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Summary

This dissertation examines the interplay between housing affordability anddecarbonisation against the backdrop of structural housing inequalities. Over thepast century, housing has transitioned from a central locus of governmentintervention to an area increasingly shaped by market mechanisms, with currentpolicies embedding sustainability further into housing provision. This thesis focuseson the impact decarbonisation policies have on affordability and provision. Morespecifically, the following analyses explore tensions between equity andenvironmental objectives highlighting the distributional implications of currentapproaches to the energy transition. Ultimately, this dissertation also exploresalternatives to current paradigms to explicitly integrate housing redistribution withindecarbonisation strategies aligning social and environmental objectives.
The specific topics of each paper have been chosen following a capita selectaapproach where the point of departure was usually set by regulatory changes at theNational or EU level. Alongside these regulatory aspects, fiscal policies —particularlysubsidies and taxation— also have considerable influence on housing costs andprovision. Together with them, informational tools, such as financial disclosurerequirements and climate risk assessments, which are expected to play a relevantrole in guiding private investment, become an integral component of this thesis.
Adopting a pragmatist research paradigm, this thesis employs a mixed methodsapproach that combines both econometric analyses and qualitative fieldwork acrossvarious European countries. Following these two methodologies, the dissertation isdivided into two parts: Affordability and Costs (Part I), which quantitatively examinesthe economic impact of decarbonisation on households through survey and registrydata; and Provision and Finance (Part II), which employs a qualitative approach toexplore financing mechanisms and management decisions in housing provision. Whileboth parts draw on different methodologies and theories, they can be read indialogue as they explore complementary scales, household and system, and share afocus on the interlock of decarbonisation and housing provision.
Part I, encompassing chapters two, three, and four, draws on large household-leveldatasets and various forms of regression analysis to measure changes in housingcosts. Shared across these papers is their investigation of demographic andeconomic factors that mediate affordability in housing decarbonisation.
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Chapter two investigates the impact of housing appreciation on householdconsumption, a measure of living standards, over the last decade. This chapter pavesthe way for the rest of the thesis by highlighting the necessity of integrating housingaffordability into energy transition policies to prevent exacerbating existingdisparities. Drawing from the English Housing Survey (EHS) and the Living Costs andFood Survey (LCFS), a regression analysis finds heterogeneous consumptionresponses to house price increases. Older outright homeowners display a positiveeffect, increasing non-housing consumption. However, middle-agedhouseholds—predominantly renters or mortgagors— reduce their consumptioncompared to older ones, indicative of affordability pressures. In closing, this analysishighlights the unequal distribution of benefits associated with energy-efficient homes,with property price premiums disproportionately favouring older homeowners.
The third chapter further explores the role of tenure inequalities in the energytransition. This study employs a difference-in-differences (DiD) regression coupledwith a matching procedure to evaluate the distributional impacts of housingdecarbonisation on housing costs in the Netherlands. Registry data spanning 2018to 2021 are used to construct counterfactual scenarios for decarbonised versusnon-decarbonised households, enabling a robust estimation of cost impacts acrosstenures. The findings reveal that outright homeowners benefit from significantproportional reductions in housing costs, while mortgagors realise the greatestabsolute savings due to higher baseline expenditures. Social renters experiencemoderate cost reductions, while private renters derive the least benefit. In thediscussion, a welfare analysis incorporates the capitalisation of energy savings onproperty values to show how decarbonisation enhances homeowners’ welfare,reinforcing existing tenure-based inequalities.
Building on the two prior explorations of tenure and age-based inequalities, chapterfour highlights the potential of leveraging property taxation as a tool for moreequitable housing decarbonisation, aligning environmental objectives with socialequity. This fourth and final chapter in part I addresses the fiscal dimensions ofhousing renovation policies in the Netherlands, contrasting the distributional effectsof direct subsidies with a proposed green tax linked to energy efficiency. Integratingmarginal costs and benefits of renovation, derived from government and hedonicpricing data, this chapter simulates distributional impacts on the user costs ofhousing across income deciles. The analysis reveals that subsidies exacerbateregressive outcomes by disproportionately benefiting higher-income households.Conversely, green taxes tied to energy efficiency mitigate fiscal inequities while stillincentivising renovations.
Part II, comprising chapters five, six and seven, focuses on Provision and Finance,exploring how decarbonisation and affordable housing provision initiatives arefinanced and managed in various countries. These essays were written duringsecondments with non-academic partners in Zagreb, Brussels, and Barcelona.Formulated in close collaboration with practitioners, they draw primarily fromsemi-structured interviews to understand the practical concerns of decision-makersinvolved in various forms of housing provision and management.
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The fifth chapter adopts a political economy lens to examine mortgage subsidies inCroatia. This chapter builds on previous explorations of the regressive impact ofdemand-side policies by exploring the alignment of social policy with mortgagemarkets as a tool for economic growth. Drawing on policy reviews, descriptiveindicators, and semi-structured interviews with stakeholders, the analysis situatesmortgage subsidies within a broader strategy of financialized growth. The chapterargues that the subsidy, in inflating house prices, primarily benefits middle-incomegroups, thereby deepening wealth inequalities. Finally, this chapter advocates for amore comprehensive housing strategy addressing affordability across diverse incomegroups and tenures.
The sixth paper assesses the role of Environmental, Social, and Governance (ESG)finance in the decarbonisation of the social housing stock across five WesternEuropean countries: France, the Netherlands, Austria, Germany, and Denmark. Thischapter studies the limitations of market-based mechanisms in aligningenvironmental and social housing objectives. Drawing on semi-structured interviewswith finance directors, policymakers, and housing providers, the paper identifies threekey contradictions. First, while ESG frameworks expand reporting requirements, theyyield limited financial advantages, often excluding smaller providers. Second, theintegration of stricter energy performance standards heightens capital expenditures,conflicting with social housing providers’ mission to deliver affordable rents. Third,ESG-driven capital market restructuring creates inequalities in access to finance,privileging well-resourced providers within robust national social housing systems.
The seventh chapter investigates barriers to scaling up social rental housingprovision in Spain, focusing on public-private partnerships (PPPs) as a financingmodel. The paper critically addresses recent policy changes that prevent thealienation of public land and aim to foster social housing delivery while lackingaccompanying financial mechanisms. Through a combination of semi-structuredinterviews and a discounted cash flow model, the analysis identifies high borrowingcosts, fiscal misalignments, and inadequate tenant protections as primaryimpediments to social housing delivery. Together with chapter four, this is one of themore propositional chapters as it ends by recommending the exploration ofpublic-backed guarantees and fiscal reforms to enable sustainable social housingdevelopment within constrained public budgets.
This dissertation concludes that decarbonisation policies often favour wealthierhomeowners through subsidies and consumption-based carbon taxes while having anegative or mixed impact on renters and low-income groups. At the system level,reliance on market-driven financing exacerbates affordability challenges for socialhousing providers, undermining their capacity to balance decarbonisation objectiveswith their social mission. To address these inequalities, this thesis advocates forredistributive fiscal reforms, such as energy efficiency-linked property taxes, and thestrengthening of public institutions to guide investments towards equitable andsustainable housing provision. Ultimately, in integrating housing affordability withinthe study of decarbonisation, this dissertation aims to contribute to the formulationof decarbonisation policies which align both equity and environmental objectives.
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Samenvatting

Dit proefschrift onderzoekt de wisselwerking tussen de betaalbaarheid van woningenen de decarbonisatie van de gebouwde omgeving, tegen de achtergrond vanstructurele ongelijkheden in de huisvestingssector. In de afgelopen eeuw ishuisvesting geëvolueerd van een centraal domein van overheidsinterventie naar eensteeds meer door marktmechanismen gedomineerd veld, waarbij recent beleidduurzaamheid nadrukkelijker integreert. De analyses in dit onderzoek richten zich opde effecten van decarbonisatiebeleid op zowel de betaalbaarheid als hetwoningaanbod, met bijzondere aandacht voor de verdelingsvraagstukken en despanningen tussen rechtvaardigheid en ecologische prioriteiten. Ten slotte verkentdit proefschrift alternatieve benaderingen waarin een progressieve herverdeling vanhuisvesting expliciet wordt verweven met decarbonisatie, met als doel sociale enmilieudoelstellingen beter op elkaar af te stemmen.
De onderwerpen van de afzonderlijke papers zijn geselecteerd volgens een capitaselecta-benadering, waarbij de focus doorgaans wordt bepaald door wijzigingen innationale of EU-regelgeving. Naast deze regelgevende aspecten speelt ook het fiscalebeleid (met name subsidies en belastingen) een belangrijke rol, gezien de aanzienlijkeimpact op de kosten en het aanbod van huisvesting. Daarnaast makeninformatie-instrumenten, zoals financiële rapportagevereisten enklimaatrisicobeoordelingen, een integraal onderdeel uit van de analyse, aangeziendeze naar verwachting een cruciale rol zullen spelen bij het sturen van particuliereinvesteringen richting duurzame huisvestingsoplossingen.
Dit proefschrift volgt een pragmatistisch onderzoeksparadigma en hanteert eengemengde methodenbenadering, waarbij econometrische analyses wordengecombineerd met kwalitatief veldwerk in verschillende Europese landen. Hetproefschrift bestaat uit twee hoofddelen. Deel I, Affordability and Costs(Betaalbaarheid en Kosten), onderzoekt de economische impact van decarbonisatieop huishoudens. Deel II, Provision and Finance (Voorziening en Financiering),hanteert een kwalitatieve benadering om financieringsmechanismen enmanagementbeslissingen binnen de woningvoorziening te analyseren. Hoewel beidedelen verschillende methodologieën en theoretische kaders hanteren, staan ze inonderlinge dialoog doordat ze complementaire schaalniveaus bestuderen (namelijkhuishoudens en bredere systemen) en een gezamenlijke focus hebben op deverwevenheid van decarbonisatie en huisvesting.
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Deel I, dat de hoofdstukken 2, 3 en 4 omvat, analyseert veranderingen in woonlastenaan de hand van uitgebreide huishoudelijke datasets en diverse regressieanalyses.Wat deze papers verbindt, is hun focus op de demografische en economische factorendie de betaalbaarheid van woningen beïnvloeden in de context van decarbonisatie.
Hoofdstuk 2 onderzoekt de impact van de waardestijging van woningen op deconsumptie van huishoudens, als indicator van de levensstandaard, gedurende deafgelopen tien jaar. Dit hoofdstuk legt de basis voor de rest van het proefschrift doorte onderstrepen dat de betaalbaarheid van huisvesting een integraal onderdeel moetzijn van het energietransitiebeleid om bestaande ongelijkheden niet verder tevergroten. Aan de hand van gegevens uit de English Housing Survey (EHS) en deLiving Costs and Food Survey (LCFS) voert dit hoofdstuk een regressieanalyse uitnaar de uiteenlopende consumptiereacties op stijgende huizenprijzen. De resultatentonen aan dat oudere huiseigenaren met een vast inkomen een positieveconsumptiereactie vertonen, wat leidt tot een toename van de bestedingen aanniet-woongebonden goederen en diensten. Daarentegen laten huishoudens vanmiddelbare leeftijd (voornamelijk huurders of hypotheekhouders) een beperkterconsumptiepatroon zien, wat wijst op betaalbaarheidsdruk. Tot slot benadrukt deanalyse de ongelijke verdeling van de voordelen van energie-efficiënte woningen: destijgende huizenprijzen komen onevenredig ten goede aan oudere huiseigenaren,terwijl andere groepen minder profiteren van deze waardestijging.
Hoofdstuk 3 onderzoekt de rol van huurongelijkheid in de energietransitie. Dezestudie hanteert een difference-in-differences (DiD)-regressie in combinatie met eenmatchingprocedure om de verdelingseffecten van woningdecarbonisatie op dewoonlasten in Nederland te evalueren. Op basis van registergegevens uit de periode2018–2021 worden contrafeitelijke scenario’s geconstrueerd voor huishoudens meten zonder koolstofarme woningen, wat een robuuste schatting van de kosteneffectenvoor alle huursectoren mogelijk maakt. De bevindingen tonen aan dat huiseigenarenaanzienlijke proportionele verlagingen van hun woonlasten ervaren, terwijlhypotheekhouders de grootste absolute besparingen realiseren vanwege hun hogereinitiële uitgaven. Sociale huurders profiteren van gematigde kostenreducties, terwijlparticuliere huurders het minst voordeel behalen. In de discussie wordt via eenwelvaartsanalyse de kapitalisatie van energiebesparingen in de vastgoedwaardeonderzocht, waarmee wordt aangetoond hoe decarbonisatie de vermogenspositievan huiseigenaren versterkt en bestaande ongelijkheden in de huurmarkt vergroot.
Voortbouwend op de eerdere analyses van huur- en leeftijdsgerelateerdeongelijkheden, onderzoekt hoofdstuk 4 het potentieel van vermogensbelasting alsinstrument voor een rechtvaardigere decarbonisatie van de woningmarkt. Dithoofdstuk beziet duurzaamheid in samenhang met sociale rechtvaardigheid door defiscale aspecten van het Nederlandse woningrenovatiebeleid te analyseren. Daarbijworden de verdelingseffecten van directe subsidies afgezet tegen een voorgesteldegroene belasting gekoppeld aan energie-efficiëntie. Op basis van overheidsgegevensen hedonische prijsmodellen simuleert dit hoofdstuk de impact van dezebeleidsmaatregelen op de gebruikerskosten van huisvesting over verschillendeinkomensdecielen. De analyse toont aan dat subsidies de ongelijkheid vergroten,aangezien zij onevenredig ten goede komen aan huishoudens met hogere inkomens.
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Groene belastingen op basis van energie-efficiëntie daarentegen verminderen fiscaleongelijkheid, terwijl ze tegelijkertijd renovaties stimuleren.
Deel II, bestaande uit de hoofdstukken 5, 6 en 7, richt zich op voorzieningen enfinanciering en onderzoekt hoe initiatieven voor koolstofvrij women en aanbod vanwoningen in verschillende landen worden gefinancierd en beheerd. Deze essays zijngeschreven tijdens detacheringen bij niet-academische partners in Zagreb, Brusselen Barcelona en tot stand gekomen in nauwe samenwerking met professionals uit hetveld. De analyses zijn grotendeels gebaseerd op semi-gestructureerde interviews,waarmee inzicht is verkregen in de praktische overwegingen van beleidsmakers diebetrokken zijn bij diverse vormen van woningvoorziening en -beheer.
In hoofdstuk 5 wordt de rol van hypotheeksubsidies in Kroatië onderzocht vanuit eenpolitieke-economische benadering. Dit hoofdstuk bouwt voort op eerdere studiesnaar het regressieve effect van vraagzijdebeleid door het sociaal beleid met dehypotheekmarkten af te stemmen als instrument voor economische groei. Deanalyse, die gebaseerd is op beleidsevaluaties, beschrijvende indicatoren ensemigestructureerde interviews met relevante stakeholders, plaatst dehypotheeksubsidies binnen een breder kader van financiële groei. Het hoofdstukconcludeert dat de subsidie, door de huizenprijzen te verhogen, voornamelijk tengoede komt aan middeninkomensgroepen, waardoor de welvaartsongelijkheidtoeneemt. Tot slot pleit het hoofdstuk voor een meer geïntegreerdehuisvestingsstrategie die zich richt op de betaalbaarheid voor verschillendeinkomensgroepen en huurperioden.
Hoofdstuk 6 onderzoekt de rol van ESG-financiering (Environmental, Social, andGovernance) bij de verduurzaming van de sociale woningvoorraad in vijfWest-Europese landen: Frankrijk, Nederland, Oostenrijk, Duitsland en Denemarken.Dit hoofdstuk benadrukt de beperkingen van marktgebaseerde mechanismen bij hetafstemmen van duurzaamheid en sociale huisvestingsdoelen. Op basis vansemigestructureerde interviews met financieel directeuren, beleidsmakers enwoningcorporaties worden drie belangrijke tegenstrijdigheden geïdentificeerd. Teneerste, hoewel ESG-raamwerken de rapportagevereisten uitbreiden, leveren zeslechts beperkte financiële voordelen op, waardoor kleinere aanbieders vaak wordenuitgesloten. Ten tweede, de integratie van strengere energieprestatienormenverhoogt de kapitaaluitgaven, wat in conflict is met de missie van sociale huisvestersom betaalbare huren te bieden. Ten derde, de herstructurering van de kapitaalmarktop basis van ESG creëert ongelijkheden in de toegang tot financiering, waardoorgoed gefinancierde aanbieders binnen robuuste nationale socialehuisvestingssystemen worden bevoordeeld.
Hoofdstuk 7 onderzoekt de belemmeringen voor de productie van van socialehuurwoningen in Spanje, met bijzondere aandacht voor publiek-privatepartnerschappen (PPP’s) als financieringsmodel. De paper biedt een kritische analysevan recente beleidswijzigingen die gericht zijn op het voorkomen van devervreemding van openbare grond en het bevorderen van sociale woningbouw, terwijlde noodzakelijke financiële mechanismen ontbreken. Door middel van een combinatievan semi-gestructureerde interviews en een discounted cash flow-model worden
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hoge financieringskosten, fiscale onevenwichtigheden en inadequatehuurderbescherming geïdentificeerd als de belangrijkste obstakels voor socialewoningbouw. In combinatie met hoofdstuk 4 vormt dit een van de meerpropositionele hoofdstukken, omdat het eindigt met concrete aanbeveling voor hetonderzoeken van door de overheid gesteunde garanties en fiscale hervormingen diede ontwikkeling van duurzame sociale woningbouw mogelijk kunnen maken, binnende grenzen van beperkte overheidsbudgetten.
Dit proefschrift concludeert dat verduurzaming vaak gunstig is voor rijkerehuiseigenaren, met name via subsidies en consumptiegebaseerdekoolstofbelastingen, terwijl het negatieve of gemengde effecten heeft op huurders enlage inkomensgroepen. Op systeemniveau verergert de afhankelijkheid vanmarktgestuurde financiering de betaalbaarheidsproblemen voor aanbieders vansociale huisvesting, wat hun vermogen om een balans te vinden tussendecarbonisatie en hun sociale missie ondermijnt. Om deze ongelijkheden teverminderen, pleit dit proefschrift voor herverdelende fiscale hervormingen, zoalsvermogens die gekoppeld zijn aan energie-efficiëntie, en voor de versterking vanpublieke instellingen die investeringen kunnen sturen richting rechtvaardige enduurzame huisvesting. Door de betaalbaarheid van huisvesting te integreren in hetonderzoek naar decarbonisatie, beoogt dit proefschrift een bijdrage te leveren aan deontwikkeling van progressief decarbonisatiebeleid dat sociale en milieudoelen metelkaar verbindt.

24 Housing Affordability and Decarbonisation in Europe



Resumen

Esta disertación examina la interacción entre la asequibilidad de la vivienda y ladescarbonización en el contexto actual, marcado por desigualdades estructurales enel acceso a la vivienda. Durante el último siglo, la vivienda ha pasado de ser un ejecentral de la intervención gubernamental a un ámbito cada vez más moldeado pormecanismos de mercado. Recientemente, la política pública ha tendido a hacer de lasostenibilidad un elemento cada vez más central en la provisión de vivienda. Estatesis desarrolla una serie de análisis acerca del impacto de las políticas dedescarbonización y provisión en la asequibilidad de la vivienda, destacando susimplicaciones distributivas así como las tensiones existentes entre la equidad y losobjetivos medioambientales. Finalmente, esta disertación presenta también enfoquesalternativos que alinean objetivos sociales y ambientales a través de la integraciónexplícita de la redistribución en las políticas de provisión y descarbonización.
Los temas específicos de cada capítulo han sido seleccionados siguiendo un enfoquede "capita selecta," donde el punto de partida suele estar marcado por cambiosregulatorios a nivel nacional o de la Unión Europea. Además de estos aspectosregulatorios, las políticas fiscales—particularmente subsidios e impuestos—tambiéncobran protagonismo debido a su considerable influencia en los costos y la provisiónde vivienda. Junto a ellos, herramientas informativas como los requisitos dedivulgación de información financiera y las evaluaciones de riesgos climáticos, que seespera jueguen un papel relevante en la dirección de la inversión privada haciasoluciones habitacionales sostenibles, son también un componente integral de esteanálisis.
Adoptando un paradigma de investigación pragmático, esta tesis emplea un enfoquede métodos mixtos que combina análisis econométricos y trabajo de campocualitativo en varios países europeos. La disertación se divide en dos partesprincipales: Asequibilidad y Costos (Parte I), que examina el impacto económico de ladescarbonización en los hogares; y Provisión y Financiamiento (Parte II), que utilizaun enfoque cualitativo para explorar los mecanismos de financiamiento y lasdecisiones de gestión en la provisión de vivienda. Aunque ambas partes recurren ametodologías y teorías diferentes, pueden leerse en diálogo, ya que exploran escalascomplementarias—la del hogar y la del sistema—y comparten un enfoque temáticocentrado en la intersección entre descarbonización y provisión de vivienda.
La Parte I, que comprende los capítulos dos, tres y cuatro, utiliza grandes conjuntosde datos a nivel de hogar y varios tipos de análisis de regresión para medir los
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cambios en los costos de la vivienda. Un hilo conductor en estos capítulos es lainvestigación de los factores demográficos y económicos que median la asequibilidaden la descarbonización de la vivienda.
El capítulo dos investiga el impacto de la revalorización de las viviendas en elconsumo de los hogares, una medida de los estándares de vida, durante la últimadécada. Este capítulo sienta las bases del resto de la tesis al destacar la necesidad deintegrar la asequibilidad de la vivienda en las políticas de transición energética paraevitar la exacerbación de las desigualdades existentes. Utilizando la English HousingSurvey (EHS) y la Living Costs and Food Survey (LCFS), un análisis de regresiónencuentra respuestas heterogéneas en el consumo frente al aumento de los preciosde la vivienda. Los propietarios mayores sin hipoteca muestran un efecto positivo,aumentando su consumo no relacionado con la vivienda, mientras que los hogares demediana edad—predominantemente arrendatarios o hipotecados—exhiben patronesde consumo restringidos, indicativos de presiones de asequibilidad. Este análisisconcluye destacando la distribución desigual de los beneficios asociados a lasviviendas energéticamente eficientes, con primas de precio de las propiedades quefavorecen desproporcionadamente a los propietarios de mayor dead.
El tercer capítulo profundiza en el papel de las desigualdades de tenencia en latransición energética. Este estudio emplea un análisis de diferencias en diferencias(DiD) combinado con un procedimiento de emparejamiento para evaluar los impactosdistributivos de la descarbonización en los costos de la vivienda en los Países Bajos.Utilizando datos de registro de 2018 a 2021, se construyen escenarioscontrafactuales para hogares descarbonizados frente a no descarbonizados, lo quepermite una estimación robusta de los impactos en los costos según la tenencia. Losresultados revelan que los propietarios sin hipoteca obtienen reduccionesproporcionales significativas en los costos de vivienda, mientras que los hipotecadoslogran los mayores ahorros absolutos debido a mayores gastos base. Losarrendatarios sociales experimentan reducciones moderadas en los costos, mientrasque los arrendatarios privados derivan el menor beneficio. La discusión incorpora unanálisis de bienestar que incluye la capitalización de los ahorros energéticos en losvalores de propiedad, mostrando cómo la descarbonización mejora el bienestar delos propietarios, reforzando las desigualdades existentes basadas en el régimen detenencia.
El capítulo cuatro resalta el potencial la política fiscal para una descarbonización dela vivienda más equitativa, alineando los objetivos ambientales con la equidad social.Este capítulo aborda las dimensiones fiscales de las políticas de renovación en losPaíses Bajos, contrastando los efectos distributivos de los subsidios directos con unapropuesta de impuesto verde vinculado a la eficiencia energética. Tras integrarcostos y beneficios marginales de las renovaciones, derivados de datosgubernamentales y precios hedónicos, este capítulo simula los impactos distributivosen los costos de uso de la vivienda a lo largo de los deciles de ingreso. El análisisrevela que los subsidios exacerban los resultados regresivos al beneficiardesproporcionadamente a los hogares de mayores ingresos. Por el contrario, losimpuestos verdes vinculados a la eficiencia energética mitigan las inequidadesfiscales mientras siguen incentivando las renovaciones.
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La Parte II, que incluye los capítulos cinco, seis y siete, se centra en la Provisión y elFinanciamiento, explorando cómo se financian y gestionan las iniciativas dedescarbonización y provisión de vivienda asequible en varios países. Estos ensayoshan sido desarrollados durante estancias de investigación con socios no académicosen Zagreb, Bruselas y Barcelona. Formulados en estrecha colaboración conprofesionales, recurren principalmente a entrevistas semiestructuradas paracomprender las preocupaciones prácticas de los responsables de la toma dedecisiones involucrados en diversas formas de provisión y gestión de la vivienda.
El quinto capítulo adopta una perspectiva de economía política para examinar lossubsidios hipotecarios en Croacia. Este capítulo amplía exploraciones previas sobreel impacto regresivo de las políticas de demanda de vivienda. El análisis se centra enel alineamiento de las políticas sociales con los mercados hipotecarios como unaherramienta para el crecimiento económico. A partir de revisiones de políticaspúblicas, indicadores descriptivos y entrevistas semiestructuradas con las partesinteresadas, el análisis sitúa los subsidios hipotecarios dentro de una estrategia másamplia de crecimiento financializado. El capítulo argumenta que los subsidioshipotecarios, al inflar los precios de la vivienda, benefician principalmente a losgrupos de ingresos medios, profundizando las desigualdades patrimoniales yprivatizando la provisión de bienestar. Finalmente, este capítulo aboga por unaestrategia de vivienda más integral que aborde la asequibilidad para diversos gruposde ingresos y formas de tenencia.
El sexto capítulo evalúa el papel de la financiación ESG (Ambiental, Social y deGobernanza) en la descarbonización del parque de vivienda social en cinco países deEuropa occidental: Francia, Países Bajos, Austria, Alemania y Dinamarca. Estecapítulo subraya las limitaciones de los mecanismos basados en el mercadofinanciero para alinear los objetivos ambientales y sociales en la provisión devivienda social. A partir de entrevistas semiestructuradas con directores financieros,responsables de políticas públicas y proveedores de vivienda, este capítulo identificatres contradicciones clave. En primer lugar, si bien los marcos ESG amplían losrequisitos de información, ofrecen ventajas financieras limitadas, a menudoexcluyendo a los proveedores de vivienda más pequeños. En segundo lugar, laintegración de estándares más estrictos de eficiencia energético aumenta los gastosde capital, resultando en ocasiones en un conflicto con la misión de los proveedoresde vivienda social de ofrecer alquileres asequibles. En tercer lugar, lareestructuración de los mercados de capital impulsada por la legislación en materiade ESG genera desigualdades en el acceso a la financiación, privilegiando a losproveedores bien dotados de recursos dentro de sistemas nacionales robustos devivienda social.
El séptimo capítulo investiga las barreras para aumentar la provisión de viviendasocial en régimen de alquiler en España, centrándose en la colaboraciónpúblico-privada como modelo de financiación. El capítulo aborda críticamente loscambios recientes en la política de vivienda social que, si bien evitan la enajenaciónde suelos públicos, carecen de mecanismos financieros para la construcción devivienda social. A través de una combinación de entrevistas semiestructuradas y unmodelo de flujos de caja, el análisis identifica tres factores como los principales
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impedimentos para la construcción de vivienda social: los altos costos definanciamiento, la política fiscal de la construcción en alquiler y las insuficienteprotección social de los inquilinos. Junto con el capítulo cuatro, este es uno de loscapítulos más propositivos, ya que concluye recomendando la exploración degarantías financieras respaldadas por el sector público y la introducción de reformasfiscales para promover el desarrollo sostenible de vivienda social en un contextomarcado por las limitaciones a la emisión de deuda pública.
Esta disertación concluye que las políticas de descarbonización a menudo favorecena los propietarios más acomodados mediante subsidios e impuestos al carbonobasados en el consumo. Por el contrario, estas opciones tienen un impacto negativoo mixto en los arrendatarios y los grupos de bajos ingresos. A nivel sistémico, ladependencia de financiamiento privado exacerba los desafíos de asequibilidad paralos proveedores de vivienda social, socavando su capacidad para equilibrar losobjetivos de descarbonización con su misión social. Para abordar estasdesigualdades, esta tesis aboga por reformas fiscales redistributivas, comoimpuestos sobre la propiedad vinculados a la eficiencia energética, y por elfortalecimiento de las instituciones públicas para dirigir inversiones hacia unaprovisión de vivienda equitativa y sostenible. En última instancia, al integrar laasequibilidad de la vivienda dentro del estudio de la descarbonización, estadisertación busca contribuir a la formulación de políticas de descarbonizaciónprogresivas que alineen los objetivos sociales y ambientales.
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Housing is by far the best aid to recovery because of the large and continuing scale ofpotential demand; because of the wide geographical distribution of this demand; andbecause the sources of its finance are largely independent of the stock exchanges.[. . . ]. In this country we partly depended for many years on direct subsidies. Thereare few more proper objects for such than working-class houses.
John Maynard KeynesLetter to Franklin Delano Roosevelt of February 1, 1938

