration in Praktiken zur Selbstverstdndlichkeit —
wie Beitrag 1 am Szenario einer warmen Raumtemperatur mit ,,erfrischender Fensterliiftung auch
im Winter aufzeigte, oder denkbar ist, dass Klimatisierung in Deutschland kiinftig nicht nur im
Arbeits-, sondern auch im Wohnbereich erwartet wird. Langfristig kann sich so eine Eskalation des

Konsumniveaus ergeben, die durch die Stabilitdt der gebauten Umwelt fortgeschrieben wird.

Grundsitzlich ist eine solche Evolution auch ,,nach unten* denkbar, etwa indem sich Anwohner:innen
mit der Zeit an Nachverdichtungsprojekte und das dichtere Zusammenleben gewohnen, oder sich

Biirobeschiftigte ohne Klimaanlage langfristig an hohere Temperaturen akklimatisieren. Doch
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Planer:innen sehen ihre Aufgabe bislang vor allem in der Erfiillung der vorgegebenen Outputs hin-
sichtlich Wohnraum oder Komfort (Lorek & Spangenberg, 2019, S. 290), und eine technisch er-
zwungene Suffizienz weit jenseits eines gegenwértig kulturell akzeptablen Mindestniveaus geriete
schnell in den Verdacht der ,,Okodiktatur” (Schneider et al., 2010) und wire der Sabotage durch
reaktante Nutzer:innen ausgesetzt. Die Moglichkeit einer graduellen Flexibilisierung und Evolution

des Konsumniveaus in eine sparsamere Richtung wird unter 4.2.2. weiter diskutiert.

4.1.2. Suffizienzbewertung und Generalisierbarkeit von Fallstudien

Ob Praktiken suffizient sind, ldsst sich nur beantworten, wenn auch ihre Umweltauswirkungen
quantifiziert werden. Eine solche Berechnung konnte diese Arbeit nicht leisten, was eine wichtige
Limitation darstellt. Die Beurteilung von Suffizienz auf der ,,Impact-Ebene” (Fischer &
GrieBhammer, 2013) ist komplex: Beziehen sich die Obergrenzen des Okologisch tragfihigen
Verbrauchs auf den gesamten Planeten, auf Nationen, Haushalte oder Individuen? Wie werden
,Budgets® verteilt, etwa auf Haushalte oder auch im Verlauf eines Lebens (Spengler, 2016)?
Mogliche Rebound-Effekte in anderen Bereichen sollten ebenfalls beriicksichtigt werden (Santarius,
2019; Sorrell et al., 2009; Zimmermann et al., 2023). So konnte beispielsweise eine stddtische Ver-
dichtung im Ergebnis umweltbelastend sein, wenn Bewohner:innen zur Kompensation der hohen
Dichte hdufig mit dem Pkw in das griinere Umland fahren (Czepkiewicz et al., 2018; Westerink et
al., 2013). Dabei spielt auch eine Rolle, ob die betrachtete Praktik von begleitenden MafBlnahmen
gerahmt wird oder fiir sich alleine steht: Ist Nachverdichtung die priorisierte Siedlungsform, wahrend
gleichzeitig die AuBlenentwicklung eingeschrinkt wird, oder handelt es sich um ein ,,doppeltes
Wachstum* im Innen- und AuBlenbereich (Ness et al., 2020)? Die Einschitzung, ob eine Praktik
suffizient ist, hingt sowohl davon ab, wie das Vergleichsszenario gewihlt wird, als auch wo die
Systemgrenzen der Bewertung angesetzt werden: Vergleicht man die kompakte Stadt mit einem Dorf,
oder mit einer etwas weniger dicht besiedelten Stadt — und dies nur hinsichtlich der Alltagsmobilitét,
oder auch in Bezug auf weitere Kriterien? Um die Umweltauswirkungen und damit im Ergebnis die

Suffizienz beurteilen zu kénnen, wiren also sektoriibergreifende Langzeitbetrachtungen notwendig.

Konnen Fallstudien wie die hier priasentierten dann iiberhaupt relevant fiir die Suffizienzdebatte sein?
Wie ldsst sich von notwendigerweise situierten, kontextgebundenen Ergebnissen abstrahieren und
generalisieren? Um auf Basis feldspezifischer Studien allgemeine Aussagen treffen zu konnen, ist
Aggregation wiinschenswert, etwa iiber Meta-Reviews, die einerseits iibergeordnete Schluss-
folgerungen ableiten und andererseits technische Normen um weitere, etwa kulturelle oder soziale,
Dimensionen anreichern kdnnen (Shove, 2003: 38). Es lassen sich unter Umstdnden verschiedene

,»Lypen® von Ausilibungen einer Praktik identifizieren, wie im ersten Beitrag vorgenommen, und
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deren Ubertragbarkeit auf groBere Stichproben testen. Auch ist die Aussagekraft einzelner ,,Ge-
schichten* (Day & O’Brien, 2017) nicht zu unterschétzen, wenn diese exemplarisch zeigen, was im
Feld ,,wirklich passiert und damit in Wissenschaft und Praxis gidngige Verstdndnisse von Technik
und Nutzerverhalten korrigieren. Unter Anerkennung ihrer eingeschrinkten Generalisierbarkeit
konnen Fallstudien auch zur Theoriebildung beitragen (Yin, 2003). Nachfolgend werden auf Basis

der vorgestellten Ergebnisse vier mogliche Suffizienz-Ansitze im Gebaudesektor entwickelt.

4.2. Ansitze fur Suffizienz im Gebaudesektor

4.2.1. Irritation triager Praktiken

Die Konsumforschung weist seit einiger Zeit auf das besondere Potenzial von Ubergingen im
Lebenslauf hin (Jaeger-Erben et al., 2020; Rau, 2024, S. 214; Schéfer et al., 2012). So kann etwa der
Wegzug von Kindern oder der Tod einer Partnerin Routinen irritieren und neue Relevanzsetzungen
in Hinblick auf Konsum anstof3en. Die hier diskutierten Beitrage weisen dariiber hinaus auf mogliche
kleinteiligere Umbriiche und Irritationsmomente hin. Dazu zdhlt insbesondere eine verdnderte
materielle Situation. In solchen Fillen wird zwar meist versucht, bestehende Routinen weiter-
zufithren, doch zugleich sind sie flir einen Moment ,,gedffnet* und unterschiedliche Evolutionspfade

erscheinen moglich.

Entscheidend ist dabei, ob der materielle Umbruch von der Moglichkeit begleitet wird, auch
Kompetenzen und Verstindnisse anzupassen. Dies stellt einen wichtigen und wenig erforschten
Ansatz fiir SuffizienzmaBBnahmen dar. Ein Beitrag nennt etwa das Beispiel einer Genossenschaft, bei
der Verzicht auf einen privaten Pkw im Mietvertrag festgeschrieben ist. Die Bewohner:innen erhalten
im Gegenzug vielfiltige Mobilitdtsangebote, die den Aufbau neuer Routinen erleichtern. Ein
,kompetenzfokussierter* Ansatz ist auch fiir den Umgang mit neuer Gebaudetechnik denkbar. Solche
Umbriiche werden bislang kaum als Interventionsmoglichkeit beachtet. Meist wird lediglich ein
Informationsschreiben {iber die Funktionsweise und Handhabung zur Verfligung gestellt, oder
Techniker:innen geben im Rahmen der Installation eine kurze Einweisung. Dieses Vorgehen ver-
kennt, wie Kompetenzen im Alltag erworben werden und dass Nutzer:innen oft iiber andere
Heuristiken verfiigen (vgl. oben, S. 7). Zudem haben Techniker:innen bei ihrer Beratung unter Um-
stinden andere Interessen als den moglichst sparsamen Betrieb (Parag & Janda, 2014; Wade et al.,
2016). Stattdessen konnten geschulte Vertrauenspersonen (vgl. das Beispiel der Gebdudemanager in
Andersen et al., 2025) mehrfache und ausgiebige personliche Einweisungen in den Wohnungen
durchfiihren, damit Haushalte die Technik schrittweise in ihre Routinen einpassen kdnnen. Da einmal
etablierte Praktiken meist iiber lange Zeit beibehalten werden, konnten solche Mafinahmen — in die

Tiefe gehend, statt wie libliche Umweltkommunikation in die Breite — betrichtliche Einsparungen
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ermdglichen. Auch andere Ubergiinge wie ein Arbeitsplatzwechsel oder der Beginn einer neuen
Jahreszeit lassen sich als Umbruchmomente nutzen. Die Gestaltung und Wirksamkeit solcher Inter-

ventionen erscheint als ein relevantes Feld flir weitere Forschung.

4.2.2. Technik fiir heterogene Praktiken flexibilisieren

In der effizienzorientierten Planung werden Praktiken notwendigerweise homogenisiert und dadurch
Bediirfnisse reifiziert. Dabei gidbe es durch die festgestellte Heterogenitit von Routinen und
Verstdndnissen grundsétzlich Spielrdaume fiir Suffizienz. Manche Menschen und Haushalte (ver-)
brauchen weniger, ohne dass dies fiir sie mit einem Verlust von Komfort oder Lebensqualitét einher
geht — oder solche Verluste bleiben verschmerzbar angesichts von Zugewinnen in anderen Bereichen,
etwa wenn eine hohere Zufriedenheit im Homeoffice dazu fihrt, dass vermeintlich unkomfortable
Temperaturen akzeptiert werden. Auch innerhalb von Haushalten, tiber Tagesverldufe und Lebens-
phasen hinweg, gibt es variierende Bediirfnisse ,,jenseits der Norm®. Anstatt diese Diversitit in
Durchschnittswerten zu homogenisieren, die fiir manche Nutzer:innen Konsumeskalation erzwingen,
konnten Gebdude so gestaltet werden, dass sie fiir unterschiedliche, das heiflit auch sparsamere,
Nutzungen flexibel bleiben. In Architektur und Ingenieurswissenschaften wird dies unter dem

Schlagwort der ,,Robustheit* diskutiert:

,»Bei den iiblichen, hochambitionierten und technologisch orientierten Ansdtzen wird in der Regel
versucht, ein globales Optimum einer theoretischen Energieeffizienz zu erreichen, ohne
Schwankungen unsicherer Eingangsgroflen wie beispielsweise dem Nutzerverhalten im Betrieb zu
beriicksichtigen. Dahingegen werden bei einer Optimierung im Sinne der sogenannten Robustheit
Schwankungen von Eingangsgrofien (z.B. Nutzerverhalten) und deren Finfluss auf die Zielgrofie (z.B.
Energieverbrauch) beriicksichtigt. (Auer et al., 2022, S. 2)

Das Verhalten kiinftiger Nutzer:innen nicht vorab auf einen Mittelwert festzulegen und daraufhin zu
optimieren, wiirde Technik weniger empfindlich gegeniiber den tatsdchlichen heterogenen Praktiken
machen. Einsparprognosen fiir EffizienzmaBBnahmen fielen so bescheidener, aber realistischer aus.
Wiire die Planung weniger spezifisch in ihren Annahmen, konnten Gebdude auch spétere oder lokale
Anpassungen ermdglichen. Hauser der Griinderzeit sind ein Beispiel fiir eine solche nutzungsoffene
Architektur. Durch tragende Aullenwinde, eine tragende Mittelwand und ansonsten flexible Trenn-
winde lassen sich Grundrisse gut anpassen (Kozak, 2018), wihrend die groBziigige Raumhohe
Erweiterungen nach oben ermdglicht, etwa durch Hochbetten oder den Einbau einer zweiten Ebene.
Diese Gebédudetypologie konnte iiber Jahrhunderte hinweg verschiedenste Haushalts- und Nutzungs-
formen beherbergen. Heutige Ansitze des robusten Bauens greifen wieder auf ihre Raumgestaltung

zuriick (Jarmer et al., 2021; Russ, 2024).
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Auch auf stddtebaulicher Ebene kann Infrastruktur fiir heterogene Praktiken flexibilisiert werden,
etwa durch Quartiersgaragen, die potenziell umfunktioniert werden konnen, oder indem Gebédude
beziehungsweise Quartiere unterschiedliche Wohnungstypen, und dadurch diverse Haushaltsformen
sowie Einkommensniveaus, umfassen (vgl. Beitrag 2 S. 19 ff.). Ahnlich wie Hiuser der Griinderzeit
konnen funktionsgemischte, strukturell abwechslungsreiche Quartiere demografischen Wandel und
Verianderungen in den Praktiken ihrer Nutzer:innen absorbieren (Jacobs, 1962). Reine Einfamilien-
haussiedlungen erscheinen hingegen weniger flexibel: Wenn sich die Haushaltszusammensetzung
andert, kann im Quartier keine addquate kleinere Wohnung gefunden werden. Der Remanenzeffekt,
das heif3t der Verbleib in zu grofl gewordenen Wohnungen oder Hédusern, ist ein wichtiger Treiber
des Wohnflachenverbrauchs (Sachverstindigenrat fiir Umweltfragen, 2018, S. 24) — zumindest auf
Angebotsseite konnte ihm durch die Heterogenisierung der materiellen Infrastruktur begegnet

werden.

Anstatt effizient auf ein monofunktionales Ziel zu optimieren und dadurch hohe Verbrauchsniveaus
materiell fortzuschreiben, konnte die technische und (stiddte-)bauliche Flexibilisierung andere

Praktiken und geringere Verbrauche heute und in der Zukunft ermoglichen.

4.2.3. Mehr Kontrolle und Mitbestimmung fiir Nutzer:innen

In der Gebaudeplanung wird gegenwaértig meist versucht, den Einfluss der Nutzer:innen moglichst
gering zu halten: Durch weitgehende Automatisierung und zentrale Steuerung soll optimaler Komfort
ohne Einsatz der Nutzer:innen bereitgestellt und ,,Fehlverhalten* reduziert werden (Auer & Franke,
2019; Veit, 2025). Doch in allen vorgestellten Beitridgen erscheint das Kontrollgefiihl der ,,Beplanten*
sehr wichtig. Bewohner:innen des modernen Mehrfamilienhauses wiinschen sich Technik, die schnell
und spiirbar reagiert und so den Erfolg der Anpassung vermittelt; Nachverdichtungsprojekte scheinen
besser zu gelingen, wenn Anwohner:innen in der Planung partizipieren konnen; Beschéftigte haben
im Homeoffice mehr Moglichkeiten, ihre Situation zu gestalten. Eine umfangreiche Literatur betont
ebenso die Bedeutung personlicher Kontrolle. So ist der thermische Komfort hdéher, wenn
Nutzer:innen das Gefiihl der Kontrolle iiber ihre Umgebung haben (Langevin et al., 2012; Wagner et
al., 2007) — selbst wenn sie diese gar nicht nutzen (Zhou et al., 2014). Wichtig ist dabei allerdings,
dass Kontrollmdglichkeiten nicht nur vorhanden sind, sondern dass Nutzer:innen sie auch verstehen,
bedienen konnen und mit ihnen zufrieden sind (Brown & Cole, 2009; Leaman & Bordass, 2007). In
AufBlenrdumen akzeptieren Personen vermeintlichen Diskomfort ldnger, wenn sie eine Ausweich-
moglichkeit haben, zum Beispiel einen Schattenplatz in der Nihe, oder die Option, den Ort ganz zu
verlassen (Nikolopoulou & Steemers, 2003). Auch fiir dichte Quartiere ist das Kontrollgefiihl
relevant. Personen mit einer ,internalen Kontrolliiberzeugung™ (das heift die Kontrolle iiber

Ereignisse wird hauptsichlich bei sich selbst gesehen) fiihlen sich in dichten Situationen weniger
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beengt als solche mit einer externalen Kontrolliiberzeugung (Boyko & Cooper, 2011). Moglicher-
weise beeinflusst Partizipation die Akzeptanz von Nachverdichtungsprojekten nicht nur, weil
dadurch Bediirfnisse der Nutzer:innen erhoben werden, sondern auch, weil sie ihnen das Gefiihl

vermittelt, ein gewisses Mal3 an Kontrolle liber die eigene Umwelt zu haben.

Anstelle von Komfort lieBe sich daher auch Nutzerkontrolle oder Nutzerzufriedenheit als Ziel
technischer Optimierung einsetzen. Eine solche Strategie widerspricht jedoch dem gidngigen Ver-
stindnis in Umweltschutz und Technikentwicklung, demzufolge Menschen grundsitzlich maBlos
sind (Jackson, 2004; Shove, 2010) und daher durch Preisanreize gesteuert und durch Technik ein-
gehegt werden miissen. Forschung zu finanziellen Anreizen zeigt allerdings, dass diese teilweise erst
die egoistischen Individuen hervorbringen, die ihrer Konzeption zugrunde liegen: Werden Personen
primir in ihrer Rolle als Konsument:innen adressiert, etabliert sich eine marktwirtschaftliche Logik
auch in Situationen, die zuvor zum Beispiel iiber soziale Verpflichtung reguliert waren (Raworth,
2017). Ebenso fiihrt eine Darstellung von Umweltverbrauch vor allem als Problem technischen
Managements dazu, dass sich die Offentlichkeit kaum an Umweltdebatten beteiligt — insbesondere
wenn die dafilir notwendige Expertise fehlt (Rau, 2018). Die Nutzer:innen werden also technokratisch
der Verantwortung fiir ihre Umwelt enthoben, um dann wieder an ihre Verantwortung als

Konsument:innen erinnert werden zu mussen.

Demgegeniiber liele sich Umweltverbrauch auch als ein soziales und gemeinschaftliches Anliegen
positionieren. Anstatt liber abstrakte Konzepte wie globale Emissionen, Generationengerechtigkeit
oder Nachhaltigkeit zu verhandeln, konnte die Diskussion iiber alltigliche Praktiken eine ,,Re-
Konkretisierung der Nachhaltigkeit* bewirken (ebd.: S. 222). Dies allerdings nicht in Form von
Appellen an das Umweltbewusstsein der Konsument:innen, sondern als Frage der aktiven Gestaltung
heterogener, soziokulturell und lokal verankerter Praktiken, die materielle Infrastrukturen ebenso
umfassen wie Verstdndnisse und Routinen. Hausgemeinschaften und Quartiere erscheinen dafiir als
geeignete Ansatzpunkte. Menschen entwickeln gerade bei Verdnderungen ihres direkten Lebens-
umfelds haufig ein starkes Interesse an der Gestaltung der Umsténde (ebd.: S. 223). Als riicksichtslos
und nutzenmaximierend erscheinen sie nur im Vakuum (wirtschafts-)wissenschaftlich abstrahierter
Entscheidungssituationen, in denen der soziale und kulturelle Kontext als ,,extern* ausgeklammert
wird (Raworth, 2017). In einem kontextualisierten Rahmen kdnnen sie auch die Bedarfe Anderer
beriicksichtigen (vgl. Beitrag 3, S. 17 ff.) und sind unter bestimmten Umstédnden durchaus in der
Lage, gemeinschaftliche Ressourcennutzung tiber selbst ausgehandelte Regeln und Institutionen zu
strukturieren (Ostrom, 2015). Ein moglicher Ansatz, wie Bediirfnisse in einem solchen Rahmen

verhandelt werden kdnnen, wird im nichsten Abschnitt vorgestellt.
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4.2.4. Planung als gleichberechtigte Aushandlung von Bediirfnissen

Planung nimmt bestimmte Bediirfnisse der Nutzer:innen an — etwa in Bezug auf Komfort, Leistungs-
fahigkeit, Mobilitét oder urbanes Griin. Sie ist dabei jedoch nicht neutral, sondern immer auch von
eigenen Annahmen und Interessen gepragt. Technik- und architekturhistorische Studien zeigen etwa,
dass Bedarfsannahmen in technischen Normen oft auf Interessen der Industrie beruhen (Shove, 2003),
oder dass Grundrisse moralische Vorstellungen sowie Familien- und Rollenbilder der Planer:innen
widerspiegeln (Alonso Aranda, 2024; Rudge, 2012). Entwickler:innen imaginieren kiinftige
Nutzer:innen zudem tendenziell nach ihrem eigenen Vorbild (Strengers, 2013) und unterstellen, dass
diese die Technik in gleicher Weise verstehen, obwohl Nutzer:innen oft ganz andere ,,konzeptuelle
Modelle* tiber das Funktionieren technischer Systeme haben (Norman, 2013). Die Aushandlung von
Bediirfnissen findet gegenwiértig in zwei zeitlich und rdumlich getrennten Schritten statt. In der
Planungs- und Designphase haben Praktiker:innen und Auftraggeber:innen einen privilegierten
Zugang, ihre Vorstellungen in die Technik einzuschreiben. Erst nachtraglich kénnen Nutzer:innen
durch Aneignung oder auch Widerstand (Day & O’Brien, 2017; Silverstone, 1992) eigene Vor-
stellungen und Handhabungen umsetzen — allerdings nur innerhalb der bereits gesetzten materiellen
Rahmung. Dieser asymmetrischen Machtverteilung konnte zum einen dadurch begegnet werden, dass
der materielle Rahmen flexibler fiir die Praktiken der Nutzer:innen ist (vgl. 4.2.2.). Zum anderen
konnten bereits in der Planung diejenigen stéirker beteiligt werden, deren Lebensumfeld und Praktiken
davon betroffen sind. Partizipative Technikentwicklung (Norman, 2013; Schuler & Namioka, 1993)
oder Bauplanung konnte den geschilderten asynchronen Aushandlungsprozess zwischen

Nutzer:innen und Planer:innen explizieren und in der Designphase verankern.