Real estate inflation is the tax one portion of society – older, more affluenthomeowners and corporate landowners in coastal areas – levies on the rest ofsociety: especially younger, less affluent families.
Mike Davies, City of Quartz, 1990

We want everyone in Europe to have a home they can light, heat, or cool withoutbreaking the bank or breaking the planet.
Frans Timmermans, Executive Vice-President for the European Green DealPresentation of the Renovation Wave, 2020
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1 Introduction
Affordability in Transition

1.1 Housing Transitions

European housing policy has undergone profound changes over the last century. In1938, Keynes wrote to Roosevelt arguing that housing was a social priority thatrequired direct government intervention. By the late 20th century, this perspectivehad been replaced with market-driven mechanisms as neoliberal reforms diminishedthe state’s role in the economy. As Davies points out, this shift transformed housinginto a vector of inequality driven by rising prices. Over the last decades, not onlyaffordability but also sustainability have become central to debates about housing.As Timmermans’ announcement in 2020 exemplifies, housing policy has becomedeeply intertwined with climate priorities, and residential decarbonisation hasemerged as a cornerstone of the European Union’s climate strategy.
These housing transformations did not occur on a blank slate but built upon and wereshaped by existing institutions. For instance, in the UK, industrialisation and thegrowing financial means of local authorities in the early 20th century paved the wayfor mass housing development post-WW2 (Power, 1993). After a period of state-ledhousing provision, neoliberal reforms privatised state assets shifting serviceprovision to markets, through transfers to residents and third-party organisations(Forrest & Murie, 1988). This dissertation engages with the most recent phase inthese transformations: decarbonisation. Drawing on housing literature acrossvarious disciplines, this dissertation explores how decarbonisation impacts costs andaffordability, while also examining its integration into housing provision and finance.
Since Keynes’ letter housing has become an increasingly contentious issue. Over thepast 50 years, housing prices have soared (Figure 1), while wages, particularly overthe last decade, have remained largely stagnant (Figure 2). This surge in prices hasnot affected all households equally. Overburdened by housing costs, a sizeable
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proportion of renters now faces an increasingly precarious situation (Figure 3). Incontrast, older generations of homeowners enjoy substantial capital gains, and theirrate of housing costs overburden is much lower. This disparity has entrenchedchronic unaffordability, especially among lower-income households (Figure 3). AsDavies pointed out, housing has become a vehicle for inequitable wealthaccumulation, disproportionately benefiting wealthier households who own property.
Piketty’s (2014) axiom, r>g — that the rate of return on capital (r) tends to exceedthe rate of economic growth (g) — is particularly relevant for housing. As Figuresone and two show, returns from housing price appreciation have outstripped wagegrowth, enabling owners and investors to accumulate wealth much faster than thoserelying on income alone. While the multifaceted causes of house price appreciationare beyond the remit of this dissertation, there is widespread agreement that demandfor housing outpaces a particularly inelastic supply (OECD, 2021). Grossmann et al.(2024) further illustrate that the rising housing wealth-to-income ratio has beenprimarily driven by increasing land values, rather than the cost of structures. Theirfindings emphasise that housing production’s reliance on non-reproducible land,coupled with lagging technological progress in construction, has amplified landscarcity and pushed up prices.
FIG. 1.1 Quarterly Real House Prices in Spain, Croatia, The Netherlands, the Euro area and the UK by year.

This graph shows an upward trend in average house prices and cyclical booms and bustsmovements. Source: OECD, 2024. Prepared by the author.

The array of policies that have contributed to mounting demand and reduced supplyranges from planning to macroprudential policies (Frayne et al., 2022). On the onehand, as private sector building plummeted in the years following the global financialcrisis, social housing providers were unable to countercyclically increase supply dueto the reduction or elimination of brick-and-mortar subsidies for affordable housing(Scanlon et al., 2014). On the other hand, fiscal policies—particularly the

31 Introduction



undertaxation of housing wealth—have fuelled demand for homeownership, furtherdriving up prices and producing clear winners and losers (Fatica & Prammer, 2018;Haffner & Heylen, 2011; Millar-Powell, 2022).
The negative welfare effects of housing undertaxation have been a central topic foreconomists focusing on the optimal allocation of resources, see for example VanEwijk et al., (2007) for the Dutch case. More recently, an expanding body of researchfrom sociology has also underscored the widening divide between homeowners andrenters (Arundel & Ronald, 2021) (Arundel & Lennartz, 2019). In particular, theprivate rental sector has emerged as a key mechanism for wealth accumulation,largely benefiting investors from higher-income households (Hochstenbach, 2023).
FIG. 1.2 Average Real Wages in Spain, The Netherlands and the UK* by year.

This graph shows how wages have flatlined in Spain and the Netherlands over the last 30 years,15 years for the UK, with minor fluctuations. *Croatia is not yet in the OECD and certainindicators are unavailable. Source: OECD, 2024. Prepared by the author.

In the current unequal context, housing has undeniably emerged as a central issue onthe political agenda across Europe. For instance, housing was one of the key issuesvoters raised running up to the recent Dutch election (Genovese, 2023). Arguably, itwas also a key determinant of its results. Political scientists have in fact identified anexus between far-right vote and rising housing inequalities in France and the UK(Adler & Ansell, 2020; Ansell & Cansunar, 2021), while in Germany, escalating rentshave similarly been tied to the rise of far-right movements (Held & Patana, 2023).
Current discontent resulting from deep economic transformations bears an uncannyresemblance to the sociopolitical landscape of the 1930s. During that decade,figures like Keynes and Roosevelt reshaped the economic foundations of the Westand ushered in transformative policies aimed at recovery and growth. However, thefoundations on which they were operating were rife with flaws as Keynes haddescribed in the Economic Consequences of Peace, published in 1919 following hisresignation from the British delegation negotiating the Treaty of Versailles. Similarly,Europe today confronts an equally monumental challenge: transitioning to a green
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economy over the foundations of decades of neoliberal reforms. This transitiondemands not only economic restructuring but, when it comes to the builtenvironment, rethinking how housing is provided and managed.
FIG. 1.3 Share of households spending more than 40% of their income on housing by income quintile andtenure in Spain, The Netherlands and the UK*.

This graph shows how lower income quintiles, Q1 to Q2, are much more likely to beoverburdened by housing costs, particularly among owners with a mortgage and privaterenters. Middle-income quintiles, Q3 to Q4, also show affordability issues that differ by country.For example, owners with a mortgage are more likely to be overburdened in the UK while it isprivate renters in Spain. Trends over time are more challenging to ascertain beyond chronicunaffordability for low-income renters and higher affordability for owners and higher incomes.*Croatia is not yet in the OECD and certain indicators are unavailable. Source: OECD HC1.2.A4.Total housing cost overburden rate, by income, tenure and years. Prepared by the author.

The ultimately success of Kyenes and Roosevelt resulted in the opening up a policylandscape that diverges sharply from the one available today. In the 1950s and1960s, Western European governments played a direct role in addressing housingshortages by funding the construction of a substantial share of new housing units(Power, 1993). In contrast, today’s housing policy debates lean heavily onmarket-based solutions. This reliance on market mechanisms marks a notabledeparture from the direct public interventions advocated by Keynes, such as thoseoutlined in his letter. Moreover, contemporary housing policies are not only moredependent on market-based solutions but are also required to deliver onenvironmental goals.
As presented above, five years ago, the European Commission’s Vice-President,Frans Timmermans, emphasised that improving housing standards to reduce energyemissions while addressing affordability had become a key objective of the EuropeanUnion. These remarks were made during the launch of the Renovation Wave, Europe’sstrategy to improve energy efficiency in the built environment. Since the RenovationWave, the EU’s interest in housing has grown, for instance, through increased
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European Investment Bank (EIB) lending for housing projects. But also, morerecently with the establishment of a Commissioner for Energy and Housing who is todraft a European Affordable Housing Plan, creating an investment platform foraffordable and sustainable housing. Arguably, as Europe advances toward the goal ofachieving Net Zero emissions, environmental objectives have become integral toquestions about housing costs and affordability.
According to the Joint Research Centre (2022), residential energy consumptionaccounted for 28% of the European Union’s final energy consumption, making it thesecond-largest sector after transport, which represented 28.4%. Emissions frombuildings, including those resulting from direct fuel use and electricity production,were responsible for 34% of all energy-related greenhouse gas emissions in 2022(EEA, 2024). However, despite these significant contributions to energy use andemissions, substantial progress has been made in recent decades. Decarbonisationefforts have led to a 34% reduction in emissions from buildings between 2005 and2022 (EEA, 2024).
Decarbonisation policies enacted by European and national legislators are shapinghousing markets and affordability through a variety of mechanisms (see Economidouet al., (2020), for a comprehensive classification). A notable example is the Dutchcarbon pricing initiative, which seeks to curb energy consumption and promotebuilding renovations by introducing a tax on carbon emissions. This market-basedpolicy is however having regressive effects, disproportionately burdeninglower-income households that are more likely to reside in substandard low energyefficiency housing (Maier & Ricci, 2022).
Similar proposals at EU level for the creation of a new Emissions Trading System (ETS2) covering residential energy consumption are also expected to have regressiveimpacts across households (Maier et al., 2024). The taxation of carbon emissionsresulting from residential energy consumption raises distributional questions sincelower-income households, who tend to spend a larger portion of their resources onconsumption, face a tax burden disproportionally higher than better-off ones. Thiseffect is intensified by their higher expenditure on greenhouse gas (GHG)-intensivegoods like residential energy, see Figure 4.
The distributional challenges in addressing climate change epitomise "wickedproblems," where interlinked, complex dimensions resist one-size-fits-all solutions(Head, 2022). Stiglitz et al. (2023) argue that this complexity renders carbontaxation inadequate to tackle the climate crisis. They criticise the traditional climateeconomics framework, which views carbon pricing as the optimal solution to reducingemissions. This view assumes cost-effective reductions across homogenousemissions sources while disregarding systemic barriers and sector-specificchallenges. Stiglitz et al. (2023) emphasise that decarbonisation demandstransformational changes, such as large-scale infrastructure development andcoordinated policies that target sector-specific hurdles, solutions a carbon tax alonecannot deliver. Their critique is particularly apposite when it comes to housingmarkets often riddled with inefficiencies and inelastic supply (Barr, 1998).
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FIG. 1.4 Per Capita Emissions (Tonnes) by income quintile in Spain, The Netherlands and the EU.

In this graph energy refers to energy consumption while housing applies to appliances andmaintenance. Emissions from energy consumption are relatively stable across income deciles,particularly for the Netherlands and the EU. This contrasts with other spending categories suchas transport or clothing for which differences across quintiles are more pronounced. One of themain conclusions of Maier et al. (2024) is the potential for regressivenes in carbon taxation ofresidential energy consumption. Source: Maier, S., De Poli, S. and Amores, A.F., Carbon taxes onconsumption: distributional implications for a just transition in the EU, European Commission,2024, JRC138420.
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In this sense, the wicked nature of climate interventions in the built environment liesprecisely in its requirement for multi-dimensional, long-term interventions ratherthan singular, market-based instruments like carbon pricing. When examining Figures3 and 4 together, it becomes clear that GHG emissions from residential energyconsumption remain relatively constant across income quintiles while housing costsvary significantly. Hence, a transition based on consumption taxes increasing energycosts uniformly across all households will disproportionately impact lower incomes,already overburdened by housing costs. These regressive distributional impacts raiseconcerns about the legitimacy and public support for environmental goals, especiallysince housing inequalities have been linked to far-right vote by the literaturereferenced above.
Issues of regressiveness and inequality in the transition to net zero do not onlypertain to carbon taxation and energy consumption. Narrow policy designs focusedon energy-related objectives also neglect the role of housing as an asset drivingwealth inequalities. For instance, a recent OECD (2024) report surveying 28countries highlights that fiscal incentives through subsidies, such as grants andlow-interest loans, are the second most common policy used to incentivise housingrenovation, used in 86% of countries surveyed. These subsidies are second only tothe incorporation of energy efficiency into building codes mostly targeting newbuildings, implemented in 89% of countries surveyed.
The reliance on subsidies for housing decarbonisation referenced by the OECD reportoverlooks a critical issue, as Fatica and Prammer (2018) demonstrate,homeownership across the EU is already heavily subsidised through theundertaxation of housing wealth. This undertaxation has long been a focus ofhousing researchers proposing policy reforms (Pawson, 2024; Yates, 1989), and itspersistence raises important questions about the justification of further subsidisationthrough energy renovations. Recently, the OECD has again highlighted theproblematic nature of housing undertaxation, emphasising its role in perpetuatingwealth inequalities (Millar-Powell, 2022). By failing to account for the regressivenature of housing undertaxation, current renovation subsidies risk reinforcinginequalities. This raises the question of whether energy efficiency-linked taxationcould offer a more equitable alternative, aligning sustainability goals withaffordability while addressing these existing imbalances.
Another area of focus for climate policy interventions has been financial markets,particularly through Environmental, Social, and Governance (ESG) frameworks suchas the EU Taxonomy and the Sustainable Finance Disclosure Regulation (SFDR).These frameworks aim to align financial markets with environmental objectives bypromoting green investments (Schoenmaker & Schramade, 2019). However, socialhousing provision typically operates through hybrid financing models that depend onstate-backed guarantees, grants, and revolving funds (Scanlon et al., 2014; Blessing,2012). As a result of their particular financing mechanisms, questions arise aboutthe capacity of financial-market-driven tools to enact and adequately rewardimprovements in sustainability. Interrogating these frameworks requiresunderstanding the characteristics of social housing systems and assessing thealignment between environmental goals and their core mission of providing
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affordable housing.
The existence of specific frameworks for social housing finance adds to the tworelevant housing-related peculiarities presented above: consumption patterns andtaxation structures. These three factors shape the relationship between overarchingmarket-driven climate policies, affordability dynamics and financing structures. Thisdissertation addresses this gap by analysing how decarbonisation policies influenceprovision and finance, as well as their effects on housing costs. It operates on thepremise that housing decarbonisation policies are not confined to the energy sector,neutrally reducing utility bills and emissions. Instead, these policies intersect withpre-existing unequal housing systems and complex policy set-ups.
As decarbonisation policies play an increasingly significant role in shaping housingcosts, they create distinct winners and losers across housing markets. Byincorporating these dynamics into the study of housing costs, this dissertationinterrogates the impact of decarbonisation on the relative position of differenthouseholds across income and tenure divides. Positioned at the intersection of bothclimate and housing crises, this research is grounded in a housing perspective thatextends outward to interrogate decarbonisation policies. As both Timmermans andDavies suggest in the quotes at the start of the chapter, housing provisionsimultaneously holds the potential to "break the planet" and deepen inequalities. Byintegrating these concerns, this dissertation aims to explore housing’s potential as avehicle for equitable growth, echoing Keynes’s reflections on the role of housing inthe UK in his correspondence with FDR.
In this chapter, the following section 1.2 introduces the paradigm, ethos, and scopeof this dissertation. Section 1.3 defines the research problem and presents theoverarching aim of the dissertation as well as the knowledge gap. The structure andsubsections are explained in section 1.4. The research methods and approach aretreated in section 1.5. The chapter concludes with the expected contributions from asocietal and academic perspective in section 1.6.

1.2 Research Paradigm, Ethos and Scope

This subsection opens by presenting this thesis’s pragmatist research paradigm,which emphasises practical problem-solving and applied policy analysis overtheory-driven concerns. The subsequent section identifies the core issue addressedby this thesis—housing inequalities—and articulates the ethical foundations thatcould inform a progressive approach to housing within the context of the energytransition. Finally, the scope subsection deals with the selection of specific researchtopics.
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1.2.1 A pragmatist research paradigm

In housing research, scientific paradigms diverge based on their views on rationalityand their emphasis on perception or discourse. Realists assume an empiricallyobservable world where actors make rational decisions, focusing on objectivemeasurement and positivist inquiry. In contrast, constructivists emphasise the socialconstruction of reality, shaped by individual experiences and meanings (Berger &Luckmann, 1966). While realism seeks to uncover objective truths through empiricalinquiry, constructivism and critical realism focus on understanding the sociallymediated processes that shape human experience and action. Critical realism, a thirdway approach, seeks to overcome these positions by acknowledging an independentreality while recognizing that our understanding is influenced by social and culturalcontexts. It suggests that rationality is contextually shaped and subject tosocio-political influences (Somerville & Bengtsson, 2002).
These research paradigms stem from opposing views regarding the philosophy ofknowledge. Morgan (2014) argues that too often the philosophy ofknowledge—encompassing ontology, epistemology, and methodology—is treated asan external, objective reality that holds a privileged position in evaluating socialscience research. Pragmatism offers an alternative to these epistemological debatesby focusing on the consequences of actions as the basis for determining truth. In apragmatist paradigm, the meaning and truth of ideas are determined by theirpractical effects and usefulness. This view, associated with thinkers like John Deweyand William James, suggests that ideas are true insofar as they "work", that is, theyhelp individuals navigate and solve problems in their lived experiences (James,1907). Pragmatism sees scientific paradigms as one of many possible ways ofthinking that ought to be evaluated by the range of actions they enable.
The pragmatist concept of inquiry is particularly useful within the remit of policyanalysis. From a pragmatist perspective, inquiry is viewed as an active,problem-solving process aimed at addressing doubt and achieving practicaloutcomes, rather than the discovery of absolute truths (Dewey, 1938). Inquiry is thuscontinuous and contextual, with knowledge being evaluated based on its usefulnessin addressing real-world challenges (Hookway, 2016). As James (1907 p.58) noted,"Any idea that will carry us prosperously from one part of our experience to another,linking things satisfactorily and working securely, is true insofar as it proves itself tobe useful." Pragmatism, in this sense, aligns well with applied policy analysis, wherethe goal is often to generate actionable insights rather than abstract theoreticaltruths.
Within the domain of applied policy analysis, two broad methodological approachescan be identified. One is grounded in quantitative data and econometric models,focusing on identifying statistical and causal relationships, particularly in light of the"credibility revolution" in econometrics (Angrist & Pischke, 2010) but also throughmore theoretically driven models (Heckman, 2010). This approach emphasisesprecision in estimating the effects of specific policies, using econometric tools toinfer policy impacts. The other approach, often aligned with institutional analysis and
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critical realism, mentioned above, engages with broader questions of policy rationaleand institutional structures, looking beyond statistical causality to interrogate thesocio-political foundations of housing systems. For instance, scholars such asLawson (2006) and Lawson et al. (2022) provide a comparative perspective on socialhousing in Europe, focusing on the policy frameworks that shape housing provisionand their socio-economic implications. This thesis draws from these two approaches,making use of different theories across the chapters to analyse different facets ofhousing affordability and decarbonisation.

1.2.2 A progressive ethos

The ultimate objective of this thesis is to explore a progressive approach to theclimate crisis through housing. This progressive approach entails accounting forhouseholds’ economic conditions when determining the benefits and burdens derivedfrom specific policies. In particular, this thesis focuses on the allocation of the costsand benefits of the energy transition across society, what is often called distributionalequity. Achieving distributional equity involves both analysing disparities andproposing alternatives to ensure that resources and opportunities are distributedfairly among different populations.
There are multiple definitions of fairness. The energy transition literature offersvarious definitions of a “fair transition,” many of which extend beyond distributionalaspects; see Bal et al. (2023) for a recent review. This thesis, however, adopts anarrower approach, based on the understanding of distributional inequalities as themain housing challenge. These inequalities are showcased in the introductorygraphs, which emphasise the disproportionate burden of housing costs on lowerincomes amid the rising property values of the recent decades. This perspectivecontrasts with alternative diagnoses often focused on energy consumption oremphasising participation and fairness in decision-making processes.
The focus on distributional inequalities as a central problem to be resolved stemsfrom two ethical principles. The first is the Georgist principle that unearned returnsfrom housing appreciation belong to society. As George (2005 [1879]) argues, thevalue of land arises not from anything the owner has done, but from widespreadeconomic development. This principle justifies the taxation of land and property, asincreases in their value stem from social and economic development rather thanindividual effort. The second principle is the Marxist axiom: “From each according tohis ability, to each according to his needs” (1970 p.19). This principle emphasisesredistribution to address societal inequalities and aims to allocate resources to wherethey are most needed and raise revenue from where it is most abundant.
While Georgists and Marxists hold opposing views regarding the legitimacy ofprofit—Georgists considering profit from capital legitimate, whereas Marxists donot—this thesis chooses to highlight a key point of convergence. Both perspectives
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recognise that wealth generated through collective processes and the costs arisingfrom societal transformations should be distributed equitably across society. Thisshared understanding reinforces the case for progressive taxation and publicintervention as essential tools for redistribution, particularly in the context of theenergy transition. By situating housing within these broader principles of equity, thisthesis explores the alignment of housing affordability and environmental objectives.
Inequity across households can be understood through two primary dimensions:horizontal inequity and vertical inequity. Tackling vertical inequity pertains to theredistribution of resources from wealthier to poorer individuals, aiming to achievegreater societal balance. Horizontal inequity, on the other hand, occurs whenindividuals in similar circumstances experience unequal treatment, with one groupderiving disproportionate benefits (Barr, 1998). However, inequality regardinghousing affordability complicates this distinction, as housing affordability is relatedto both income, a vertical dimension (Ben-Shahar & Warszawski, 2016), as well aswealth inequalities. The last often stem from a differential treatment of housingtenures, lack of tenure neutrality (Christophers, 2021; Haffner, 2003), arguably aform of horizontal inequality.
Beyond the measurement of inequalities at the household level, the housing literaturehas also problematised strategic choices at the system level. Housing inequalitiesarise from specific institutional arrangements for housing provision. A richinternational comparative literature has investigated how these arrangementsmediate access to housing markets and significantly influence housing provision(Aalbers, 2022; Boelhouwer & Heijden, 1992; Kleniewski & Harloe, 1996). This bodyof research underscores the complexities of housing strategies, highlighting the needfor a deep understanding of institutional frameworks and their broadersocio-economic impacts.
Housing and climate are deeply entwined with questions of economic and socialdistribution—spanning incomes, tenures, and the institutions that mediate access tohousing. Ultimately, this thesis explores different facets of housing inequalities andproblematises policy choices about housing made within the frame of the energytransition.

1.2.3 Scope: affordability and provision

This thesis explores the intersection between housing affordability anddecarbonisation by contextualising housing costs and provision within the energytransition. It comprises a series of stand-alone essays that explore housing issuesrelevant to the design of policies for the energy transition drawing on both qualitativeand quantitative evidence. The individual essays collectively span various contexts inNorthern, Southern and Central European countries. These essays analyse howdifferent policies, such as fiscal incentives, regulatory measures, and information
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interventions, affect housing provision and costs. A first group of essays dives intohow decarbonisation policies influence housing costs for different groups, includinghomeowners, mortgagors, and renters. A second group of articles seeks tounderstand how different policies, including sustainable finance, homeownershipsubsidies and land provision for social housing, interact with existing housingstructures and institutions. By incorporating evidence from multiple disciplines andcontexts, this dissertation highlights the role of housing in the energy transition,while offering actionable insights on demand and supply-side strategies that enhanceaffordability and stimulate investment.
A precise mapping of housing and environmental policy boundaries is particularlychallenging due to the interconnected and cross-cutting nature of these policy areasconcerning multiple actors and levels of government. Political scientists oftencategorise policy instruments into three main types: carrots (financial incentives),sticks (regulations), and sermons (information campaigns), followingBemelmans-Videc et al. (1998). While this framework provides a starting point, itsapplication to specific policy domains, such as housing or decarbonisation, is farfrom straightforward. For instance, Economidou et al. (2020) propose four additionalcategories when considering the EU’s energy efficiency policies. These includeinfrastructure investment and vocational training programs showcasing thecomplexity of classifying policies when they encompass both technical and socialdimensions. Similarly, Bertoldi et al. (2021) also provide a systematic classificationof renovation policies according to market saturation (traditional, growing and new)and type (non-repayable reward, debt financing, and equity financing).
A recent OECD report (2024) on building decarbonisation takes a different approachto decarbonisation policies and differentiates between mandatory energy efficiencycodes in new build, financial incentives, mandatory energy performance certificates,regulations on whole-life carbon and Minimum Energy Performance Standards. Thisapproach focuses exclusively on policies targeting the physical aspects of the builtenvironment. However, in doing so, it leaves out other policy domains, particularlythose related to financial markets, which also exert a considerable influence oninvestment costs. Since housing is a capital-heavy industry, financial regulationshave historically played a very significant role in house prices, for instance throughthe failure of macroprudential regulations in the 2008 crisis (Andrews et al., 2011).
In the current landscape, the financial sector is vulnerable to the climate crisis in partdue, on the one hand, to changes in real estate valuations, as highlighted in an ECBreport on climate risks (European Central Bank, 2022). Particular regulatory actionsin the built environment, i.e. the introduction of Minimum Energy PerformanceRequirements, may alter the value of real estate and have an impact on the balancesheet of both households and financial institutions (Ferentinos et al., 2021). On theother hand, disclosure requirements and the labelling of funds and investments assustainable has the potential to guide investment towards greener housing provision(Schoenmaker & Schramade, 2019). Sustainable finance regulations, though at theintersection of environmental regulation and housing finance have not beentraditionally categorised as housing policy. However, over the last decades, buildingregulations have actively shaped investment decisions in the built environment as the
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hedonic pricing literature has showed 1.
Despite the relevance of financial and environmental regulations, housing policy hastraditionally been understood in a narrow manner as social or urban policy. On thesocial side, housing was seen as targeting households in need through allowances,tax deductions, grants, or directly allocating social housing (Barr, 1998). On theurban side, housing was seen as a matter for architects and planners, mostlyoccupied with informal housing and participation (UN Habitat, 1976). However, overthe last decades the implications of multiple public policy decisions on housing havebroadened the traditional “housing” field. Clapham (2018) offers a broad definitionof housing policy as any government action that influences housing processes oroutcomes. This expansive definition encompasses not only policies typically overseenby housing ministries but also macroeconomic policies, such as inflation targeting,which have profound implications for housing affordability. Similarly, Meen &Whitehead (2020) also suggest that housing policy must be understood as operatingacross multiple domains, from fiscal measures to monetary policy. For instance,Stephens (2024) highlights the central role that monetary policy committees play inshaping housing costs and the views that inform these processes, as interest ratesset by central banks directly impact mortgage rates, thus determining theaffordability of homeownership.
This thesis adopts a broad understanding of housing policy, addressing topics thatextend beyond traditional housing research. It explores areas such as sustainablefinance—arguably outside the typical purview of housing researchers—andrenovation subsidies, which are often framed solely as energy issues but here areexamined in relation to housing fiscal policy. The specific topics of each paper havebeen chosen following a capita selecta approach where the point of departure isusually set by regulatory changes, sticks, at National level or long-term objectivesstemming from EU policies such as the Energy Performance of Buildings Directive(EPBD). Alongside these regulatory aspects, carrots, fiscal policies—particularlysubsidies and taxation—also come to the fore due to their significant influence onhousing costs and provision. Together with them, informational tools, sermons, suchas financial disclosure requirements and climate risk assessments, which areexpected to play a relevant role in directing private investment toward sustainablehousing solutions, become an integral component of this analysis. Conversely, thisstudy excludes broader market interventions such as grid management andlabour-focused training programs, which, while important to the energy transition,are less directly tied to housing affordability and provision.
As opposed to the systematic classifications presented above (Economidou et al.,2020; Bertoldi et al., 2021; OECD, 2024), this thesis focuses on the evolution ofhousing affordability in the face of housing renovation and interrogates the rationaleof certain strategic decisions in housing provision. In doing so, the thesis follows acapita selecta approach. This results in a non-systematic exploration of countriesand topics, privileging depth over breadth in particular areas. Rather than a cohesivecross-country comparison, this dissertation is centred on a series of topics chosen
1See for instance Eichholtz et al., (2010) for one of the first papers on the topic focused on commercial property.
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because of their academic and policy relevance. While the structure section of thedissertation provides a detailed account of how each chapter logically contributes tothe overall argument, it is worth briefly highlighting the rationale behind certainthematic choices here.
In Part I of the dissertation, the chapters are centred on renovation subsidies,addressing this policy because of its prominence within national decarbonisationstrategies as one of the most widely implemented mechanisms to incentiviserenovations(Bertoldi et al., 2021; OECD, 2024). To varying extents, these policies -orsimilar ones through tax credits- operate or have operated in at least three of thestudied countries, England, the Netherlands and Spain, but are also common beyondthem, for instance, in the USA (Borenstein & Davis, 2016) and Italy. The italian caseis particularly extreme since homeowners who improve their Energy PerformanceCertificate (EPC) by at least two classes may claim a tax credit equal to 110 % ofeligible renovation expenditures, up to a maximum of €96 000 (Codogno, 2024).
In contrast, the chapters in Part II—focused on housing provision andstrategy—engage more directly with the policy challenges identified bynon-academic partners within the RE-DWELL project. RE-DWELL was an EU-fundedInternational Training Network (ITN) under the Marie Skłodowska-Curie Actions(MSCA) which provided financial support and institutional framing for thisdissertation. Bringing together scholars and practitioners from across Southern,Northern, and Eastern Europe, the network facilitated a transdisciplinaryenvironment through the exchange of expertise between academia and practice. Thisthesis is situated within the Policy and Financing Pillar—one of RE-DWELL’s threecore dimensions, alongside Design and Participation—and examines the financial anddistributional impacts of the energy transition on housing systems. The selection ofcase studies was directly shaped by academic secondments to CERANEO in Zagreb,Housing Europe in Brussels, and INCASOL in Barcelona. These placements providedin-depth, practice-based insights into the governance and financing of affordablehousing, enabling a grounded analysis that connects policy frameworks withoperational realities.
This case-selection strategy—anchored equally in policy relevance and in theconcrete needs of RE-DWELL’s non-academic partners—yields a deliberatelyunconventional scope within the capita selecta framework. By privileging real-worldconcerns over theoretical alignment, this dissertation has chosen topics that speakdirectly to pressing policy debates while simultaneously addressing stakeholderpriorities within RE-DWELL. Returning to the pragmatist research paradigmintroduced above, this dual focus contextually grounds the dissertation and centres iton the formulation of applicable insights rather than on the pursuing of abstractgeneralisations or “universal truths”. In so doing, the thesis aims to produce bothacademically robust analysis and also actionable recommendations, fulfilling itscommitment to scholarship that is both rigorous and socially relevant.
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1.3 Problem Formulation

1.3.1 Research problem

This thesis investigates the impact of decarbonisation on housing costs andprovision, positioning itself at the intersection of environmental and social challenges.The point of departure consists of the three housing dimensions presented above:the uneven distribution of housing costs, the undertaxation of homeownership, andthe financing of social housing through hybrid frameworks. While these threedimensions mediate the impact of environmental policy on housing affordability andprovision, they are often overlooked in debates about climate policy. This studybridges social and environmental dimensions, focusing on the distributionalconsequences of different approaches to housing decarbonisation. By situatingenvironmental policies within the housing context, this thesis fosters the recognitionof tensions between achieving decarbonisation and ensuring housing affordability.

1.3.2 Research Gap

The research gap revolves around the relationship between sustainability, housingaffordability, and the policy and financing mechanisms used to deliver on these twopriorities. On the one hand, research has largely neglected the socioeconomicimpacts of housing renovation policies on affordability and equity. On the other hand,recent regulatory developments underscore the need to examine changes in housingprovision systems and how they interact with the energy transition.
First, despite the pan-European impulse to decarbonisation and energy efficiency,there is a significant gap in understanding the socioeconomic and financialimplications of these policies. On the one hand, the economics literature has focusedon property premiums arising from energy efficiency improvements, using hedonicpricing models (Fuerst et al., 2020; Wilkinson & Sayce, 2020). In this regard, themain vector for the study of the distributional impacts of energy savings have beenrelated to energy poverty-related discrepancies between theoretical performance, asstated in Energy Performance Certificates (EPCs), and actual energy consumption(Sunikka-Blank & Galvin, 2012) (Brom et al., 2019). However, by focusing on energyimpacts this approach neglects the impacts generated by variations in housing coststhemselves. On the other hand, housing research has not deeply engaged withdecarbonisation beyond integrating energy costs into housing affordabilitymeasurements (Haffner & Boumeester, 2015). This leaves a gap in understandinghow policies designed to decarbonise housing impact affordability and distributionalequity.
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Second, the research gaps this thesis addresses also stems from recent policychanges. Over the last years, the financing landscape for Environmental, Social, andGovernance (ESG) initiatives has undergone significant transformations, particularlywith the implementation of major regulatory frameworks such as the SustainableFinance Disclosure Regulation (SFDR), which entered into force on March 10, 2021,and the EU Taxonomy Regulation, whose first delegated acts became applicable onJanuary 1, 2022. These changes have redefined how sustainability goals arefinanced, monitored, and reported, creating new challenges and opportunities forhousing policy research. National level developments have also shaped the researchfocus on policies. For instance, Spain introduced a landmark housing law on May 26,2023, sparking debates about new social housing developments. Similarly, Croatia isin the process of designing a new housing policy, which reflects ongoing political andlegislative discussions about housing provision. Such legislative shifts createopportunities to advance research on how housing policies are adapting tocontemporary environmental and social challenges all while building and updatingrecent institutional research on affordable housing finance (Scanlon et al., 2014)(Lawson et al., 2022).

1.3.3 Main research question and aim

Main Research Question: How does decarbonisation affect both the distribution ofhousing costs and housing provision in Europe?
Aim: This dissertation explores how decarbonisation affects both housing costs andtheir distribution, as well as the interplay between policy design and institutionalframeworks for housing provision. The main objective is to integrate environmentalissues into the study of housing policy and affordability, highlighting tensionsbetween environmental and social dimensions. By critically assessing environmentalpolicies through a housing lens, this study analyses how housing inequalities areembedded in and perpetuated by the transition to net-zero.

1.4 Structure and Subsections

This section outlines the two-part and three-subsection structure of the thesis (SeeTable 1). Comprising six essays, the thesis investigates housing provision anddecarbonisation policies across various European and national contexts. Theorganisation of the thesis provides two itineraries to read the essays, across
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methodological or thematic lines, while also presenting them as interconnectedcomponents of a cohesive argument.

1.4.1 Methodologically aligned parts and summary of individual chap-
ters

This thesis is methodologically structured into two main parts: Affordability andCosts (Part I) and Provision and Finance (Part II). Part I, with a quantitative focus,examines the costs and affordability of decarbonisation, aiming to assess its financialimpact on households. In contrast, Part II adopts a qualitative approach, exploringthe financing and management of decarbonisation and housing provision. Thistwo-part division acknowledges the diverging departure points of quantitative policyanalysis on the one hand, and institutional or critical approaches to housing systemson the other.
Second, the thesis is further organised into three sections that juxtapose diversetypes of evidence and provide a topical and policy-focused reading of the differentchapters. This division aims to elicit discussion across disciplines cutting acrossparadigms by focusing on empirical results. The sections are thought of as promptsfor interaction, presenting points for encounter between the essays. Section A setsthe scene regarding housing provision, section B focuses on current decarbonisationpolicies and section C collects the propositional essays presenting alternativepathways (See Table 1).

TABLE 1.1 Thesis’ Structure
Part 1: Affordability and Costs Part 2: Provision and Finance

Section A: The Set-Up. Housing Prices, Impacts and Rationale
Chapter 2Investigating the impact of housing price increaseson consumption: heterogeneity by age, tenure,and housing quality

Chapter 5The Role of Mortgage Subsidies in the CroatianEconomic Growth Strategy:a Political-Economy Approach to the SSK
Section B: Current Policies. Decarbonisation and Inequality

Chapter 3Unequal rewards to decarbonisation: a diff-in-diffapproach to measuring housing costsacross tenures

Chapter 6Three contradictions between ESG finance andsocial housing decarbonisation: a comparison offive European countries
Section C: Alternative Pathways

Chapter 4Subsidies or green taxes? Evaluating thedistributional effects of housing renovationpolicies among Dutch households

Chapter 7When Land is Not Enough: Attracting PrivateInvestment to Expand Social Rental Housingin Spain
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Part I, encompassing chapters two, three, and four, examines the financial impact ofdecarbonisation on households. This section employs quantitative methods,including large household-level datasets and various forms of regression analysis, tomeasure changes in housing costs. It investigates how different demographic andeconomic factors mediate the affordability of decarbonisation initiatives. Byassessing variations along socio-economic lines, this part provides an analysis of thefinancial burden on households and identifies potential disparities in the costdistribution of decarbonisation efforts.
Chapter two investigates the effect of rising house prices on non-housingconsumption, an indicator of living standards. In merging data from the 2009 to2019 waves of the English Housing Survey (EHS) and the Living Costs and FoodSurvey (LCFS), this chapter lays the groundwork for the joint analysis of housingaffordability and energy efficiency. The econometric approach uses pseudo-panelregressions to highlight varying consumption responses to house price changesacross age, tenure, and energy efficiency levels. A key finding is that olderhomeowners in energy-efficient homes increase their non-housing consumptionmore in response to rising house prices compared to younger ones. This raisesimportant questions about the distribution of housing wealth and its impact onnon-housing consumption.
Chapter three expands on the distributional implications of decarbonisation byassessing how it influences housing costs across tenures, focusing on the differentialimpacts on renters and homeowners. Drawing from a large registry dataset, thisessay measures changes in housing affordability through a difference-in-differencesregression over a matched set of decarbonised and non-decarbonised households.The findings reveal differing percentage reductions in housing costs across tenures.A welfare analysis further explores how the capitalisation of cost savings might affectwelfare distribution, highlighting a potential advantage for homeowners over renters.
Chapter four takes a more propositional approach by examining the distributionalimplications of Dutch housing renovation policies. Through a simulation, it contraststhe impacts of direct subsidies and a proposed green tax on the financial viability ofrenovations and the distribution of housing costs. This chapter concludes thatsubsidies exacerbate regressive tax effects, disproportionately benefiting wealthierhomeowners. Conversely, linking property taxes to energy efficiency reduces fiscalinequality and encourages renovations, demonstrating how energy-efficiency-linkedproperty taxation can make the fiscality of homeownership less regressive whileincentivising renovation.
Part II, comprising chapters five, six and seven, shifts the focus to Provision andFinance, exploring how decarbonisation and housing provision initiatives are financedand managed at national and European levels. These essays were written duringshort-term secondments, two to three months, with non-academic partners inZagreb, Brussels, and Barcelona as explained above. Formulated in closecollaboration with practitioners, they draw primarily from semi-structured interviewsto understand the practical concerns of those involved in various forms of housingprovision and management.
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Chapter five investigates homeownership subsidisation in Croatia, serving as anintroduction to the rationale of homeownership subsidisation from apolitical-economy perspective. Drawing from interviews with relevant stakeholders,descriptive data indicators, and a review of policy documents, this chaptercharacterises the SSK subsidy as a move toward financialised growth through assetprice increases. Ultimately, SSK is situated within a broader social policy shiftfocused on mortgage markets, furthering the privatisation of the welfare state andfavouring middle-income groups.
Chapter six examines the introduction of ESG (Environmental, Social, andGovernance) legislation and its effects on the financing of social housingdecarbonisation across Western Europe. The main data source are semi-structuredinterviews with senior finance professionals in Social Housing Providers (SHPs) inFrance, the Netherlands, Austria, Germany, and Denmark. The results point outcontradictions and challenges in aligning financial markets with social housingrenovation. The findings highlight contradictions and challenges in aligning financialmarkets with social housing renovation, mapping the limitations of market-basedmechanisms for financing these efforts.
Finally, Chapter seven tackles the institutional dynamics and financial constraintsthat hinder social rental housing provision at scale in Spain. It does so through aseries of interviews and financial project data analysis related to a particular casestudy of a public-private partnership (PPP) in Barcelona. This paper ultimately offersavenues to reform social housing provision in Spain that operate within current publicdebt constraints, drawing private investment and delivering on social objectives.

1.4.2 Thematically structured sections across disciplines

Beyond its two-part, methodologically driven structure, this thesis is furtherorganised into three subsections that juxtapose diverse types of evidence. Thesesubsections encourage an integrated reading of the essays, bridging bothquantitative and qualitative evidence across the two scales of household and system(see Table 1).
The first subsection comprises chapters two and five. Chapter two examines theimpact of house price increases on consumption in the UK, while Chapter fiveexplores the political economy of house value appreciation in Croatia. Article fourbuilds on the rationale behind house price appreciation, a process whose effects areanalysed in chapter two. The aim is to challenge a housing policy model centred onhomeownership by highlighting its distributional impacts on consumption anddiscussing its implications for decarbonisation.
The second section, comprising chapters three and six, examines the current impactof decarbonisation on households and social housing systems. Chapter three utilises
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Dutch registry data to investigate how decarbonisation influences housing costs,while Chapter six adopts a comparative approach across five European countries toanalyse the effects of financial market greening on social housing finance. Whilechapter three explores impacts across tenures, chapter six evaluates the influence ofEU legislation on national social housing systems. Together, these chapters criticallyassess contemporary decarbonisation strategies emphasising their distributionalimplications and the potential to reinforce economic inequalities.
The third section is more explicitly oriented towards policy recommendations.Chapter five deals with the potential of energy efficiency-linked housing taxation inthe Netherlands for a progressive housing transition. Chapter 6 draws from a casestudy of a PPP in Barcelona to propose policies that increase social housing supply inSpain. These two essays share a common goal of questioning the current choice ofinstruments, subsidies for homeowners and market financing for social housing, andpropose alternative pathways for housing development and renovation.
Ultimately, the thesis progresses from understanding consumption and affordabilityimpacts (Chapters 2–4) to exploring policy instruments and financial mechanisms(Chapters 5–7). By integrating diverse methodologies and national examples, theresearch addresses both quantifiable and institutional dimensions of housingdecarbonisation and affordability, ultimately contributing to policy debates onsustainable and equitable housing.

1.5 Specific Research Objectives, Sub-Questions
and Methods

This section outlines the specific research objectives, sub-questions, and methodsemployed across the six essays that comprise this thesis. Each essay investigatesdistinct but interrelated aspects of housing decarbonisation, policy impacts, andaffordability in Europe. Through a combination of national studies and comparativeanalyses, the thesis contributes to broader debates by exploring both EU-levelpolicies and micro-level household costs. The essays are linked by a shared focus ondistributional effects, affordability challenges, and the intersection of housing anddecarbonisation policies. The specific aims outlined for each chapter operationalisethe broader research gaps identified earlier centred around the distributionalimplications of decarbonisation and the impact of new renovation and provisionpolicies on housing systems. The research objectives span multiple dimensions ofhousing policy and decarbonisation, addressing specific national contexts whileproducing insights into broader trends.
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TABLE 1.2 Research Objectives per Chapter

Chp. Objective Area
2 To assess the influence of house prices on household con-sumption across age groups, tenures, and efficiency stan-dards.

UK

3 To evaluate the impact of decarbonisation policies on housingcosts across tenants and homeowners. NL
4 To analyse the distributional effects of housing renovationsubsidies under various tax scenarios. NL
5 To unpack the political rationale behind the subsidisation ofhomeownership as part of national strategies for growth andwelfare.

HRV

6 To investigate the effects of ESG legislation on financingmechanisms for the decarbonisation of social housing. NW EU
7 To identify financial and institutional impediments to large-scale social housing provision and possible paths for reform. SP

The research sub-questions connect the broad aims of the thesis to the specificobjectives within each chapter. This progression ensures that each chapter maintainsa clear focus, allowing for a geographically grounded exploration of housingdecarbonisation and affordability dynamics. Additionally, it ensures that localisedinsights contribute meaningfully to the overarching research question. By addressingdistinct but interrelated sub-questions, the chapters together highlight the diverseimpacts of housing decarbonisation policies across different contexts. Thisstructured approach enhances the coherence of the thesis, linking case studies tobroader policy discussions and theoretical debates.
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TABLE 1.3 Research Sub-Questions per Chapter

Chap. Sub-Question
2 How do house prices affect household consumption across age, tenure,and energy efficiency standards?
3 How does decarbonisation impact housing costs across differenttenures?
4 How do the financial incentives and distributional impacts of housing ren-ovation policies vary across different tax scenarios?
5 How does mortgage subsidisation position the Croatian housing marketwithin the national strategy for economic growth and social policy pro-vision?
6 How does the introduction of ESG legislation affect the financing of socialhousing decarbonisation?
7 How does the interaction of institutional dynamics and financial con-straints influence the provision of social rental housing in Spain?

The methods employed in each chapter are selected to both address thesub-questions effectively and make use of the opportunities provided by theRE-DWELL project. Quantitative methods dominate the early chapters, whereeconometric techniques such as pseudo-panel regressions (Chapter 2) anddifference-in-differences analysis (Chapter 3) provide statistical insights into therelationships between housing costs, decarbonisation policies, and their effects onhouseholds. As the focus shifts to policy rationales and systemic challenges in laterchapters, qualitative methods come to the forefront. Semi-structured interviews(Chapters 5 and 6) capture nuanced perspectives on the political economy ofhousing and the implications of ESG legislation. Chapter 7 synthesises bothapproaches, combining qualitative data from interviews with quantitative modellingthrough a discounted cashflow model analysis to evaluate financial and institutionalbarriers to social housing development in Spain. This methodological diversityreflects the thesis’s transdisciplinary approach, allowing for a comprehensiveexamination of housing decarbonisation policies across different contexts and scales.The integration of these methods ensures that each chapter not only answers itsspecific sub-questions but also contributes to the thesis’s overarching narrativeabout the intersections of housing, affordability, and sustainability.
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TABLE 1.4 Methods in Relation to Research Objectives

Chap. Methods Explanation
2 Quantitative:Pseudo-panelregressions

This study employs pseudo-panel regression on longi-tudinal data to examine distributional impacts acrossdemographic groups, housing tenures, and energy ef-ficiency standards in the energy transition.
3 Quantitative:Matching anddiff-in-diff

Using registry data, the analysis applies matching anddifference-in-differences methods to assess the ef-fects of decarbonisation on housing costs, focusing onaffordability for tenants and homeowners.
4 Quantitative:Regression,marginal costs,simulation of usercosts

Marginal benefits and costs of renovation are esti-mated through regression and government data, simu-lating changes in user costs across income deciles un-der various policy scenarios to evaluate policy equityand efficiency in subsidies and green tax scenarios.
5 Qualitative: Semi-structured inter-views, policy re-view, descriptivestatistics

This essay employs a qualitative approach to explorethe economic drivers behind homeownership subsidi-sation, integrating policy review, interviews, and de-scriptive statistics to explore its economic and welfareimplications.
6 Qualitative: Semi-structured inter-views, policy re-view

Semi-structured interviews with stakeholders capturethe financial and regulatory challenges in accessingsustainable finance, focusing on ESG alignment for so-cial housing providers.
7 Mixed: Semi-structured in-terviews, policyreview, descrip-tive statistics, andfinancial analysis

The study explores financial and institutional barri-ers to large-scale social housing provision, combiningqualitative interviews with financial modelling to iden-tify constraints and propose reforms.