Solche Beteiligungsprozesse konnten auch einen Ausgangspunkt fiir die Verhandlung von
Bediirfnissen und Ressourcennutzung darstellen. Hierfiir erscheint das in der Suffizienzdebatte seit
einiger Zeit diskutierte Konzept der Konsumkorridore besonders interessant (Defila & Di Giulio,
2020; Di Giulio & Fuchs, 2014; Spengler, 2016). Es sieht vor, dass partizipativ ein Korridor nach-
haltigen Konsums ausgehandelt wird, der nach unten durch soziale Mindeststandards und nach oben
durch die Grenzen 6kologischer Tragfahigkeit begrenzt ist. Innerhalb dieses Korridors kann Konsum

variieren und somit individuelle Freiheit gewahrt bleiben.

Die Mindeststandards sollen menschliche Grundbediirfnisse sichern, wobei sich angemessene
Untergrenzen nach kulturellem Kontext unterscheiden koénnen (Spengler, 2016). Dies wiirde die
soziale Nachhaltigkeit berticksichtigen, denn in vielen Gegenden der Welt, aber auch Europas, sind
Mindeststandards im Wohnbereich nicht erreicht (Lorek & Spangenberg, 2019). Auch die deutsche
Gesetzgebung zum Gebdudeenergieverbrauch war zunichst als ein Schutzmechanismus gegen

gesundheitsschiadliche Wohnbedingungen angelegt: Der sogenannte ,,Mindestwéarmeschutz* sollte
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Feuchte, Schimmelbildung und damit Atemwegserkrankungen reduzieren (BauNetz Wissen, 0.D.)
Erst spiter wandelte sich das Ziel hin zur vermeintlich optimalen Komforttemperatur. Mittlerweile
wird jedoch deutlich, dass homogene Komforttemperaturen nicht nur enormen Ressourcenverbrauch
verursachen, sondern dass phasenweiser ,,Diskomfort* sogar gesundheitsforderlich ist (Lichtenbelt et
al., 2017; Lichtenbelt et al., 2014). Eine suffiziente Alternative zu Komfort konnte daher sein, zum
Gedanken eines (gesundheitlichen) Mindeststandards zuriickzukehren, den Gebédude liefern sollen
und kdnnen —und dariiber hinaus die Nutzer:innen ihre eigenen Schwerpunkte setzen zu lassen. Auch
in der Stadtplanung kénnten gesundheitliche Mindeststandards zu Konsumreduktion fiihren, etwa
wenn die dafiir notwendige Luftreinhaltung gegen das Bediirfnis nach motorisiertem

Individualverkehr abgewogen wird.

Eine Erprobung des Konzepts steht bislang weitgehend aus. Ubertragen auf den Gebéudebereich
konnte ein Konsumkorridor bereits in ,,Phase 0 einer Quartiers- und Gebdudeplanung ermittelt
werden. Doch nicht nur im Neubau, sondern auch im Bestand sind solche Formate denkbar, etwa im
Zuge von Nachverdichtung, energetischer Sanierung oder anderer UmbaumaBnahmen. Dabei konnte
zundchst mit den An- und Bewohner:innen erhoben werden, welche Praktiken gegenwirtig statt-
finden, welche Bediirfnisse existieren und welche Funktionen mdglich und gewiinscht sind.
Planer:innen konnten diese Abwégungen weiter kontextualisieren, indem sie auch die Perspektive

kiinftiger Bewohner:innen oder gesamtstadtische Anliegen repriasentieren.

4.3. Fazit

Im Zentrum dieser Dissertation stand die Frage, wie Gebdudeplanung und -technik iiber die
Bediirfnisse der Konsument:innen hinaus gehen und mehr liefern, als diese eigentlich bendétigen.
Tatsdchlich stimmen Annahmen iiber Verhalten und Bediirfnisse der Nutzer:innen in den unter-
suchten Feldern oft nicht mit den tatséchlichen Praktiken {iberein. Nutzer:innen miissen die Gebdude
jedoch in ihre vorhandenen, meist trigen Routinen und Verstdndnisse integrieren, was die Wirkung
von Effizienzmafnahmen einschriankt. Eine bessere ,,Passung™ konnte Suffizienz ermdglichen,

anstatt Konsum zu eskalieren und Verbrauche festzuschreiben.

Indem die Arbeit solche ,,Eskalationsdynamiken® in situierten Beispielen untersuchte, leistet sie einen
Beitrag zur praxistheoretischen Konsumforschung. Die darauf basierende Synthese konnte neue
Suffizienzansitze fiir den Gebaudesektor aufzeigen. Im Gegensatz zur Wohnflache sind das Heizen,
Kiihlen und die stidtische Siedlungsdichte in der Suffizienzliteratur bislang wenig erforscht, obwohl
sie als wichtige Aspekte benannt werden (Bierwirth & Thomas, 2019). Kiinftige Forschung konnte
insbesondere die soziale Rahmung von Konsum weiter erforschen, etwa mit den Ansdtzen der

Konsumkorridore oder kompetenzfokussierten Interventionen nach technischen Anderungen; auch
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erscheint lohnenswert, die Flexibilisierung von Technik fiir heterogene Praktiken und Nutzer-

kontrolle praktisch zu erproben und wissenschaftlich zu begleiten.

Insgesamt verdeutlicht die Arbeit, dass Suffizienz als komplementédre Nachhaltigkeitsstrategie breiter
verstanden werden muss als bisherige Ansdtze des freiwilligen Verzichts rationaler Kon-
sument:innen. Suffizienz sollte vielmehr auch in der Planung und Technikentwicklung berticksichtigt
werden, denn bereits hier werden wichtige Weichen fiir den spdteren Verbrauch (und die
Moglichkeiten der Konsumreduktion) gestellt. Dem eingangs zitierten Motto der ,,Energieeffizienz

zuerst™ wire demnach Suffizienz in ,,Phase 0 voranzustellen.
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Anhang

1. When energy efficiency goes out the window: How highly insulated
buildings contribute to energy-intensive ventilation practices in Germany
(Bauer et al. 2021)

Bauer, A., Mdller, S., Gill, B., & Schrdder, F. (2021). When energy efficiency goes out the window:
How highly insulated buildings contribute to energy-intensive ventilation practices in Germany.

Energy Research & Social Science, 72, 101888. DOI: 10.1016/].erss.2020.101888.
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Many national and international climate goals focus on lowering resource consumption in the building sector. In
Germany, this is attempted in large part through increasing the thermal insulation of buildings, in order to
achieve average room temperatures of 19 °C with as little heating energy as possible. However, research on the
Energy Performance Gap shows that predicted heating-energy savings are seldom reached. Based on a case study
conducted in six energy-efficient multi-apartment buildings in Southern Germany, we offer an explanation
rooted in practice theory: There appears to be a mismatch between households’ practices and the building’s
properties. While households have diverse and changing temperature needs, and a desire for quick adaptation,
the energy-efficient building provides homogenous temperatures and slow temperature change. This leads
households to open windows often and for long periods of time in order to reach their thermal comfort needs —
even in the height of winter. The direct and indirect losses of heating energy from the observed ventilation
practices can contribute to the Energy Performance Gap of energy-efficient buildings. If energy-efficient building
regulations incorporated more realistic assumptions about household practices, the building designs could
become more adequate and the estimated energy savings more realistic, potentially reducing the magnitude of
Energy Performance Gaps.

the case-study buildings presented here, Moeller et al. [7] have calcu-
lated an EPG of 15.4% between predicted and actual heating energy

1. Introduction

Many national and international climate goals focus on the energy
efficiency of the existing housing stock. In Germany, a central vehicle is
the energy savings directive (Energieeinsparverordnung, EnEv), which
aims to reduce building energy consumption by regulating heating
technology and the thermal insulation of buildings. However, research
on the Energy Performance Gap (EPG) casts doubt on whether the pursuit
of building energy efficiency really delivers the expected energy savings
(for an overview see [1,2]; for a discussion of the term see [3]; for a
critical discussion of the concept of energy efficiency see [4,5]). The
literature on EPGs shows deviations ranging from 15 to 35% between
predicted and actual consumption in energy-efficient buildings [6]. For

* Corresponding author.

consumption.l Occupant (mis)behaviour is seen as the main cause of
Energy Performance Gaps [1]. However, from an interdisciplinary
perspective informed by practice theory, we want to argue that current
building standards for energy efficiency have a narrow conception of
occupants, which can lead to unintended outcomes in building opera-
tion. It is not the isolated occupant behaviour per se which causes the
EPG, but the interaction of the building’s properties with the evolution
of more or less unconscious occupant practices.

In order to understand the EPG, we have to assess how the expected
energy savings are determined in the first place. In Germany, the
calculation of building energy performance (according to DIN 4108, DIN

E-mail addresses: amelie.bauer@soziologie.uni-muenchen.de (A. Bauer), simon.moeller@soziologie.uni-muenchen.de (S. Moller), bernhard.gill@soziologie.uni-

muenchen.de (B. Gill), f.schroeder@metrona-union.de (F. Schroder).

! Predicted consumption of heating energy according to EnEv 2009 and DIN V 4108-6:2003-06 for residential buildings; ‘actual consumption of heating energy’ is
the measured consumption with adjustment for weather conditions and heat losses from central domestic hot-water systems. For detailed description see [7].
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EN 832 and DIN 4701-10) is based on the assumption of an average
room temperature of 19 °C and an air exchange rate of 0.7 volumes per
hour. The goal of the energy savings directive EnEv is, then, for build-
ings to provide this temperature using as little heating energy” as
possible. The building is designed according to this goal, for example by
increasing insulation and by designing building facades to capture solar
heat gains which can replace heating energy in winter.

The sole focus on achieving the average room temperature of 19 °C
through the building’s technology leaves a blind spot when it comes to
the people living inside the buildings. Their expectations of comfort are
more diverse, and their practices more active, than the underlying
concepts account for. The assumption of an average constant room
temperature of 19 °C is rooted in a static model of thermal comfort [8].
However, this view has been challenged in recent years by a large
literature from the physical as well as the social sciences, showing that
thermal comfort is dynamic [9,10], and influenced by cultural practices
as well as past thermal experiences [11]. It varies from individual to
individual and across contexts, with different preferences for different
rooms of the house, activities or times of day [12,13]. This means that
humans can cope, and even be comfortable, with quite a large range of
temperatures, and have a diversity of thermal needs depending on
location and situation. Residents are also much more active in their
pursuit of physical comfort than the standard model can conceive of.
Older static thermal comfort models see individuals as passive recipients
of thermal conditions — with the energy-intensive consequence that their
comfort has to be provided by buildings and devices that heat the whole
room. In contrast, newer perspectives on ‘adaptive thermal comfort’ see
residents as active producers of their thermal situation [14].

In this context, we want to suggest that practice theory can provide
an alternative perspective on occupant heating and ventilation activ-
ities, which allows for a more nuanced understanding of the interplay of
household practices and building characteristics. Practice theory points
out that (building) technology is not neutral, but nudges people towards,
or even enforces, certain behaviours. Practice theoretical studies on
heating-energy consumption have shown how different building tech-
nologies such as radiator thermostat valves [15], heat pumps [16] and
windows with a tilt function [17] influence residents’ behaviour and
thus their energy consumption.

Therefore, we assume as our working hypothesis a mismatch be-
tween German energy-savings policies and the consequent building
standards as detailed above on the one hand, and residents’ real needs
and practices on the other. In the case-study buildings, we observed
diverse and changing temperature needs and expectations of quick
adaptation on the part of the residents confronted with building tech-
nologies designed to provide homogenous temperatures and slow tem-
perature change. Apartments in the highly insulated case-study
buildings had rather high average temperatures of around 22 °C - i.e.,
three degrees higher than foreseen by the official standard. This rather
high ‘normal’ temperature level induces households to open windows
often and for long periods of time to reach their desired thermal con-
ditions and maintain different temperatures in different rooms.

The mismatch of expected energy savings and diverse thermal
comfort practices can be observed by looking at the building and the
occupant in more detail. On the one hand, we have a well-insulated
building that is optimised to keep homogenous, high temperatures
[18]. The target temperature set on the heating thermostat is quickly
reached and maintained without difficulty [19]. In contrast to poorly
insulated buildings, which lose heating energy quickly, the actual tem-
perature drops fairly slowly when the thermostat is turned off or the

2 The German energy savings directive EnEv also aims to increase the effi-
ciency of heating technology, e.g., by replacing old heat pumps. Since these
measures had no influence on occupants’ practices in our case study, we will
only focus on the second objective of the EnEv, the saving of heating energy
through increased building insulation.
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target temperature is lowered. The thermal inertia of these highly
insulated buildings means that once heat has built up, it is ‘trapped’
inside the walls for longer periods of time. In this context, feelings of
overheating can occur quickly. Sudden energy inputs may emerge from
solar radiation or household appliances’ waste heat, quickly pushing the
temperature from ‘comfortably warm’ to ‘too hot’. Thus, a change to-
wards higher temperatures can occur quickly, while the usual heat
dissipation through the envelope takes markedly longer — the building
has a ‘bias’ towards increasing temperatures.

On the other hand, we have households that have frequently
changing needs and expect quick adaptation to experiences of discom-
fort. Practice theoretical studies have shown how heating norms and
practices differ widely for households, individuals, different times of day
and different rooms in the home [12,13]. The literature on adaptive
thermal comfort highlights the importance of adaptive action for indi-
vidual thermal comfort. When sensations of discomfort occur, people
will try to restore their comfort by taking adaptive action through the
available controls [14]. Since building technology is often little under-
stood, and most practices are performed unconsciously, households rely
on physiological sensations rather than intellectual understanding to
evaluate whether an adaptive action was successful. When residents feel
uncomfortable, they want to have immediate sensory feedback and
therefore try to change the situation quickly in order to feel comfortable
again. We posit that energy-saving concepts based on slow-reacting
technologies — such as low temperature heating and highly insulated,
thermally inert buildings — are not well suited to fulfilling this need.

This unexpected interaction between building technology and
household behaviour - intended neither by planners nor by households —
could contribute to explaining the EPG. We argue that the thermal-
insulation concept of the building is not well adapted to many house-
holds’ behaviours and actively pushes residents’ practices in an energy-
intensive direction. If the philosophy of energy-efficient building regu-
lations today could instead incorporate more realistic assumptions of
household behaviours, the building designs could become more
adequate and the energy savings estimations more realistic, possibly
changing the magnitude of EPGs and leading to different goals and
priorities in energy-savings policies for the building sector (see section
6).

The article is structured as follows: In the next section (2.), we first
introduce the case-study buildings where our mixed-methods research
was conducted. In section (3.), we present building-level, quantitative
temperature and window measurements from previous research, which
inspired the current research on ventilation behaviour. Additionally, we
present the findings from household-level in-depth qualitative in-
terviews, supplemented by temperature measurements, describing the
different modes of ventilation we encountered in the field (3.). A dis-
cussion of the findings and their larger implications is offered in (4.),
followed by a note on limitations and implications for further research
(5.), as well as policy recommendations (6.).

2. Case-study buildings, material and methods
2.1. Case-study buildings and technology

We studied six three-story multi-apartment buildings in Munich,
Southern Germany. The city is situated between maritime and conti-
nental climate zones and thus has a temperate climate in general.
Average temperatures (1982-2020) for the heating period are: Oct
10.8 °C, Nov 5.0 °C, Dec 2.1 °C, Jan 0.9 °C, Feb 1.9 °C, Mar 5.8 °C, Apr
10.1 °C [20].

Each building contains eight apartments, with a total of about 600
sqm of living area per building. Shared common areas exist in the form
of an inner staircase and a basement area intended for drying laundry.
The apartments vary in size, from 40 sqm two-room apartments to larger
apartments of 70-100 sqm. Size and distribution of the apartments can
be seen in Fig. 1. The six buildings were designed with a southern



A. Bauer et al.

so [

Energy Research & Social Science 72 (2021) 101888

B

s —

B

Fig. 1. View of a case-study apartment building, south facade. The position of the eight apartments is indicated by the dotted lines, together with the respective

apartment size in sqm.

orientation - large window fronts facing south and only small windows
facing north.

The houses were built in 2010 in accordance with German energy-
efficiency standards for buildings, the Energy Saving Ordinance (Ener-
gieeinsparverordnung, EnEv) of 2009 (EnEv 2009), which mandates
high thermal insulation in order to reduce energy losses through heat
transmission. Information on building design and insulation (such as
floor plans, wall and window area, specific heat transfer coefficients)
was derived from the thermal insulation certificate of the buildings
(‘Warmeschutznachweis’, a mandatory certificate calculated on the
basis of EnEv 2009, DIN 4108, DIN EN 832 and DIN 4701-10).

The case-study buildings were designed to test the impact of different
heating systems on energy consumption. All six buildings are connected
to district heating and have the same insulation properties for walls and
windows,® with some variations in heating and ventilation systems and,
in one building, additional envelope insulation (see Table 1). Con-
struction, layout and orientation of the buildings are identical. The
buildings are situated next to each other to ensure comparable micro-

Table 1
Heating and ventilation technologies in the case-study buildings.

Interviews N
=19

Building  Variation in building technology

1 Reference building with no variation (wall-mounted 2
panel radiators with manually adjustable thermostat
valves in each room; natural ventilation through
windows; mechanical ventilation through exhaust-air
extraction system and window slits)

2 Slightly lower heat transfer coefficient, higher 4
insulation of roof and basement, triple glass windows
(designed to reach higher energy efficiency of up to
EnEv 2016 standard)

3 Window sensors connected to ‘intelligent’ thermostat 2
valves which turn off automatically as soon as
windows are opened

4 Electronic individual room control system for heating 3
(central control unit for presetting different room
temperatures in different rooms, manual regulation
for each room)

5 Wall heating (panel heating behind wall surface) 3

6 Mechanical ventilation system with heat recovery in 5
every apartment

3 Insulation properties of buildings 1 and 3-6: outer walls (ground floor): 365
mm wall, U = 0,36 W/(mzK); outer walls (first and second upper floor): 300
mm wall, U = 0,43 W/(m?K); windows (thermal insulation glazing): U,, = 1,50
W/(m?K), according to thermal insulation certificate.

climate conditions. There are no variations in shading through trees or
other greenery.

The main technology for heating is the wall-mounted panel radiator
with a manually adjustable thermostat valve in each room (except
buildings 4 and 5), and the main technology for ventilation is natural
ventilation through tilted or open windows (except building 6), with
additional enforced mechanical ventilation through window slits.* All
windows can be fully opened or tilted.”

At the individual level of households and with our limited number of
interviews, we could derive no clear connection between different
buildings and the households’ energy consumption and practices.
However, a prior evaluation of the case-study buildings found no
notable variations in energy consumption between the buildings,
excepting building 3, which was found to have a lower energy
consumption.

2.2. Mixed-methods research design

This study is based on different sources of data (see Fig. 2).

Measurement of window status and room temperatures. An earlier
research project in the case-study buildings had conducted detailed
measurements of temperatures and window-opening rates for October
2012 through to September 2013. The research team had installed
window handle contacts on every window which logged the window
status (closed/open) every few minutes and aggregated them on an
hourly basis. Outdoor and indoor temperatures and global radiation
were measured and logged every hour. Additionally, we noted window-
opening rates by observing building facades during on-site visits in the
heating periods 2016-2018 (starting in 2016, with increased frequency
in winter 2018 during our interview campaign). The observations were
intentionally conducted at different times of day as well as during
different weather conditions. In total, we conducted 20 such observa-
tions. These random samples were complementary to the measurements
(see Fig. 2). As we will show in the next section, the measurements
revealed that many households ventilate extensively even with cold
outdoor temperatures. Since these measurements were conducted before
our interviews, they were not considered as explanation for the indi-
vidual household behaviour, but gave us an idea of the ventilation

4 As is standard in Germany for energy-efficient, airtight buildings, the
windows have small slits which, together with an exhaust-air extraction system
in the bathroom, ensure minimum air exchange even when windows are never
opened, in order to prevent mould buildup.

5 German windows are usually opened inwards and can be opened either
fully or ‘tilted” (‘gekippt’), meaning the opening of the window from the lower
window frame at an angle of about 10°. The implications of this particular piece
of building technology are discussed in [10].
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Fig. 2. Data sources.

practices occurring in the buildings, and occasioned us to research the
‘building-level’ phenomenon of intensive ventilation on the level of
household practices. Household practices were researched through
qualitative interviews (see next paragraph) along with field observations
and on-site temperature measurements.