1.6 Research Contribution Objectives

This section is structured into two areas: scientific contributions, which advancetheoretical and empirical research, and societal contributions, which advance policydesign and implementation.
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1.6.1 Scientific contributions

This thesis aims to contribute to scientific knowledge in three areas: developing ajoint analysis of housing affordability and decarbonisation, offering newmeasurements of housing affordability in the energy transition, and examining theimpact of emerging financing frameworks on affordable housing provision.
First, this thesis addresses a gap in the analysis of the socioeconomic impact ofdecarbonisation policies on housing affordability and equity. Much of the academicliterature has focused on energy consumption-related elements of decarbonisation(Sunikka-Blank & Galvin, 2012) (Brom et al., 2019) and on property valuation issuesarising from housing quality improvements (Fuerst et al., 2020; Wilkinson & Sayce,2020). However, the interlock between energy and housing dimensions remainsunderexplored (Burlinson et al., 2018). By investigating these intersections, thisthesis advances the literature on integrating energy costs into housing affordabilitymeasurements (Haffner & Boumeester, 2015). The development of this connectioninstantiates a pragmatist research paradigm focused on the reduction of inequalities.The aim is to reframe renovation and decarbonisation policies as more than purelyenergy-focused interventions by embedding them within the larger context ofhousing systems. In doing so, the thesis draws from a long-standing researchtradition on housing reform (Yates, 1989) as well as more recent policy analysis thataim to deliver on both social and environmental objectives (Muellbauer, 2023).
Second, the thesis offers empirically grounded contributions through a joint analysisof building quality and socioeconomic indicators, enabling a nuanced and novelexploration of the interlinkages between environmental and social objectives.Methodologically, this thesis advances the study of housing affordability by movingbeyond traditional metrics such as ratios and point-in-time statistics, following onthe work of Ben-Shahar and Warszawski (2016). The implications of housingaffordability changes are to be measured by drawing from both economic theory,user costs, (Poterba, 1984), and empirical econometric modelling techniques, suchas difference-in-differences (DiD) analysis. This thesis aims to contribute to the fieldby unpacking the uneven financial burdens of decarbonisation over time and acrosstenures. Through the analysis of housing affordability together with environmentalobjectives this thesis seeks to explore how these measures interact with the existingdistribution of housing costs, shedding light on the nesting of environmental andsocial inequalities.
Third, this thesis advances the study of housing policy by examining the impact ofrecent legislative changes on housing provision. The main contribution lies in thenovel topics resulting from recent policy changes. First, the thesis addresses thesocioeconomic rationale for the implementation of homeownership subsidies inCroatia in 2017. In doing so, it contributes to the literature on post-socialist housing(Hegedüs et al., 2013) and welfare through mortgage markets (Schelkle, 2012).Second, the project also fills in a gap in the comparative literature on social housingprovision, i.e. (Norris & Byrne, 2021) (Scanlon et al., 2014), produced by recent EUlegislation on ESG finance, namely the Sustainable Finance Disclosure Regulation
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(SFDR) (Regulation (EU) 2019/2088) and Green Taxonomy (Regulation (EU)2020/852). Third, the thesis also examines Spain’s new Law on the Right to Housing(12/2023), passed in 2023, with a special focus on the measures proposed toincrease the social housing stock building on prior assessments of housing policy inSpain (Pareja Eastaway & Varo, 2002; Pareja-Eastaway & Sánchez-Martínez, 2022).These assessments highlight how evolving regulations shape housing provision andfinancial incentives, offering novel insights into the intersection of housing policy andenvironmental goals.

1.6.2 Societal contributions

This thesis, grounded in a pragmatist research approach, is embedded in societaldebates about housing affordability and centred on the production of actionableinsights. On the one hand, it sets out to provide empirical evidence on thedistributional impact of decarbonisation policies, such as those analysed in chapterstwo and three. By shedding light on how these policies affect differentsocio-economic groups, the thesis contributes to nuanced policy design thatprioritises equity alongside environmental objectives (Chapter 4). It aims to informpolitical debates on affordability by articulating how decarbonisation strategies canexacerbate or alleviate existing inequalities, offering policymakers critical insights forpolicy design. In advancing discussions on redistribution and equity, the researchintends to identify alternative pathways for a progressive transition to net-zero. Thisalignment of environmental and social goals reflects the pragmatic aim of the thesis:to explore the limitations of existing policies while proposing implementable,equity-focused alternatives that support long-term sustainability.
On the other hand, it bridges the gap between academic inquiry and housingpractitioners working on provision and finance. Conducted as part of the RE-DWELLproject, this research was developed in close collaboration with non-academicpartners such as housing organisations and policymakers. This transdisciplinaryapproach aimed to address challenges in housing provision by integrating researchand practical applications. Through the incorporation of practitioners’ experiences,this thesis contextualises theoretical insights within the constraints of actual policyimplementation, providing a more grounded understanding of how policies becomeoperational. Chapters five, six, and seven draw on qualitative fieldwork andsemi-structured interviews with stakeholders such as policymakers, housingproviders, and finance professionals. Their expertise informs the analysis of practicalchallenges, offering actionable recommendations to align financial mechanisms withaffordability and sustainability goals. For example, the exploration of Barcelona’spublic-private partnership highlights how innovative governance structures canimprove housing affordability despite financial and institutional constraints. Byengaging directly with practice, this thesis aims to go beyond abstract critique,delivering strategies that aim to be both theoretically sound and also viable inpractical settings.
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PART 1 Costs and Affordability
Part 1 examines the impact of housing renovation on affordability through threedistinct lenses: consumption, costs and assets. The first chapter in this part delvesinto household consumption and its connection to house prices, consideringvariations in age, tenure, and energy efficiency. This first chapter sets the scene byanalysing the impact of housing appreciation on consumption across differenttenures and age groups. Building on this, the second chapter uses registry data toanalyse the effects of decarbonisation on total housing costs, tracking householdsover time and constructing a counterfactual to compare renovated andnon-renovated housing units. The third chapter shifts focus to asset appreciation andredistribution, applying the concept of user cost of capital to evaluate thedistributional impacts of two policies: a direct subsidy and a green tax. Hence, theselast two chapters operate as two sides of the same coin focusing on costs and assetvalue respectively.

While all three chapters draw on household-level datasets, they adopt differentmethodological approaches. The first integrates data on consumption and housingquality, while the second implements a diff-in-diff analysis and matching to produce acounterfactual modelling differentiated outcomes across tenures. The third chapterapplies an economic model of marginal costs and benefits and the concept of usercost of capital to evaluate policy impacts on financial viability and equity. Together,these studies analyse the distributional dynamics of housing renovation, highlightingkey trade-offs in affordability and equity under different policy scenarios. In bringingthese three approaches together, this first part weaves together the multifacetedimplications decarbonisation policies for housing affordability.
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2 Investigating the Impact of
Housing Price Increases on
Consumption
heterogeneity by age, tenure, andhousing quality
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Abstract 1

This study examines the distributional impact of house price increases on householdconsumption, focusing on differences across household types and the role ofenergy-efficient homes in the context of the energy transition. Using data from theEnglish Housing Survey (EHS) and the Living Costs and Food Survey (LCFS), theanalysis employs pseudo-panel regressions to estimate the Marginal Propensity toConsume (MPC) in response to changes in house prices. The findings reveal variedconsumption responses based on age and tenure. Older homeowners tend toincrease consumption when house prices rise, while middle-aged individuals,particularly renters and mortgage holders, tend to reduce consumption. Youngerhouseholds also exhibit a positive consumption response but to a lesser degree thanolder homeowners. Additionally, energy-efficient homes are generally associated withlower consumption across tenure groups, though when interacted with house pricesand age, the estimates suggest unequal benefits from property price premiums basedon housing market positions. The study highlights the limitations of the pseudo-panelapproach, including potential unobservable selection bias and a small sample ofenergy-efficient homes, which may affect the robustness of the results. The findingssuggest that energy transition policies focused on subsidizing homeownerrenovations may disproportionately reduce consumption among younger andmiddle-aged households. This paper contributes to the MPC literature byincorporating energy efficiency as a key factor, offering new insights and policyimplications for housing retrofit in the context of the energy transition.

1This chapter has been published as: Fernández, A. (2024). Investigating the impact of housing price increaseson consumption: Heterogeneity by age, tenure, and housing quality. Journal of European Real Estate Research,17(2), 232–262. https://doi.org/10.1108/JERER-11-2023-0043. Minor modifications have been made tothe text as well as the abstract for it to be in line with the other chapters.
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2.1 Introduction

In 2019, the UK committed to achieving net-zero CO2 emissions by 2050, withhousing decarbonisation, accounting for 19% of all emissions, playing a pivotal rolein its strategy (BEIS, 2019; BEIS, 2020). A key policy proposal is the enhancement ofEnergy Performance Certificates (EPCs), a measure of energy consumption, from anaverage rating of D to C by 2035 (ONS, 2020). This improvement is projected torequire an investment of £35–£65bn in housing retrofit, with at least £1bn per yearexpected to come from public grants (BEIS, 2019). The financial feasibility of theserenovations depends on two factors: the ability of energy savings to offset retrofitcosts and the capitalisation of these savings in house prices, known as the energyefficiency premium.
The academic literature has increasingly focused on property premiums arising fromenergy efficiency improvements, using hedonic pricing models as proposed by Rosen(1974). These models view housing as a heterogeneous good with individualcharacteristics that can be priced separately. Over the past decade, Rosen’s modelhas been extensively applied to EPCs, with studies in the UK, the Netherlands, Spain,and Sweden all reporting a positive impact of energy efficiency on house prices(Fuerst et al., 2015; Brounen & Kok, 2011; Ayala et al., 2016; Cerin et al., 2014). Acomprehensive meta-analysis by Wilkinson & Sayce (2020) confirms this trend,although the magnitude of the premiums varies by country and building type.
However, the literature also reveals a discrepancy between theoretical performance,as stated in the EPC, and actual energy consumption. Sunikka-Blank & Galvin (2012)propose the existence of pre and re-bound effects, where energy consumption ininefficient dwellings is lower than expected, and consumption in energy-efficientdwellings is higher. This disparity has also been observed in the Netherlands, withBrom et al. (2019) finding that post-renovation energy savings are dependent onhousehold composition among other variables. Recent behavioural approaches haveconsidered the risks of uncertain energy savings related to investment recoup fromrenovation in homeowner decision-making (Ebrahimigharehbaghi et al., 2022).However, the distributional impacts of these type of built fabric interventions haveonly recently started to be explicitly explored. McCoy & Kotsch (2021) draw from alarge dataset of energy consumption pre and post-renovation to study heterogeneityin energy savings in the UK. They focus on household deprivation and the type ofbuilt-fabric intervention to show that investments targeting less well-off householdsmay in fact be ineffective in reducing energy use.
The granularity and distributional impacts of micro-level studies contrast withmacro-level research, which has underscored the positive impact of large-scalehousing retrofit. National housing renovation strategies are anticipated to stimulateGDP growth by fostering increased public and private investment, thereby creatingjobs with low-entry requirements in the construction sector, as exemplified by theSpanish case (Santiago-Rodriguez, 2021). At a macro level,

63 Investigating the Impact of Housing Price Increases on Consumption



Environmental-Energy-Economic models have proven instrumental in analysing theinterplay between energy production and the economy (Cazcarro et al., 2022).However, these models often lack micro-foundations. When such foundations arepresent, they tend to focus more on accounting for issues of built fabric and energysavings heterogeneity rather than household characteristics (Fotiou et al., 2019;Fotiou et al., 2022).
The renovation of the housing stock is set to occur in a context of escalating propertyvalues, which have only been slightly offset by a minor reduction in prices over thepast year. This paper draws from the economic literature on housing price shocks tocontextualise energy efficiency improvements within the literature on householdconsumption. The capacity of house price increases to influence consumption hasbeen a significant area of economic investigation. Micro studies utilising panel data(Suari-Andreu, 2021), pseudo panel (Campbell & Cocco, 2007), and macrotime-series (Aoki et al., 2004) have yielded widely varying estimates across tenure(Berger et al., 2018) and age groups (Li & Yao, 2007). Building on this literature, thispaper explores the question, “How do house prices affect household consumptionacross age, tenure, and energy efficiency standards?” The paper’s primary focus isanalysing the relationship between the Marginal Propensity to Consume (MPC) andfluctuations in house prices. To this end, this study delves into the interplay betweenhousehold age, building quality, tenure, and MPC. The analysis is centred around twomain aspects. Firstly, whether older cohorts, who are more likely to own their homesoutright and have larger amounts of equity, exhibit a larger MPC out of house priceshocks. Second, the role of building quality in mediating this relationship betweenhousehold age, tenure and house prices. This analysis leverages a combination oftwo micro cross-sectional datasets: the English Housing Survey (EHS), whichprovides data on the housing stock and its inhabitants, and the Living Costs and FoodSurvey (LCFS), which offers detailed consumption and financial information.
The remainder of this paper is organised as follows: section two reviews the literatureon MPC and housing price shocks, along with the main empirical and methodologicaldivergences. Section three discusses the data background and the predictivemodelling of energy efficiency ratings, combining EHS and LCFS datasets. Sectionfour proposes a series of models to estimate MPC out of changes in house prices.Section five discusses the findings and shortcomings of the approach at hand.Section six addresses the policy implications of retrofit funding models, and sectionseven concludes.
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2.2 Literature Review

The link between house prices and consumption has been a focus of economicresearch particularly since the 1980s as cycles of housing booms and busts havebecome a prevalent phenomenon across Europe and the US. This section focusesfirst on the different channels through which house prices affect consumption andthen discusses the wide range of estimates and methodological divergencies in thestudy of MPC.
On the one hand, the Permanent Income Hypothesis (PIH), predicts that consumptionreactions to house price fluctuations should be small as these are offset by futureimplicit rental costs for a majority of households that are “short” in housing leavingbudget constraints unchanged. Sinai and Souleles (2005) tested this assumptionempirically with US micro-data and found that the probability of ownership increaseswith rent risk and the net risk of owning declines as the expected horizon ofownership rises. Following the PIH, in the UK, Campbell and Cocco (2007) find alarger consumption response to increases in house prices among households thatare “long” in housing, that is older households with higher equity. On the contrary,for households that are not credit constrained, these changes in value have noimpact on consumption. Buiter (2008) explores the absence of a “pure-wealth”channel due to a fundamental change in house prices through a representative-agentmodel with overlapping generations. In this model, “speculative” changes do producechanges in consumption. As a result, the observed housing wealth effect must be aresult of redistribution effects between long and short housing or thecollateralisability of housing wealth.
Macro evidence points to the collateralisability of housing wealth as one of thefinancial channels of monetary policy transmission. Case et al., (2001) find a strongcorrelation between aggregated house prices and consumption using national datafor 14 countries and regional data in the US. However, the multiple nature of housingas an asset, consumption good, collateral and heirloom complicates this correlationmaking it difficult to establish causality. Aoki et al., (2004) explore this correlationthrough an adaptation of the financial accelerator model of Bernanke et al., (1999)and propose that it arises from the interconnectedness of households’ balancesheets and housing markets resulting in lower borrowing constraints when houseprices rise. Carroll et al., (2006) question the causal relationship between houseprices and consumption and cast doubt over whether the relationship betweenaggregates may reflect omitted variables bias. Muellbauer et al., (1990) also drawfrom macro data to relate the UK consumer boom in the late 1980s to rising houseprices recommending a reduction in homeownership subsidies to curve theimbalances in the national balance of payments. Contrarily, King (1990), in adiscussion of the previous article, argues that higher future income expectationswere the common driver of both consumption and house prices.
Following Buiter (2008), the distributional impact of housing prices only arises under
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heterogeneous agents with different distributions of housing wealth and debt. Theheterogeneity in consumption responses to house prices has also become a centraltopic in heterogeneous agent models (HAM) usually employed in macro analysis. Forexample, Kaplan et al., (2017) model movements in house prices to account forapproximately half of volatility in non-durable expenditures. The construction ofmodels with heterogeneous agents has opened up the possibility of accounting forvarying asset distributions across household groups. For example, Cloyne et al.,(2016) emphasised the differences in balance sheets that provoke differentiatedresponses to consumption across tenure groups, particularly outright owners andmortgagors. Bielecki et al., (2022) focus on the role of maturing assets, instead ofbalance sheets, in their study of the redistributive effects of monetary policy.However, their research does show that house price appreciation has in fact negativewelfare effects over a majority of the population. Huo and Ríos-Rull (2016)contextualise the potential of balance sheet oscillation in consumption within theGreat Recession and point to the limited capacity of households to acquire loanshaving been amplified by contractions in house prices.
These divergent views of the relationship between housing wealth and consumptionare rooted not only in different theoretical views but also in different data sourcesand the use of different methodologies. While macroeconomists using time-seriesdata find a strong correlation between house prices and consumption, the study ofmicro, household-level, datasets shows a more nuanced picture that challenges astraightforward causal relationship. Using UK micro data, Attanasio and Weber(1994) find that homeowners experiencing capital gains on their households doincrease consumption with mortgagors increasing their consumption even further.Nevertheless, this is insufficient to explain the rise in consumption among youngerhouseholds that they simulate as the result of an upward revision of permanentincome that can result in a decline in aggregate saving rates.
Attanasio et al. (2011) confirm these findings in a further developed life-cycle modelincluding uncertain processes for house prices and earnings. Li and Yao (2007) alsouse a life-cycle model with a detailed mortgage market to investigate how, althoughaggregate levels of welfare and consumption show little variation to attributable tohouse prices, the effects on individual households are more diverse. Theirconclusions are coherent with Attanasio et al., (2011) and point to olderhomeowners benefiting more from housing appreciation. However, Attanasio et al.,(2009) contradict the wealth channel, in opposition to Campbell and Cocco (2007)and find that it is in fact consumption among younger households that is related torising housing prices and the macro correlation is a result of common causality. Theapproaches of these two papers are similar and rely on constructing pseudo-paneldata after a series of cross-sections from the Family and Expenditure Survey (FES) 2.However, the treatment of the data is different as Campbell and Cocco (2007) deflatecurrent household expenditures and control for income.
More recently, the use of alternative identification strategies and panel data thatdetail the channels of this wealth effect have offered different results. Guren et al.,
2FES is the predecessor of LCFS, one of the two surveys used in this paper
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(2018) use systematic differences in city-level exposure to house price dynamics asan instrument and find more nuanced MPCs of about 3% during the 1980s for theUS. Also, at a geographic scale, county level, Mian et al., (2013) use credit card datato estimate one of the largest reductions in consumption resulting from declines inhouse prices, 0.6 to 0.8. While their model uncovers the distributional impact of the2008 crisis, it does not isolate the role of house prices as it also includesnon-tradeable labour income related to construction
Browning et al., (2013), using a large panel dataset from Denmark, differ from priorpapers in their exploration of unanticipated house price shocks. It follows from PIHthat it is only those price shocks that alter lifetime wealth expectations that wouldhave an impact on consumption. To assess this, Browning et al., (2013) test for aunit root in house price processes and find that persistent house prices arestationary precluding large wealth effects and the subsequent impact onconsumption. Their findings highlight the expenditure growth amongcredit-constrained households but fail to find evidence that older homeowners’consumption reacts to house price changes. The authors of this paper point to theuse of panel data instead of pseudo-panel in the consistency of their results. Alsousing panel data for the UK merged with financial data Disney et al., (2010), find avery low, 0.01, Marginal Propensity to Consume (MPC) out of unanticipated shocks inhouse prices. This literature points to three main reasons for a negligible wealtheffect: few households liquidating housing wealth, perception of non-permanentshocks and bequests motives. Engelhardt (1996) observes a 0.03 MPC andhighlights the asymmetry between households experiencing losses that offsets thoseexperiencing gains. Suari-Andreu (2021) challenges this evidence, while his resultsalso show indistinguishable from zero coefficients for a pure wealth effect using paneldata, he does not find evidence of asymmetry among Dutch households for the period2004 to 2018 characterised by both declines and rises in house prices.
However, drawing also from panel data, Berger et al., (2018) find a relevantcounterpoint to this literature using a model of incomplete markets for the US case.After finding an elasticity of consumption of 0.33, they follow the sufficient statisticsapproach (Chetty, 2009) to derive a formula that approximates consumptionresponses to permanent house price shocks as the marginal propensity to consumeout of temporary income times the value of housing. The formula breaks down whenhouseholds are underwater. According to Berger et al., (2018), this points to atime-varying elasticity that is heterogeneous among households. Paiella andPistaferri (2017) contend that the difference lies between anticipated andunanticipated shocks. To explore this issue they combine Italian data on subjectiveexpectations of asset returns and return realisation to distinguish betweenanticipated and unanticipated changes in wealth and find evidence of a small 0.03wealth effect. In a recent paper, Caloia and Mastrogiacomo (2022) draw from thisapproach to investigate whether disregarding home improvement biases the MPC outof housing wealth. While the bias is zero since the small home improvements founddo not alter home values, their analysis shows a reduction in savings of 0.027 for theNetherlands and 0.03 for Italy after unexpected changes in housing wealth. Thispaper is particularly apposite as it points to a lack of improvements and maintenancebeing value preserving with little evidence of home investments out of housing wealth.

67 Investigating the Impact of Housing Price Increases on Consumption



2.3 Approach and Data

Building upon the previous section, this paper examines the relationship betweenMPC and house prices resulting from varying positions in the housing market. Itexplores the relation between household age and MPC in the context of rising houseprices. According to the Permanent Income Hypothesis (PIH), this reaction can beattributed to younger generations, who are short in housing, reducing non-housingconsumption in line with their future housing costs in response to price increases. Incontrast, older households with larger equity proportions, long in housing, areexpected to boost their consumption. Furthermore, this paper suggests examiningenergy efficiency in a similar light. Firstly, households in high energy-efficientdwellings would face increased housing costs to decrease energy expenses, eitherthrough retrofit or green premiums at purchase. A positive balance between thesetwo expenditures would enable an increase in non-housing consumption, while anegative balance would lead to a reduction. Secondly, the interaction between energyefficiency and house prices could mutually reinforce each other. Households that arelong in housing and live in energy-efficient homes would be expected to furtherincrease their consumption when house prices rise, as they would not anticipate anincrease in their future implicit housing costs. Conversely, younger households wouldcounterbalance their energy efficiency premium against future housing costs.
In the UK, the lack of easily accessible longitudinal or administrative data at thehousehold level complicates the study of the links between consumption and the builtenvironment. To overcome this issue, this paper draws from a series of waves of twocross-sectional datasets collected through different surveys between 2009 and2019. First, the English Housing Survey (EHS) gathers data on householdcharacteristics and physical conditions, including energy efficiency. The EHS is acontinuous national survey commissioned by the Department of Levelling Up,Housing and Communities. The survey has been running since 1967 and the latestavailable dataset, 2019, is accessible through the UK data service (MHCLG, 2022).Second, the Living Costs and Food Survey (LCFS), conducted across the UK, is themost relevant survey dealing with household spending and focusing on how the costof living is reflected in household budgets. Although under different names, thissurvey has been running since 1957 and the latest available release at the time ofwriting, 2019, is accessible through the UK data service (ONS, 2022).

The main indicator of energy efficiency in the built environment are EnergyPerformance Certificates (EPCs). These were introduced in 2002 at EU level by theEnergy Performance of Buildings Directive (EPBD). In the UK, EPCs were incorporatedinto national legislation in 2007 and progressively included as a mandatoryrequirement for the purchase and renting of real estate. To account for the gradualintroduction of EPCs, this paper focuses on data from 2009 onwards, that is fivewaves of the EHS (77798 observations), which is released biennially, and five waves
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TABLE 2.1 Energy Efficiency Rating Explanation

EHS Value EPC Efficiency EPC Binary
2 A/B Most Efficient 1
3 C 1
4 D 0
5 E 0
6 F 0
7 G Least Efficient 0

of the LCFS (41648 observations) 3, released annually. These two surveys share anumber of fields referring to inhabitants’ household size, housing typology, tenure,rent, mortgage, household income, socio-economic classification, gas heating, andreference person’s age. These common variables allow the prediction of EnergyEfficiency for LCFS observations using the EHS. For example, Bridgeman (2020)conducts a merger of these two surveys through a random forest to create clusters ofenergy consumption profiles.
This paper uses a simplified version of this approach predicting Energy Efficiency inbinary terms instead of a whole range of ordinal levels, see Table 1 for reference 4.The prediction builds on a logistic binary model, see appendix A for detail, using 80%of the EHS data for “training” and 20% for prediction testing, achieving an accuracyof 76%, see appendix A for full regression and robustness checks. The cutting pointon the binary prediction was 0.3, this threshold, lower than 0.5, did not compromiseaccuracy which points to an underprediction of Energy Efficiency. The final LCFSdataset included 38753 non-energy-efficient households and 2895 Energy-Efficientones. The reduced numbers of energy-efficient homes point to issues ofrepresentativeness which could be related to the LCFS is not being designed to berepresentative of the overall housing stock. Ultimately, there seems to be acorrelation between higher energy efficiency and lower overall consumption.Boxplots in Figure 5 show average non-housing consumption by age groupsubdivided by habitation in an energy-efficient house. Those in energy-efficienthomes display lower consumption than those in not energy-efficient ones across alltenures and age groups.
Following Attanasio et al., (2009) (from now on ABHL), non-housing consumptionhas been calculated by extracting housing costs, inclusive of energy, from totalconsumption and expressed in 2019 real prices using the Retail Price Index. LCFSmicrodata allows grouping consumption trends across three age groups, younger,under 35 years of age; middle–aged, 35 to 60 years; and older, above 60 years.Figure 1 shows that the upward trend in non-housing consumption seems to be only
3The LCFS survey uses weights to deal with outliers, since these weights are wave-based this paper has ex-cluded the lowest and highest 10% in consumption deemed outliers4The bundling of A, B and C ratings as energy efficient follows the objective of attaining a national average ofC set out in 2020, see introduction
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present in older households following the bouncing back of the real estate marketpost-2008. This contrasts with flat consumption in the two younger age groups,despite overall average consumption being lower for the oldest group. Olderhouseholds’ consumption also seems to correlate more strongly with stagnation inhouse prices in the last years of the 2010s. These trends seem to be replicated alongtenure lines (see Figure 2), with owners outright and mortgagors displaying anapparent wealth effect, an increase in consumption in line with house prices; whileprivate and social renters’ non-housing consumption is not affected by house prices.
FIG. 2.1 Time Series Log Real Non-Housing Consumption in 2019 prices by Age Group (1,under 35; 2, 35-60;3,65 or more)

Prepared by the author.

Figures 3 and 4, present the aggregate indicators of consumption, housing costs andhouse prices since 2009. In aggregate terms, consumption and house prices seem tomove together, however, household consumption seems to have stagnated in 2014to recover its path in 2016 while housing costs have continued on the same patheven above overall consumption from 2016 to 2018. The goal of this paper is toanalyse where these increases in aggregate consumption have accrued at the microlevel, particularly after the subtraction of housing costs and attending to differencesby age group, tenure and energy efficiency.
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FIG. 2.2 Time Series log Deflated Non-Housing Consumption by Tenure (1, social renter; 2, private renter; 3,owner with a mortgage; 4 owner outright).

Source: Prepared by the author.

TABLE 2.2 Descriptive Statistics

Statistic N Mean St. Dev Min Max
Non-Housing Consumption 41,648 357.111 180.400 103.003 817.921
Cohort 41,648 6.872 3.310 1 14
Age 41,648 53.119 16.293 3 80
N Children < 2 41,648 0.066 0.259 0 3
N Children 2 ≤ t < 5 41,648 0.099 0.330 0 3
N Children 5 ≤ t < 18 41,648 0.383 0.785 0 7
N Adults 41,648 1.790 1.192 0 8
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FIG. 2.3 Time Series Consumption and Housing Consumption. 100=2019. Source: ONS National Accounts.Prepared by the author.

Source: Prepared by the author.

FIG. 2.4 Time Series Average House Prices.

Source: HM Land Registry. Prepared by the author.
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FIG. 2.5 Real Non-Housing Consumption in 2019 prices by Age Group (1,under 35; 2, 35-60; 3,65 or more)and EPC status (1, energy-efficient; 0 not energy-efficient)

Source: Prepared by the author.

Following ABHL, a number of variables have also been included as controls toaccount for household particularities, namely the number of children and adults,reference person’s age and educational attainment level, see Table 2. Finally, houseprice data was drawn from HM Land Registry which periodically releases regionaldata on average house prices based on transactions in a time-series format (HMLR,2022) which allows to account for the existence of regional dynamics in real estatemarkets, see Figure 6.

2.4 Estimation Strategy

Prior research on the Marginal Propensity to Consume (MPC) has dealt with the lackof household-level longitudinal data through the use of pseudo-panels. Introducedby Deaton, (1985), this technique relies on the use of cohort dummies to producepanel data out of repeated cross-sections. Cohort are groups with fixed membership,usually built according to the age of the respondent. In this paper, cohorts were builtattending to the date of birth of the Household Responsible Person (HRP). The oldest,cohort 1, comprises households where the HRP was born before 1934, cohort 2 wasborn between 1935 and 1939 and so on with the last cohort including those bornafter 1995.
While the use of age cohorts in the estimation of consumption over the lifecycle is astandard practice, this type of OLS estimation does not allow to control for
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unobserved household effects (Aksoy et al., 2021). As a result, OLS estimations arelikely to be biased unlike those resulting from estimations with household-level fixedeffects (Mundlak, 1978). To account for some of these biases, this paper includes anumber of controls presented in the data section. For instance, householdcomposition, the number of children and adults, are likely to change over the lifecycleand have a direct impact on consumption. A polynomial for age and various measuresof educational attainment, following ABHL. It is in fact the intersection of age andcohort features that allows accounting for any deterministic trends (Attanasio &Weber, 1994), like the macroeconomic environment. There is also no direct inclusionof income since in a life-cycle framework, permanent income is captured by theconstants and unexpected income is included in the errors.
Over the ABHL baseline specification including the aforementioned controls, thispaper adds a binary energy efficiency variable (Equation 1) (Table 1). The addition ofenergy efficiency as a control is a means of accounting for the premium of living in ahome with enhanced fabric standards. Since the variable of housing costs excludedfrom consumption includes energy costs, this variable serves to account for thedifference between energy savings and extra costs resulting from retrofitting orpurchasing an energy-efficient home. As introduced in the data section, lowerconsumption among households in energy-efficient homes points to increased costsnot being compensated by energy savings. This paper’s main objective is to assess ifthe increases in house prices experienced in the 2010s have accrued in consumptionacross particular household types, namely age tenure and energy efficiency. Theacademic literature presents various hypotheses regarding the heterogeneousimpact house prices can have on household consumption. From the tenure side,house prices accrue on homeowners’ capital gains producing a wealth effect. Thisshould be particularly noticeable in older homeowners long in housing. On thecontrary, the absence of distinguishable coefficients across tenures and age groupswould preclude the establishment of a causal relationship and point to the commoncausation between consumption and house prices.
Baseline:

log(NHConsumption) =Constant+cohortC + f (age5)+Nchildren +NAdults
+D2Adult +Degree+Alevels+EPC+·Age Groups+ϵ (2.1)

Controls= cohortC + f (age5)+Nchildren +NAdults +D2Adult +Alevel+Degree
Following ABHL, two strategies, both drawing from the time-series dataset onregional house prices presented above, are used to account for the effect of houseprices on consumption. The first house price specification uses the log level of houseprices by region over time interacted with age groups (Equation 3). The secondhouse price specification (Equation 4) repeats equation 3 and adds EPC. To assessthe role of differences in housing tenure, this same equation is also estimated with aninteraction term including tenure instead of age groups (Equation 5).
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Average House Price and Age Group:

log(NHConsumption) =Constant+Controls+Age Groups+ log(House Price)

+ log(House Price) ·Age Groups+ϵ (2.2)

Average House Price, EPC and Age Group:

log(NHConsumption) =Constant+Controls+EPC+Age Groups+ log(House Price)

+ log(House Price) ·Age Groups+ϵ (2.3)

Average House Price, EPC and Tenure:

log(NHConsumption) =Constant+Controls+EPC+Tenure+ log(House Price)

+ log(House Price) ·Tenure+ϵ (2.4)

The second house price specification accounts for expected and unexpected changesin property prices. Since the LCFS does not include household-level expectations ofhouse price increases, a model estimating house price variations was used to predicthouse prices (Equation 5). This model regresses Real Interest Rates, RegionalAverage Income, and regional dummies (Table 3), proxies expectations of houseprice changes understood as an ex-ante belief about the long-term trend of houseprices. Similarly to ABHL, this simple model has a relatively high R2. Interestingly, thecoefficient for household income is much lower in our specification than the onefound by ABHL and Real Interest Rate seems to have a much larger impact. Thesedifferences point to an increased role of credit in determining house prices whichseems coherent with current explanations of worsening housing affordability in thelast decade (Meen & Whitehead, 2020). As Figure 6 shows, this model seems to beable to track house price changes in most regions with a degree of accuracy. Thelargest differences between predicted and observed prices are in London, Easternand the South-East, where observed house prices are much above the level predictedby the model.

log(House Prices) =Constant+Real Interest+ log(Average Regional Household Income)

+Regional Dummies+ϵ (2.5)
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TABLE 2.3 First Order Regression on House Prices

Dependent variable:
log(HP)

log(HI) 0.245∗∗∗

(0.040)
Real.Interest 0.011∗∗∗

(0.003)
Region 2 0.126∗∗∗

(0.017)
Region 3 0.137∗∗∗

(0.017)
Region 4 0.239∗∗∗

(0.017)
Region 5 0.278∗∗∗

(0.017)
Region 6 0.600∗∗∗

(0.018)
Region 7 1.067∗∗∗

(0.021)
Region 8 0.714∗∗∗

(0.020)
Region 9 0.543∗∗∗

(0.017)
Region 10 0.119∗∗∗

(0.017)
Region 11 0.089∗∗∗

(0.017)
Region 12 −0.027

(0.016)
Constant 10.243∗∗∗

(0.264)
Observations 480
R2 0.957
Adjusted R2 0.956
Residual Std. Error 0.073 (df = 466)
F Statistic 807.023∗∗∗ (df = 13; 466)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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FIG. 2.6 Quarterly Predicted and Observed House Prices by Region(2009-2019) (1, North East;2 North West& Merseyside; 3, Yorkshire and the Humber; 4, East Midlands; 5, West Midlands; 6, Eastern; 7, London; 8,South East; 9, South West;10, Wales; 11, Scotland; 12, Northern Ireland)

Source: Prepared by the author

The last equation estimated, 6, draws from predictions from this first-stage model.These are subtracted from actual observations and the difference together with thepredicted level are included in a three-way interaction with age groups and EPC(Equation 6). This specification aims at identifying any differences between expectedand unexpected house price shocks across age groups and EPC. The objective ofdifferentiating between energy-efficient and not energy-efficient housing aims toanalyse whether house price appreciation impacts consumption differently albeitbelonging to the same age group.

log(NHConsumption) =Constant+Controls+EPC+Age Groups
+ log(Predicted)+ log(Diff)

+Age Groups · log(Predicted)+Age Groups · log(Diff)

+EPC · log(Predicted)+EPC · log(Diff)+EPC ·Age Groups
+Age Groups · log(Predicted) ·EPC
+Age Groups · log(Diff) ·EPC+ϵ

(2.6)
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2.5 Findings and Limitations

The baseline model presented in Equation 1 (Table 4), (see Appendix B for full detail)offers an overview of the level of consumption explained by lifecycle patterns. Theintersection of age variables and cohorts together with controls for household sizeand education are capable of tracing consumption across a majority of age groups(Figure 7). In contrast to ABHL, the use of a shorter time span, does increasevolatility in consumption resulting from inconsistent membership. The results fromthe estimation of the baseline model also confirm the descriptive statistics and dofind an overall negative effect of a positive EPC on consumption. This is coherent withwhat the literature on energy savings calls the pre and rebound effects(Sunikka-Blank & Galvin, 2012) where actual and expected consumption differ sincehouseholds in low energy-efficient homes consume less energy than those inenergy-efficient ones. Limitations of this particular finding are discussed morein-depth above, as drawbacks from the EPC imputation model, and below in thefindings contextualisation.
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TABLE 2.4 Regression Results

Dependent variable: log(Non-Housing Consumption)
EPC (1) AgeGroups(2) EPC + AgeGroups (3) EPC +Tenure (4)

EPC_Bin1 −0.180∗∗∗ −0.180∗∗∗ −0.049∗∗∗

(0.010) (0.010) (0.010)
log(Average_Price) 0.002 0.028∗∗ 0.026

(0.013) (0.013) (0.016)
Age_G2 0.556∗∗∗ 0.695∗∗∗

(0.207) (0.206)
Age_G3 −1.011∗∗∗ −0.722∗∗∗

(0.210) (0.210)
log(Average_Price):(Age_G)2 −0.043∗∗ −0.054∗∗∗

(0.017) (0.017)
log(Average_Price):(Age_G)3 0.078∗∗∗ 0.055∗∗∗

(0.017) (0.017)
(Tenure)2 0.263

(0.269)
(Tenure)3 0.702∗∗∗

(0.241)
(Tenure)4 −0.132

(0.238)
log(Average_Price):(Tenure)2 −0.010

(0.022)
log(Average_Price):(Tenure)3 −0.036∗

(0.020)
log(Average_Price):(Tenure)4 0.039∗∗

(0.020)
Constant 6.544∗∗∗ 5.270∗∗∗ 4.967∗∗∗ 6.417∗∗∗

(0.410) (0.503) (0.502) (0.444)
AIC 57404.64 57644.77 57297.41 55336.3
Observations 41,646 41,646 41,646 41,646
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R2 0.178 0.174 0.181 0.218
Adjusted R2 0.178 0.173 0.180 0.218
Residual Std. Error 0.482 (df= 41623) 0.483 (df= 41619) 0.481 (df= 41618) 0.470 (df= 41616)
F Statistic 410.240∗∗∗

(df = 22;41623)
336.266∗∗∗
(df = 26;41619)

339.517∗∗∗
(df = 27;41618)

400.696∗∗∗
(df = 29;41616)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

FIG. 2.7 Log Yearly Predicted and Observed Deflated Consumption Baseline Model Excluding Housing costs inlogs by Age Cohort (1 Oldest - 14 Youngest)

Source: Prepared by the author.

The first house price specification, Equation 3, summarised in Table 4, builds onregional house prices (log average house price) included in interactions with eachgroup (Age G). The estimates point to a positive effect of house prices onconsumption when interacted with age groups. Older households present a 0.078estimate with a small error (0.017) while there is a negative effect for middle-agedones (-0.043), the estimate for younger households is included in the constant. Oncewe incorporate EPC as a control, Equation 4, these differences are mitigated, showinga (0.055) estimate for older households with a small error (0.017) while there is anegative effect for middle-aged ones (-0.054). Albeit these effects are small, they arein contrast with those found by ABHL. In their case, the coefficients across agegroups are similar and point to the co-movement of house prices and consumption.On the contrary, these estimates differ by age group pointing to a positive wealtheffect of rising house prices on consumption for older households, "long" in housing,more likely to own and have larger amounts of equity in their homes. Meanwhile,middle-aged households experienced a negative impact of house price increases inconsumption. These households are more often “short” in housing, that is, justentered a mortgage or are likely to need to move into larger properties as theirhousehold size expands. When it comes to younger households, their estimate seems
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to be in between the two groups which points to co-movement with housing prices.These findings are more in line with those of Campbell and Cocco (2007) despite notincluding income as a control. The dissimilarities in the coefficients also seem tosupport the findings of Engelhardt, (1996) of a small MPC that is in fact compensatedby different reactions across groups.

TABLE 2.5 Regression Results Predicted vs Observed House Prices

log(Non-Housing Consumption)
EPC_Bin −0.098∗∗∗ (0.015)
Predicted 0.007 (0.014)
(Age_G)2 0.072 (0.219)
(Age_G)3 −0.140 (0.218)
Diff_Pred_Obvs 0.058 (0.071)
Predicted:(Age_G)2 −0.003 (0.018)
Predicted:(Age_G)3 0.009 (0.018)
(Age_G)2:Diff_Pred_Obvs 0.004 (0.091)
(Age_G)3:Diff_Pred_Obvs −0.128 (0.090)
EPC_Bin1:Diff_Pred_Obvs −0.464∗∗ (0.218)
EPC_Bin1:(Age_G)2 −0.109∗∗∗ (0.022)
EPC_Bin1:(Age_G)3 −0.159∗∗∗ (0.024)
EPC_Bin1:(Age_G)2:Diff_Pred_Obvs 0.592∗ (0.327)
EPC_Bin1:(Age_G)3:Diff_Pred_Obvs 0.764∗∗ (0.353)
Constant 5.180∗∗∗ (0.575)
AIC 57306.52
Observations 41,646
R2 0.181
Adjusted R2 0.180
Residual Std. Error 0.481 (df = 41606)
F Statistic 235.448∗∗∗ (df = 39; 41606)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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FIG. 2.8 Log Yearly Predicted and Observed Deflated Consumption Average House Price Model in logs by AgeGroup (1, under 35; 2, 35-60; 3,65 or more).

Source: Prepared by the author.

The specification resulting from equation 5 substitutes Age Groups with Tenure (1,social renter; 2, private renter; 3, owner with a mortgage; 4 owner outright) alsointeracted with log Average House Prices. The estimates between owner with amortgage (-0.036) and owner outright (0.039) have the same signs as those of agegroups and reinforce the hypothesis of a moderate wealth effect whereby householdsowning outright do consume more as house prices increase, while mortgagors are infact negatively affected by house prices, as entry costs in mortgages go up and theperspective of upsizing becomes presumably more costly. The AIC is substantiallylower in the Tenure specification pointing to differences in asset positions related totenure being more relevant than age in explaining consumption patterns. Thesefindings are consistent with those in the model presented by Berger et al., (2018) forthe US, which shows low consumption response for renters and mortgagors andlarger responses for outright owners.
Interpreting these results in the manner of ABHL, the existence of differentcoefficients for age groups and tenures points to the breaking down of co-movementbetween house prices and consumption. In the last ten years, this relationship seemsto only hold strongly for older households pointing to a moderate wealth effect forolder households. Despite the inclusion of controls for life-cycle variables throughage, this correlation between older households’ consumption and house priceappreciation could also be a result of common trajectories between house prices andother types of capital gains related to the appreciation of other more liquid financialassets. While larger coefficients for older groups point to wealth effects, largercoefficients for younger groups could be associated with an increase in economicactivity resulting in higher expected future income for those relying on the labourmarket. In the estimates, this only seems to be the case for younger cohorts. Thesecould reinforce a nuanced co-movement argument for younger households.Encountering such different estimates to those in ABHL may point to theestablishment of different consumption patterns and expected incomes after theGFC. This is reinforced by a lower R2 (0.178-0.218) than in a similar specification inABHL (0.51-0.52).
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In the second price specification, outlined in Equation 6, house prices are divided intotwo variables. The first variable represents predicted prices, as forecasted by thehouse price model specified in the methodology section (Figure 6). The secondvariable entails the discrepancy between the predicted and observed house prices (asper Equation 6). These variables are then interacted with age groups and the EnergyPerformance Certificate (EPC) binary indicator (see Table 5 and Appendix C fordetailed estimates). Unexpected house price increases appear to negatively impactconsumption among households in energy-efficient homes. However, an interactionwith age suggests a positive effect for households within the older age bracket. Inother words, unanticipated house price increases seem to positively influenceconsumption among older households residing in energy-efficient homes. While theerror in this coefficient is substantial, the magnitude appears to be significantlylarger than those previously encountered in the other regressions (0.7). This sizablepositive estimate could indicate a larger wealth effect associated with house priceappreciation in energy-efficient homes, particularly among older households. Thissuggests a heterogeneous accrual of property premiums dependent on householdage. Older households, being long in housing, would also be better poised to benefitfrom superior quality homes since they do not need to account for upsizing or futureinvestments. Hence, they increase their consumption in line with house prices. Thisalso seems to be the case for middle-aged households in energy-efficient homes,albeit to a lesser extent. A complementary specification included in Appendix Cfurther explores this possibility by interacting tenure and EPC. However, theestimates are not statistically significant. Consequently, these regression resultsshould be interpreted cautiously as evidence of a heterogeneous accrual of propertypremiums across different age groups but not tenures.
The lack of any significant coefficients between predicted house prices andconsumption points to the de-coupling of earnings and house prices since predictedhouse prices are a function of regional average household income and interest rates.There are two relevant limitations of these findings. First, there is a lack of actualestimates of house price value collected via surveys such as the ones used by Caloiaand Mastrogiacomo (2022) for Italy and the Netherlands. The second limitationrelates to the prediction of EPC certificates and how LCFS may not be representativewhen it comes to built-environment dimensions, as a result, the negative estimate forconsumption in energy-efficient properties should be interpreted with caution.Furthermore, one of the main limitations of the current approach is the lack of paneldata which allows to compare pooled OLS results, biased due to unobservables; andestimates from a fixed effects model that would overcome these biases, as presentedin the methodology section. The divergence between the estimates obtained andthose encountered in the literature relates to the use of actual panel data andspecifications using fixed effects, i.e. (Disney et al., 2010) (Suari-Andreu, 2021).Finally, more granular data, capturing location, could allow the use of an IV buildingon differential exposure to house price and retail employment shocks as in Guren etal., (2018).
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2.6 Discussion and Policy Relevance

This paper has analysed heterogeneous consumption reactions to house priceincreases across households with varying positions in the housing market, tenure andenergy efficiency levels. Incorporating heterogeneous consumption reactions allowsfor a more comprehensive understanding of the distributional implications of changesin the housing market. These findings provide insight into how different householdsare affected by large-scale changes in the housing market and can inform targetedpolicy interventions to address energy efficiency and wealth disparities.
Noticeably, from a tenure perspective, the regression presented above only offersstatistically significant results for homeowners with a contrast between outright andowners with a mortgage. As shown in Figure 9, these two groups are the ones whosehousing costs to income ratio is the lowest and has remained the most stable or evendecreased in the last decade. On the contrary, the proportion of income taken up byhousing has increased for renters. The finding of a wealth effect among olderhomeowners is coherent with these observations since older households are morelikely to own outright or have larger amounts of equity and are hedged againstincreases in house prices. Although the increase in housing costs for the youngestgroup is more nuanced than among private renters, differences in housing coststranslate to age groups. This stems from the average age of renters having slowlyincreased over the last 10 years, Figure 10. While age profiles have remained fairlyconstant in the other age groups, the average age of renters has increased whichpoints to a different life-cycle consumption pattern for younger generations. Thisraises questions about how further property appreciation resulting from energyimprovements may affect younger households without assets.
Establishing a dialogue between the literature on consumption and house prices,together with the hedonic pricing literature on energy efficiency is particularlypertinent for the design of policies incentivising retrofit. Although there are disputesregarding the size of the premium, it has been well-established that higher energyefficiency increases property values both in rental and owner-occupation markets,see Fuerst et al., (2015), Fuerst et al., (2020). According to this paper’s findings,property value increases are likely to accrue in the consumption of older households,while they may further reduce the chances of acquiring property for first-time buyersor upscaling for households with low equity. While this paper does not find arelationship between the consumption of renters and house prices, the existence of anegative relationship between owners with a mortgage and house prices may point toincreased leveraging and the foregoing of consumption for deposit savings. Furtherresearch on the consumption patterns of households constrained by large housingcosts may help elucidate the distributional impact of EPC improvements.
Current policies incentivising housing retrofits rely on the one hand, on thesubsidisation of a proportion of retrofit costs. First, the Green Homes Local AuthorityDelivery Scheme offered £0.5 billion in 2020-21 for which local authorities could bid
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FIG. 2.9 Time-Series Average Ratio of Housing Costs to Income by Tenure (1, social renter; 2, private renter;3, owner with a mortgage; 4 owner outright).

Source: Prepared by the author.

to fund improvements in energy efficiency. Funding could go up to £10,000 in thecase of homeowners and £5,000 per property in the case of private rental withlandlords contributing at least a 1/3 of the costs (BEIS, 2020). Also, the GreenHomes Grant Voucher Scheme specifically targeted the retrofit of owner-occupiedhomes. However, according to the National Audit Office (NAO, 2021), payment delaysand time constraints in fund allocation prevented it from reaching its goals both oncarbon reduction and job creation. On the other hand, the government has alsointroduced Minimum Energy Performance standards (MEPS) which precluded thegranting and continuation of tenancies of properties with an EPC below F and G.According to Ferentinos et al. (2021), this policy decreased values in affectedproperties by about £5,000 to £9,000 relative to unaffected ones.
Heterogenous reactions to house price increases, resulting from the unequalcapitalisation of energy efficiency, become relevant when evaluating retrofit policyoptions. As a result of these heterogenous estimates, older households seem betterpoised to benefit from the value uplift resulting from retrofit than younger ones. Thisobservation is backed by recent OECD data pointing out that housing wealth isincreasingly concentrated in high-income and high-wealth households (Causa et al.,2019). It follows that subsidies targeting the worst-performing stock regardless ofits occupants’ socioeconomic characteristics can reinforce the concentration ofwealth since older households tend to live in the least energy-efficient section of thestock, see Figure 11. This type of housing quality-centred transition subsidies wouldbe regressive, lowering housing costs for the already wealthy outright homeowners.Conversely, the introduction of MEPS, instead of subsidies, could serve as aredistributive mechanism triggering investment from these same older households
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without over-subsidisation.
FIG. 2.10 Time-Series Average Age By Tenure (1, social renter; 2, private renter; 3, owner with a mortgage; 4owner outright).

Source: Prepared by the author.

Taxation is another possible path towards a redistributive incentivisation of housingretrofit. Muellbauer (2018) introduced the idea of a Green Land Tax composed of twoelements, one based on built-up surface and another one on unoccupied land.Energy-efficient buildings would pay the same tax as unoccupied land whileenergy-inefficient ones would pay a proportional increase by energy use. Such taxwould create incentives to retrofit and improve the financial viability of increasingdensities as the tax burden on built-up surface could be shared by differenthouseholds in multiple occupation buildings but concentrated in one in the case ofsingle-family dwellings. In this regard, the study of policies such as mortgage interestdeduction has pointed out how the lack of adequate taxation leads to theoverconsumption of owner-occupied housing and increases in house prices (Fatica &Prammer, 2018) (Poterba, 1984). On the one hand, targeting grants to householdscould incentivise retrofit among low-income homeowners for whom the impact ofincreased costs could pose affordability problems. On the other hand, increasedtaxation of energy-inefficient homes could help redistribute housing wealth towardyounger homeowners in the most energy-efficient proportions of the stock andincentivise retrofit through increasing housing costs for house-wealthy households.However, the political feasibility of these drastic policy changes remains questionable.
In short, the overall conceptualisation of the energy transition in housing as atechnological issue related to energy savings and upgrading costs does not capturethe impact that widespread property appreciation can have over consumption andasset distribution. Incorporating a distributional analysis of house price appreciation
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FIG. 2.11 Average age by EPC Binary (1=Efficient) Tenure (1, social renter; 2, private renter; 3, owner with amortgage; 4 owner outright).