Qualitative interviews with households. This study is based mainly on
in-depth, semi-structured interviews, conducted in January and
February of 2018.° Interviews were carried out in the homes of the
participants, recorded, then transcribed and analysed using qualitative
data analysis software. The six case-study apartment buildings are
owned by a municipal housing company, which granted us access to
their residents and assisted the research by contacting residents via
letter, inviting them to participate, as well as by providing us with res-
idents’ phone numbers (landline at the apartment and/or mobile), if
available. All 48 households in the six buildings were contacted via
letter. The researchers then telephoned households asking them to
participate. Where no phone contact was available, the phone number
was incorrect or out of use, or the phone was repeatedly not answered,
researchers additionally visited the apartments at different times of day
and, if answered, spoke to the residents in person. However, only two of
these households could be reached in the latter way, and only one of
them participated. In total, of the 48 households, 33 could be reached,
14 declined, and 19 agreed to be interviewed (see Table 2 for overview).

The company provides lower-income citizens with affordable hous-
ing in a tense housing market. Thus, the renters are mostly lower-income

Table 2

Interviewed households in the case-study buildings.
Total sum of households 48 100%
No telephone contact available or wrong number 8 16.67%
No response to calls 14.58%
Participation declined 14 29,17%
Interviews conducted 19 39.58%

¢ With average outdoor temperatures of 5.6 °C in January and —1.4 °C in
February 2018 [20].

households. Since lower- as well as higher-income groups are system-
atically more difficult to reach for social-scientific enquiry [21], a lower
response rate was to be expected from the beginning. We tried to
compensate households with a financial incentive of €20 for participa-
tion, as well as offering to conduct interviews at times that would
accommodate interviewees working long hours or flexible shifts.

Different ages and genders were represented in our interviews, with
a bias towards women (12 out of 19) and residents who spend more time
at home (stay-at-home or part-time caregivers, persons on sick leave or
in retirement, 13 of 19). Non-response of more mobile households is a
common issue in surveys. It is recommended to contact households three
to six times, and offer interviews via telephone or on paper, as well as
financial incentives [21]. All of these measures were incorporated in our
study, excepting the paper survey, since this would have run counter to
the narrative interview technique chosen.

Due to the different apartment sizes, we were able to interview
different household configurations: large families with 2-4 children, as
well as households of 1-2 persons living in the smaller two-room
apartments.

Interviewees were first asked about their daily routines in the home,
and their routines on cold days, to get an idea of their schedules and
practices and focus their attention on the topic of thermal comfort and
heating practices. Then, we asked about experiences and satisfaction
with the apartment, including how it compared to their previous and
other apartments. If not already addressed by interviewees’ narration,
specific questions as to temperature and ventilation preferences and
practices were added. Lastly, interviewees were asked about the heating
technology. We asked them to explain how they think it works and how
they use it, and encouraged them to show us what they do. They were
asked to reflect on satisfaction, ease of use, and any problems, also
compared to previous apartments. Through their narrations, we gained
an overview of their heating and ventilation practices during the day for
different situations (e.g., coming home after work, watching television)
and different rooms of the apartment’.

Observations in the field. Interviewers were trained not only to
conduct the interviews, but also to observe the living environment of the
interviewees for clues that impact on or signal certain heating and

7 Interview questions can be accessed in online appendix.
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ventilation practices. Such clues could be packs of cigarettes, plants or
ornaments on windowsills, blankets on the couch, condensed water on
windowpanes, etc. If possible, interviewers also contrasted the infor-
mation given by respondents with evidence in the field, such as observed
thermostat valve settings or window positions. All of these were
captured in field memos and used as additional information. In-
terviewees were also — in a non-confrontational, unobtrusive way —
questioned about disparities between their narrations and such evi-
dence, or about conflicting elements of their narrations.

On-site temperature measurements. Lastly, during the interviews, we
measured surface temperatures in the households with a laser ther-
mometer. Surface-temperature measurements were used because in-
terviewees often ventilate before visitors arrive, which could influence
the measurement of air temperatures. We measured the surface tem-
peratures of inner walls as well as floors and calculated the average. The
temperature measurements were taken in the room where the interview
was conducted (living room with open-plan kitchen area), and addi-
tionally in any rooms our interviewees offered to show us. The in-
terviewees were offered the opportunity to conduct the measurements
themselves (with researchers present to help and control), which
appeared to help with acceptance.

While more extensive data collection would certainly have produced
a more detailed picture, as researchers we have to be pragmatic about
our available resources as well as participants’ openness towards
measuring technologies in their homes. We will further reflect on this in
section (5.).

3. Results

As suggested in the introduction, the strongly insulated case-study
buildings are systematically warmer than buildings constructed in
accordance with older building standards. Measurements showed that in
the winter months, with outdoor temperatures ranging between —5 and
14 °C, indoor temperatures in the case-study buildings remain mostly
stable between 21 and 22 °C [19]. Parallel to this, we observed that even
in the midst of winter, there are windows opened or tilted for longer
periods of time (Fig. 3).

Fig. 3 shows the daily average percentage of open windows along
with the daily average ambient temperature for 365 days. As shown by

Open Window Rate versus Ambient Temperature
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Fig. 3. Daily average percentage of open window surface and outside tem-
perature (daily average ambient atmospheric temperature T, in °C) in the case-
study buildings for the years 2012 and 2013. Black dots: daily average over six
buildings (48 flats and staircases); green: moving average over 12 days (at
comparable T,); pink symbols: additional single observations (counting open
windows) in 2016-2018.
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the pink boxes in Fig. 3, the observations in the field confirm the sensor
data. Even for sub-zero outdoor temperatures, the opening rates remain
at 7-8%. From 5 °C onwards, opening rates exceed 10%; from 10 °C
onwards, they exceed 20%. Apparently, even with sub-zero outdoor
temperatures, a small number of windows are open for longer time
spans. With higher temperatures, an ever larger percentage of windows
is opened.

These observations from the previous work of our research group
were the starting point of the present research, as we strive to under-
stand what drives these phenomena and how those practices appear
from the viewpoint and experience of the residents. Our measurements
in the interviewed households confirm the trend of stable temperatures
between 21 and 22 °C measured by Schroder et al. [19] for the six
buildings: the average of all temperature measurements in the inter-
viewed households was 23 °C, with different apartments ranging from
19 to 25 °C. Average temperatures appear markedly higher than the
standard assumption of 19 °C, and individual apartments exhibit large
variations.

In the following sections, we will show four cases of different
ventilation practices encountered in the field. We have attributed names
that act as both illustration and mnemonic device to these ventilation
types, which we have derived from our qualitative research. Out of these
five types of ventilation behaviours, only one is a good match between
building technology® and household behaviour, while the others can
lead to heating energy losses through ventilation.

3.1. The lizards: No ventilation and high temperatures

The first case is a family with a preference for high indoor temper-
atures. Our interviewee was Ms E, who lives together with her husband
and three children. The room temperature in their apartment is regu-
lated via a central control unit. A specific temperature can be set for each
room and modified with a dial allowing increases or decreases of up to
3 °C. The family programmed the settings when the system was first
installed and hasn’t changed them since then. Ms E does not know what
the set temperatures are, but she estimates ‘maybe 20 or 21 degrees’.
Thus, 20 or 21 °C is the default temperature, which she can modify down
to 17-18 °C or up to 23-24 °C. In general, she feels it is ‘a pretty warm
apartment [...] we never feel cold here.” She is satisfied with the
warmth. Ms E enjoys the warmth and generally does not complain about
feeling overheated in her apartment. She is an occupant who can
tolerate and even enjoy high temperatures. All our measurements show
consistently high temperatures for her apartment. During the interview,
we measured 25 °C in the living room. Ms E and her family seldomly
open the windows. Ms E stated that every few days, she fully opens the
windows for a short while to ‘shock-ventilate’. Thus, the practices of Ms
E appear ideally matched to the building. She prefers higher tempera-
tures and does not feel the need to ventilate often.

3.2. The polar bears: Ventilation to achieve lower comfort temperatures

Many households tilt windows for temperature control over longer
periods of time. Some households have a general preference for lower
temperatures. These households may ventilate constantly in order to
achieve thermal comfort. Ms F lives alone in one of the 40 sqm apart-
ments. She likes to keep her apartment cool, even in winter: ‘I don’t need
my apartment to be that warm, we don’t have very cold winters here.

8 In the sense of practice theory, everything is technology which produces,
enables and stabilises human practices. When we refer to ‘building technology’
in the proceeding sections, this includes the building itself (walls and windows
with certain insulation levels; the orientation of the building and layout of
apartments) as well as all technological — whether mechanical or digital — in-
terfaces with which the households interact (windows which can be opened,
closed and tilted; thermostat valves).
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[...] There are people who probably have 25 or 30 degrees in their
home, so warm they are almost boiling.” Ms F says she ventilates ‘a lot’
on ‘nice’ winter days and in transition periods (spring and autumn)
when she is at home, and often leaves windows tilted when she leaves
the house. She enjoys the fresh air and feels that she sleeps better when it
is cool. At night, she sleeps with closed windows, but leaves bedroom
windows tilted during the day in order to cool the bedroom. She also
keeps living-room windows tilted, even when she leaves the apartment.
During the interview, we measured 19 °C in her living room.

3.3. The ‘mixed’: Different temperatures for different rooms

Such a marked ‘polar bear’ preference for cool temperatures across
all rooms of the apartment was relatively uncommon in the researched
buildings. However, we found that many households have varying
thermal comfort preferences for different rooms of the apartment. Many
interviewees like their bedrooms to be cool when they go to sleep. To
keep the room cool, they leave bedroom windows tilted during the day
with the radiators turned off (Ms P, Ms H, Mrs W). This is often in stark
contrast to their thermal comfort preferences for other rooms. Ms P’s
parents sit in the living room during the day, where they enjoy warm
temperatures. We measured 23 °C in their living room, and they addi-
tionally use blankets to keep comfortable. The family had even blocked
the balcony door with blankets because they perceived a cold draft
entering the living room. At the same time, they keep bedroom windows
tilted for the entire day and only close them at night. In buildings that
are less well insulated, bedrooms do not significantly heat up during the
day and can therefore be cooled down quickly with shock ventilation
before bedtime (see Introduction and [18]). In the better-insulated
buildings, however, the households appear to have to start the process
of cooling bedrooms early in the day in order to achieve the desired
temperatures at the right time.

Both ‘polar bear’ and ‘mixed’ households routinely open windows
and keep them open or tilted for long periods of time, in order to achieve
the low room temperatures they perceive as comfortable. In buildings
with lighter insulation, such residents with a preference for cooler in-
door temperatures could simply keep radiators turned off or at low set
points, with additional short ventilation periods if needed. In our case
study, achieving low temperatures only appears to be possible with
ventilation. The building stores heating energy so well that residents
have to ventilate over long periods of time in order to cool down their
rooms.

3.4. The frequent adapters: Ventilation to adapt temperature and air
quality quickly

Windows are also opened as a response to sudden heat gains. The
well-insulated buildings easily provide a consistently high base tem-
perature, with temperatures at the upper end of the comfort spectrum.
Thus, small changes in body metabolism or apartment temperature can
quickly tip the scale from ‘comfortably warm’ to ‘too hot’. Such changes
occur when occupants change activities (e.g., from sitting down to a
more physically demanding activity such as cleaning), and through heat
gains from cooking or solar radiation. Turning off the radiators does not
provide the desired cooling effect quickly enough, since heat is stored by
the heavy insulation. Thus, ventilation is used as a way to lower room
temperatures: ‘When I feel cold, I turn on the radiator and when I feel
warm, I turn it off and open the windows.” (Ms V, author’s emphasis)

Ms P’s family moved into the energy-efficient case-study building
from an older building. Before, they lived in an area in which most
buildings date back to the 1950 s:

‘When we moved in here, it was totally new. We were the first to
move in. Our apartment before this [...] was totally different. [...] It was
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really, when you compare it, it was really a lot colder. And we had a
winter garden®, and that is always — oh my God, winter gardens are the
worst. It is totally draughty. It is draughty. But now it is a lot warmer.’
(Ms P)

In the living room, they keep the radiator at a setting ‘between 3 and
4’, although during the interview it was set to 4.5 on a scale from 0 to 5.
We measured 23 °C during the interview. The family is very happy with
the temperatures and the building technology, which allows them to
heat up rooms quickly. They enjoy the warmth and make frequent use of
their radiators. However, because of the large window fronts, solar ra-
diation can easily overheat the rooms: ‘It also gets too warm, because [in
the other room] there is a window, in my room I have the balcony door
[and] one window, my sister has two windows and a balcony door. So,
there’s something from every corner.” With the new apartments being ‘a
lot warmer’, Ms P also feels that she has to ventilate more. She says ‘the
air is stagnating’. If Ms P does not ventilate her room often, she thinks
she might ‘suffocate’.

Ms H generally keeps the radiators on the setting between 2.5 and 3
and will modify the setting according to her current perception of the
thermal situation. She strives to obtain a thermal balance, using radia-
tors and windows to control the temperature quickly. When she moves
around her 40 sqm apartment, she soon feels the need to ventilate:

‘T am someone who moves a lot. [...] I can’t sit. [...] I always have
something to do. Whether I prepare something for tomorrow, or clean
something or do something else — I just move! I don’t like to feel warm
around the nose. Like when I feel so warm that I suffocate with warmth. I
need a bit of fresh air, you know?’

‘If I shut everything tightly and turn on the radiator to the maximum,
I will suffocate. And I can’t have that. That’s why I always try to have a
kind of balance, you know? Fresh air and warmth.” (Ms H)

In both cases, the residents are constantly modifying room temper-
atures according to their changing activities and perceptions of the
thermal environment. To achieve warmth, they use the radiators, which
react quickly and warm up the apartment. Due to heavy insulation, the
rooms remain warm for long periods of time. After some time, or when
there is a change in activity (getting up to clean, or coming into the room
after a while), the residents long for a thermal change. The air is
perceived as stuffy and suffocating, whereas a contrasting cool sensation
brings thermal comfort or even pleasure. We take the desire for fresh air
as an indicator of a desire to change the thermal situation, or even as an
indicator of overheating. In the highly insulated building, achieving
freshness or coolness is more difficult than achieving warmth. The
building acts as a heat-storage unit, and simply turning off radiators will
not bring quick relief. Thus, the residents use the cold air from outside to
freshen the rooms and mitigate overheating.

In our interviews, it became clear that people desire quick, direct and
noticeable feedback from their adaptive measures. This is especially true
of the frequent adapters. If they turn on the heat when they feel cold,
they want immediate feedback in the form of the radiator and the room
becoming noticeably warmer. A perceived slow reaction time leads to
confusion and frustration on the part of the users. For example, Ms P
describes the contrast between their old and their current apartment:
‘[Here,] it is easier and it warms up faster. If I turn on [the radiator in]
the bedroom, after about ten minutes I will usually feel that it’s warm
again everywhere. With the other radiators, the old ones, you had to
turn them on and then wait. You had to wait for hours.” While this desire
for thermal change is mostly compatible with the well-insulated build-
ing when it comes to quick heating, it conflicts with the building inertia
and high base temperatures when households want to achieve quick
cooling.

9 The German term ‘Wintergarten’ refers to a glazed balcony in this case.
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3.5. The forgetful: Ventilation through unnoticed windows

In the preceding sections, we have shown how households ventilate
in order to control temperatures. Through the interviews, we also
observed a ventilation practice where people forget to close windows
over long periods of time.

We were able to witness this during one interview. Our interviewee,
Mr M, had reported a general preference for warmth and high indoor
temperatures. He misses the hot temperatures of his native country,
Greece. He doesn’t like to wear thick pullovers at home, as he wants to
‘stay relaxed’. In winter, he enjoys the additional heat from solar radi-
ation. During the interview, we measured 27 °C in the living room of his
40 sqm apartment. The interview was conducted at midday on a sunny
winter day with outdoor temperatures around freezing point. The in-
terviewers were seated on low stools directly in front of a window that
was tilted for the entire duration of the interview (30 min). Although the
interviewers could see the tilted window, they could not perceive its
effect. Apparently, a tilted window does not provide a cold thermal
stimulus in this very warm apartment. Strong insulation makes high
temperatures, as in Mr M’s apartment, possible for extended periods of
time. We encountered similar situations in several other interviews; and
there appears to be a general tendency in the case-study buildings that
households forget to close tilted windows for extended periods.

4. Discussion

We observe that two mismatches exist between building technology
and household behaviours. First, there is a mismatch between the wish
for quick adaptation, and inert building technology. Second, a mismatch
exists between the desire for different room temperatures, and the fact of
homogenous, usually high, temperatures. Both of these mismatches
drive households to open windows often and for long periods of time.
The building’s inertia and ‘heat-trapping’ properties conflict with the
households’ desire for quick adaptation to changing needs. Such mis-
matches have also been observed in passive houses. Similar to our study,
Korsnes et al. [22] report that in the zero-emissions building evaluated
by them, there appeared to be ‘a break between the intentions of the
house and the occupants [...] The house was optimised to provide a
stable temperature, but this stable temperature interfered with tempo-
ral, spatial and sensory practices of occupants’ everyday life.” Their
research also highlights the importance of quick and noticeable adap-
tation actions for residents, such as quick heating and cooling.

Ventilation is among the well-established main determinants of
heating consumption [23,24]. In our case study, ventilation can
contribute to heating energy losses in four ways. (1) Households keep
windows open while the radiator is simultaneously heating. In this case,
the heating energy provided by running radiators is directly dissipated.
(2) Households discharge heating energy in search for quick adaptation
to their own changing needs or volatile energy gains. For example, they
heat while sitting down, but turn off the radiator and open the window
as soon as they get up and their metabolism increases. Or they heat on a
cloudy morning, until the sun comes out and solar heat gains produce a
sudden spike in room temperature, which then causes them to ventilate
for cooling. (3) Households ventilate in one room and heat in the other
(e.g., bedroom / living room) due to varying thermal comfort prefer-
ences, which engenders energy transmission between rooms. (4)
Households may also discharge their neighbours’ heating energy
resulting from the heat transfers between apartments.

The amount of heating energy lost through these ventilation prac-
tices is difficult to ascertain. One reference point for the magnitude of
heating-energy losses from heating with open windows (1) could be the
energy consumption of case-study building no. 3 (see section 2). This
building was equipped with window sensors connected to the radiator
thermostat valve. When windows are opened, the radiator is immedi-
ately turned off. In a prior evaluation commissioned by the housing
company, this building was shown to consume about 15 kWh/m?/a less
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than the other case-study buildings only by turning off radiators during
ventilation. As a reference point for ventilating with turned-off radiators
(2), Galvin [17] calculates that each complete air exchange for a 70 sqm
apartment requires approximately 1 kWh of heating energy to reheat the
apartment when there is a difference of 13 °C between indoor and
outdoor temperature. We mostly encountered tilt-ventilation in the
field, which makes for slow air exchange. An hour of ventilation through
tilted windows can provide up to 40 air exchanges, depending on wind
strength; conservatively assuming 20 daily air exchanges in a 70 sqm
apartment, a daily hour of tilt-ventilation would then lead to the
household using 20 kWh more heating energy on that day [17]. With
average indoor temperatures of 21-22 °C, we can assume that temper-
ature differences are often larger than in this example; and many
households tend to keep windows tilted for longer than an hour daily,
surpassing the exemplary calculation of Galvin [17] and making this
practice certainly relevant for the energy performance of the building.

The case of households having varying temperature preferences for
different rooms (3) was quite common across our interviews. The living
room was heated, while the bedroom was ventilated in order to have
cool temperatures at night. In the literature, we found no calculations of
such heat transfers between rooms. Therefore, as a thought experiment
we calculate the effects of heterogenous temperatures for two rooms in a
simple model. We want to observe a hypothetical apartment during the
winter months, consisting only of a living room and bedroom. In
contrast to the standard assumption of 19 °C for all rooms, we work
under the assumption that the household prefers a warmer living room
(23 °C) and colder bedroom (18 °C). We use standard values for all other
properties of the hypothetical apartment (U-values of inner walls, air
exchange rate, heat gains etc.) and keep them constant (assumptions see
online appendix).

Depending on the variation of the outer wall insulation, the higher
temperature in the living room is more or less easily maintained. Due to
the energy transmission between rooms, a warmer-than-comfortable (i.
e., >18 °C for our case) temperature in the bedroom may occur even
though the radiator in the bedroom is turned off. We call this ‘unwanted’
energy intake of the bedroom - or to put it more exactly, the difference
between energy inflow through inner walls and the energy dissipation
through the outer walls — the ‘surplus heat’ in the bedroom. To maintain
the preferred temperature of 18 °C for the bedroom, the household has
to discharge the surplus heat by ventilation.

In Fig. 4, we calculate the point at which different insulation levels
would produce such a heat surplus in our simplified two-room model.
We can see that with lower U-values (i.e., better insulation), buildings
produce a surplus much earlier. Accordingly, households have to open
windows over longer times if they want to maintain the desired tem-
perature difference. The case-study buildings are insulated according to
modern German energy efficiency standards, with a U-value of 0.4. In
our simplified model, this level of insulation (keeping all other condi-
tions constant) would mean that from —2.5 °C outdoor temperature on,
temperature differences between rooms can only be maintained by
getting rid of heating energy through ventilation.

But even if a household maintains the same temperature for all
rooms, the interaction between different apartments may still lead to
energy losses at the building level (4). For example, family E, who keep
their living room at over 25 °C, could increase the energy surplus in their
neighbours’ bedroom, prompting the neighbouring household to
ventilate more or for larger stretches of the heating season. Since energy
transmission is reciprocal, the cold-loving households may also drive
their neighbours to heat more, or to use heating energy where before
they might have subsisted on the warmth of solar and internal heat gains
alone. With higher insulation standards, the relative importance of in-
ternal heat transfers increases. This is currently little discussed in the
literature [6], and mostly as an issue of fairness in energy-consumption
metering and accounting [25]. Moller et al. [7] assess in more detail how
interaction effects between apartments could contribute to the EPG for
the case-study buildings described here.
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Fig. 4. Difference between heat gains and heat losses in the bedroom with different insulation levels of external walls and increasing outdoor temperatures. Positive
values signify heat transmissions from the warm living room (23 °C) which have to be dissipated to keep the bedroom at the preferred lower temperature (18 °C).

These are some ways in which increasing insulation might contribute
to higher energy consumption on the building level. Increasingly high
insulation can also be detrimental to residents’ comfort. Research on
thermal comfort and thermal alliesthesia suggests that changing and
contrasting thermal stimuli add to residents’ health, thermal comfort, or
even thermal pleasure [26,27,28]. Our interviews also point in this di-
rection. Households want contrasting sensations, and the thermal
monotony of buildings insulated for warmth can lessen their comfort.
The current development in building standards could even be described
as an alliesthetic regime change. Less-insulated buildings maintain a
base temperature at the cooler end of the comfort spectrum, where the
contrasting thermal stimulus of (localised) warmth feels pleasurable. In
the case-study buildings, we observed a change towards a thermal
environment constantly kept at the warmer end of the comfort spectrum.
In this environment, cold stimuli, such as the fresh air mentioned by
many interviewees, are perceived as pleasurable. Other practice-theory-
based studies have shown how expectations of comfort evolve [29] and
energy-intensive practices become ‘the new normal’ [30]. In newer
buildings, temperature ranges are gradually moving upwards [19].
People may in time adapt to this and correct their range of thermal
comfort upwards, expecting higher temperatures in a larger number of
settings, which may produce unexpected rebound effects. Creating
warm indoor environments that are out of sync with the outdoor envi-
ronmental conditions could lead to large-scale consequences where,
increasingly, more areas and situations of our lives have to be custom-
ised with high energy consumption.

Lastly, the subjective feeling of control is important for thermal
comfort [31,32]. If households feel they have no means of influencing
their thermal situation, their perception of comfort changes, even if the
objective situation remains the same. Our interviews show that house-
holds want easily understandable technology that reacts quickly and
gives direct sensory feedback. If they experience sensations of discom-
fort, people want to change the thermal conditions immediately. Yet
tightly insulated, thermally inert buildings are not suited for quick
adaptation. They create exactly the opposite scenario: building tech-
nology that users don’t understand and which reacts slowly to their
modifications.

5. Limitations of the current study and implications for further
research

The sample size of 48 apartments in six buildings, and 19 interviews,
is not large. Thus, the typology we have offered remains a limited
observation from a specific field, to be read as an explorative study of
emerging ventilation practices in modern, energy-efficient buildings.
Due to the small number of interviews, we could not associate certain
ventilation behaviours with household energy consumption, since many
other factors influencing total energy consumption intervene and cannot
be separated clearly with a small case number. In order to estimate the
impact of such ventilation behaviours on energy consumption, a larger
number of households would need to be compared, regarding practices
as well as energy consumption.

It would also be instructive to contrast the findings from this study
with ventilation practices in buildings with different building standards
and levels of insulation, ideally applying a mixed methodology which
combines interviews, observations and measurements. For Germany, the
contrast between WSV01995 and subsequent building standards EnEv
2002-2014 appears especially relevant (compare [33,34]).

The reporting of narratives on complex and individually different
household practices necessarily reduces this rich qualitative data. There
are many drivers for ventilation besides thermal comfort addressed by
interviewees. In the presentation of the data, we focused on thermal
comfort, temperature control and to a certain extent air quality, since
these appeared most relevant for the emerging ventilation practices in
energy-efficient buildings. Other important aspects included ventilation
after cooking (especially relevant in the open-plan kitchens of the
modern buildings) as well as notions of health and hygiene associated
with ‘fresh air’. Deeper qualitative research into the sociocultural
meanings of ‘fresh air’ appears especially interesting. Furthermore, it is
important to mention that the different ‘types’ of ventilation described
here do not cover the full spectrum of ventilation practices encountered
in the field, and are not mutually exclusive — many households prefer a
cool bedroom, a warm living room, and additional frequent adaptation.

We have attempted to explain how the ventilation practices taking
place in the energy-efficient case-study buildings could lead to heating
energy losses. Thorough calculation of the magnitude of energy losses
through the described ventilation practices is necessary to understand
the possible contribution of ventilation to Energy Performance Gaps.
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The interactions between rooms and apartments of different tempera-
tures appear especially interesting, yet also rather complex to model in a
more realistic way. For these interaction effects between different
rooms, the transitions between seasons may be especially critical pe-
riods. During our research in the field, we have seen how perceptions of
indoor and outdoor thermal conditions can vary strongly between
households on, for example, a sunny spring day. This might prompt
some households to ventilate the whole day, while others are still
actively heating.

Some groups were ‘over-represented’ in our interviews (women,
retired and chronically ill persons). In theory, these groups should have
demand for higher temperatures due to differences in body-fat distri-
bution and metabolism. If this were true, our sample would be biased in
that it tends towards demand for higher temperatures than the assumed
19 °C. In this case, the buildings would be well suited for this group since
they easily reach higher temperatures. However, even this group has
differing preferences — some elderly women enjoy cool temperatures,
many households want warm living rooms and cold bedrooms - counter
to the thermal regime of the buildings. Even though there is already
variation inside these groups, it would still be worthwhile to look for
larger socioeconomic variation in the interviewed households.

Lastly, innovation in social-scientific methods is needed when it
comes to researching occupants’ behaviour. Verbalising mostly uncon-
scious practices (daily routines of ventilation and heating) is difficult for
interviewees. Their reports should be matched with other data sources,
such as observations and measurements. With the increasing ‘smartifi-
cation’ or surveillance of everyday lives, people might be more inclined
towards large-scale measuring in their own homes. In our fieldwork,
many residents were very interested to obtain data about temperatures
and air quality in their homes. Automatic data collection is preferable to
data collection by residents or interviewers, since it ensures consistent
measuring and high data quality. The contrasting of measured data with
interviewees’ narrations could provide an interesting method to talk
about routine practices such as heating and ventilation [35]. In this way,
data on building infrastructure could be considered alongside data on
residents’ desires and practices. Taking these physical, technological
and social elements into account, and considering their interaction in
scientific methods and in building practice, might help to achieve better
results both in energy performance and in comfort for residents.

6. Policy implications

The interaction between buildings and residents should be taken into
consideration not only in research, but also in building standards, design
and operation. Ventilation and thermal comfort are complex social is-
sues, misrepresented by the current standardisations in building codes.
We have argued that thermal comfort preferences are much more
diverse, and residents much more active, than is currently accounted for
in building practice. Considering not only the buildings and their tech-
nology, but also the residents and their real-life practices, could lead to
other priorities in energy-savings policies — e.g., designing buildings to
be suitable for a larger spectrum of thermal comfort, throughout all
seasons, and with mostly passive measures. This could mean providing
and promoting more zero- or low-energy options for residents to adapt
to their thermal situations. There is a rich array of such low-tech
adaptation measures in vernacular architecture as well as existing or
traditional sociocultural practices [29] - from shading and ventilation
devices, to localised heating through blankets or even a cup of tea.

The research presented here calls into question some aspects of
energy-savings policies for the building sector. First, some of the un-
derlying assumptions and standards appear questionable — especially the
standard room temperature of 19 °C, as well as the air exchange rate of
0.7 volumes per hour. These averages misrepresent the temporal and
spatial variations of households’ heating and cooling demands, and the
corresponding behaviour patterns. When they become the basis of
building standards and policy goals, it can lead to unintended
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consequences in building operation, such as the ventilation patterns
detailed in this study. As a goal of energy sufficiency, it is certainly
desirable to ensure a ‘bottom line’ habitable room temperature (e.g., of
15 °C) with as little heating energy as possible. However, it might be
discussed whether 19 °C should be the standard aimed for — especially
since this standard is often surpassed in practice (see also [19,33]).

Second, the focus on reaching energy savings solely through the
optimisation of building technology — especially increasing insulation —
appears questionable. We are not arguing for a return to cold, damp and
draughty apartments which leak energy everywhere. Yet the study
presented here adds another piece of evidence that ever-increasing
insulation standards do not deliver corresponding linear energy sav-
ings. This is even more the case if ‘grey energy’, embodied in the insu-
lation materials, is taken into account. With increasing insulation
mandated by newer building standards, the ventilation practices
described in this article may become widespread, creating constant
energy leakages in building facades, potentially offsetting a portion of
the energy savings and contributing to Energy Performance Gaps.

Third, the focus on comfortable room temperatures in the heating
season has brought on building design focused on capturing solar heat
gains. The case-study buildings were intentionally designed with large
south-facing window fronts, so solar heat gains could partially replace
heating energy. This feature of the ‘energy-efficient’ building code can
become especially problematic in summer [36], but as we have tried to
show, it can even lead to overheating in winter. The focus on saving
heating energy in winter may contribute to the side-effect of new energy
demands for cooling in summer, especially considering increasing
temperatures and heat waves brought on by climate change.

The issue of energy transmission between rooms and apartments
could be tackled by insulating not only building envelopes, but also
increasing insulation of interior walls. However, adding more insulation
would increase the embodied energy in construction and disposal even
further. Therefore, we would propose lowering current insulation stan-
dards. This is not only advisable from an environmental perspective, but
also from a fiscal one. The high cost of insulation often deters owners
from retrofitting their buildings. If done, retrofitting usually increases
the rent for inhabitants, reducing their acceptance of energy-efficiency
measures and resulting in problematic social consequences. Retrofit-
ting a larger portion of the old German housing stock with less insulation
might be more effective than pursuing the high insulation standards
currently mandated. Schroder et al. [37] suggest that after EnEv 2009,
the increase of insulation standards brought only diminishing returns in
energy savings.

Our findings point to another solution: providing buildings with light
insulation that guarantees a lower base temperature. Each occupant can
then adapt the indoor conditions to their specific needs using local and
fast-reacting personalised conditioning technologies, such as infrared
heaters or spot ventilation, which have been found to reduce energy
consumption [38]. If these are turned off, the indoor temperature will
return quickly to the lower base temperature. In this way, a large range
of temperatures can be achieved with little energy consumption,
ensuring thermal comfort for a wide variety of needs and situations.
Considering the large variations in household temperature preferences
observed for different persons, rooms and situations, it seems futile to
further pursue the increase and homogenisation of indoor temperatures.

The present study as well as earlier research [7,19] on the case-study
buildings are only a starting point for investigation and debate on
modern insulation standards, and their interaction with household
practices. The discussion of current energy-efficiency regulations should
also include evaluation on a larger scale [39], taking into account
different seasons, variable and adaptive thermal comfort, as well as
economic affordability, resource consumption and emissions during the
whole life cycle, and a possible higher speed of refurbishment.
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space - and densification projects are often rejected by locals. This
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1. Introduction

The ‘compact city’ has become a central tenet of urban and regional planning policy.
Compactness is pursued because it is said to have many environmental benefits compared
to urban sprawl — among them lower energy use for transportation, economies of scale for
public infrastructure such as connection to energy grids, public transport or cultural and
social institutions, and the conservation of valuable land for agriculture, biodiversity and
climate adaptation. There are also social benefits such as more accessible public and com-
mercial services or more active modes of travel, and thus more active living. While some
of the virtues of the compact city are debated (Berghauser Pont et al. 2021; Thlebaek, Neess,
and Stefansdottir 2021; Lin and Yang 2006), it is a major paradigm now, and many states
and cities have made compactness a planning goal (e.g. EU Leipzig Charter 2007; EU Ter-
ritorial Agenda 2030 2020; New Leipzig Charter 2020). To achieve, maintain, or increase
compactness, densification - building inside the boundaries of the existing city — becomes
an important strategy to accommodate urban population growth and housing demand.
There are also trade-offs on the local scale. The removal of urban green spaces and
trees in the wake of densification reduces quality of life for residents (Neess, Saglie,
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and Richardson 2020), results in hotter microclimates (Erlwein and Pauleit 2021), and
could lead to injustices between those who are able to travel to green spaces further
out, and those ‘trapped in dense urban areas with insufficient green space’ (Westerink
et al. 2013). However, the role of green spaces or trees has been little researched,
especially at project level. Densification can also increase traffic and noise. Citizens
often and increasingly reject densification for these reasons, often slowing down or pre-
venting projects.

In previous literature, residents generally appear to be sceptical of new housing con-
struction in their area, as they assume negative externalities from the project, such as loss
of green (Haaland and van den Bosch 2015) and recreational spaces (Williams, Burton,
and Jenks 1996), a strain on public services and infrastructures such as schools or parks,
and traffic increases (Pendall 1999). Research from the US has shown that homeowners
often oppose housing construction because it brings new neighbours from lower socio-
economic strata into their neighbourhoods and reduces the value of existing homes
(Pendall 1999; Scally and Tighe 2015; Whittemore and BenDor 2019). There is ample
research on neighbours’ rejection of densification projects from countries with tradition-
ally dispersed settlement such as Australia (Cook, Taylor, and Hurley 2013; Nematollahi,
Tiwari, and Hedgecock 2016), New Zealand (Vallance, Perkins, and Moore 2005) or the
UK (Breheny 1997), where people are culturally set against dense urban forms and
housing. However, these findings may not be applicable to areas that are already
denser, not as segregated, and where the number of homeowners is often much lower
- such as in many European cities.

Residents may agree that a certain service or infrastructure is necessary in principle,
but still oppose it being located in their vicinity. This has been coined NIMBYism
(‘not in my backyard’), first in relation to, e.g. waste disposal or energy projects, but
later applied to opposition against housing construction (Burningham 2000). There is
also a faction of residents with more general anti-growth sentiments, which opposes den-
sification anywhere. Wicki and Kaufmann (2022) found these sentiments to be more
prevalent in rural areas, while urban residents were generally either accepting of densifi-
cation or NIMBYs.

However, neighbours don’t automatically reject local housing construction. The litera-
ture suggests that acceptance increases when neighbours receive some benefit from den-
sification, such as when it increases the accessibility of urban amenities (Williams,
Burton, and Jenks 1996) or beautifies the area (Kyttd et al. 2013). Wicki, Hofer, and Kauf-
mann (2022) found that acceptance is higher when a project contributes to affordable
housing and involves the public. For Germany, it was suggested that neighbours
accept densification more when projects satisfy comprehensible needs, such as accessible
housing for seniors (BBSR 2019). In contrast, citizens seem to reject densification when
private developers profit from it (Klement et al. 2023; Monkkonen and Manville 2019).

This overview shows that densification can threaten aspects of urban liveability, but is not
necessarily perceived as negative and depends on the location, design and implementation.
Instead of propagating compactness as a goal in itself, individual cases should be evaluated
as to their social and environmental sustainability (Neuman 2005), through a site-specific
assessment of a project’s threats and opportunities (Fatone, Conticelli, and Tondelli 2012).

While there is a large body of research on neighbours’ rejection of densification, cri-
teria for acceptance are less researched. There is a knowledge gap regarding good
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practices for densification, especially in regard to its effect on urban green spaces
(Haaland and van den Bosch 2015; Khoshkar, Balfors, and Wairnback 2018). For
Germany, ‘no criteria exist about which aspects should be kept in mind when (re)densifi-
cation is implemented to avoid threatening the residents” acceptability towards compact
cities’ (Artmann and Breuste 2015, 10). Although some German studies have presented
examples of ‘good practice’ (BBSR 2014, 2018, 2019), these often rely on planners to
evaluate densification projects and omit the perspectives of other stakeholders such as
architects, housing professionals, or residents. Thus, Khoshkar, Balfors, and Warnback
(2018) call for more research that includes stakeholders outside the municipal planning
authorities.

Relying only on planners and architects to identify good practices might introduce
biases. Planners generally view densification as a positive tool for sustainable city devel-
opment (Holman et al. 2015), focus on broader urban issues such as decarbonizing cities,
and sometimes overestimate the positive effects of density while underestimating the
negative consequences (Berghauser Pont et al. 2021) without considering the specific
place where a densification project is situated (Holman et al. 2015; Wallin et al. 2018).
However, planners and architects interviewed by Holman et al. (2015) also reflected cri-
tically about whether or not densification projects had achieved their promised benefits.

We conclude that there is a research gap concerning the effect of densification in dense
areas, such as many European cities, especially for good practice examples and studies
that consider not only planners’ evaluations, but the perspectives of different stake-
holders. The goal of this study is therefore to examine how the compact city concept
is executed in practice and perceived by different stakeholders by studying densification
projects — and, if possible, to derive criteria for ‘good practices’.

Munich, the capital of Germany’s southern state of Bavaria, is a location well-suited to
studying densification in already dense cities. Compared to other large German cities,
Munich has a high population density of 50 inhabitants/ha (Bevolkerungsstatistik
2021), a large amount (46%) of impervious surface (Statistisches Amt 2017, 19), and rela-
tively little green space. Public green spaces cover 39%, and urban trees 23%, of total city
floor space (GeodatenService Miinchen 2020; Street Tree Layer 2012 of the EU Coperni-
cus Project). For every inhabitant, there are 77 m* of open space (LHM PLAN 2015b, 18)
— the smallest number of all large German cities, and this is expected to further sink to 67
m” by 2030 due to population growth (LHM PLAN 2015b). Population is expected to
grow 16% by 2040 (Bevolkerungsprognose 2021). The city’s housing market is strained,
rental and purchase prices continually rise, and the issue of housing is hotly debated.
There are constant calls for more construction, especially of affordable housing. As to
planning strategy, Munich aims for a compact city, entailing mixed use, walkability
and increasing urban densities (LaSie 2022; LaSie Konzeptgutachten, 5, LHM PLAN
2011). The ‘low-hanging fruit’ of densification - conversion of large sites such as
former airports, railway, or military areas — have already been picked during the last
decades. Therefore, the city’s densification strategy now focuses on former commercial
areas (e.g. abandoned workshops) and larger housing estates — with simultaneous expan-
sion at the city’s periphery (LaSie 2022). Aside from the cited strategic documents, there
is no citywide planning framework for densification, and authorities approve projects on
a case-by-case basis. There has been increasing protest against densification and a dis-
course about densification endangering urban green space and liveability, as well as
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population and building densities becoming too high. It is in this contested environment
that our investigation is situated. In the next section, we will introduce the materials and
methods used. Results will be presented in section 3 and discussed in section 4.

2. Materials and methods

Prior studies using survey experiments (Wicki, Hofer, and Kaufmann 2022) are informa-
tive and have methodological strengths, but only test hypothetical, not built, projects.
Single-case studies can offer a rich account of how local conditions influence the accep-
tance of real densification projects (e.g. in Wallin et al. 2018), but a case study design is
considered stronger when it can contrast multiple cases (Yin 2003, 46). We therefore
conducted a multiple-case study where the projects varied in conditions that, based on
prior literature, are relevant for acceptance. We focused on ‘good practice’ examples
because this was identified as a research gap. Also, we assumed that stakeholders
might discuss positives and negatives in a more nuanced way than they might do review-
ing ‘worst practice” examples.

2.1. Expert interviews and case selection

We first drew up a database of densification projects that had won important architecture
awards (Deutscher Bauherrenpreis; LHM PLAN 2015a, 2018; STMB 2020) and/or had
attracted press coverage. For these, we interviewed planning experts, architects, and/or
building owners involved in the planning/construction process. Additionally, we inter-
viewed local politicians and activists, as they are key stakeholders and often have keen
knowledge of the local situation. To supplement the research through architecture
awards and press coverage, we employed a snowball method: Interviewees were asked
for further recommendations on interesting densification projects and other relevant sta-
keholders who should be interviewed. Sampling stopped when already-interviewed
experts were repeatedly recommended and there was a saturation of information, i.e.
only limited new perspectives appeared in the interviews. We interviewed a total of 18
experts.” Interviews were transcribed and evaluated using qualitative content analysis.

From the interviews, we obtained the discussion of 16 best practice projects. For a
closer evaluation we selected five of these that represented a variety of project character-
istics (modes of densification, owner type, price category of housing created, population
density of the area and impact on green spaces). All selected projects are located in exist-
ing residential neighbourhoods and next to other buildings. For an overview of the
selected projects, see Table 1.

2.2. Neighbour survey

The projects were considered good examples of densification by the committees of archi-
tecture prizes and our interviewed experts from planning and architecture. As research
has shown that their opinions often differ, we aimed to complement the experts’ assess-
ments with the perceptions of residents. The idea was to explore the perspective of those
who were most directly — and possibly worst — affected by the projects. This was also an
opportunity to test the NIMBY hypothesis: were neighbours generally in favour of
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Table 1. Overview of projects.

GollierstraBe
Courtyard restructuring in the course of necessary
renovations. The underground garage was modernized, and
the low building on top, which had housed workshops and
apartments, was demolished and replaced by a new timber
construction. The surrounding buildings were modernized.