Source: Prepared by the author.

in policy design has the potential to mitigate the further eschewing of housing wealthtoward older asset–wealthy households at the expense of younger ones.

2.7 Conclusion

Drawing from the economic literature on house prices and consumption, this paperaimed to critically discuss the existence of a wealth effect relating propertyappreciation and consumption in the UK. The regression findings show that olderhouseholds and outright owners have increased their consumption in line withproperty prices. Conversely, middle-aged households and owners with a mortgagehave in fact experienced a negative effect of house price increases on consumption.Younger households seem to increase their consumption less than older ones but arestill partially in line with house prices. This points to the existence of a certain wealtheffect for older households and outright owners, while younger households’consumption seems to co-move with house price increases, probably due to commoncausation. The negative coefficient for energy efficiency over consumption once
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excluding housing and energy costs, also suggests that households inenergy-efficient homes do experience higher housing costs not compensated byenergy savings. When interacted with house price and age, energy efficiency seems tohave a more positive effect on older households’ consumption. Ultimately, this pointsto differentiated distributional impacts of house price appreciation over age groups.This consideration is usually absent from the design of housing retrofit incentives.While grants directly increase the viability of retrofit, this may result in regressiveimpacts. Alternatively, forms of green land value tax as proposed by Muellbauer,(2018) and MEPS have the potential to place incentives on property owners withlarge assets capable of mobilising private investment to improve energy efficiency.
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3 Unequal Welfare Rewards to
Decarbonisation
a diff-in-diff approach tomeasuring housing costs acrosstenures
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Abstract1

The large-scale transformation of the housing stock towards net zero energy hasmobilised public and private investment alike and is expected to gain momentum inthe coming decades. Studies have investigated the impact of decarbonisation onrents and property. However, less is known about the impact decarbonisation has onhousing costs, particularly across tenures as well as the impacts on the welfare of theresidents. These issues are relevant in the Dutch context as housing unaffordabilityhas distinct impacts across homeowners and renters. This paper proposes amatching and diff-in-diff approach to tracing the impact of decarbonisation onhousing costs across tenures. Matching allows to control for different levels ofhousing and energy consumption before the intervention while the diff-in-diffapproach obtains robust estimates of the impact decarbonisation has on totalhousing costs. The main empirical source is registry data between 2018 and 2021structured in panel form. The results identify a different percentage reduction inhousing costs across tenures. Outright owners present the largest percentagereduction in total housing costs, while the larger reductions in absolute terms areobserved among mortgagors. The lowest reductions in absolute terms are amongprivate renters, while social renters fall in between these categories. Finally, a welfareanalysis is conducted to discuss how the capitalisation of cost savings may influencewelfare across tenures, highlighting a potential advantage for homeowners overrenters.

1This chapter received a revise and resubmit decision by the journal Urban Studies and is currently undergoingrevisions in response to the reviewers’ comments.
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3.1 Introduction

Across the EU, the large-scale transformation of the housing stock to reduce energydemand and achieve net-zero energy has become central in policymaking. The pushfor higher energy efficiency has been driven directly by the Energy Efficiency(EU/2023/1791) and Energy Performance of Buildings Directives (EU/2024/1275)but also indirectly through disclosure requirements for financial institutions andinvestors through the Taxonomy Regulation (EU) 2019/2088 and theSustainability-Related Disclosure Regulation 2022/1288. As a result,decarbonisation is reshaping housing costs and property markets across thecontinent. On the one hand, higher energy efficiency is well-documented to bothincrease property values and command a rental premium (Aydin et al., 2020) (Fuerstet al., 2020). On the other hand, properties lagging in quality, such as thosenon-compliant with minimum energy performance standards (MEPS) in the UK, haveseen a decline in value (Ferentinos et al., 2021).
The effects of environmental policies targeting the reduction of energy consumptionon household living costs have been less straightforward and sometimes provenregressive. For example, the Dutch carbon pricing scheme, designed to reduceenergy consumption, has disproportionately impacted lower-income groups (Maier &Ricci, 2022). Similarly, the planned expansion of the EU’s Emissions Trading Schemeto include buildings is anticipated to have regressive consequences for householdsacross Europe (Maier et al., 2024). This is because lower-income households, whichspend a larger share of their income on consumption, bear a heavier tax burden. Theimpact is further amplified by their higher spending on carbon-intensive goods, suchas residential energy.
When it comes to housing renovation, researchers have often focused on energysavings as the main component of housing costs affected by changes in housingenergy efficiency. For example, in a recent study of renovation in the Netherlands,Kattenberg et al., (2023) find that increased housing insulation reduces gasconsumption by about 20%, on average, both for owner-occupied and rental homes.Brom et al., (2019) also explore how household composition and income play a rolein the reduction of energy consumption post-renovation in the social housing sector.In short, determinants of energy savings have been explored.
However, much less is known about how new cleavages regarding energy efficiencymay exacerbate historical housing inequalities, particularly across tenures, and howthe energy efficiency measures affect the welfare of residents, based on the existingcleavages between owners of dwellings and renters (Arundel & Ronald, 2021). Theprivate rental sector has been characterised as a vehicle for wealth accumulation forlandlords, typically high-income households, while putting a strain on private renters(Hochstenbach, 2023). This marked division between renters and owners has led togrowing interest in the distributional impacts of housing renovation. Traditionalmeasures of housing affordability typically use a static ratio of housing costs to
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income (Haffner & Hulse, 2021). Although variations of this ratio exist, incorporatingfactors such as transport costs and energy (Haffner & Boumeester, 2015), thesemetrics remain point-in-time statistics and offer limited control options on variationsregarding housing and energy consumption. Consequently, they fall short inassessing the impact of decarbonisation on housing costs across households withevolving and heterogeneous characteristics, such as tenure and energy efficiency.
In response, researchers have drawn from micro datasets to introduce more nuancedmeasures of the relation between housing consumption and income. Ben-Shahar etal., (2019) proposed a new affordability measure that draws from micro-data toadjust housing consumption by certain minimum standards. Thisconsumption-adjusted approach indicates an even sharper increase in housing costburdens. Longitudinal data has also been used to explore the drivers of housingcosts, revealing socio-economic differences between households with temporaryversus persistent affordability issues (Baker et al., 2015). These studies highlightthat longitudinal data provides deeper insights into changing housing costs patternscompared to point-in-time measures, especially in relation to the influence of incomeand tenure choices (Kim & Kang, 2024). In policy evaluation, quasi-experimentaldesigns such as difference-in-difference methods, have also leveraged longitudinaldata to assess, for example, policy impacts on rent control, affordability, and relatedhealth outcomes across different housing tenures (Angrist & Pischke, 2009;Kholodilin, 2024; Pollack et al., 2010).
Building on longitudinal models and quasi-experimental economics, this paperemploys a difference-in-differences (diff-in-diff) approach to analyze changes inhousing costs across tenures. This approach builds on the comparison of housingcosts from decarbonised households before and after decarbonisation against acontrol group. The primary objective is to answer the question: how doesdecarbonisation impact housing costs across different tenures? As highlighted in theliterature, tenure differences are a critical driver of housing inequalities. The Dutchcontext provides an ideal setting to investigate these issues due to the persistentunaffordability and pronounced tenure inequalities, as well as decarbonisation,through the reduction of domestic gas consumption (Rijksoverheid, 2019), being anational priority. Moreover, the availability of comprehensive registry data,encompassing all households in the Netherlands along with a wide range of socialand economic variables, allows for the robust matching of decarbonised householdsto an appropriate control group. This approach facilitates tracking the impact ofdecarbonisation on housing costs over time—a crucial concern as housing costs areexpected to undergo significant transformations in the coming decades. Ultimately,by examining how decarbonisation affects housing costs through the lens oflongitudinal data, this paper advances a dynamic, over time, and comparative, acrosstenures, approach to housing costs.
In the next section, this paper delves into different approaches to measuring housingcosts and posits the need to identify and assess changes in housing costs asdecarbonisation progresses. The third section presents the methodology whichdraws mostly from quasi-experimental designs as well as introducing the dataset andcorresponding preprocessing approach. The fourth section presents the main
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research results and discusses key limitations, while the fifth focuses on the welfareeffects for households and discusses policy-relevant insights. The sixth sectionconcludes.

3.2 Literature Review

3.2.1 Unequal housing consumption and costs

This section introduces contemporary debates on housing costs and theirimplications for household consumption. Housing consumption has traditionally beenanalyzed using the ratio of housing costs to income (Quigley & Raphael, 2004;Haffner & Boumeester, 2015). This ratio, which often uses a 0.4 threshold as amarker of housing burden (OECD, 2021), has been criticised for its limitations. Onone side, it fails to account for changes in housing’s underlying value as an asset,which affects the real cost of homeownership. In response, Poterba (1984)introduced the concept of user costs, shifting the focus from cash outflows to assetappreciation. This model has gained traction in studies examining housing inequality,asset accumulation, and homeownership taxation (Poterba, 1984; Fatica & Prammer,2018; Haffner & Heylen, 2011; Fernández et al., 2024). By focusing on the long-termcosts of owning a home, this approach provides a comprehensive understanding ofthe financial impact of homeownership beyond immediate expenditures.
Moreover, the housing costs to income ratio has been critiqued for accepting theexisting income distribution without considering the consumption of non-housinggoods. Whitehead (1991) emphasises this limitation, while the residual incomeapproach, proposed by Stone (2006), suggests that housing costs should leavesufficient income for other essential expenditures. In parallel, economists haveexplored the relationship between non-housing consumption and housing costs usingthe Marginal Propensity to Consume (MPC). At the macro level, studies haveconsistently identified a correlation between housing costs and consumption (Case etal., 2001; Mian & Sufi, 2011). However, micro-level analyses reveal a more nuancedrelationship that varies depending on tenure (Attanasio et al., 2011; Paiella &Pistaferri, 2017) and in some cases question whether a relationship exists at all(Suari-Andreu, 2021).
A focus on housing consumption adds further complexity to discussions on housingcosts, as consumption patterns vary significantly between income groups.Lower-income households tend to under-consume housing, while higher-incomehouseholds may over-consume which poses issues when assessing whether causes
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of housing unaffordability lie with low incomes or high housing costs (Thalmann,1999). Expanding on Thalmann’s (1999) approach to address these disparities,Ben-Shahar et al. (2019) propose a consumption-adjusted approach to housingcosts. This method uses regression analyses to impute average housing consumptionlevels across households, revealing inequalities in housing costs that are oftenhidden by differences in consumption patterns. Their work builds on earlier researchinto housing inequality (Ben-Shahar & Warszawski, 2016), with housing consumptiondefined through the number of rooms. This method highlights how households withsimilar income levels may experience very different housing costs based on theirconsumption habits. Further historical research supports this focus on housingconsumption. Eichholtz et al. (2022) show that improvements in housing quality andsize throughout history were often accompanied by growing disparities in housingconsumption. They argue that this trend continued until the 20th century, when rentcontrols and other policies helped reduce inequalities. These findings are particularlyrelevant as they illustrate the long-term relationship between housing consumption,quality, and costs, and how policies can shift these dynamics.
Beyond size, building standards were in fact the first housing domain to be a foci ofgovernment intervention through minimum safety and health requirements.According to Whitehead (1991), standards impact housing costs indirectly bydefining a minimum level of housing quality for all households. Currently, in the faceof climate change and the energy crisis, energy efficiency standards have gainedrelevance as governments around the world incentivise the renovation of the housingstock, see (Economidou et al., 2020) for a review of EU policies. Enhancing standardshas also been shown to reduce the value of non-compliant units (Ferentinos et al.,2021) and increase that of compliant ones (Aydin et al., 2020). Simulation studieshave also showed that policy choices regarding taxation of subsidisation of energyefficiency are likely to produce differential impacts on the user costs of housing costsas owners enjoy property appreciation or face wealth loses (Fernández et al., 2024).

3.2.2 Energy transition studies

This section presents first studies on energy efficiency to explore the relationshipbetween housing standards and costs. Second, the focus becomes moremethodological referencing works that draw from longitudinal datasets to studyhousing costs and identifies the gap this study addresses.
Empirical studies on the impact of housing renovation have tended to focus on thereduction of energy costs. For example, Metcalf and Hassett (1999) investigate thereturn of insulation measures through energy bills data and point to a performancegap between expected and actual energy consumption deterring householdinvestment. Allcott & Greenstone (2024) also use energy savings data and themismatch between predictions and actual savings to argue for the introduction ofenergy taxation instead of subsidisation to achieve social optimums. Similar studies
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disentangle the impact different strategies may have on final energy consumption(Hong et al., 2006; Liang et al., 2018). In the Netherlands, Kattenberg et al. (2023)find that improving housing insulation leads to an average reduction in gas usage ofapproximately 20% for both owner-occupied and rental properties. Also in theNetherlands, Brom et al. (2019) has drawn from a large panel dataset to investigatethe drivers of heterogenous reductions in energy savings among social housingtenants pointing out that income and household composition play and important rolein energy savings. These studies usually draw conclusions from registry-leveldatasets regarding particular projects. As a result, the identification of a particularenvironmental intervention is particularly robust, however the broader impactdecarbonisation may be having over housing costs inequalities remainsunderexplored (Burlinson et al., 2018).
In contrast to studies focused on energy consumption, research on housing costsand affordability tends to rely on survey datasets that are representative of largerpopulations. Micro datasets have also opened up questions regarding the drivers ofhousing affordability. For instance, Baker et al. (2015) also leveraged this type ofdata to investigate the socioeconomic differences between households experiencingoccasional versus persistent housing affordability issues. They argue thatlongitudinal data offers more insight about housing unaffordability patterns thanpoint-in-time measures which do not account for evolving patterns among thoseexperiencing housing unaffordability. More recently, using US panel data, Kang(2023) found that the severity of a household’s housing instability—characterised byfrequent, involuntary moves or living in unaffordable or substandardconditions—tends to extend the duration of the instability over time. Kim & Kang(2024) have also drawn from longitudinal data to show how the interlock of housingincome and tenure choices heighten the probability of experiencing housingunaffordability. These papers emphasise the importance of understanding howhousing costs are unequally distributed, with lower-income households oftenspending a significantly higher proportion of their income on housing.
The unequal burden of housing costs is particularly acute for renters andlower-income households, who may lack access to energy efficiency improvementsdue to either financial constraints or landlord decisions. The gap between the narrowfocus on energy savings in renovation studies and the broader trends in housingaffordability highlighted by longitudinal research creates a crucial area for furtherinvestigation. The small-scale data typically employed to assess the efficacy ofphysical interventions do not account for the more complex and uneven impacts ofenergy efficiency on overall housing costs, particularly when it comes to low-incomehouseholds that already face disproportionate housing costs. Also, the performancegap, for example, (Metcalf & Hassett, 1999) identified in energy consumption studiessuggests that the promised cost reductions from energy-efficient renovations maynot materialise as expected, raising concerns about whether these improvementstranslate into meaningful reductions in overall housing costs. Particularly, studies likeBrom et al. (2019) and Burlinson et al. (2018) suggest, the distribution of benefitsfrom energy efficiency measures is often uneven, with social housing tenants andlower-income groups being left behind. As noted by Coulter et al. (2020),longitudinal analysis is crucial for tracking these trends over time, allowing for a
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more nuanced understanding of how housing costs evolve in response to policyinterventions.
This paper, therefore, proposes to examine housing costs across various tenuresusing a micro-level approach to explore the broader impact that decarbonisation ishaving on housing costs in different tenure types. By employing an econometricmodel grounded in program evaluation research and applied to a comprehensiveregistry dataset, this research delves into the distributional effects of energyefficiency improvements on housing costs. In doing so, it aims to bridge the gapbetween studies that predominantly focus on energy savings and the wider housingaffordability trends identified in longitudinal surveys, providing a more nuancedunderstanding of how decarbonisation efforts influence affordability.

3.3 Approach and Data

3.3.1 Diff-in-Diff

Diff-in-diff methods have become commonplace among analysts interested inmeasuring policy impacts empirically. While their origins can be traced back to the19th century, this subset of regression methods has been popularised ineconometrics by Angrist & Pischke (2009) over the last decades. By and large, theseempirical approaches rely on a combination of a treated group that receives theintervention and a control group which does not. By using the control group as acounterfactual—i.e., what would have happened to the treated group in the absenceof treatment—the method aims to estimate the Average Treatment Effect on theTreated (ATT). The validity of this estimate hinges on the parallel trends assumption,which posits that, absent the treatment, the outcome variable for both groups wouldhave followed the same trajectory over time (Blundell & Dias, 2002). If thisassumption is violated, the estimated treatment effect may be biased.
A major challenge in implementing Diff-in-Diff is obtaining a valid control group thatmirrors the characteristics of the treated group. To overcome this, diff-in-diffmethodologies are usually implemented in conjunction with matching techniques(Imbens & Wooldridge, 2009). This approach allows on the one hand to control fortime-invariant confounders through the diff-in-diff regression as well as controllingfor pre-treatment differences between treatment and control group (Lechner, 2010).Matching identifies control observations that have close covariate values to those ofthe treated using a distance measure, usually Mahalanobis or propensity score. Kinget al. (2011) discuss the implications of both matching estimators in depth,
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evaluating their capacity to produce balanced samples. They conclude thatMahalanobis distance may be more useful in producing balanced samples as it takesinto account covariate values, while the propensity score relies on the probability thatan observation receives treatment given the covariates through a logistic regression.
While no method can perfectly control for all sources of bias, Diff-in-Diff, particularlywhen combined with matching, offers a robust way to control for both observed andunobserved confounders. This study employs a matching methodology to build onthe existing literature on housing costs, which aims to account for variations inhousehold consumption levels. By pairing households based on pre-treatmentcharacteristics, we can more precisely assess changes in housing costs. Specifically,we compare decarbonised households to their most similar non-decarbonisedcounterparts, providing a clearer evaluation of the cost differences arising fromdecarbonisation, while controlling for factors such as household consumptionpatterns. When it comes to housing costs, quasi-experiments have also been valuablein uncovering the differential impact it may have on health outcomes acrosshomeowners and renters (Pollack et al., 2010). Diff-in-diff approaches have alsobeen applied to the field of housing and energy transition in a number of the studiesmentioned above (Ferentinos et al., 2021) (Kattenberg et al., 2023). By bringing thediff-in-diff approach to the analysis of housing costs, this paper aims to uncoverunequal increases in costs across tenure groups. This method provides astraightforward empirical approach to estimate causal effects in real-world settingswhere randomised experiments are impractical.

3.3.2 Data and treatment

This paper draws from a large dataset of Dutch households, Woonbase, includingregistry and modelled data for all households in the Netherlands between 2018 and2021 (CBS, 2024). For the purpose of this research, only households for which thehousing and energy costs variables are observed have been included in the analysis.Households for which either costs of energy consumption have been modelled areexcluded to ensure the relationship between energy and housing costs is adequatelyidentified. The household and housing unit ID allow joining data for various years tocreate a panel dataset to which financial and energy data are merged.
Decarbonisation, as the treatment variable, is not directly observed, but it is derivedfrom observed gas consumption, which is used as a proxy for decarbonisation. Whilethere is no official definition of housing renovation, the EU Taxonomy offers theindication of at least a 30% reduction in primary energy consumption. Thisthreshold, though conservative, is included in the Commission Recommendation (EU)2019/786, which assesses medium renovations (between 30% and 60%) and deeprenovations (over 60%). This paper adopts a 40% threshold as the benchmark forassessing a building as undergoing renovation, applying a more conservativeapproach given the use of gas consumption as a proxy. This threshold is backed by
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empirical studies that find final reductions in energy consumption ranging above20% for insulation programmes (Kattenberg et al., 2023).
Treated households are defined as those experiencing a 40% reduction in gasconsumption (variable gasverbruikt in Figure 1) in the year 2020 when compared to2019. A minimum threshold of 200m3 of gas consumed per year is also applied,along with the requirement that the 40% reduction be sustained in the year 2021, allwhile household composition remained unchanged (see Figure 1). The use ofobserved gas consumption, rather than changes in EPCs, follows from the fact thatEPCs are typically registered when a property is put on the market, even thoughinterventions may have occurred earlier. The implications of using this proxy toassess housing renovation are discussed further in the discussion section.
FIG. 3.1 Monthly Gas Consumption 2018 to 2021 across tenures (1, Priv Renters; 2, Social Renters; 3,Mortgagors; 4, Outright Owners) and treatment, 1, and control groups, 0.

Source: Prepared by the author.

This filtering approach results in 34,408 (1% of filtered) households being identifiedas having undergone deep housing renovation and significantly reduced their carbonemissions (see Table for details). While this proportion is low, it aligns with nationalestimates of the number of households undergoing renovation, which range between1% and 2% (Sandberg et al., 2016). Due to the high number of observations in thecontrol group, leading to substantial computational demand, the control group wasrandomly sampled by tenure group to 100,000 households, except for privaterenters, where the number of controls was 27,579, since private renting is the leastcommon tenure in the country.
The other main variable of interest is total housing costs (MLTOTAAL in the tables).The total housing cost variable, constructed by CBS, incorporates energy, andmortgage and/or rental costs for renters and owners. These expenses are joined by aflat maintenance rate in the case of homeowners. This adjustment justifies the use oftotal housing costs as the main variable of interest for both homeowners and renters,as it already incorporates a maintenance component.
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FIG. 3.2 Pre-matching descriptions overall and across tenure (1: Priv Renters; 2: Social Renters; 3:Mortgagors; 4: Outright Owners) and treatment (1) and control (0) groups.