— 6 newly built flats and 2 artist studios (public housing) for

low-income renters
— 13 resident underground parking spaces were maintained

TheresienstraBe
A former industrial repair site in a courtyard was demolished
and filled with five large buildings.

— 117 new flats (condominiums)

— 160 new resident underground parking spaces

PostillonstraBle
A timber-construction superstructure on top of a public car
parking space.
— 100 new flats (public housing), mainly small (23 sqm) for low-
income renters
— 107 public above-ground parking spaces were maintained

Braystra3e
Two curved buildings were set inside a courtyard, an
additional floor was added to surrounding buildings in the
process.

— 66 new flats (rental)?

— 101 new resident underground parking spaces
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Piusplatz
Four buildings were set in courtyards between existing row
buildings.
— 64 new flats (public housing) for low-income renters, mostly
larger flats for families
— 84 new resident underground parking spaces

*This number refers only to the new buildings inside the courtyard, since we could not assess how many apartments were
created by the additions to surrounding buildings.

densification, but rejected the project on their own doorstep? We expected to receive
many of the complaints already studied in the literature - but if the neighbours’ feedback
varied between projects or was even positive, we might be able to deduce factors that had
influenced acceptance.

In July 2021, we delivered 100 questionnaires to the buildings surrounding each
project.” In one case the response rate was very low (Piusplatz) and we distributed 150
additional questionnaires (Table 2). By delivering the questionnaires personally, we
could ensure all addressed buildings really were in close proximity of the densification
project.

2.3. Data and analysis

The questionnaires included a mix of mostly Likert-scale questions and additional free
text sections for respondents’ commentaries.” Free texts were analyzed using qualitative
content analysis. Scales were analyzed using descriptive statistics and the statistical soft-
ware Stata for correlation analyzes. In the text, we report only correlation coefficients
(Spearman’s rho) significant at least at the 5% level that appear relevant and plausible
in light of the other data sources.

Furthermore, we obtained data on density, impervious surfaces and tree population
before and after construction from a prior study (Griefler 2020) and additional analysis
of satellite images.

3. Results
3.1. No NIMBYism, but sensitivity to local context

While interviewed experts see potential for densification in the city, residents were
more conservative in their estimation (experts: mean of 2,7 and residents: mean of
2,1 on a scale from 1= densification potential fully exploited to 4 = potential not yet
exploited at all). Still, residents were relatively positive towards housing construction
in general. Most agreed with the statement that ‘more housing has to be built’ (68%),
while 42% agreed that ‘too much is being built. The assessment of densification
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Table 2. Overview response rates: 136 completed questionnaires were sent back from the total of 650
delivered, which amounts to an overall response rate of 20.9%.

Dantebad Therese Gollierstr. Braystr. Piusplatz Average
Completed questionnaires 33 37 14 23 29 n.a.
Response rate 33.0% 37.0% 14.0% 23.0% 11.6% 23.7%

Completed questionnaires.

potential for the city has a strong positive correlation with the acceptance of new con-
struction (correlation coeflicient cor=0.64) - those who think there is still a large
densification potential also tend to accept new construction more. The NIMBY argu-
ment would predict that even when residents approve of housing construction on the
city level, they would oppose the densification project ‘in their backyard” because of its
negative externalities for themselves. Several experts shared this sentiment: ‘I think
you have to accept that this egoism [...] is human nature - as soon as it affects
someone personally, they react differently [...] and abandon the whole-city perspec-
tive’ (B4: 100). However, this view was not confirmed in our survey. The general
acceptance of new housing construction and the estimate of densification potential
for the whole city are both positively correlated with the acceptance of the densifica-
tion project in their own neighbourhood (at cor =0.33 and 0.44, respectively). Resi-
dents seem to ‘follow through’ on their acceptance of densification from the
municipal to the local level, or vice versa.

There was a small group with general anti-growth opinions. While experts from plan-
ning and architecture did not debate the need for housing construction, some activists
and local politicians suggested ‘demand-side management’ strategies to reduce the
need for construction. For example, the municipality should stop its programmes to
attract businesses, or the state should fund development in economically weaker
regions instead of the capital (B3: 105, 157, B9: 110, B13: 81, B15: 47). A few residents
echoed this ‘degrowth’ argument: ‘The municipality should consider whether it really
needs all the Googles, Apples and Amazons or whether it can do without these
harmful giants. Then we’d have fewer housing problems.” 26% of residents agreed that
‘building activity in the city should be stopped’.

As could be expected, residents’ first reactions upon hearing about the densification
project are generally negative: 58% were ‘unhappy’ or ‘very unhappy’ about the news.
Still, 21% reacted positively (‘happy’ or ‘very happy’). We gave residents the opportunity
to comment on their first reactions. The most frequent reasons for a negative first reac-
tion were concerns about loss of green space (19 mentions) and trees (11), higher density
(22) and that there would be fewer parking spaces or more traffic (11). These
unprompted comments reinforce that green space, as well as changes in density and
traffic, were the most pressing issues in the acceptance of the densification projects.
The comments about positive first reactions reflected a general acceptance of new
housing construction (10), an expected improvement of the site (8), and for Post-
illonstrafle, the building of a superstructure above car parking spaces, which was con-
sidered a promising concept (5). The latter two, in particular, show that residents
consider the local context and the specific characteristics of the proposed project and
are not, by default, against densification.
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3.2. Impact of the densification projects on urban green

Of the five projects, the densifications inside completely paved courtyards (There-
sienstrafle, Gollierstrafe) were numerically the most beneficial. Both reduced the imper-
vious surface by about 30 percentage points — replacing it with lawn or pervious surfaces
such as cobblestone - and significantly increased tree counts on sites that had been
entirely, or almost entirely, without greenery. The two projects inside green courtyards
(Braystrafle, Piusplatz) increased soil sealing, and a large number of trees were felled
during construction. At Piusplatz, the felled trees were more than replaced, while at
Braystrafle, there was significant replanting, but not up to the level before construction.
Lastly, the Postillonstrafie house was built on an entirely paved site and thus had no effect
on either greenery or soil sealing. Two trees had to be felled during construction, of
which one was replanted. However, residents’ feedback in several instances differs
from this quantitative assessment. As we will see, important local details in design and
execution have a strong impact (Table 3).

The two completely paved courtyards (Theresienstrale, Gollierstrafle) have one key
difference when it comes to their green space: Theresienstrafle is not accessible to the
public, whereas Gollierstrafle is. The Theresienstrafie development consists only of high-
priced condominiums. Its green courtyards are walled off from the street and can only
be accessed by key or application to the concierge. While some surveyed neighbours still
approved because the project had greened the site and they now have a more attractive
view, many resented the inaccessibility of the space and its urban greenery: ‘great courtyard,
but only for residents’, “Luxury ghetto”, not a publicly accessible space’. Consequently,
although the project has decreased soil sealing and increased the tree count substantially,
the effect of the densification on the urban green infrastructure was actually rated as negative
by 56% of respondents. Gollierstrafle, on the contrary, created a playground and sitting area
accessible to residents around the project. Eight trees were newly planted. Since a dividing
wall was removed during the restructuring, residents also gained the ability to cross through
the courtyard to the next street. Many neighbours evaluated the change in green space posi-
tively (43% of respondents), although some commented that the densification did not create
more green space, or could have created even more.

For the two projects inside green courtyards (Braystrafe, Piusplatz), the main differ-
ence appears to be the quality of the former green spaces. The Piusplatz project felled 30
trees, but an astonishing number of residents evaluated the change as positive (38%).
While 7 respondents commented that green space had decreased, 5 commented that it
had increased (in quantity and/or quality) and 4 stated they had perceived no change,
or that the replacement was adequate. Some respondents commented on the positive
changes to the existing green spaces, e.g. modernization or new playgrounds for children,
where before the spaces had been empty except for laundry rods. An architect involved in
the project described the green spaces prior to construction as aged, not well maintained,
and little used (B14: 8). The Piusplatz project had drawn on federal urban renewal funds
for participation formats. In these, residents met with housing company representatives,
architects and landscape architects to discuss how the green spaces could be improved,
for example, by adding playgrounds for children (B17: 23, B14: 8).

The green courtyard at Braystrafle, on the other hand, had been perceived by residents
as a ‘green lung’ or ‘private park’ inside the block which the neighbours had jointly used
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for a variety of functions (playground, relaxing, sunbathing, barbecue) and described as a
home to different animals. This variety of functions was lost after the densification,
leaving only a playground and benches without backrests, perceived as unfriendly to
seniors. The new design of the remaining green spaces was considered a poor replace-
ment: ‘architects’ scrub [Architektengestriipp] replaced a green space with native
plants’. The acceptance of this project was very low (overall negative evaluation: 70%
of respondents; negative evaluation of project’s impact on local green infrastructure:
91%). This negative evaluation is in stark contrast with that of experts from planning
and architecture. The project had won several architectural prizes for the clever design
of the buildings, constructed in organic shapes in order to save trees. A Munich jury
gave the project an award for good housing construction (categories ‘space efficient’
and ‘well inserted’), especially highlighting the ‘protection of the tree population [in
one part of the courtyard] used for the differentiated design of public, continuous
open spaces and quiet courtyard areas’ (LHM PLAN 2018, 22). The architecture firm’s
website claimed that “The valuable tree population is almost entirely preserved’, when
in fact 36 decades-old trees had been felled and soil sealing almost doubled. One inter-
viewed expert from architecture/planning who had worked on the project considered it a
success story with great acceptance after initial scepticism (B4: 132, 140) - a notable
difference when compared to residents’ perceptions and the conditions on the ground.

Lastly, the Postillonstrafle project did not change either soil sealing or green space. On
its roof, a terrace for residents was created with some green elements such as raised beds,
but this private space was hardly mentioned by the surveyed neighbours. Their

Table 3. Green indicators and perception.

Postillonstr. Theresienstr. | Gollierstr. Braystr. Piusplatz

Trees felled and planted on-site during densification

Trees felled 2 1 0

Trees planted 1 13 8 27 32

Soil sealing (change in impervious surface due to densification)

. . No change o o 0 0 0
Soil sealing (100% sealed) 99.9% to 72% | 100% to 69.9% 25.4% to 33.8%

Residents’ evaluation of the project’s impact on local green infrastructure

Negative 28% 46%

Neutral 66% 25% 29% 5% 15%

Positive 6% 19% 43% 5% 38%

Residents’ overall evaluation of the densification project

Negative 46% 62% 0% 48%
Neutral 25% 21% 55% 20%
Positive 29% 17% 45% 32%

The colour highlights evaluate the change in green/soil sealing: improved (green), worse (red), little or no change
(orange). For residents’ perception, only selected figures — that appear especially informative or surprising — were
highlighted.



10 A. BAUER AND S. DUSCHINGER

evaluation of the project’s impact on local green infrastructure is therefore mostly neutral
— with one respondent’s comment (‘there aren’t more green spaces because of it") point-
ing to a sense of ‘lost potential’, which might explain the 28% of negative evaluations.

Statistical analysis of the questionnaires shows that the perception of a project’s impact
on local green space correlates quite strongly with the overall evaluation of the project
(cor = 0.45). If a project enhances the green infrastructure of a neighbourhood, residents
are more likely to approve of it.

3.2.1. Densification potential for different urban areas

Experts agreed that densification could actually improve living situations on urban sites
of low building or residential density but high levels of impervious surface and little green
space, e.g. former workshops, industry sites, or garages with asphalt courtyards (B5: 84-
95). They have a high potential for conversion, unsealing and greening. Our cases
confirm this, to some extent: Densification could green such grey areas, as was the
case in Gollierstrafie. However, as became apparent in Theresienstrafle, while paved
courtyards are a preferred spot for densification and greening, the ‘how’ matters. The
green spaces were more successful when they were accessible to residents and designed
according to the users’ wishes (e.g. Piusplatz), rather than architects’ visions (e.g.
Braystraf3e).

Another case is the post-war housing estates with ample green spaces between row
buildings or inside blocks, built according to the Athens Charter principles to provide
‘light, air and sun’, with floor area ratios between 0.8 and 1.2 (B16: 19). There, experts
saw high potential to improve the often desolate and underused green spaces along with
densification. The higher quality of improved green spaces could then balance out the
increased residential densities (B1: 142-143). The Piusplatz case seems to point in this
direction. Here, residents were asked about their uses of the spaces and how the area
could be improved. Seeking residents’ feedback is, however, the exception and not the
norm: Public participation is costly, and at Piusplatz it was financed by urban development
funds. According to one expert, municipal housing companies occasionally shoulder the
costs because with participation, tenants will be more satisfied - but the expert assumed
that private companies would most probably save on these costs (B14: 33-34).

Lastly, while urban green space mattered for acceptance in all projects, it can be critical
for certain areas and population groups. Experts described green courtyards as especially
valuable in central neighbourhoods that are denser and lack green infrastructure, and
where courtyards provide important functions as ‘green, quiet retreats’ (B9: 68, B10:
122-126). In central as well as more suburban neighbourhoods, the green inside apart-
ment blocks is important to residents with less mobility — e.g. those who are elderly, poor,
or lack the knowledge — who cannot easily drive or cycle to public parks, but depend on
nearby green spaces with benches (B3: 45).

3.3. Residential density and car density

After urban green space, changes in density and traffic increase were the most important
concerns for the surveyed neighbours of densification projects.

When high density is perceived as negative, people feel crowded. We asked respon-
dents to rate their perceived crowding in the district on a crowding scale (see Kalisch
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and Klaphake 2007). In the district with the highest population, 68% of respondents feel
(very) crowded (Table 4). However, for all other projects the crowding perception does
not noticeably follow population density. The distribution of residents’ answers
(Figure 1) shows how broadly the perception differs. Crowding appears to be influenced
by many more factors than ‘objective’ population density.

Whatever its cause, higher perceived crowding correlates with lower acceptance for
densification in general and a lower assessment of urban densification potential (cor =
—0.30 and —0.41). Apart from this tendency, residents again considered the local
context when evaluating the projects.

3.3.1. Residential density: quantity and social mix

The complaints about residential density seem to roughly follow the actual population
increases: The more apartments that were built, the more neighbours tended to complain
about increased residential density. Apprehension was greatest for Theresienstrafle and
Postillonstrafle, while residents at Gollierstrale and, to some extent, Piusplatz also per-
ceived that the increase in residential density brought positive effects.

Comments for Gollierstrafle saw the new residents in a positive light, as younger resi-
dents and families that brought ‘positive revitalisation’ to the sociodemographic structure
of the area. Piusplatz residents commented equally as often on the positive aspects as on
the negative aspects of increased residential density — positives included new neighbours,
as well as an increase in services, culture and commercial infrastructure.

In the Postillonstrafie and Theresienstrafle projects, the social mix was a crucial topic.
Since all Theresienstrafle apartments are high-priced condominiums, several neighbours
criticized the lack of affordability and social mix, with consequences for the social fabric
of the district. The new owners are seen as ‘isolated, not integrated into the neighbour-
hood’, and the project was perceived to gentrify the area and drive up prices. At the other
extreme, the project at Postillonstrafle was constructed specifically to house newly arrived
refugees in small and affordable apartments. With over 100 apartments planned on a
narrow space, many survey respondents expected conflicts with the culturally different
residents. One expert involved in the planning process vividly described the protests
against the densification project, with several extremely racist objections made against
the expected new residents (B11: 11-13). Following these initial protests, the apartment
structure of the building was changed:

The neighbours looked very closely at the project and saw that it would be a lot of one-
room flats. Based on the refugees that had arrived [in 2015], they were worried that it
would be an all-men refugee home. The housing company reacted well to this by
making sure that there was a mix of people in the apartments. So now 50% of the flats
were for refugees and 50% were subsidised housing. Attention was paid to ensuring a
very good male-female ratio. And that was also the moment when the family flats came
back into the project. In order to have a better social mix, 14 flats for families were
added. We had already tried this out and suggested it in the initial phase of the project,
but the municipal housing company was more oriented towards a mathematically measur-
able demand, so to speak. They had a shortage of flats for trainees, students, and refugees -
a high demand for one-room flats. And the structure of our building lent itself to that.
Family flats could be built just as economically elsewhere. But for our project, this mix
makes a lot of sense, it was definitely the right thing to do for the social mix. That was a
very good process. (B2: 54-67)
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Table 4. Density indicators and perception.

Postillonstr. | Theresienstr. | Gollierstr. Braystr. Piusplatz
Population density (hab./km?)* 13,406 18,224
Apartments created (absolute) 100 117 8 66 64
Density perception of residents (agreement with the statement)
District is (very) crowded 28% 14% 39% 21%
District is (rather) not crowded 11% 14% 13% 14%

*Numbers are for the sub-districts in which the projects are located (smallest available unit of municipal statistics), and for
the year 2021; Munich average: 5027 hab./km?(Indikatorenatlas Miinchen 2021).
The colour highlights show how the population density of each project compares to the others: lower (green), higher
(red), mid-range density (orange).

This expert describes the social mix as being beneficial for acceptance, as well as for the
project itself. In our survey, there were few negative comments about the new residents.
Many commented positively that affordable housing was created for those who truly need
it (10) and a few even mentioned explicitly that the project had improved social mix and
local diversity (4).
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Figure 1. Distribution and median for residents’ crowding evaluation of each district, and objective
population density for reference. Numbers are for the sub-districts in which the projects are
located (smallest available unit of municipal statistics), and for the year 2021; Munich average:
5027 hab./km? (Indikatorenatlas Miinchen 2021).
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From these cases, it appears that smaller projects tend to be more acceptable and
allow neighbours to see not only negative effects, but also some benefits of increased
density. In projects with higher numbers of apartments and residents, the social mix
as well as the affordability appeared to influence acceptance: When projects are
‘monofunctional’ (e.g. only for rich people, one-person households, or refugees), neigh-
bours are more apprehensive than with mixed apartment structures. In Munich, a city
with very high rents, affordable housing appears to be more accepted by neighbours
than expensive housing.

3.3.2 Car density: parking spaces above and below ground

Next to urban green space and higher density in general, increased traffic density was one
of the top concerns for survey respondents. We call this ‘car density’ because it concerns
not only the increase in car traffic on the streets, but also the question of where the
additional cars are parked. Larger densification projects usually mean more cars — in
the federal state of Bavaria, this is enshrined in the law: For each residential unit, one
dedicated private car parking space has to be provided.

At Postillonstrafle, traffic density was the most important concern for respondents.
There was already a certain pressure on the public parking spaces, since residents as
well as visitors to the nearby public swimming pool use them. Since there was no plan
for an underground garage, residents expected that with the construction of 100 apart-
ments, 100 public parking spaces would be turned into private ones — per the Bavarian
mandate of one dedicated parking space for each apartment. However, the mandate was
successfully negotiated with the approving authority down to 0.2 parking spaces per resi-
dential unit since the future residents - refugee and other low-income households - in all
probability would not own cars. In effect, none of the new residents had a car, so there
was no loss of parking spaces (B2: 99-102).” In our survey, many commented positively
that the expected ‘traffic chaos’ did not materialize, and all parking spaces were conserved
due to the building’s architecture. One expert reported that the initial protests against the
project clearly decreased after it had become apparent the public parking spaces would be
preserved (B2: 55, 71).

At Theresienstrafle, a similar number of apartments were built — but this project
created a total of 160 underground parking spaces for 117 apartments, well surpassing
the mandatory amount. Households who can afford to buy an apartment in Munich
will plausibly own one or more cars (B16: 173). Garages were dug two stories below
ground, which proved extremely noisy to surrounding residents.

The impact of parking spaces is clear throughout the analyzed projects. The accep-
tance of the Postillonstrale project increased significantly when it became apparent
that there would be no competition for public parking spaces from the new residents.
While underground parking spaces seem to solve the conflict for public space, they
have several other consequences. First, there is the construction effort apparent in the
Theresienstrafe case. Second, they compete for underground space with urban trees.
For all projects analyzed, except Postillonstrafle, most of the newly planted trees are situ-
ated on underground garages (Table 5). Since this inhibits rooting, the trees cannot be
expected to grow much. Thus, densification not only removes urban green space
during construction, but when accompanied by underground parking, it also limits
the potential of replanting.
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There is a third, maybe less obvious consequence of parking spaces which one real
estate developer described:

We don’t bother with small flats. If I have a hundred micro-apartments then I need a
hundred parking spaces. In the city centre, a building site is perhaps a thousand
square metres in size. One parking space requires 25 square metres, if it’s efficient.
That means I need 2,500 square metres just for parking spaces, that’s two and a half
basement floors, when it’s a substructure under the entire property, which I'm not
allowed to do. So I need three basement floors and then another basement floor for
cellars. So I need four to five basement floors, you can forget that, it’s not possible. [If
we didn’t have these limitations,] there would be a massive change. There would be
significantly more flats. They would be smaller, but there would be significantly more.
And I'm not just speaking for myself, 'm speaking for many market participants. (B5:
130-135)

From this perspective, the obligation by Bavarian state law to ensure one car parking
space per apartment is seen as a barrier to housing construction - effectively keeping
housing companies from building the small apartments that are in high demand.

4. Discussion

The study showed that densification projects vary significantly in their effects on local
conditions and their acceptance. While many experts described residents’ reactions to
densification projects with the NIMBY narrative, we found that most residents were
not generally against densification and those who support housing construction in
general also tend to support it ‘in their backyard’.

A small portion of residents were generally against new construction, some proposing
degrowth arguments, e.g. reduce the city’s economic growth to enhance liveability. Wicki
and Kaufmann (2022) similarly found that a section of Swiss residents oppose densifica-
tion anywhere, but these sentiments were more prevalent in rural areas, while urbanites
were generally either accepting of densification or ‘NIMBYs’. Experts did not generally
question the necessity of more housing construction, and tended to perceive more den-
sification potential in the city than residents.

Densification projects that removed well-used green spaces and trees were less accep-
table to residents. Replantings are often a poor replacement, especially when situated
over underground garages. The protection of existing trees should therefore be of the
highest priority - to ensure the acceptance of residents, as well as for the urban micro-
climate. When projects created or improved (accessible) green spaces, they were gener-
ally better accepted. This empirically confirms the suggestions of prior literature (BBSR
2019; Kyttd et al. 2013). Admittedly, the cases where densification can enhance green
space are probably fewer than where it diminishes green space. Yet these spaces exist
and should be duly prioritized in urban planning - especially in central areas, where
green space is in high demand. The green spaces created in the wake of densification
should be accessible to the public. The “privatization of public open space’ through den-
sification has been observed in other cities (Treija, Bratuskins, and Korolova 2018), and
our case shows this has a strong negative influence on acceptance.

Densification could enhance little used green spaces of poor quality, e.g. in post-war
housing estates. However, some have criticized this approach as it reduces the access to
urban green space for often already disadvantaged population groups living in these
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Table 5. Comparison of old and newly planted tree.

T

Piusplatz: old tree with unhindered rooting Piusplatz: newly planted tree on underground garage

estates (Treija, Bratuskins, and Korolova 2018; Zalar and Pries 2022). Zalar and Pries
(2022) state that planners assess green space ‘qualities’ in the abstract (e.g. based on
maps), without examining the actual functions of the green spaces for the people in the
neighbourhoods. In one case (Braystrafie), we found a similar disconnect between plan-
ners’ and neighbours’ perception of green spaces and the impact of densification. In con-
trast, when green spaces were improved together with residents, the acceptance also
improved. Our cases show that the functions of similar green spaces can differ immensely
and should be studied in situ. Assessing their actual use would make sense not only to fact-
check the perceptions of planners, but also those of neighbours - since residents might
over-report the value of spaces endangered by densification where planners might
under-report them. Functions and uses could be assessed through observation or inter-
views with local experts such as social workers or tenant management.

In prior literature, locals appeared to reject densification when the profit would go
towards private developers (Klement et al. 2023; Monkkonen and Manville 2019). Neigh-
bours in our survey not only resented high-priced and inaccessible development, but they
also appeared to accept development more when it created affordable housing for those
in need. This supports the thesis that neighbours accept development more when pro-
jects satisfy comprehensible demands, e.g. accessible housing for seniors (BBSR 2019).
Whether private or affordable, the social mix of densification projects clearly mattered
for acceptance. However, private developers seek profit and housing companies are
pressured to fulfil quotas of ‘measurable demand’ (e.g. much-needed one-person apart-
ments), which makes it harder to achieve a social mix. This increasing political pressure
on social housing companies was also found in BBSR (2020), and it could lead to proble-
matic monofunctional developments with poor local acceptance.
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Residents who felt crowded in their neighbourhood showed lower acceptance of den-
sification in general. However, the crowding assessments did not clearly follow the popu-
lation density values, and there were large variations in perception between respondents.
This suggests that (numerical) residential density is moderated by individual, sociocul-
tural and contextual factors, and, as the crowding literature has established (Rapoport
1975), people can perceive a dense neighbourhood quite differently. Thus, individual per-
ception of crowding and a project’s properties might be more important than the
numerical density.

While underground garages were well accepted by survey respondents, they appear pro-
blematic for other reasons. Since they prevent root growth, they also hinder effective
climate adaptation (Erlwein and Pauleit 2021). The state mandate of one parking space
per residential unit could also inhibit the construction of smaller apartments. This
might partly explain why housing companies cannot fulfil the increasing demand for
small, affordable apartments (as observed in Weber 2020). A reduction of this mandate
could have a positive effect on the supply of smaller flats. However, the current demand
for parking spaces also has to be taken into account. Until the mobility transition that is
necessary from a climate standpoint has been achieved, flexible buildings without under-
ground garages could fulfil this demand. Superstructures like Postillonstrafe can maintain
above-ground parking spaces, which can easily be unsealed and greened when car owner-
ship declines. Above-ground multistorey car parks could house cars and later be converted
into housing for people (Konstanz PLAN, 49-53; Senatsverwaltung Berlin 2018). Ensuring
the social mix in densification projects would also mitigate the effects of densification on
local traffic, as affluent households are more likely to own cars while garages in social
housing often remain empty. Additionally, housing companies could make a portion of
their apartments car-free by including this as a condition in the rental contract, as is
already practiced by one Munich housing cooperative that we interviewed.

5. Conclusion
5.1. Main takeaways

In this study, the NIMBY’ hypothesis was not confirmed. Whether a densification
project is accepted or rejected by residents depended much more on different socio-
environmental factors summarized in Table 6.

In several instances there was a noticeable difference between interviewed experts
from planning and architecture and surveyed residents. Experts see more densification
potential in the city and do not debate the need for housing construction, whereas resi-
dents see less potential and there is also a portion of ‘degrowth’ voices. Architectural
experts can assess an area’s green spaces quite differently than the local population. In
these cases, citizen participation could lead to better understanding of local needs and
increase acceptance.

5.2. Limitations and further research recommendations

The results from a case study cannot claim to be representative for densification projects
in general. Rather, the goal is to add insight to theories, which can then be tested on other



EUROPEAN PLANNING STUDIES (&) 17

empirical examples (Yin 2003, 38). An important limitation of this study is that the selec-
tion of only ‘good practices’ might have narrowed the range of discussion topics, and
therefore missed some relevant criteria. For further research, it would be interesting to
test the criteria we have found with a ‘two-tail’ design (Yin 2003, 52) that also includes
cases from the other extreme, i.e. ‘worst’ practices. Further studies could also include
more environmental parameters, e.g. noise levels, and ask residents about further lifestyle
changes, such as different mobility patterns if densification improved public transport.
People who felt crowded in their neighbourhood were less accepting of densification,
but we could not establish a link to objective population density. This relationship
could be an interesting area for further studies.

Another limitation of our study is that it asked for opinions only after the projects were
built. A panel design would be more helpful in assessing how the projects themselves
might have influenced neighbours’ general perception, and vice versa. For example,
when neighbours perceive a nearby densification project to be a success, this could
influence how they see the city’s densification potential. A panel design could also shed
light on how perceptions change over time — while many survey respondents reported
to have reacted quite strongly to the initial plans, the comments also showed that evalu-
ations change, and new buildings or new neighbours ‘turned out alright’ in the end.

5.3. Policy and planning recommendations

Not only for microclimatic and biodiversity reasons, but also to increase acceptance, the
protection of existing trees should be of the highest priority in densification projects.
Locations where densification can enhance green space should be prioritized in urban
planning. Before construction, the use of and demand for green spaces should be
checked with the population and local experts, as planners and architects are removed
from local context and can only assess green space ‘qualities’ in the abstract. Although
costly, this participation could greatly increase acceptance.

Due to market or political forces, developers prioritize projects geared towards certain
household or income groups. Policies should ensure social mix to increase acceptance
and mitigate the effects of densification projects on local traffic.

For Bavaria, reducing the state mandate of one parking space per residential unit
could have a positive effect on the supply of in-demand smaller flats. Reducing car
numbers would free up space for trees and greenery, but residents reject projects
when they decrease available parking spaces in the area. Until the necessary mobility
transition has been achieved, innovative solutions such as superstructures or above-
ground multistorey car parks, as well as car-free households per rental contract, are
necessary.

Table 6. Factors contributing to neighbours’ acceptance of densification projects.

+ support for housing construction in general - rejection of housing construction in general
+ improvement of existing green spaces - removal of trees and well-used green spaces
+ creation of new (accessible) green spaces - creation of inaccessible, private green spaces
+ no change to parking spaces available in the area - decrease of available parking spaces

+ improvement of neighbourhood social mix - lack of social mix in new buildings

+ affordable housing with a good social mix - high-priced and inaccessible housing
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Notes

1. In Munich, where our study is situated, 75% of households are renters (LHM PLAN 2020,
26).

2. Informed consent was obtained from all participants, with detailed information on study
aims and participants’ rights, according to the ethics and data protection requirements of
faculty and university.

3. Bird’s eye view photos comparing the sites before and after the constructions can be
accessed in the appendix.

4. See appendix for translated questionnaire.

5. Experts confirmed that, city-wide, many low-income households do not own cars and the
obligatory parking spaces in municipal housing projects therefore often remain empty
(BI: 125, B2: 99-102).
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This contribution considers whether working from home (WFH) can be an effective adaptation to increasing
summer heat for office workers. The mixed-method study presents temperature data from 203 offices and 107
home workspaces in Southern Germany, along with survey data from >100 workers at both locations during a
hot period in June 2023. Home workplaces had both lower mean temperatures and less occurrence of elevated
temperatures or overheating (operationalised as degree hours above 26 °C and 30 °C) than passive offices. A
comparison with mechanically cooled offices is offered, but should be interpreted cautiously due to the small N
and energy saving measures being in place at the time. Measured temperatures had significant effects on
workers’ perceived heat stress and productivity in a mixed-effects regression model. Individual variables age,
gender, general activity level and general thermal preference were also explored. Barriers for WFH were explored
through stakeholder interviews. We conclude that flexible WFH can be a means to protect workers’ health
depending on the specific office and work situation, and could offer workers better adaptive options and

potentially a slight psychological benefit.

1. Introduction

Climate change leads to more frequent, longer and more intense
periods of hot weather [20]. Research efforts so far have understandably
focused more on exposed outdoor workers [9,27], but increasing heat
will also affect office workers. Office buildings can heat up considerably
due to internal heat sources (lighting, electric equipment, potentially
high occupant density) and solar gains from glass facades ([5]). Heat can
influence workers’ health and safety, as well as reduce their
productivity.

For workers’ health, guidelines for occupational safety give upper
temperature limits, e.g. hourly rest periods starting at 31 °C Wet Bulb
Globe temperature (ISO Standard 7243, see [27]). German Technical
Rules for Workplaces recommend heat protection measures from air
temperatures of 26 °C onwards (suggested measures include adaptation
of clothing rules and working hours, use of fans, effective ventilation and
shading, cool-down periods) and mandate them from 30 °C onwards
(Bundesanstalt fiir Arbeitsschutz und Arbeitsmedizin [7]).

It is generally assumed that there is an optimum temperature range
for productivity, and that productivity decreases at higher temperatures.
Prior studies have found workers’ productivity to decrease starting at
about 23-25°C [17,44], with magnitudes of 6.6% self-reported

E-mail address: amelie.baver@lmu.de.
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productivity loss at 26-28 °C [45] or 10% at 30 °C [44]. However, a
newer review of 35 studies [38] found productivity losses to be lower
than 5% and calls into question whether there is a relationship between
temperature and work performance at all. The relationship is apparently
not clear-cut. Still, severe overheating for long periods can be assumed
to influence workers’ health and productivity, both leading to losses of
working hours [16].

Aside from the magnitude of heat exposure, which further factors
influence the health and thermal comfort of office workers? Chronically
ill as well as elderly individuals are physiologically more vulnerable to
heat due to limited thermoregulation [26]. Older people are also more
likely to have cardiovascular or respiratory illnesses which increase risk
[6]. Many studies assume age thresholds of 65 or 75 years [13]. It has
been suggested that women have slightly higher comfort temperatures
and feel cool more quickly, but a review of both climate chamber and
field studies found no definite proof of this [50]. However, women
appear more sensitive to temperature deviations, especially in cooler
environments, and are more often dissatisfied with temperatures [41].
Similarly, while there was no evidence that older people had signifi-
cantly different comfort temperatures, their acceptable range appears
smaller and they, too, are more sensitive towards temperature changes
[50] and possibly prefer higher temperatures [42]. Health and comfort
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are also influenced by thermal history / acclimatization, both long-term
and short-term [10,37,55], which is in turn influenced by the amount of
exposure — e.g. how much time is spent outside. Other physiological
variables include obesity and fitness level. Obese individuals were less
tolerant of heat when performing physical exercise in different study
settings ([50]: 5.4; [56]), and obese office workers had cooler comfort
temperatures in field studies under hot conditions [19,40]. Aerobic
fitness and training improve cardiovascular function and sweating and
have a strong impact on tolerance to heat [14].

A change of workplace cannot alter any of these individual physio-
logical variables, but could temperatures and thermal comfort be
assessed differently when working from home? A range of psychological
or contextual factors has been studied in thermal comfort research. The
adaptive theory of thermal comfort [11,34] has pointed out that in field
studies of passive, naturally ventilated office buildings, people report
thermal comfort in a broad spectrum of temperatures. The adaptive
approach highlights actions that workers take to ensure their comfort,
such as using blinds, fans and doors to adjust themselves and their
thermal environment. These measures have been called behavioural
adaptation, user controls, affordances or adaptive opportunities [4].
When workers feel they have control over their environment, they tend
to have higher thermal comfort [30,49] — even when they do not use the
adaptive opportunities [57]. There might simply be more adaptive op-
portunities at home than in the office, for example regarding clothing
adjustment or nighttime ventilation. The perceived control might also be
higher. Workers may feel they have more control at home — where they
share the space with no or few others — as perceived control is lower
when there are more people in the room [43]. Additionally, it might be
easier to negotiate adaptative measures with household members than
with work colleagues. Controls at home might also be easier to under-
stand and use [24]. People appear to adjust their expections of comfort
to the environment [8,39], and might be more ‘forgiving’ of their homes.
The context of being at home might in itself be a psychological variable.
Oseland [36] showed that in winter, the same subjects had lower
‘neutral’ temperatures and felt warmer in their homes than at the office
or in a climate chamber, with clothing, metabolic activity and adaptive
actions controlled for.

The few studies performed to date on work from home (WFH)
thermal comfort and productivity generally found medium to high
satisfaction with the thermal environment at the home workplace [32].
When the percentage of satisfied participants is also given, the distri-
bution ranged from slightly below 50 % to nearly 90 %, pointing to a
more heterogenous perception of individual workers ([32]: 7). Workers
generally gave positive assessments of indoor air quality at home, and in
a few studies reported higher satisfaction than those in offices ([32]:
8-9). When air quality was measured in WFH studies (CO, concen-
tration/total volatile organic compounds as well as relative humidity
averages), values were below the recommended thresholds, but inter-
mittent peaks surpassed recommendations, indicating that WFH spaces
might not be consistently or adequately ventilated ([32]: 4). Regarding
productivity in WFH situations, studies found weak links between
satisfaction with the thermal environment and perceived productivity
[2], and no statistically significant correlation between satisfaction and
perceived ability to concentrate, work on creative tasks or communicate
[47]. Kawakubo and Arata [25] included measurements and found that
measured air temperature and humidity were not significantly corre-
lated with the participants’ assessment of their comprehensive produc-
tivity, but that perceived WFH productivity significantly increased with
satisfaction with the thermal environment. In conclusion, prior studies
on WFH have found good satisfaction rates — possibly higher than in
offices — and weak or no links between productivity and thermal satis-
faction or measured temperatures. In the recent systematic review by
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Manu et al. [32], only 4 of the 41 reviewed studies had measured tem-
peratures. None of them focused on summer heat. To our knowledge,
there are so far no contributions that have compared indoor tempera-
tures in offices and home workspaces during hot weather. Additionally,
most studies had been conducted near the surge of the Covid-19
pandemic. In the long term, perceptions could change as regular WFH
becomes the new normal.

Potentially, WFH could be a way to increase workers’ heat protec-
tion, thermal comfort, satisfaction and productivity. Therefore, this
contribution aims to (a) measure and compare temperatures and
workers’ assessments at both offices and home workspaces, and (b)
discuss whether WFH can be an effective way to adapt to increasing
summer heat. For this, we will introduce the mixed-method study design
and our sample of office and from-home workers in the following Sec-
tion 2., present results of both temperature measurements and workers’
assessments in Sections 3.1, 3.2 and delve deeper into possible expla-
nations for the latter in Section 3.3. Additional stakeholder interviews
were conducted to explore the barriers of WFH in the surveyed offices,
which are presented in Section 3.4. Section 4. discusses implications of
the findings.

2. Methods

This mixed-methods study was conducted in 2023 and aimed to
assess heat exposure and adaptation in offices and homes through both
temperature measurements and worker surveys. The study was con-
ducted in Germany’s Southern state Bavaria, with most of the partici-
pants working in the state capital, Munich.

2.1. Recruitment process

As workers would be responding to the study during their working
time, the recruitment process first focused on companies. Different
channels were used to spread the study invitation: newsletter and
website of the regional Chamber of Industry and Commerce, direct e-
mail to members of the ,Munich business climate pact’, direct inquiry to
large companies or public bodies in the city (e.g. university, municipal
administration), as well as personal contacts. Companies were incen-
tivized with an evaluation and recommendations for heat adaptation.
When company representatives had expressed interest, they were then
asked to disseminate a study invitation among all employees through
either internal newsletters or the company intranet. The invitation
described the research project and asked interested workers to get in
touch with the researchers directly, to avoid any social pressure to
participate. Participants were incentivized with a personal evaluation of
their temperature data, as well as the chance to take part in a prize draw
(25 shopping vouchers/donations of 50€). They were guaranteed ano-
nymity and that only company-wide results from the study would be
communicated. Neither participants nor their colleagues or superiors
knew who else participated in the study (unless participants talked of it
among themselves). Informed consent according to faculty ethics
guidelines was obtained from all participants.

We previously had set a sample size of 100 participants but received
an unexpected amount of interest and therefore increased the sample to
200, in the end surveying 210 participants. The participants came from
20 companies of various sizes and from different sectors (commercial
enterprises, non-profits, public bodies). Although attention was paid to
address different types of companies during the recruitment process, the
final distribution of participants and companies can be described as a
convenience sample.

Workplaces had different characteristics, with both mechanical
cooling and passive, i.e. naturally ventilated building typologies (see
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Table 1
Overview sample characteristics.
Sample characteristics N %
Age 25-35 45 21.4
36-45 47 22.4
46-55 54 25.7
56-70 64 30.5
Gender Female 139 66.2
Male 69 329
Diverse 1 0.5
Education (Technical) university degree 170 81.0
Completed vocational training 29 13.8
Other degree 10 4.7
No degree 1 0.5
Office size (m?) 5-15 43 20.6
16-20 63 30.1
21-30 65 31.1
31-90 18 8.6
100-200 20 9.6
Office: number of occupants 1 person 69 32.9
2 persons 76 36.2
3 persons 28 13.3
4-50 persons 37 17.6

Satisfaction with heat protection at the workplace

(Rather) satisfied 73 35.3

Partly satisfied 54 26.1
(Rather) dissatisfied 80 38.6
Heat adaptation options at offices Possibility to work from home 189 90.0
Possibility to adjust working hours 180 85.7
Windows for manual ventilation 177 84.3
Interior shading 142 67.6
External shading (self-controlled) 140 66.7
Localised fan close to the body 91 43.3
External shading (automatically controlled) 45 21.4
Air conditioning 36 17.1
Automatic ventilation system 34 16.2
Radiant cooling (ceiling) 31 14.8
Central fan (e.g. ceiling fan) 9 4.3
Work from home (WFH) frequency (Almost) every day 14 6.7
Several times a week 95 45.7
Several times a month 56 26.9
Several times a year 19 9.1
Never 24 11.5
WFH location Dedicated room (study) 78 42.4
Living room 62 33.7
Bedroom 19 10.3
Kitchen 10 5.4
Other rooms 15 8.2

Table 1). It is important to note that domestic buildings in Germany
typically do not feature air-conditioning, even new constructions.

2.2. Study design and data collection

An initial survey took place during a cool period between
17.4.—31.5.2023. The participants were visited at their office work-
places and personally interviewed (duration 40-50 min) on their living
and working situation, sociodemographics, as well as available heat
protection. The trained interviewers placed a temperature logger at the
workplace of each participant to demonstrate the correct setup. Partic-
ipants were also given a temperature logger for their home workplace
when they stated they work from home ‘several times a week’ or
‘(almost) every day’. The loggers record air temperature at 15 min in-
tervals and have a measurement accuracy of + 0.5 °C; loggers for home

1 6 participants stated they have air-conditioning at home. However, par-
ticipants often confused mechanical ventilation with air-conditioning. For office
buildings, we fact-checked with company representatives, but participants’
statements on their equipment at home could not similarly be verified. Some
workers may have installed AC units in their homes, but the real number could
be even lower than 6.

workplaces additionally recorded humidity.”