1 2 3 4 Overall
0

(N=27579)
1

(N=790)
0

(N=100000)
1

(N=13381)
0

(N=100000)
1

(N=16666)
0

(N=100000)
1

(N=3571)
0

(N=327579)
1

(N=34408)
MLTOTAAL1JAN_2018

Mean (SD) 601 (233) 557 (238) 542 (159) 505 (150) 855 (358) 865 (388) 388 (139) 411 (190) 596 (303) 671 (351)
Median 522 478 498 462 784 776 359 368 497 572

MLTOTAAL1JAN_2019
Mean (SD) 622 (240) 578 (247) 559 (163) 524 (153) 851 (349) 844 (369) 384 (94.4) 383 (104) 600 (295) 665 (330)
Median 539 495 512 481 782 759 369 368 504 575

GASVERBRUIK1JAN_2018
Mean (SD) 963 (421) 899 (525) 939 (389) 901 (488) 1210 (473) 1160 (592) 1210 (514) 1070 (604) 1100 (476) 1050 (567)
Median 920 770 908 793 1160 1080 1160 953 1060 937

GASVERBRUIK1JAN_2019
Mean (SD) 894 (392) 873 (541) 873 (364) 895 (516) 1120 (443) 1080 (588) 1110 (482) 947 (574) 1020 (444) 987 (565)
Median 862 742 848 780 1080 972 1060 828 975 875

MLENETTO1JAN_2018
Mean (SD) NA NA NA NA 641 (344) 651 (371) 188 (115) 217 (160) 253 (335) 338 (406)
Median NA NA NA NA 570 563 162 182 146 221

MLHNETTO1JAN_2018
Mean (SD) 445 (222) 412 (226) 383 (145) 355 (134) NA NA NA NA 158 (224) 157 (210)
Median 360 332 334 300 0 0 0 0 0 0

MLENETTO1JAN_2019
Mean (SD) NA NA NA NA 635 (335) 643 (352) 180 (65.3) 200 (76.4) 249 (327) 333 (393)
Median NA NA NA NA 566 562 166 184 150 223

MLHNETTO1JAN_2019
Mean (SD) 456 (230) 420 (234) 390 (148) 361 (136) 0.0774 (9.22) 0.0589 (7.60) 4.22 (55.7) 3.64 (49.9) 159 (226) 150 (202)
Median 367 337 338 304 0 0 0 0 0 0

QUOTETOTAAL1JAN_2018
Mean (SD) 35.0 (9.82) 36.9 (9.54) 31.4 (8.30) 33.3 (8.56) 22.7 (10.2) 25.0 (12.1) 15.2 (8.49) 16.2 (10.2) 24.1 (11.6) 27.6 (12.0)
Median 34.4 36.5 31.2 33.3 21.0 22.8 13.3 13.6 23.1 27.1

QUOTETOTAAL1JAN_2019
Mean (SD) 34.7 (9.63) 36.7 (9.96) 31.0 (8.17) 33.3 (8.41) 21.7 (9.69) 23.7 (11.4) 14.8 (7.96) 15.2 (8.65) 23.5 (11.3) 26.8 (11.7)
Median 34.1 36.7 30.8 33.3 20.1 21.7 13.1 13.1 22.5 26.3

HUURKLASSE1JAN_2018
Mean (SD) 3.36 (1.05) 3.52 (0.943) 3.62 (0.595) 3.70 (0.527) NA NA NA NA NA NA
Median 4.00 4.00 4.00 4.00 NA NA NA NA NA NA

HUURKLASSE1JAN_2019
Mean (SD) 3.33 (1.07) 3.52 (0.939) 3.62 (0.576) 3.70 (0.516) NA NA NA NA 1.39 (1.79) 1.52 (1.85)
Median 4.00 4.00 4.00 4.00 0 0 0 0 0 0

MLEHYP31DEC_2018
Mean (SD) 0.450 (14.3) 0.141 (3.97) 0.862 (24.2) 1.16 (26.8) 613 (440) 600 (444) 0 (0) 0 (0) 187 (373) 291 (431)
Median NA NA NA NA 530 504 0 0 0 0

MLEHYP31DEC_2019
Mean (SD) NA NA NA NA 602 (460) 576 (440) 0 (0) 0 (0) 184 (376) 279 (420)
Median NA NA NA NA 508 478 0 0 0 0

MLHKALEHUUR1JAN_2018
Mean (SD) 598 (159) 583 (172) 528 (100) 510 (99.7) NA NA NA NA 215 (278) 221 (269)
Median 597 582 529 512 0 0 0 0 0 0

MLHKALEHUUR1JAN_2019
Mean (SD) 610 (163) 594 (177) 536 (100) 519 (98.4) NA NA NA NA 216 (280) 216 (266)
Median 604 [113, 1880] 589 [147, 1520] 537 [110, 1460] 522 [202, 1060] 0 0 0 0 0 0

Res_Age_2019
Mean (SD) 59.2 (18.0) 51.8 (17.0) 58.4 (16.5) 53.5 (16.3) 52.1 (13.6) 51.0 (13.7) 68.6 (10.8) 66.2 (10.8) 59.7 (15.6) 53.6 (15.3)
Median 61.0 52.0 59.0 54.0 52.0 51.0 69.0 67.0 61.0 54.0

Building_Age_2019
Mean (SD) 1960 (73.3) 1950 (71.8) 1970 (33.1) 1970 (33.1) 1980 (37.6) 1970 (43.8) 1970 (42.9) 1970 (50.9) 1970 (42.3) 1970 (41.8)
Median 1970 1960 1970 1970 1980 1980 1980 1980 1980 1970

ELEK_2019
Mean (SD) 1960 (1010) 1760 (1110) 2010 (1010) 1810 (1030) 3010 (1330) 2870 (1540) 2430 (1190) 2390 (1460) 2440 (1240) 2380 (1440)
Median 1750 1530 1810 1580 2840 2600 2230 2090 2210 2060

Dwelling_Type_2019
Mean (SD) 4.51 (1.29) 4.68 (0.777) 4.32 (1.22) 4.55 (1.10) 3.51 (2.07) 3.29 (2.43) 3.31 (2.15) 3.19 (2.26) 3.78 (1.88) 3.80 (2.07)
Median 5.00 5.00 5.00 5.00 4.00 4.00 4.00 4.00 4.00 4.00

VROMHH1JAN_2019
Mean (SD) 22600 (14800) 19800 (12500) 23200 (11900) 19900 (9860) 50300 (25400) 46200 (24400) 37000 (32800) 38300 (41400) 35600 (26700) 34600 (25700)
Median 18800 16100 20000 17500 46900 42300 30700 30900 29000 28100

P100WELVAART1JAN_2019
Mean (SD) 25.4 (16.7) 22.1 (17.2) 22.1 (13.6) 19.7 (12.9) 63.5 (19.3) 62.7 (20.0) 74.5 (17.9) 76.0 (18.5) 51.0 (28.6) 46.4 (28.5)
Median 22.0 16.0 19.0 16.0 64.0 63.0 77.0 80.0 52.0 45.0

BESTINKH1JAN_2019
Mean (SD) 24600 (14100) 22000 (11800) 25000 (11200) 21900 (9200) 53900 (24900) 49800 (24000) 44700 (33100) 46200 (41800) 39800 (27100) 37900 (26000)
Median 20900 18600 21700 19700 50400 46000 38400 38700 33900 32000

N_Adults_2019
Mean (SD) 1.46 (0.791) 1.26 (0.597) 1.79 (1.11) 1.49 (0.893) 2.57 (1.22) 2.22 (1.21) 1.81 (0.782) 1.68 (0.729) 2.01 (1.10) 1.86 (1.10)
Median 1.00 1.00 1.00 1.00 2.00 2.00 2.00 2.00 2.00 2.00

Sqm_2019
Mean (SD) 83.8 (30.9) 78.1 (29.6) 85.0 (24.7) 80.2 (23.7) 120 (41.6) 126 (57.8) 126 (54.3) 138 (81.7) 108 (45.3) 108 (55.9)
Median 80.0 73.0 84.0 78.0 115 117 118 123 103 99.0

N_Children_2019
Mean (SD) 0.226 (0.602) 0.147 (0.471) 0.452 (0.900) 0.291 (0.712) 0.808 (1.01) 0.583 (0.936) 0.181 (0.543) 0.135 (0.463) 0.459 (0.863) 0.413 (0.824)
Median 0 0 0 0 0 0 0 0 0 0

Variables in descending order: Monthly total costs 2018 and 2019, Monthly Gas 2018 and 2019, Net Housing costs Owners2018 and 2019, Net Housing costs Renters 2018 and 2019, Percentage of Income on housing costs 2018 and 2019, RenterBenefit Class 2018 and 2019, Base rent 2018 and 2019, Main Resident Age, Electricity Consumption, Income, Wealth Position,Disposable Income, Number of Adults, Square Meters, Number of Children. Source: Prepared by the author.
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3.4 Results: Unequal Outcomes in Housing Costs

To assess socioeconomic differences between treated and non-treated households,an initial logistic regression was conducted using the treated proxy as a target(Appendix A). The results highlighted the necessity of employing a matchingtechnique to ensure comparability between control and treatment groups. Matchinghelps mitigate selection bias by balancing the covariates between the two groups,thus allowing for a more accurate estimate of the treatment effect. The matchingprocedure was carried out using the MatchIt package (Ho et al., 2011), whichprovides various methods for achieving balance between groups. Based on themethodological discussion presented in the study, two potential matching methodswere considered: propensity score matching (PSM) and Mahalanobis distancematching. Propensity score matching was ultimately chosen due to its effectivenessin reducing bias by accounting for the probability of treatment assignment based onobserved covariates.
Variables such as total costs (MLTOTAAL) and wealth percentile (P100Welvaart)exhibited significant disparities before matching, underscoring the necessity of thematching process. It is important to note that by matching on variables such asincome (VROMHH), the differences in the housing costs-to-income ratio betweengroups lose their representativeness of the broader population. After matching, theMahalanobis distance method proved effective in reducing the absolute standardisedmean differences (ASMD) for these variables. This reduction in covariate imbalancebetween the control and treatment groups confirms the adequacy of the chosenmatching method and justifies its use in ensuring that socioeconomic differencesbetween the groups are appropriately controlled for in subsequent analyses. Thus,the matching procedure addressed pre-existing biases and allowed for a morereliable comparison of outcomes between treated and non-treated households (SeeFigure 2).
The next step was implementing the diff-in-diff regression model, which includes aninteraction term between treatment and period of treatment received. The set-up isthe usual with fixed effects by period and household. The regression uses i forindexing individuals (or units) and t indexing time periods and incorporatescovariates. The diff-in-diff model assesses the effect of treatment over time,comparing treated and non-treated households across periods, controlling fortime-variant covariates, in this case, income (VROMHH1JAN) and whether or not thehousehold receives housing benefits (HUURKLASSE).

Yi t = βPostt + γTreati + δ(Postt ×Treati ) + Xi t θ +µi +λt + ϵi t (3.1)

– Postt is a binary variable equal to 1 if the observation is from the post-treatmentperiod and 0 otherwise.
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FIG. 3.3 Loveplot Matching Results. Showing Absolute Standardised Mean Differences before and afterMatching.

Variables in descending order: Monthly total costs 2018 and 2019, Monthly Gas 2018 and 2019, Net Housing costs Owners2018 and 2019, Net Housing costs Renters 2018 and 2019, Percentage of Income on housing costs 2018 and 2019, RenterBenefit Class 2018 and 2019, Base rent 2018 and 2019, Main Resident Age, Electricity Consumption, Income, Wealth Position,Disposable Income, Number of Adults, Square Meters, Number of Children, Tenure. Source: Prepared by the author.
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– Treati is a binary variable equal to 1 if the observation is from the treatment group and 0 otherwise.
– Postt ×Treati is an interaction term indicating the treatment effect.
– Xi t is a vector of covariates (brutto income, net income, and housing benefit).
– θ is a vector of coefficients for the covariates.
– ϵi t is the error term. 

The coefficient δ on the interaction term Postt ×Treati captures the causal effect ofthe treatment in this case decarbonisation. Table 1 shows the regression resultswhere the dependent variable is the natural logarithm of total costs(log(MLTOTAAL1JAN)). The errors are robust, clustered by household to account forserial cross-sectional correlation. Following the literature, the coefficients of interestare the interaction term between treatment and treatment period since theinterpretation of the income and benefits controls is affected by pre-treatmentmatching. This interaction term represents the core of the diff-in-diff analysis,indicating the effect of treatment over time. The first model integrates all households,the second model accounts for private renters, the third for social renters, the fourthfor owners with a mortgage, and the fifth for outright owners. The treatmentcoefficient is negative and significant across all 5 models, suggesting that treatedhouseholds experienced and statistically significant reduction in total costscompared to non-treated households over the specified period, supporting theeffectiveness of housing renovation in reducing total housing costs.

TABLE 3.1 Diff-in-Diff Regression Results
Dep. Var: log(MLTOTAAL1JAN)

(0-All) (1-Priv.R) (2-Soc.R) (3-Mort.) (4-Out.Own)
Rent Ben -4e-03∗∗∗ -5.7e-02∗∗∗ -5.2e-02∗∗∗(1e-04) (5e-03) (2e-03)
Income 1e-04∗∗∗ 1e-04∗∗∗ 1e-04∗∗∗ 1e-04∗∗∗ 1e-04∗∗∗(0e+00) (0e+00) (0e+00) (0e+00) (0e+00)
Disposable Inc -1e-04∗∗∗ -1e-04∗∗∗ -1e-04∗∗∗ -1e-04∗∗∗ -1e-04∗∗∗(0e+00) (0e+00) (0e+00) (0e+00) (0e+00)
T_1:P_1 -6.6e-02∗∗∗ -5.8e-02∗∗∗ -6.9e-02∗∗∗ -5.4e-02∗∗∗ -1.03e-01∗∗∗(1e-03) (4e-03) (1e-03) (2e-03) (3e-03)
Obs. 550,528 12,640 214,096 266,656 57,136R2 0.389 0.582 0.576 0.372 0.327Adj. R2 0.185 0.442 0.434 0.163 0.102F-Stat 6550∗∗∗ (df = 4;413k) 3290∗∗∗ (df = 4;9.47k) 5440∗∗∗ (df = 4;161k) 3940∗∗∗ (df = 3;200k) 6930∗∗∗ (df = 3;42.8k)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

In Model 0, which includes all households, the treatment resulted in a 7% reductionin total costs for treated households compared to non-treated households over time.This serves as the baseline, representing the average treatment effect across theentire sample, irrespective of housing tenure type. The effect is both statisticallysignificant and economically meaningful. For private renters, the treatment effect is
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slightly smaller, with a 5.8% reduction in total costs. This reduction is lower than theoverall household average (Model 0), suggesting that the treatment had a somewhatweaker impact on private renters. This is coherent with the academic literature whichsuggests private renters face more dynamic housing costs (e.g., rent fluctuations)that could moderate the effect of the treatment over time.
In the case of social renters (Model 2), the treatment effect is slightly larger than forprivate renters, resulting in a 7% reduction in total costs. This treatment effect isslightly stronger than the average effect across all households (Model 0) and privaterenters (Model 1). Social renters often face more stable or regulated housing costs,and the treatment points to energy efficiency interventions having a more pronouncedimpact on reducing their overall financial burden compared to private renters. Forhomeowners with mortgages (Model 3), the treatment resulted in a 5.4% reductionin total costs, the smallest among the different household types. Homeowners withmortgages have higher fixed costs, namely mortgage payments, which reduces thepercentage impact reducing energy efficiency may have on total housing costs. As aresult, the impact of the treatment in reducing a percentage of total costs is morelimited for this group compared to social renters. However, this group experiencesthe larger reduction in absolute costs. The largest percentage treatment effect isobserved for outright homeowners (Model 4), with a 10.3% reduction in total costs.This significant and larger effect suggests that outright homeowners may benefitmore from the treatment as they have fewer financial obligations (e.g., no mortgagepayments). This group could be more responsive to financial changes introduced bythe treatment, leading to a greater reduction in their total costs.
FIG. 3.4 Brutto Costs 2018 to 2021 across tenures (1, Priv Renters; 2, Social Renters; 3, Mortgagors; 4,Outright Owners) and treatment, 1, and control groups, 0.

Source: Prepared by the author.

The R² values range from 0.327 (Model 5) to 0.582 (Model 2), indicating moderate tostrong explanatory power, particularly in Model 2, where about 58.2% of the variance
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in total costs is explained by the model. The lower R² values (e.g., 0.327 in Model 5)suggest that the model explains a smaller portion of the variance, possibly due tofewer observations. The F-statistics for all models are highly significant (p < 0.01),indicating that the models, as a whole, are statistically significant and that theincluded variables provide meaningful explanations for housing cost variation.
One of the primary limitations of these estimates arises from the lack of data onspecific built fabric interventions, which introduces uncertainty into theirinterpretation. This unobserved data on interventions, such as insulation upgrades,installation of energy-efficient appliances, or other retrofitting measures, makes itdifficult to precisely determine the causal pathways through which decarbonisationaffects housing costs. However, contextualizing these estimates with data onelectricity consumption patterns can provide valuable insights (Figure 3). Forinstance, electricity usage increases for mortgagors and outright homeowners, whileit decreases for social and private renters. This divergence in consumption patternslikely reflects differences in the type of energy-efficiency interventions undertaken bythese groups. For renters, the observed reduction in electricity consumption could beexplained by the deployment of solar panels, which generate renewable electricityand offset a portion of grid-based consumption, ultimately reducing the need forboth gas and electricity from external sources. Integrating household-level data withdetailed records on the specific interventions implemented in each household wouldallow a more complete understanding of the impact of housing renovation. As aresult, these estimates remain descriptive rather than a full exploration of thedynamics behind these estimates.
FIG. 3.5 Electricity Consumption 2018 to 2021 across tenures (1, Priv Renters; 2, Social Renters; 3,Mortgagors; 4, Outright Owners) and treatment, 1, and control groups, 0.

Source: Prepared by the author.

While the estimates control for income and energy consumption pre-treatment, andfurther adjustments in the diff-in-diff model account for changes in income over time,
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FIG. 3.6 Model Fitted 2018 to 2021 across tenures (1, Priv Renters; 2, Social Renters; 3, Mortgagors; 4,Outright Owners) and treatment, 1, and control groups, 0.

Source: Prepared by the author.
TABLE 3.2 Summary of Estimates and Housing Costs

Private Renters Social Renters Owners Mortgage Owners Outright

Diff-in-Diff Est 5.8% 6.9% 5.4% 10.3%
Avrg Absolute Decr. Costs -$33 -$35 -$46 -$40
Avrg Disposable Inc. € 1,825 € 1,825 € 4,150 € 3,817
Avrg Inc./Hous. Costs aft. trt. 31% 27% 19% 9%

there remains the potential for energy poverty to affect the results. Chronicunderconsumption of energy among low-income renters, particularly those in socialhousing, may reduce the true impact of decarbonisation interventions. Renters withlimited financial resources often consume less energy out of necessity, even beforeinterventions. This underconsumption could dampen the observed effect ofenergy-efficiency improvements.
Another important consideration is the endogeneity of treatment selection,particularly in the case of private renters and homeowners. Unlike social landlords,bound by minimum performance requirements (Plettenburg et al., 2021), privatelandlords and owners make more active decisions regarding their participation inrenovation programs. This introduces potential selection bias, as those who opt intotreatments may be more motivated or better positioned financially to invest indecarbonisation measures. To account for this, the results should be interpreted asthe Average Treatment Effect on the Treated (ATT), rather than the AverageTreatment Effect (ATE). This distinction means that the results are specific to thehouseholds that have already undergone treatment and should not be extrapolatedto the broader population without caution. While matching effectively controls forvariables that may influence decarbonisation outcomes, such as household income, itrestricts the ability to analyse housing affordability ratios in greater detail. Bymatching households with similar income levels, any changes in affordabilityresulting from income fluctuations are effectively eliminated. Consequently, theaffordability ratios presented in Table 2 are based on group averages and are used

109 Unequal Welfare Rewards to Decarbonisation



solely as a descriptive tool, showing the average housing cost burden for each group,rather than capturing individual variations in affordability.
The findings underscore the value of longitudinal data in providing a more nuancedunderstanding of housing costs, particularly in relation to renovation. Point-in-timemeasures often miss evolving cost patterns, while longitudinal research captures thedynamic nature of housing affordability over time. Studies that model energy savingsfrom renovation typically rely on small-scale or short-term data, which can obscurethe complex and uneven effects that such improvements have on total housingcosts.This gap between a narrow focus on energy savings in renovation studies andthe broader trends in housing affordability identified in longitudinal research signalsan important area for further investigation.
However, there are substantial limitations in our approach. Notably, our samplefocuses on households that have not relocated; larger rent increases may be morelikely when renovations are carried out before new tenants move in. The type ofrenovation also plays a role, as evidenced by the diverging impacts on electricityconsumption. After renovations, homeowners tend to see an increase in electricityuse, while renters experience a decrease, suggesting that different types ofimprovements are more common among different tenure groups. These variationshighlight the importance of understanding how different interventions affect housingcosts across the spectrum of tenures.

3.5 Capitalisation and Housing Costs

This section builds upon the results of the did regression, extending the findingsdrawing from economic of housing markets to assess welfare impacts across varioushousing tenures. Housing markets play a critical role in determining individualwelfare, especially in urban settings, as households derive utility from both theconsumption of housing services and the potential investment in homeownership.Changes in housing costs—such as those brought about by energy efficiencyimprovements—can have significant implications for welfare across different tenuretypes, reflecting both immediate consumption benefits and longer-term investmenteffects. According to Poterba (1984), reductions in housing costs capitalize intoproperty values, thereby increasing the wealth of current homeowners. Goodman(1988) illustrates that such capitalised benefits enhance homeowner utility,particularly in markets with inelastic housing supply. More recently, Hilber andVermeulen (2016) emphasise that young renters, who typically aspire tohomeownership, may face reduced welfare as rising property values make ownershipless accessible, especially in constrained housing markets. Drawing from these twoprecepts, the capitalisation of costs reductions and the disutility of increased house
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prices for renters, it is possible to explore welfare changes between renters andhomeowners resulting from the housing costs reductions.
The welfare change equations for renters and homeowners assess the effects ofhousing cost reductions on each group by combining consumer surplus and propertyvalue changes(Appendix B provides the full analysis). For homeowners, the welfarechange equation (∆Whomeowners) also includes the consumer surplus increase fromreduced costs, captured by the first term. However, unlike renters, homeownersbenefit from the capitalisation of cost savings into property values. This additionalwealth effect is captured by the second term, where κ represents the proportion ofsavings that capitalises into property value, and PVsavings is the present value ofthese cost savings over time, discounted to reflect the time value of money. Thissecond term thus captures the increase in property wealth for homeowners,reflecting the dual benefits they receive from both reduced housing costs andenhanced property value.

∆Whomeowners =U1 −U0 =C S1 −C S0 +κ ·PVS .

For renters, the welfare change equation (∆Wrenters) includes the consumer surplusgained from cost reductions, represented by the first term, which measures thedifference in surplus from the initial cost C0 to the reduced cost C1. Here, D(C )represents the demand for housing as a function of these total costs. As costs fall,property values (P) tend to rise, and the second term incorporates renters’ disutilityfrom this increase, scaled by the parameter α, which reflects the extent to whichrising property values reduce renters’ welfare by making homeownership lessaffordable.

∆Wrenters =U1 −U0 =C S1 −C S0 −α · (P1 −P0),

Figure 8 shows the numerical results if we calibrate these two equations to assumethat 70% of cost savings are capitalised into property values, κ, over a 20-yearhorizon, discounted at a rate of 10%. For renters, the disutility α, is calibrated to 10%. Even calibrated in this conservative manner, these results show a reduction inwelfare for social and private renters while homeowners both mortgagors andoutright owners experience larger increases in welfare. Figure 9 develops a sensitivityanalysis of these parameters to show that renter utility becomes negative with verylow capitalisation and disutility from house price increases. These differences areespecially relevant for low-income households, which already face disproportionatelyhigh housing costs (Burlinson et al., 2018). For these households, energy savingsalone may not provide sufficient relief from broader affordability challenges, asenergy costs represent only a fraction of their total housing expenses. These resultsshow that addressing overall housing affordability requires a more comprehensiveapproach to unpack how renovations impact different tenure groups and incomelevels.
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FIG. 3.7 Welfare Analysis

Source: Prepared by the author.

FIG. 3.8 Sensitivity Analysis Capitalisation and Disutility Parameters

Source: Prepared by the author.
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These results are especially relevant in the context of energy and housing renovationpolicies in the Netherlands. The country’s energy taxation system raises energycosts, disproportionately affecting lower-income households. Maier and Ricci (2022)highlight that this taxation system is regressive by European standards, placing aheavier burden on lower-incomes. At the same time, generous subsidy programs inthe Netherlands provide substantial financial support for homeowners to renovate,lowering their overall housing costs. As Fernández et al. (2024) note, homeownersbenefit not only from reduced energy consumption but also from the increased valueof their property, making renovation an even more financially advantageous option.Conversely, renters face rising housing costs without the potential financial gains ofproperty ownership, making them more vulnerable to the indirect effects of policiessuch as carbon pricing and the Energy Taxation Scheme (ETS), one of the flagshippolicies of the European Union, Directive (EU) 2023/959, that will come into force in2027-2028. While the Social Climate Fund will redirect a proportion of the revenuefrom this tax towards lower-income households and the social renting sector, doubtsremain regarding the capacity of this stream of revenue in reverting plausibleregressive outcomes (Defard & Thalberg, 2022). Engraining discussion of thedifferential impact of housing decarbonisation on costs reinforces the need toaccount for costs while designing environmental policy.

3.6 Conclusion

This study applies a diff-in-diff approach to housing costs providing exploratoryinsight into the socioeconomic implications of decarbonisation and housingrenovations in the Netherlands. The combination of a diff-in-diff with a matchingtechnique, drawing from Mahalanobis distance, mitigates selection bias andenhances the validity of the treatment effect estimates. The findings indicate asignificant reduction in total housing costs for treated households across varioustenure types, with outright homeowners benefiting the most in percentage terms,mortgagors benefitting the most in absolute terms although benefitting the least interms relative to their total housing costs, followed by social and private renters. Theheterogeneity in treatment size across tenure types underscores the complexinterplay between housing costs and energy-efficiency policies, emphasizing theimportance of integrating total housing costs into the analysis of energy transitions.These findings are, however, constrained by a lack of data on specific physicalinterventions (e.g., insulation, solar panels or heat pumps).
While energy-efficiency interventions have clear benefits through the reduction ofenergy consumption, their impact on overall housing costs is nuanced and variesacross socioeconomic groups. As shown in the welfare analysis which account for thecapitalisation of cost savings on property values. Renters, may not fully experience
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the benefits of renovation due to rent hikes or lower baseline in energy consumptionand may see their disutility increase because of the capitlisation on property valuesof costs savings in the ownership sector. Conversely, homeowners benefit both fromenergy costs reduction and property value appreciation.
In conclusion, this study suggests that current renovation subsidies and energytaxation structures, while aimed at promoting decarbonisation, may widen not onlydifferences in resident welfare, but also in housing costs between homeowners andrenters. As such, the study points to the need for more targeted policies, such as theSocial Climate Fund, to ensure a more equitable distribution of the costs resultingfrom decarbonisation and energy efficiency. Ultimately, the paper contributes to theongoing dialogue about the intersection of housing policy, energy transition, andsocial equity.
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Abstract1

Despite persistent housing affordability issues, energy policy and housing renovationare usually investigated separately from housing costs other than energy.Researchers have examined the financial viability of renovation attending to buildingconditions and the socio-economic characteristics of their occupants. However, thedistributional impacts of renovation incentives and the potential of fiscal policy toredistribute housing costs remain understudied. Dutch fiscal policy, favouringhomeownership, offers a relevant context to evaluate how property taxation canboost renovation rates. The novelty of this paper resides in investigating the impactof two policies, the current direct subsidy and a proposal for a green tax, on both thefinancial viability of renovation and the subsequent distribution of housing costs. Theproposed green tax combines energy efficiency and taxation of property revenue. Weemploy a model considering marginal costs of housing renovation, obtained from agovernment dataset, and marginal benefits, drawn from a hedonic regression. Weassess the distributional impacts of different policy scenarios by examining changesin user costs across income deciles. Our findings indicate that existing renovationsubsidies exacerbate the regressive distributional impacts resulting from the currenthousing taxation system in the Netherlands. Introducing energy-efficiency-linkedproperty taxation can make homeownership fiscality less regressive whileincentivising housing renovation. Ultimately, this study highlights the importance ofincorporating housing affordability as a fundamental element in renovation policiesto balance environmental and distributional objectives.