The summer survey was started as soon as the German Meteorolog-
ical Service had issued a prediction of four consecutive workdays over
30 °C air temperature for Munich. From 20. to 23.6.2023, the partici-
pants were sent an online survey to answer shortly before the end of
each workday (duration 5-10 min, questionnaire hosted on the platform
SoSci Survey). Topics of the questionnaires included thermal comfort,
heat stress, satisfaction, productivity, and adaptive measures taken.
Participants were asked where they had worked on each day of the
survey. Those who had worked at other (unspecified) locations (20, 10,
13 and 3 workers on days 1-4 respectively), and/or who had switched
between workplaces (29, 28, 30 and 20 workers on days 1-4), were
excluded from further analysis. Table 2 gives an overview for the
number of participants as well as weather conditions during the four
survey days.

In 2024, additional qualitative interviews were conducted to further
explore the possibilities of WFH as an adaptation strategy to summer
heat and possible barriers. For this, the researchers approached the 8
companies where more than 10 workers had participated, offering a
presentation and discussion of study results. Company representatives

2 20 of the office and 10 of the WFH loggers (i.e. roughly 10%) were tested in
the same room and the manufacturer’s claims found to be accurate.
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Survey participation and weather conditions, all weather data from Munich central weather station [33].

Survey day Day 1: Tuesday, 20th June Day 2: Wednesday, 21th June Day 3: Thursday, 22nd June Day 4: Friday, 23rd June
2023 2023 2023 2023
Mean temperature (24 h, measured at 2 24.5°C 23.8°C 24.4°C 18.7 °C
m)
Maximum temperature 32.2°C 28.3°C 33.6 °C 24.8°C
Mean humidity 58.3 % 62.9 % 64.3 % 67.5 %
Participants in passive offices 79 82 73 45
Participants in air-conditioned offices 10 13 8 8
Participants working from home (WFH) 34 38 44 62
Total 123 132 125 115

were asked to invite those responsible or relevant for heat protection. All
8 companies participated, sending between 1 and 6 representatives from
building management, worker protection, employee representatives and
company management. After presenting the study results and answering
the company representatives’ general questions, researchers invited the
audience to discuss the topic of WFH specifically, following an interview
guideline (questions: How is WFH organized in your company? How
would this be applicable to the situation of a heatwave — for example,
can employees work from home at short notice? From your point of
view, what are the main barriers to WFH at your company? Are there
any ‘hard limits’ as well?)

2.3. Data analysis

The initial survey in spring assessed the properties of participants’
homes and offices, their health and well-being, as well as their general
thermal preference. The online summer survey was delivered to each
participant’s work e-mail shortly before the end of their workday. It

Table 3
Overview of variables used for later statistical analysis.

asked the participants to review their workday in regard to their thermal
sensation, satisfaction with temperatures, perceived heat stress and
perceived productivity, as well as the actions they had taken this day to
adapt to heat and whether these had been helpful.

After the summer, 203 workers sent back the temperature loggers
from their offices, and 107 also from their workplaces at home. The logs
were normalized (rounding each log to the next 15 min interval),
cropped to the relevant period of observation in R, and selected in-
dicators such as daily mean temperature were exported for further
analysis together with the survey data.

The variables presented in Table 3 were selected for further statis-
tical analysis in SPSS and R. A mixed-effects model with workers’
assessment of heat stress and perceived productivity as dependent var-
iables was used to test the effect of temperatures and different physio-
logical and psychological factors (see 3.3).

Lastly, the qualitative interviews with company stakeholders were
recorded, transcribed and analysed using qualitative content analysis
with MAXQDA software.

Variable name

Question wording, response options / additional explanation

1. Data collected in the spring survey
Gender
Age

Female/male, 1 participant who had answered ‘diverse’ was excluded from analyses pertaining to gender.
Studies often use 65 or 75 years as thresholds for heat risk. Due to the current German retirement age, only 4 participants were aged 65

or higher. Therefore, the upper quartile (oldest 25% of participants) was computed as ‘higher age’. This includes workers aged 56

years or above.
Thermal preference

Do you generally prefer cooler or warmer temperatures?*

1=generally prefer cool to 5=generally prefer warm.

Activity level

., Think about a typical workweek (including the weekend, i.e. all 7 days). In all, for how long do you move a) moderately (e.g. quick

walking, gardening, cycling), and b) vigorously (e.g. jogging, mountain hiking, swimming)?”
Total activity was computed as moderate + vigorous activity * 2, according to WHO guidelines ([51], p. 32), and converted into hours

for easier comprehension of results.
2. Temperature and humidity data
Temperature workplace

Temperatures were measured continuously. The statistical analysis used a daily mean of the temperature measured at the workplace

where each participant had worked on the survey day.

Relative humidity (WFH)
3. Data collected in the summer survey (questionnaire at the end of each workday)
Thermal sensation

Due to study budget constraints, humidity was only measured in home workplaces.

“Overall, how did you perceive the temperature at your workplace today?”

—3=cold, —2 cool, —1 slightly cool, 0 neutral, +1 slightly warm, +2 warm, +3 hot (ASHRAE 7-point scale).

Temperature satisfaction

“Overall, how satisfied were you with the room temperature at your workplace today?” 1=Dissatisfied, 2=Rather dissatisfied,

3=Neutral, 4=Rather satisfied, 5=Satisfied. Adapted from the ASHRAE 7-point thermal satisfaction scale, as the original wording of
‘thermal environment’ is not easily understood in German.

Air quality satisfaction
4=Rather satisfied, 5=Satisfied.
Heat stress

“Overall, how satisfied were you with the air quality at your workplace today?” 1=Dissatisfied, 2=Rather dissatisfied, 3=Neutral,

“How strongly did you feel stressed by heat at your workplace today?”

1=Not at all, 2=Rather not, 3=Partly, 4=Rather strongly, 5=Very strongly.

Productivity

“Overall, how did you perceive your productivity today?”

1=Very bad, 2=Rather bad, 3=Mixed, 4=Rather good, 5=Very good.

Adaptive satisfaction “Overall, how satisfied were you with your options to adapt to temperatures at your workplace today?” 1=Dissatisfied, 2=Rather
dissatisfied, 3=Neutral, 4=Rather satisfied, 5=Satisfied. Due to an unknown issue either none of the WFH participants responded to
this question on days 2—4 or their answers were not computed. Therefore, this variable could not be entered into statistical analysis.
“What did you do today to make your workplace comfortable?” Catalogue of adaptive measures with three options per measure:

1=used, but did not help against heat, 2=used and helped against heat, 3=not available or not used.

Adaptive measures taken and their perceived
effectiveness
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Fig. 1. Daily mean indoor air temperatures during the survey.
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Fig. 2. Boxplots for degree hours above 26 °C indoor temperature during the measured four-day period (96 h total).

3. Results
3.1. Measured temperatures and humidity

Mean measured temperatures were highest in passive offices (i.e.
naturally ventilated buildings without mechanical air conditioning),
notably lower in homes and lowest in air-conditioned offices (Fig. 1). It
should be noted that two of the three mechanically cooled office
buildings in the survey had increased setpoints for summer indoor
temperature due to the surge in energy prices following Russia’s inva-
sion of Ukraine. Average temperatures for the AC group would therefore
be somewhat lower in a ‘normal’ year.

As 26 °C air temperature is a relevant figure in German worker
protection laws (see Introduction), ‘degree hours above 26 °C air tem-
perature’> was used as an indicator for elevated temperature. Mechan-
ically cooled offices had the lowest number of degree hours (Fig. 2). 25%

3 A degree hour is counted when the threshold temperature (in this case 26
°C) is exceeded by 1 Kelvin for one hour. For example, a value of 3 degree hours
could indicate 27 °C during three hours or 29 °C during one hour.

of home workplaces had more than 40 degree hours, but the lower 50%
had 7.55 or fewer degree hours, and 31.1% (n = 33) never surpassed 26
°C. Only 3.6% (n = 6) of passive offices never exceeded 26 °C, with the
median at 135.08 and a maximum of 544.56 degree hours above 26 °C.
This shows that the majority of passive offices were in temperature
ranges where employers are advised to take effective cooling measures
by worker protection guidelines. However, heat protection is only
mandatory from 30 °C air temperature onwards. In 35.5% (n = 60) of
passive offices, degree hours over 30 °C were logged, but most were
overheated only little or periodically: 20.7% (N = 35) of all passive
offices had under 10° hours, 8.9% (n = 15) had between 10 and 30
degree hours, and 5.9% (n = 10) had high or very high values of 30 to
170.58 degree hours. Of the home workplaces, only 7.5% (n = 8) ever
exceeded the limit of 30 °C, with up to 5.13 degree hours.

In home workplaces, the humidity was also measured. At 53.2, 55.3,
57.1 and 53.6% respectively, mean humidity during the four days was
well within international guidelines (ASHRAE: 65%, DIN EN
16,798-1:2022 for summer: 70% maximum). 2-5 workplaces exceeded
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Fig. 4. Distribution of perceived productivity across the four days (1=very bad, 2=rather bad, 3=mixed, 4=rather good, 5=very good).

the 65% limit on different days, and one of them exceeded the 70%
limit.*

3.2. Workers’ assessments at different locations

At the end of each workday, participants were asked to rate different
aspects of their experience: thermal sensation, temperature satisfaction,
air quality satisfaction, heat stress and productivity. The distribution of
participants’ assessments for heat stress and productivity is shown in
Figs. 3,4 for each of the three workplace types across the four days, along
with mean values for comparison. The distribution for thermal sensa-
tion, temperature satisfaction and air quality satisfaction can be viewed

4 Contrary to our expectations, only one of these ‘humid workspaces’ was
located in a kitchen. The rest were from a dedicated WFH room, living room,
and in one case from a cellar. The cellar workspace exceeded 70% humidity on
three days — a trade-off between effective heat adaptation and air quality
standards / possible mould growth.

in the supplementary material ((Appendix, Figs. A1, A2, A3).

The distributions show that participants in passive offices perceived
their workspaces overwhelmingly as hot or (slightly) warm on the three
hot days, felt heat stressed, and were (rather) dissatisfied with temper-
atures as well as air quality. Even on the fourth, cooler day of the survey,
49% of participants in passive offices were (rather) dissatisfied with
temperatures and air quality, and 18% felt heat stressed.

Air-conditioned offices were mostly perceived as cool, neutral or
(slightly) warm. Of the 8 to 13 participants each day, only two felt heat
stressed and three were dissatisfied with temperatures (days 1 and 3).

On the hottest day, home workplaces were perceived as ‘hot’ by up to
a fifth of workers, as (slightly) warm by up to 68%, and up to 53% were
(rather) dissatisfied, with 48% feeling heat stressed. Still, 25% of WFH
participants did not feel heat stressed and almost a third was (rather)
satisfied with temperatures.

Self-reported productivity was mostly good or mixed on days 1, 2 and
4. On the hottest day, most participants reported mixed or bad pro-
ductivity, with about a third of participants at each location feeling
productive.
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Table 4

Mixed-effects regression for perceived heat stress.
Effect
Fixed effects Estimate
Intercept —5.459
Workplace temperature .334
Thermal preference 2, ‘rather cool’ * —0.182
Thermal preference 3, middle category —0.230
Thermal preference 4, ‘rather warm’ -0.374
Thermal preference 5, ‘warm’ —0.473
Higher age group 0.179
Gender (female) 0.127
Hours total weekly activity —0.003
WFH —0.231
Random effects edf
Participant ID 78.64

SE t-statistic p
0.939 —5.815 <.001
0.033 10.108 <.001
0.228 —0.796 427
0.221 —1.043 .298
0.220 -1.699 .090
0.268 -1.765 .078
0.148 1.203 .230
0.140 0.908 .364
0.006 —0.479 .632
0.129 -1.796 .073
Ref.df F-statistic p

149 1.165 <.001

R-sq.(adj) = 0.498, Deviance explained = 60%, GCV = 0.993, Scale est. = 0.790, N = 433.

@ Reference category for 2 — 5 is Thermal preference 1 = ‘cool’.

Table 5

Mixed-effects regression for perceived productivity.
Effect
Fixed effects Estimate  SE t-statistic ~ p
Intercept 7.963 .800 9.959 <.001
Workplace temperature —.0176 0.028 —6.251 <.001
Thermal preference 2, ‘rather cool’ * 0.046 0.199  0.230 .818
Thermal preference 3, middle category ~ —0.017 0.193 —0.089 929
Thermal preference 4, ‘rather warm’ 0.107 0.192 0.557 .578
Thermal preference 5, ‘warm’ 0.090 0.234  0.386 .700
Higher age group —-0.071 0.130 —0.550 .582
Gender (female) —0.086 0.122 —0.705 .481
Hours total weekly activity —0.001 0.006 —0.187 .852
WFH 0.074 0.108 0.690 491
Random effects edf Ref. F- P

df statistic

Participant ID 85.59 149 1.413 <.001

R-sq.(adj) = 0.403, Deviance explained = 53.3%, GCV = 0. 690, Scale est. =
0.538, N = 434.
@ Reference category for 2 — 5 is Thermal preference 1 = ‘cool’.

3.3. Explaining workers’ assessments

To test and quantify the effect of measured temperatures as well as
different physiological and psychological factors on workers’ heat stress
and productivity assessments, we conducted a mixed-effects regression.
Fixed effects include workplace temperature, general thermal prefer-
ence, higher age group, gender, hours of weekly activity and working
from home (WFH) (see Table 3 for detailed overview of questions and
answer options). To account for individual variability between partici-
pants not explained by the fixed effects, participant ID was introduced as
a random effect. Workers’ assessment of heat stress (Table 4) and pro-
ductivity (Table 5) were selected as the dependent variable.

The regression model (Table 4) shows that with each Kelvin increase
in workplace temperature, participants’ heat stress assessment increased
on average by 0.334 units. This effect is statistically highly significant.
Participants’ general thermal preference (‘Do you generally prefer cooler
or warmer temperatures?’) was connected to their heat stress assess-
ment: the ‘warmer’ their general thermal preference was, the lower the
participants tended to rate their heat stress. Those who generally prefer
the warmest temperatures (Thermal preference 5) rated their heat stress
almost half a scale point lower (—0.473) than the participants with the
‘coolest’ thermal preference (reference group Thermal preference 1).
Female participants and participants from the highest age group (upper

quartile, 56 years or older) on average reported higher heat stress. With
each additional hour of weekly physical activity (values ranging from
0 to 65 weekly hours®) the heat stress assessment was reduced by
—0.003 units. Out of these individual characteristics, only the effect of
thermal preference was statistically significant at the 10% level. Lastly,
workers on average perceived less heat stress when working from home
(WFH) than when in the office, with temperatures held constant (sta-
tistically significant at the 10% level). The smooth term for individual
participants (ID) is highly significant, confirming that there is a large
variability in heat stress assessment between individuals that could not
be explained by the fixed effects in this regression model. In all, the
model can be considered a good fit with an adjusted R? of 49.8% and
60% deviance explained.

The same mixed-effects regression for perceived productivity
(Table 5) again shows a highly significant effect of measured tempera-
tures, although the effect size is lower: productivity was on average
rated 0.176 units lower with each Kelvin increase in workplace tem-
perature. The individual factors gender, age and activity level influence
perceived productivity slightly negatively, but effect sizes are quite
small. WFH participants as well as those with ‘warmer’ general prefer-
ence (4 or 5 on the five-point scale) on average reported slightly higher
productivity. None of these effects reached statistical significance. The
smooth term for individual participants (ID) is highly significant, con-
firming the heterogeneity in productivity assessment between in-
dividuals that could not be explained by the fixed effects in this
regression model. The model had lower explanatory power for produc-
tivity than for heat stress, with an adjusted R? of 40.3% and 53.3%
deviance explained.

3.4. Perceived control

One hypothesis gained from the literature on adaptive thermal
comfort (see Introduction) would suggest that satisfaction is higher in
WFH settings because the actual and/or perceived control is higher.® In
the survey, workers were asked to check what they had done each day to
increase their comfort at the workplace and rate the effectiveness of each
measure taken. Table 6 shows the measures for each day.

5 Note that in accordance with WHO guidelines one hour of vigorous activity
was counted as two active hours, see Table 3.

6 Participants were asked for their satisfaction with control options in the
survey, but due to an unknown issue either none of the WFH participants
responded to this question on days 2-4 or their answers were not computed.
Therefore, the control perception has to be deduced from the effectiveness
rating presented here, and control perception could not be entered into
regression analysis.
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Heat adaptation measures taken by workers in offices and WFH settings during three hot and one cooler workday. {N<10 {{N<5. Total number of workers who
participated in the survey: Day 1 N=123, Day 2 N= 132, Day 3 N=125, Day 4 N=115.

Measure Day N of workers who took this Helped: % of workers who took this measure Helped: % of office Helped: % of workers
measure (total) workers WFH

Adapt clothing 1 96 79.2 73.0 90.9

2 99 74.2 71.2 81.8

3 101 66.3 50.8 88.1

4 69 91.3 83.9 97.4
Shade windows 1 78 60.3 51.8 81.8

2 92 63.0 52.4 86.2

3 94 54.3 36.4 79.5

4 42 76.2 55.0 95.5
Adapt workday 1 39 71.8 63.0 91.7

2 39 71.8 68.2 76.5

3 45 75.6 63.6 87.0

4 23 100.0 30.4 69.6
Ventilate 1 80 61.3 58.5 73.3

2 84 52.4 50.0 61.1

3 80 48.8 40.0 68.8

4 97 89.7 82.6 96.1
Use fan 1 30 73.3 74.1 66.7 {1

2 42 64.3 64.9 60.0 1

3 45 62.2 58.8 72.7 t

4 20 80.0 76.5 100.0 tt
Useacoolerroom 1 7 71.4 50.0 80.0 t

2 9 88.9 100 75 11

3 9 88.9 66.7 1 100 t

4 3 66.7 11 - 66.7 11

Three trends are visible across the different adaptation measures. (1)
The number of workers who used a measure increased with each hot
day. The only exception is ventilation, which slightly decreased, prob-
ably because it ceases to be helpful when outdoor air becomes too warm.
(2) Almost all measures were rated as more helpful in WFH settings than
in offices, (3) perceived effectiveness of measures in general decreased
with each hot day (1-3), but the decrease was much less pronounced in
WFH settings. The numbers indicate that the same measures were
perceived as more helpful at home. Anecdotally, this is consistent with
workers’ comments during the personal interviews, for example that
their ventilation options in the office are limited because colleagues
would complain about draft or papers on their desks getting disordered,
or that clothing can be adapted more freely at home.

3.5. Modalities and barriers of WFH

As WFH increased worker satisfaction and, more importantly for
heat protection, homes were in many cases objectively cooler than
passive offices, the modalities and barriers of WFH were more closely
studied with additional expert interviews presented in the following
section.

189 of the 210 interviewed workers (90%) initially stated that they
were free to work from home. However, during the hot period only
between 42 and 70 participants (26-52% of each day’s total participant
number) did so. Anecdotally, some participants had mentioned during
the initial interviews that although they can work from home, the rules
governing this did not allow to flexibly react to hot days, e.g. because
WFH days had to be set in advance.

Most companies organized WFH in one of two ways. The first is to
allow a number of full WFH days either per week (e.g. 1 WFH day per
week) or per month (e.g. 2 WFH days per week to distribute freely in one
month, so that one could take up to 8 consecutive WFH days). The
second is to allow a percentage of working time (40, 50, 60 or up to
100%), mostly based on a monthly period. However, two interviewees
pointed out that employees wrongly understand the percentage and
apply it on a weekly basis (i.e. 60%=3 WFH and 2 office days per week),
whereas they could also apply it more flexibly to a whole month or a
single day. This structure is relevant to heat adaptation: when the
monthly ,allowance’ of WFH days is used up, the rest of the month has to

be spent at the office, regardless of temperature.

Hard limits to WFH are set by jobs that require physical presence:
counselling (appointments with social services were usually made
months in advance and could not be easily rescheduled), visits to mu-
nicipality administrative offices, postal, technical and similar supportive
services in the office building. Some financial, secretarial and counsel-
ling roles could at least partly be transferred to the home, but this was in
several cases hindered by a lack of digitalization. Either there was no
digital filing system and taking paper files home would be impractical
and/or violate data protection laws, or workers were unwilling to switch
to digital file management.

The potential of WFH for heat adaptation is also limited by workers’
habits. Many have routine WFH days, organize their professional and
private schedules accordingly and would therefore not change their
routine due to the weather. This is somewhat supported by the fact that
the highest number of survey participants worked from home on Friday
(presumably a habit for many), regardless of outdoor temperature.

Another limitation can be the direct managers’ willingness. In one
case, it was commented that management did not correctly pass on in-
formation regarding WFH so that employees would stay at the office.
However, most interviewees agreed that more flexible arrangements
could be negotiated with the team or manager. One company had
educated managers on the impact of heat on health to sensitize those
that were not affected themselves.

In two cases (both public entities), interviewees explicitly mentioned
equality. They emphasised that conditions for granting WFH due to heat
must apply equally to all colleagues. In this view, if WFH depended on
subjective evaluations of heat stress, it would lead to mutual mistrust:
,people will check their colleagues and say: Oh, now he’s playing hooky
again, it’s unfair, he’s been working from home for several days now
although it’s only 28 degrees.” To ensure equality, objective criteria such
as official heat warnings or measured room temperatures would have to
be introduced.

Interviewees also mentioned organizational innovations to adapt to
summer heat. Two companies had introduced a desk-sharing system,
one specifically to address unequal distribution of heat exposure be-
tween two building sides. The same company also tasked managers with
organizing their team to better cope with heat (i.e. that some would
work from home and thus free up cooler spaces in the office).
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To conclude, these exploratory stakeholder interviews suggest
several reasons for low WFH shares in the study: temporal allocation of
WFH, cooperation of managers, a lack of digitalization and workers’
ingrained habits are all barriers for using WFH to adapt to heat events.
However, many interviewees appeared willing to consider organiza-
tional innovations to further the possibilities of WFH within the limits
given by the respective workers’ roles.

4. Discussion

96% of passive offices reached the threshold of 26 °C from which on
worker protection guidelines recommend additional heat protection
such as fans or relaxing clothing standards. 21% of passive offices (n =
35) also reached the 30 °C threshold from which on heat adaptation
measures are mandatory. 9% of passive offices had longer or more
intense overheating (10-30 degree hours above 30 °C) and 6% were
severely overheated (30-171 degree hours). These values were reached
even though the hot period was neither very pronounced nor very long.
Home workplaces had lower mean temperatures. In 31% of homes, the
26 °C threshold was never reached. Only in 8% (n = 8) of homes, the 30
°C threshold was surpassed, and this only of short duration and
magnitude. Humidity levels (only measured at home workplaces) were
withing international recommendations. Air-conditioned offices were
the coolest in the sample, never reaching 30 °C, and only some outliers
reaching 26 °C.

The majority of workers in passive offices rated them as hot or
(slightly) warm, felt heat stressed, and were dissatisfied with tempera-
tures and air quality. A fifth of participants working from home
perceived their workplaces as ‘hot’ on the hottest day of the study, 53%
were (rather) dissatisfied and 48% felt heat stressed. Still, 25% of WFH
participants did not feel heat stressed and almost a third was (rather)
satisfied with temperatures.

A mixed-effects regression showed that measured temperatures had
the largest and statistically highly significant effect on the heat stress
assessment of participants. While not a surprising result, this corrobo-
rates the importance of measured temperatures not just for physiology
but also for perception.

Age and gender had minor effects on the perception of heat stress.
Women reported slightly more heat stress, which is in line with other
studies that find women to be more critical of the thermal environment.
The threshold for ‘older’ is usually at 65 years [50] or even higher [13].
Due to the sample of working individuals, the threshold here was set at
the upper quartile, starting at 56 years. In spite of this lower threshold,
we found participants of 56 years or older to feel slightly more heat
stressed than their younger counterparts. Activity level also had a minor
effect on heat stress perception. This is in line with former research
showing that lean or fit individuals tolerate higher temperatures (see
Introduction). Assessing participants’ ‘active minutes’ throughout a
typical week is suggested as a good alternative to other metrics
commonly used such as fitness tests (as it is more field-compatible) or
self-reported ‘general physical strength’ [18], and could be combined
with and tested against BMI [14]. The activity level of this highly
sedentary population might also be a metric for acclimatization —
although acclimatization depends on the temperature of the environ-
ment, and we do not know how much of participants’ weekly activity
takes place outside or in other hot environments. None of these indi-
vidual characteristics were statistically significant.

In this study, we enquired for ‘general thermal preference’ (generally
prefer cooler / warmer temperatures) once, during the initial survey in
spring. This is different to the usual usage of the term ‘thermal prefer-
ence’ to indicate a desired change in temperature in the moment
(cooler/warmer). Yang et al. [54] have used a similar general
self-reported sentiment of subjects to group them into cold, warm und
neutral preference. However, their questionnaire asked for preference in
the summer season, whereas we did not specify further. Jacquot et al.
[23] suggest categorizing subjects according to their thermal sensation
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votes into cool / warm preference as well as narrow / broad range
preference. Although ours was quite a crude question (which could have
many underlying variables), workers reporting generally warmer pref-
erences on average reported significantly lower heat stress. This corre-
lation is relevant as it could help to group workers into ‘preference
categories’ quite easily, which could have potential benefits for better
estimating energy consumption and improving heat adaptation.
Workers who prefer warm temperatures could sit in more exposed zones
of the building, e.g. depending on floor or orientation [12]. Realistically,
this will not be practical in many situations as workers are grouped by
team or simply by available space. Flexible workplace arrangements
such as desk-sharing might increase adaptability in this regard. How-
ever, from the health perspective of heat adaptation, workers’
self-assessed preference is not advisable as the only guiding factor since
vulnerability to heat due to physiology or exposure is not always
mirrored in higher risk perception of the individual [3].

The regression showed a slight ‘psychological effect’ of working from
home even when measured temperatures and individual factors (see
above) were held constant. Although we could not include control
satisfaction in regression analysis due to a computing error, descriptive
statistics (Table 6) suggest that behavioural adaptations were perceived
as more effective at home than in the office. It is plausible that the
workers can adapt more freely in their private household (e.g. remove
more clothing, take a nap) whereas in the office they would be sanc-
tioned by colleagues or supervisors for the same behaviours, or conflict
with others who have different preferences for e.g. ventilation or
shading. Higher satisfaction with controls and higher perceived control
could be an explanation for the slightly higher satisfaction at home.

The connection between measured temperature and self-reported
productivity was much less strong. Productivity was rated relatively
well across all workplace types on days 1, 2 and 4, and mixed or (rather)
bad on the third and hottest day. The effect of measured temperatures on
perceived productivity was statistically significant, although lower than
their effect on perceived heat stress. This is contrary to prior studies
which found no statistically significant effect of measured temperatures
on productivity [25,38]. Furthermore, the effect of temperature on
self-reported productivity was linear and we found no ‘threshold tem-
perature’ (unlike [17,44]). The effects of individual characteristics of
participants (age, gender, activity level) were negligible. General ther-
mal preference had a slight effect. Of course, adding an objective mea-
sure of productivity would have been preferable to only self-reported
data. Yet, this is difficult in field studies and especially in knowledge
work where output is tricky to quantify (in contrast to e.g. metrics such
as ‘number or length of processed calls’ from call centre studies [35,46]).
Commonly used psychological tests are difficult to use repeatedly due to
learning effects. Therefore, many studies rely on self-reporting, for
example by reflecting on the demands of a task (NASA Task Load Index)
or giving a general assessment for a workday or even an entire season
[45].

The qualitative interviews conducted with stakeholders from the
participating companies showed several barriers to WFH as a method of
flexible adaptation to summer heat. WFH is organized with ‘budgets’ — a
number of days or a percentage of working time per week or month —,
and workers’ routines are often set regardless of temperature, e.g. WFH
every Friday. Stakeholders discussed institutional barriers (certain
office-based tasks, lack of digitalization) as well as cultural barriers such
as managers’ willingness or the expectation of equal WFH rules for all
workers. These are some problem areas that could be addressed to allow
for more flexible adaptation to heat. Either by slow changes from within
institutional culture, or by government intervention. For example, the
heat protection rules currently do not suggest WFH as an ‘effective
method of heat protection’, and trade unions as well as labour ministry
view the practice sceptically, including because often other ergonomic
considerations are not met at home [53]. Social innovations that allow
workers more flexibility depending on their heat exposure in the office
and at home could be an additional tool for climate adaptation.
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Lastly, some limitations and avenues for further research should be
addressed. One limitation we would have expected due to the study
design is a self-selection of workers dissatisfied with thermal conditions
at their workplace. But as the distribution (see Table 1) shows, only 39%
of surveyed workers were (rather) dissatisfied with heat protection at
the office. The recruitment process could have produced a potential bias
in the sample. As the first step was reaching out to company represen-
tatives, there might be a bias towards somewhat proactive employers
interested in the improvement of their employees’ environment.
Another plausible self-selection bias is that participants are more likely
to work from home when their home is thermally comfortable. This
could have an effect on the presented assessments of WFH during the hot
period. However, temperature loggers were handed out in springtime to
all participants who stated they often WFH in general, not only during
summer. Therefore, the possible self-selection bias during the three hot
days is unlikely to have influenced the measured temperatures presented
here.

A further limitation is that this study only measured air temperature.
There are other relevant factors that influence thermal perception, such
as air velocity, humidity and radiant temperature. It would be more
informative to include these, e.g. by using wet-bulb globe temperature
as a measure. At the same time, higher air velocity (e.g. through fans) is
very effective in reducing heat discomfort and should be prioritized as a
climate adaptation measure due to its low energy consumption — both in
offices and in homes.

An analysis of the air-conditioned offices in this study is limited by
two factors: only relatively few workers from air-conditioned offices
participated in the summer survey (between 8 and 13 on the different
days), and two of the three office buildings had increased summer AC
setpoints to save energy in the wake of Russia’s invasion of Ukraine.
Both average temperatures and workers’ assessments of AC offices in
this study should therefore be interpreted with caution.

As the survey was sent to workers at the end of each workday, par-
ticipants were asked to give an average rating for their entire day. In the
study, this rating was complemented with a qualitative method asking
for fluctuations throughout the day. Preliminary analysis shows that
participants’ estimated average for their day is consistent with their
reported fluctuations. We will discuss this in a forthcoming paper. The
timing and duration of heat stress also has implications for health and
energy consumption. The distribution of degree hours suggest that heat
stress in homes was more of a temporary discomfort to which workers
can adapt through behaviour, while many offices produced a constantly
hot environment. Spending time in adverse thermal conditions is not
unhealthy per se and could even have positive effects for metabolic
health [28,48]. When the temporal distribution is considered, active
cooling could be applied selectively for those times where workers are
most susceptible to heat [29].

Working from home could be a good method of heat adaptation for
workers who have warmer offices and comfortable conditions at home.
If companies situated in passive buildings could sufficiently react with
temporary WFH to periods of overheating, and therefore reduce the
number of building retrofits with air-conditioning systems [31] - or
limit the cooling load for existing AC systems —, WFH could potentially
save cooling energy and thus indirect CO, emissions [22]. Currently,
domestic cooling is negligible in Germany as in other Central and
Northern European countries [21]. However, this balance could change
depending on domestic AC ownership. If more households adopt WFH,
depending on affluence the AC ownership rate would grow further [1].
From an energy consumption standpoint, air-conditioned offices with
high occupant density should be more energy efficient than individual
households with self-installed air-conditioning units. For the US, based
on a time-use survey and assuming standard values for indoor temper-
atures, Wu et al. [52] found that ‘space heating and cooling dominated
the GHG emissions under WFH, together accounting for 37.15% of the
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total footprint.” Of course, the broader picture of WFH vs office’s energy
consumption or emissions depends on a host of other factors including
transportation [15]. Future studies could explore how different sce-
narios of AC market penetration as well as WFH adoption would impact
energy consumption and peak loads in summer.

In future research, more attention should be paid to gender and care
dimensions in heat adaptation and work. For example, women might be
more likely to work part-time or switch between office and WFH — does
this lead to more flexibility or stress? It could make a difference whether
children are at home (both for productivity and heat adaptation, as
getting up and doing housework or childcare frequently could increase
metabolic heat production). Additionally, some heat adaptation rec-
ommendations are less feasible for child carers: for example, starting
very early or working late might not be feasible with schedules of
childcare institutions or schools. These aspects should be integrated into
future questionnaires.

5. Conclusion

This study presented temperature measurements and workers’ as-
sessments from conventional offices and home workspaces during a hot
period in the summer of 2023. Home workplaces had both lower mean
temperatures and less occurrence of elevated temperatures or over-
heating (operationalised as degree hours above 26 °C and 30 °C
respectively) than passive offices. These are novel findings as tempera-
tures while working from home (WFH) have not been studied to date
with respect to hot weather.

Workers’ self-reported heat stress was significantly influenced by
workplace temperatures. Individual characteristics age, gender and ac-
tivity level had minor, statistically not significant effects, all in line with
prior research. The notable effect of general thermal preference
(‘generally prefer warmer / cooler temperatures’) on heat stress
assessment could potentially be of interest in grouping workers along
their stated preference. There was a slightly negative effect of WFH on
heat stress assessment (with temperatures and individual factors held
constant), which could possibly be explained by the higher perceived
efficacy of adaptation measures at home.

Perceived productivity was also significantly influenced by measured
temperatures, although with lower effect sizes. Other variables were
negligible.

Although interviews with stakeholders from the participating com-
panies showed various institutional and cultural barriers, we suggest
that flexible working from home (WFH) could be an asset for climate
adaptation of office workers.
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Fig. Al. Distribution of thermal sensation across the four days (% in bars, mean values in boxes; 1=hot, 2=warm, 3=slightly warm, 4=neutral, 5=slightly cool,
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4. Apartment related energy performance gap: how to address internal heat
transfers in multi-apartment buildings (Moeller et al. 2020)

Moeller, S., Weber, 1., Schroder, F., Bauer, A., & Harter, H. (2020). Apartment related energy
performance gap: how to address internal heat transfers in multi-apartment buildings. Energy and

Buildings, 109887. DOI: 10.1016/j.enbuild.2020.109887.

Fir die Studie wurden in den Jahren 2012-2013 erhobene Messdaten zu Energieverbrauch,
Raumtemperaturen, Fensteroffnung und Wetterdaten der in Beitrag 1 (S. 11) vorgestellten Gebdude
im Rahmen einer Sekundérdatenanalyse ausgewertet. Die von Bauer et al. (2021) durchgefiihrten
Haushaltsbefragungen dienten als Hintergrundinformation. Es wurde eine Methode entwickelt, um
Heizenergiebedarf und Energy Performance Gap (EPG) wohnungsspezifisch — anstatt wie iiblich fiir

das gesamte Gebédude — zu berechnen.

Bei den ausgewerteten Indikatoren Fensteroffnungsrate, Innenraumtemperaturen sowie bei der
wohnungsspezifischen EPG zeigt sich eine grofle Heterogenitit. Warmeverschiebungen zwischen
Nachbar:innen konnten erkldaren, warum manche Haushalte zwar hohe Temperaturen, aber geringe
Heizenergieverbrauche haben, oder warum trotz identischer Temperaturen und Liiftungsraten die
EPG sehr unterschiedlich ausfillt. Die Studie untersucht die Bedeutung mdoglicher interner Warme-
verschiebungen zwischen Wohnungen. Im Durchschnitt entsprechen die Verschiebungen etwa 25%
des wohnungsspezifischen Heizenergieverbrauchs fiir Raumwirme; wobei die Werte zwischen den
Wohnungen stark variieren. So kann die Studie die in Beitrag 1 festgestellten Mechanismen weiter

quantifizieren.

5. Energy (in)efficient comfort practices: How building retrofits influence
energy behaviours in multi-apartment buildings (Moeller & Bauer 2022)
Moeller, S., Bauer, A. (2022). Energy (in)efficient comfort practices: How building retrofits influence
energy behaviours in multi-apartment buildings. Energy Policy, 168, 113123. DOI:
10.1016/j.enpol.2022.113123.

Auch dieser Beitrag widmet sich dem Problem, dass der Erfolg der géngigen Effizienzstrategie durch
Energy Performance Gaps (EPGs) geschmailert wird. In 34 Haushalten eines moderat geddmmten
Mehrfamilienhauses wurden Interviews geflihrt und dabei vor Ort Raumtemperaturen gemessen,
sowie auf die bestehende Aufzeichnung stiindlicher Fensteroffnungsraten und Innentemperaturen
zuriickgegriffen. Auf Basis des wohnungsspezifischen Heizenergiebedarfs und tatsidchlichen

-verbrauchs wurde eine EPG fiir jede Wohnung berechnet.
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Dabei zeigen sich erhebliche Unterschiede im berechneten Heizenergiebedarf zwischen Wohnungen,
in Abhéngigkeit von GroBe und Lage im Gebdude. Die tatsdchlichen Verbrauche der Haushalte
unterscheiden sich wiederum deutlich von diesen Bedarfsberechnungen. Die Thermostat-
Einstellungen und bevorzugten Temperaturen variieren je nach Raum, Tageszeit, Aktivititen sowie
Vorstellungen der Nutzer:innen iiber Komfort und Gebdudetechnik. Uberwiegend werden Wohn-
zimmer am meisten beheizt und nur wenig beliiftet. Dahingegen werden Schlafzimmer kaum geheizt
und in manchen Haushalten auch im Winter durchgehend mit gekippten Fenstern beliiftet. (Auch hier
wird kalte mit frischer, gesunder Luft und besserer Schlafqualitit assoziiert.) Der Beitrag stellt wie
Bauer et al. (2021) die verzogerte Reaktion des trigen Gebdudes auf Anpassungshandlungen der
Bewohner:innen fest, was in vielen Haushalten zu einer dauerhaft eher hohen Raumtemperatur und

vermehrter kurzfristiger Temperaturregulation {iber die Fensterliiftung fiihrt.

6. Context-Specific, User-Centred: Designing Urban Green Infrastructure
to Effectively Mitigate Urban Density and Heat Stress (Mittermiiller et al.
2021)

Mittermiiller, J., Erlwein, S., Bauer, A., Trokai, T., Duschinger, S., & Schonemann, M. (2021).
Context-Specific, User-Centred: Designing Urban Green Infrastructure to Effectively Mitigate Urban
Density and Heat Stress. Urban Planning, 6(4), 40-53. DOI: 10.17645/up.v6i4.4393.

In zwei kontrastierenden Miinchner Quartieren wurden Personen zu Begriinung sowie urbaner Dichte
befragt und gebeten, ihre Wahrnehmung der thermischen Qualitéten in ,,Heatmaps” einzutragen. Die
Quartiere wurden hinsichtlich ihrer mikroklimatischen Bedingungen, Bebauung und ihres Bestandes

an griiner Infrastruktur ausgewertet.

Der Vergleich der Datenquellen zeigt, dass nicht allein die Existenz oder Menge urbanen Griins {iber
die Wahrnehmung von Hitze, urbaner Dichte und Attraktivitit des Quartiers entscheidet. Der Wert
von Griinflichen wird vielmehr bestimmt durch ihre Zugénglichkeit, Gestaltung, Qualitdt und weitere
Faktoren wie Verkehr oder andere Nutzer:innen. Kleinteilige Begriinung, etwa durch StraBenbdume,
wird von den Befragten sowohl in dem sehr dichten Quartier gewiinscht (um zu einer sinnlichen
,Entspannung* beizutragen), als auch im weniger dichten Neubauquartier (um die weiten Strallen
»einzuhegen® und optisch interessanter zu gestalten). Nur wenn Bédume auch gro3 genug sind, um
Schatten zu spenden, wirken sie sich auf die Hitzewahrnehmung der Befragten aus. In keinem der
Quartiere werden die existierenden groferen Griinflichen wie Parks nennenswert von den
Bewohner:innen als Ressource der Hitze-Anpassung genutzt, weil ihre Gestaltung nicht den

Wiinschen entspricht und die ,,richtige Atmosphére* fehlt.
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Der Beitrag stellt gédngige stadtplanerische Indikatoren wie Bebauungsdichte oder Griinflachenanteil
in Frage. Diese fiihren nicht unmittelbar zu urbanem Stress oder Erholung, sondern ihr Effekt wird
vielmehr durch unterschiedliche Gestaltungskriterien vermittelt. Ist die Gestaltung nicht nutzer-
freundlich, werden auch mikroklimatisch giinstige Griin- und Freiflichen nur wenig genutzt und

konnen so ihre Funktion fiir die individuelle Hitzeanpassung der Bewohner:innen nicht erfiillen.

7. Impacts of heat on human well-being: Creating restorative indoor and
outdoor thermal environments in a changing climate (Bauer et al. 2024)
Bauer, A., Lehmann, H., Zolch, T. & Pauleit, S. (2024). Impacts of heat on human well-being:
Creating restorative indoor and outdoor thermal environments in a changing climate. In S. Pauleit,
M. Kellmann & J. Beckmann (Hg.), Creating Urban and Workplace Environments for Recovery and
Well-being. New Perspectives on Urban Design and Mental Health. (S. 179-198). Routledge. DOI
(Sammelband): 10.4324/9781003435471.

Das Sammelband-Kapitel beschreibt die Auswirkung von Hitze auf die menschliche Gesundheit und
gangige Ansitze, Hitzestress beziechungsweise thermischen Komfort in Innen- und Auflenrdumen zu
operationalisieren. Dabei wird die Annahme eines ,,Standardmenschen® kritisiert, die solchen
Konzepten zugrunde liegt. Das aus den Sportwissenschaften stammende Konzept der ,,Recovery*
wird auf Hitzestress beziehungsweise thermischen Komfort angewendet. Dabei zeigt sich, dass
verschiedenste individuelle (physiologische, psychologische, soziokulturelle) Faktoren, aber auch
Eigenschaften der gebauten Umwelt und der gesellschaftlichen Organisation als Stressoren oder
positive Ressourcen (,,Stress-Puffer®) wirken konnen. Der Beitrag gibt Hinweise dafiir, wie Innen-
und AuBBenrdume gestaltet werden konnen, um Stadtbewohner:innen weniger Hitzestress auszusetzen

beziehungsweise ihnen eine bessere Erholung von Stresssituationen zu ermdoglichen.
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