1This chapter has been published as Fernández, A., Haffner, M. & Elsinga, M. (2024) "Subsidies or green taxes?Evaluating the distributional effects of housing renovation policies among Dutch households." J Housing andthe Built Environ, 39, 1161–1188. https://doi.org/10.1007/s10901-024-10118-5 Minor editing correc-tions have been made to the text.
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4.1 Introduction

Since its inception in 2002, the Energy Performance of Buildings Directive(EPBD)(2002/91/EC) has been the cornerstone of building standards across EUMember States (MSs). The EPBD has progressively broadened its scope throughsuccessive recasts, 2010/31 and 2018/844. At first, this directive established onlyoptional reporting and certification guidelines in the form of Energy PerformanceCertificates (EPCs). In subsequent recasts, the EU has strengthened its demandsrequiring MSs to define specific plans to phase out the worst energy-performingbuilding stock (Bertoldi et al. 2021) (Economidou et al. 2020). At the time of writing,in the midst of an energy crisis, debates at the European Parliament on a new EPBDrecast underline the relevance of energy efficiency in achieving carbon neutrality by2050 (Ernould, 2022).
Concurrently, the European Commission (EC) has also launched the Renovation Wave(COM 2020 662), an action plan assessing the budgeting solutions that the EU coulddraw on to support housing renovation. The Renovation Wave estimated that 275€billion of public and private investment a year are needed to attain the 55 % reductionin emissions by 2030 envisioned in the EU’s Climate Target Plan. The RenovationWave builds on a series of initiatives by MSs which have fostered the viability ofrenovation through an array of subsidies including grants and low-interest loans witha clear focus on owner-occupied housing (Castellazzi et al., 2019).
The financial viability of housing renovation hinges on its costs and the resultingvalue increase of an energy-efficient home (Copiello & Donati, 2021). The valueincrease of energy-efficient improvements in real estate markets usually takes theform of a green premium identified through different econometric techniques, see forexample Aydin et al., (2020) for a recent study of property premiums in theNetherlands. To increase the financial viability of renovation, the EU proposes twoapproaches that have been incorporated differently by MSs (Bertoldi et. al, 2021). Onthe one hand, grants and loans rely on the reduction or complete elimination ofup-front costs –a carrot approach– to encourage renovation (see for example,Eryzhenskiy et al. 2022). On the other hand –the stick side of housing renovationincentives– draws, first, on mandatory Minimum Performance Standards (MEPSs)which preclude the renting or selling of properties under a certain EPC level(Economidou, et al, 2020). Second, the EC also plans to expand the EmissionsTrading Systems (ETS) to encompass buildings before the end of the decade(2003/87/EC). This will likely impact energy costs and increase the viability ofenergy-efficient renovations (Backe et al., 2023).
In the Netherlands, when it comes to owner-occupied housing, MEPSs have not yetbeen defined. Instead, the government has put in place a series of subsidies andloans to incentivise renovation. Homeowners can access different forms of grantscovering up to half of the renovation costs when they insulate or change the heatingsource in their homes (Ministry of Economic Affairs and Climate Policy, 2019). Since
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2022, 0% interest loans are also available to low-income households from theNational Heat Fund. On the stick side, the Netherlands implements a form of carbontaxation on individual households which has produced, according to the JointResearch Centre (JRC), regressive effects, that is taxing those on lower incomescomparatively more (Maier & Ricci, 2022). Despite the direct link between renovationsubsidies and housing costs (Haffner, 2003) together with the regressiveness incurrent carbon taxation (Maier & Ricci, 2022), the distributional impact of renovationon affordability remains understudied. While this gap in knowledge is substantive tothe Netherlands, it also speaks more broadly to the incorporation of renovationwithin the study of housing affordability.
Housing affordability is arguably one of the most pressing issues in the Netherlands.Despite a nuanced descent in 2023, house prices have been on the rise for more thana decade with 19.5% increases year on year in Q1 2022 (CBS, 2022). However,housing costs are not equally distributed across the population and present starkdifferences by tenure. Dutch homeowners, even those on low incomes, are among theleast likely to be overburdened with housing costs, that is spend more than 40% oftheir income on housing (OECD, 2022). Conversely, the median burden of rentpayments for tenants, 30%, is the second highest among OECD countries (OECD,2022). Notwithstanding the Dutch housing market heading toward price correction in2023, chronic inequalities in access to housing have created a cleavage between"insiders", homeowners, and "outsiders", renters (Arundel & Lennartz, 2019).Despite housing costs being a major driver of inequalities between tenures in theDutch context, these considerations are absent in the design of housing renovationpolicies and the academic discussion on housing renovation. This has so far focusedon post-renovation energy savings and subsidy uptake across households due tolow-income levels or built fabric determinants, see for instance Brom et al., (2019)and Sunikka-Blank & Galvin (2012), and also McCoy & Kostch (2021) for thedistributional impacts of built components in housing renovation in the UK.
Furthermore, in the Netherlands, renovation subsidies come to join a series ofdistortive tax deductions favouring homeowners (Fatica & Prammer, 2018). As aresult, it is critical to understand the impact housing renovation subsidies have onaffordability to account for their distributional impact on housing costs. The recentcomparative study of housing taxation by Millar-Powell (2022) has explored howhousing taxation is underutilised and shows that adapting effective tax rates acrossincome lines can help reduce inequalities in the housing market. In the Netherlands,the withdrawal of mortgage deductions would produce the largest increase in theMarginal Effective Tax Rate of debt-owned housing among all OECD countries, 67.7points (Millar-Powell, 2022). Proposals have been made to substitute these forms ofinefficient housing taxation with a Land Value Tax (LVT) (Allers, 2020). TheNetherlands shares a lot of these traits with the UK where an LVT has also beenproposed as a substitute for council tax, a regressive form of housing taxation(Mirrlees & Adam, 2011). Particularly apposite in this context is a proposal made byMuellbauer (2018) linking housing taxation to energy efficiency through a GreenLand Value Tax (GLVT) designed to be progressive while incentivising housingrenovation. Moreover, in 2022, an EC discussion paper also highlighted the potentialof immovable property taxes to support the green transition and reduce inequalities
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(Leodotler et al. 2022).
Building on the discussion about taxation and housing renovation, this paperproposes to take a broader view of energy efficiency measures as a fundamentalcomponent of housing affordability. We propose expanding the scope of analysis toincorporate renovation policies in the distributional assessment of housing costs. Inthis vein, we pose the question: How do the financial incentives and distributionalimpacts of housing renovation policies vary across different tax scenarios? Ourapproach relies on a hedonic regression to identify green premiums combined with adistributional analysis of housing costs under two simulated scenarios: 1) the currentsubsidy and 2) a green tax model. By addressing the financial viability of renovationand its distributional impacts, this paper aims to elucidate the capacity of large-scalehousing renovation to produce winners and losers affecting housing affordabilityunequally across income groups.
The next section introduces the relevant literature on econometric approaches tohedonic pricing valuation together with the analysis of housing costs. Then, thepolicy background section presents different concepts regarding housing taxationbenchmarks as well as the most common financial incentives for housing renovation.The third section focuses on the data and the methodology composed of theeconometric approach and the user costs of housing. The fourth and fifth sectionsrespectively showcase the results and discuss their policy implications. Finally, thelast section concludes and offers directions for further research.

4.2 Literature and Background

4.2.1 Hedonic Pricing and Green Premiums

Housing prices at the micro level have traditionally been investigated using hedonicvaluation models, following Rosen (1974). In these models, housing is viewed as aheterogeneous good—a vector of characteristics— that can be individually pricedthrough the regression of the different elements on price. This approach estimatesP(z) from market data first and secondly, uses first-order conditions and marginalprices to deduce preferences. While Rosen’s model traces prices it does notdifferentiate between producers’ offer and households’ demand for housing services.To address this identification problem, shortly after Rosen’s work, Witte et al.,(1979)developed a model with simultaneous equations where they assumed thatneighbourhood quality and accessibility are shifters of bid and offer curves.
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In the last decade, Rosen’s hedonic pricing model has been widely applied to EPCs.EPCs are the main measure of energy efficiency in Europe ranking properties frommost energy efficient, A, to least, E. In the United Kingdom, Fuerst et al., (2015) usedrepeated sales data to identify the influence of EPCs on price appreciation. This paperfound a positive effect of energy efficiency on house prices, about 5% for dwellingsrated A/B compared to those rated D. The differences between stock types wereparticularly striking, with premiums of 4.5% for townhouses versus only 1.6% forapartments. In this case, the authors note that the markups are consistent withretrofit costs. In the Netherlands, Brounen & Kok, (2011) used a Heckman two-stepmethod in a hedonic pricing regression with an Instrumental Variable (IV) foridentification. They identified a 3.7% premium for dwellings with A, B or C ratings.This premium goes up to 10.2% for A-rated units. This paper finds that energypremiums are higher than the capitalisation of energy savings pointing to unobservedcharacteristics related to the materials used in construction. The need foridentification and the use of instrumental variables has been disputed by Cheshire &Sheppard (1998) who find that identification is of minor significance for theestimation of elasticities. Similar work has been conducted using only cross-sectionalhousing survey data. Ayala et al. (2016) established a premium between 5.4% and9.8% for energy-efficient dwellings in Spain. Cerin et al., (2014) offer similar resultsfor Sweden using an OLS regression; however, these were contingent on theproperty-price class with higher-value dwellings acquiring higher premiums and leastexpensive ones showing negative price-energy efficiency correlations. Also, inSweden, Wilhelmsson, (2019) used a propensity score to compare treated houseswith a control group and found a 3.36% premium, with higher impacts depending onregional climate.
More recently, also in the Dutch context, Aydin et al. (2020) used an (IV) approach toassess the capitalisation of energy efficiency in house prices. They found that a 10%increase in energy efficiency leads to a 2.2% increase in market value. Theirapproach is quasi-experimental and relies on a time discontinuity in the quality ofhousing construction in the Netherlands resulting from the introduction of the firstconstruction code in 1965 and the oil crisis in 1974, which lead to significantly moreenergy-efficient dwellings. In the case of the rental market, retrofit expenses createsplit incentives where the landlord makes the investment but the energy savings arereaped by the tenant. Research by Fuerst et al., (2015) has shown however thatthese dwellings also command a small, 6%, but significant premium in the rentalmarket. In an expansion of the traditional hedonic pricing model, this paper also usestime-on-market as the dependent variable also points to a weak negative relationshipbetween time on the market and energy efficiency ratings. Groh et al., (2022) alsofind a substantial premium for energy-efficient dwellings in the German rentalmarket, however, according to them, this premium is not enough to increase thefinancial viability of renovation in all cases. This research stream’s main conclusion isthat property premiums are complex and driven by local specificities; however, thereis a price retribution to renovation that varies in size depending on householdcharacteristics and subjacent property value.
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4.2.2 Housing Affordability and Taxation

Ultimately, green premiums are a form of asset value uplift connected to housingcosts through a household’s balance sheet (Haffner, 2003). Traditionally the viabilityof renovation is assessed through a Discounted Cash-Flow (DCF) analysis of savedenergy, which is highly contingent on the discount rate (Copiello & Donati, 2021).Copiello and Donati (2021) propose instead to use the capitalisation of energysavings into housing value which circumvents discounted predicted energy savingsas these are already priced in the property value. Following this line of work, thesetwo authors employ an asset approach to analyse renovation viability by assessingcosts and benefits in the form of value increases. Poterba (1984) first developed theasset approach to housing which understands the dwelling as an investmentproducing a series of services, an income, which ought to be subject to taxation. Thistype of asset approach to housing affordability has been usually undertaken throughthe concept of capital user costs. These have been used to assess both the costs ofowner-occupation (Haffner & Heylen, 2011) and the distributional impacts ofhousing taxation (Fatica & Prammer, 2018). The concept of user costs also providesa segue into housing taxation as these are employed in the definition of housingsubsidies (Poterba, 1984) (Haffner, 2003).
Government action through subsidisation or taxation affects housing costs,historically favouring homeownership over renting (Howard, 1997) (Kemeny, 1981).Following this research stream, housing subsidisation does not only take the form ofdirect housing allowances but can also be engrained in fiscal policy through theunder-taxation of homeownership vis-à-vis other investments (Haffner & Oxley,1999). This under-taxation can be considered a subsidy, defined as a reduction in theprice of housing services, which can ultimately make a consumer biased towards aparticular tenure. Haffner (2003) proposes to draw from user costs to analysesubsidisation. Arguably, user costs are a more comprehensive measure of housingcosts than cash flows since the former includes changes in value through accrualaccounting measures while the latter is limited to pecuniary exchanges. Equations 1and 2 show these differences between user costs and cashflows for homeowners witha mortgage, where r stands for interest, D for debt, PP for principal payment, OC forOperating Costs, V for value, δ for depreciation, and ρ for premium, expected valuechange.

C ash f low(t+1) = r ·Dt +PP(t+1) +OC (4.1)
UserCost s(t+1) = r ·Vt +δ ·Vt −ρ ·Vt +OC (4.2)

The equalisation of user costs across tenures can take different forms such as capitalgains or imputed rent taxation in income tax, as Table 1 shows (Haffner, 2003). Theobjective of these taxes is to treat the proceeds of homeownership as those fromother types of investment – tax neutrality (Mirrlees & Adam 2011). According to theMirrlees review (2011), tax neutrality is the elimination of arbitrariness in fiscalburden across households and activities. When it comes to the taxation of housing as
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an asset, the Mirrlees Review proposes to allocate a Rate-of-Return Allowance(Mirrlees & Adam, 2011), a form of capital gains taxation. Mirrlees’ fiscal proposalwould allow the (partial) deductibility of mortgage interest. In turn, it would taxexcess returns over the rate of allowance leaving households indifferent betweeninvesting in owner-occupied housing or renting and investing in other assets.Imputed rent taxation, that is the taxation of the services provided by a housingasset, is another form of achieving tax neutrality across tenures. However, theimplementation of tax neutrality is particularly challenging since this benchmark isusually far from the actual fiscal policy which often favours homeownership (Mirrlees& Adam, 2011) (Haffner & Oxley, 1999). Comparative research across Europe hasshown that mortgage interest deduction together with the lack or under-taxation ofservices from owner-occupied housing are the main fiscal instruments producinginequalities in costs across tenures (Fatica & Prammer, 2018). More broadly,Kholodilin et al. (2022) have linked the expansion of ownership subsidisation,through mortgage deductions and undertaxation, to the abolition of rent controls andnegative consequences for affordability.
Microsimulation techniques are one of the main tools used in the study of fiscal policyand its distributional consequences. Microsimulations allow to designcounterfactuals against which reforms can be assessed (Bourguignon & Spadaro,2006). This is particularly relevant when assessing tax and benefits as they shedlight over the winners and losers under different scenarios. For example, in the UK,Clark & Leicester (2005) show how income tax cuts increased inequalities whileincreases in means-tested benefits reduced them. When it comes to housing, Figariet al.(2019) use EUROMOD, the multi-country tax benefit calculator of the EU, toanalyse the distributional consequences of including net imputed rent in the taxableincome while removing the special tax treatment of homeownership. Through thiscounterfactual exercise, they identify a homeownership bias which could be remediedby raising taxes without regressive effects.

Following these fiscal imbalances between owner-occupied housing and other assets,the OECD has called for the reform of these fiscal policies and the introduction ofmore progressive forms of taxation of housing assets over the lifecycle, for examplewith the taxation of housing income through imputed rent during occupation andcapital gains at disposal (Millar-Powell, 2022). Country-specific studies have
TABLE 4.1 Taxes and Subsidies for Housing and Energy

Asset/Investment Approach Housing services/ Consumption Approach
Housing Imputed Rent TaxationMortgage Interest DeductionCapital Gains Taxation

Housing AllowanceRenovation Subsidies
Energy Green Housing Taxation Energy AllowanceCarbon TaxEmissions Trading Scheme
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explored how changes in policymaking can tilt housing taxation towards the optimallevels defined in the Mirrlees Review (2011). Haffner & Winters (2016) have analysedfiscal changes in the Belgian Region of Flanders and benchmarked five Europeancountries against tax neutrality. They find that tax neutrality is challenging toimplement but the Flemish changes in fiscal policy, reducing the mortgage deduction,did move housing taxation towards the optimum. Heylen (2013) has shown how theFlemish housing tax advantages for owner occupation are received by tax payers withthe highest incomes and the average owner-occupier receives fourfold the subsidyamount of the average tenant. When it comes to house improvements, Heylen(2013), also shows how the reduced VAT in the case of home improvement ispositively related to income, a particularly relevant finding in the context of theenergy-efficient renovations.

4.2.3 Housing Renovation Subsidies in The Netherlands

Subsidisation, through grants and loans, as well as tax rebates are commonly usedacross Europe to incentivise the energy-efficient renovation of the housing stock(Castellazzi et al., 2019). Following this trend, the Dutch government has put in placea series of grants and subsidised loans to incentivise renovation. First, the “SubsidieEnergiebesparing Eigen Huis” is a grant programme covering up to 50% ofrenovation costs when at least two energy-saving measures improving EPC levelshave been implemented. Dutch homeowners can also apply for the Investment Grantfor Sustainable Energy Savings (ISDE) in the case of single measures such as solarboilers or heat pumps (Ministry of Economic Affairs and Climate Policy, 2019). Since2022, 0% interest loans are also available to low-income households from theNational Heat Fund. On the stick side, as mentioned above, the Netherlandsimplements a regressive form of carbon taxation on individual households (Maier&Ricci, 2022). On a similar note, research by the Dutch National Bank has alsoalluded to the strong impact of energy taxation on lower incomes and the inelasticityof energy consumption. Havlinova et al.,(2022) have found that the introduction ofstronger forms of energy taxation in heated energy markets can impinge on lowerincomes resulting in regressive distributional impacts. See Table 1 for a classificationof housing taxes and subsidies. At the EU level, the Renovation Wave is activelypromoting this approach to housing renovation through its proposal to includebuildings in the Emissions Trading Scheme (ETS) together with the implementation ofrenovation subsidies(2003/87/EC). As a result, while owner-occupied housing isundertaxed, the tax burden on energy consumption at the household level is poisedto increase.
As the research presented above has shown, renovation subsidies usually come tojoin fiscal systems favouring owner occupation. These forms of direct subsidisation ofhousing renovation coalesce with increases in the fiscal burden on energyconsumption. According to Haffner & Heylen (2011), the housing taxation structurefavours owner-occupation with a mortgage through large deductions in income tax.
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In the Netherlands, imputed rent, the main form of housing taxation is calculated onthe basis of a notional rent value and then added onto Box 1 which comprises labourincome. All other income from investments is taxed under box 3 at a different rate.Haffner and Heylen (2011) have analysed the lack of tax neutrality in this system andpropose to include the taxation of housing assets under box 3 as a tax-neutralbenchmark. In the context of housing renovation, the favourable fiscal treatment ofhomeownership comes to join generous subsidies for owner-occupied housingrenovation with no maximum income threshold offered by the Dutch government.
As a response to the regressiveness of housing taxation and the subsidisation modelof housing renovation, Muellbauer (2018) has proposed a form of GLVT. This taxwould take into account land occupation and energy efficiency to excise more onthose occupying more land with less energy-efficient buildings. Although there is noland value taxation in the Netherlands, the Dutch case remains particularly appositeto test green taxation proposals through imputed rent. The work of Davis et. al(2017) is also particularly relevant in this context as it combines EPC modelling withproperty values and taxation arguing for the redistributive potential of this approach.Drawing from the literature presented above, the Netherlands lacks tax neutralityacross tenures and imposes regressive taxes on energy consumption. Theserenovation incentivising policies result from a consumption interpretation of housingrenovation as a one-off expense, not as an investment resulting in the appreciation ofa financial asset (Copiello & Donati, 2021). Albeit under-taxing it according to theliterature presented before, Dutch fiscal policy treats owner-occupied housing as anasset (Haffner, 2003). Aligning incentives for renovation with the asset interpretationof housing present in fiscal policy opens up paths for a set of green tax tools. Thispaper builds on Haffner and Heylen’s (2011) interpretation of tax neutrality toanalyse the distributional impacts of housing renovation. The proposed greentaxation framework follows Muellbauer (2018); however, it does not rely on landvalue but is embedded in the current Dutch imputed rent taxation system (see Table 2for detail).

4.3 Methodology and Data

The objective of this analysis is twofold. On the one hand, we discuss theredistributive potential of green-imputed rent taxation. On the other hand, we alsoassess the impact of green taxation on the financial viability of renovation incomparison to the current subsidy model. These issues come together in threeresearch sub-questions: 1) What are the distributional impacts of current and greenimputed rent taxation compared to a tax-neutral benchmark? 2) How do the currentsubsidy and green taxation affect the financial viability of housing renovation?3)What are the distributional impacts of subsidy and green taxation scenarios on
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housing costs? By bringing together the literature on housing affordability andhousing renovation, we want to assess the potential role fiscal policy can play in thealignment of social and environmental goals.
This paper draws from the model of marginal benefits and costs used by Copiello andDonati, (2021) which itself builds on Marshall’s marginal utility theory and waspreviously used in the analysis of energy efficiency by Jakob (2006). Recently, Grohet al. (2022) have also employed this model to analyse renovation viability in theGerman rental market. Marginal Benefit (MB) is the benefit increase resulting fromone additional unit of activity, conversely, Marginal Cost (MC) is the rise in costderived from one unit of activity. These are calculated as per equations 3 & 4 whereTB is the total benefit, that is the increase in value resulting from energy efficiencyimprovements, TC is total costs, the costs of energy efficiency improvements and
∆EPI is the change in the Energy Performance Index (EPI) a measure ofkWh/m2/year which in our case is derived from an EPC average.

MB =∆T B/∆EPI (4.3)
MC =∆TC /∆EPI (4.4)

As opposed to the use of NPV calculations highly dependent on discount rates(Copiello 2021), the use of marginal costs and benefits allows to analyse the financialviability of renovation drawing from parameters already present in the data. Asintroduced above, hedonic pricing regressions have been the traditional tool for theestimation of property premiums, that is the marginal benefit side of the model.Drawing from the economic literature presented in the review section, this paperimplements an IV approach to identify property premiums. An instrumental variableserves to determine accurate estimates through the elimination of endogeneitybiases (Angrist & Pischke, 2009). In this case, endogeneity in the EPC coefficient islikely the result of reverse causality and simultaneity bias between EPC and the targetvariable, price per square meter. Aydin et al. (2020) argue that unobserveddeterminants of home prices influence the EPI coefficient. Also, multicollinearitybetween the year of construction and EPI may increase the bias when controlling forthe construction year. Finally, Aydin et al. (2020) contend that measurement error isanother source of bias, which in this case could be reinforced through the use of EPCcertificates and EPI averages.

l og (e/sqm) =β0 +β1EPC +β2Cohesi on +β3Ur bani sati on +β4Muni ci pal i t y+
bet a5Bui ldi ng T y pe +β6Reg i on +β7Bui ldi ng Ag e +ϵ

(4.5)

EPC =α0 +α1e/sqm)+α2Cohesi on +α3Ur bani sati on +α4Muni ci pal i t y+
al pha5Bui ldi ng T y pe +α6Reg i on +α6Bui ldi ng Ag e +ν

(4.6)
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According to Angrist & Pischke (2009), the use of IV in two-stage least squaresequations (2SLS) relies on finding a variable that is correlated with the endogenousregressor of interest and is independent of the measurement error. This paper drawsfrom Aydin’s et al. (2020) approach in the use of age of construction as an IV toascertain renovation premiums. While Aydin et al. exploit the discontinuity betweendwellings built before and after 1974, as presented in the economic literaturesection, we use age of construction in a continuous form through year of constructiongroupings. EPCs are strongly correlated with age of construction as older stock tendsto be less energy efficient, fulfilling the relevance condition (see Figure 1). Weassume age of construction to be random and not directly related to price exceptthrough energy performance. This approach allows identifying the impact of a higherEPC on house value. The identification premise is that holding prices, residentincomes, neighbourhoods, and regions constant, the age of a building allowscapturing the causal impact of higher energy efficiency on house value. In this vein,the first and second stage regressions can be formulated as equations 7 and 8.
FIG. 4.1 Boxplot: Building Age and Numeric EPC (1-A, 7-G)

Source: Prepared by the author.

EPC =α0 +α1log (e/sqm)+α2Cohesi on +α3Ur bani sati on +α4Muni ci pal i t y+
α5Bui ldi ng T y pe +α6Reg i on +α6Bui ldi ng Ag e +ν

(4.7)
l og (e/sqm) =β0 + β̂1EPC +β2Cohesi on +β3Ur bani sati on +β4Muni ci pal i t y+

β5Bui ldi ng T y pe +β6Reg i on +ϵ

(4.8)
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TABLE 4.3 Descriptive statistics - WoON 2021

Statistic N Mean St. Dev. Min Max
Euro per sqm 22,913 2,629.9 1,168.5 50.4 32,200.0
Cohesion 22,913 6.5 1.8 0.0 10.0
Building Age 22,913 4.4 2.2 1 8
Urbanisation 22,913 2.4 1.2 1 5
EPC (1-A; 7-G) 22,913 2.8 1.6 1 7

The WoON dataset is used for the estimation of property premiums (BZK et al.,2022). WoON is a large household-level dataset obtained through the periodicalsurvey of Dutch households complemented with registry data. Its 2021 iterationincluded 40.000 respondents. About half of the responses included EnergyPerformance Certificates (EPC) and were used for the estimation of propertypremiums (see Table 3 for descriptive statistics). Checks conducted on therepresentativeness of the sample on income, property value and EPC distribution canbe found in Appendix A. Data on costs were obtained from the End User CostsDashboard, a dataset developed by Nederlandse Organisatie voortoegepast-natuurwetenschappelijk onderzoek (TNO) and Planbureau voor deLeefomgeving (PBL). The two cost scenarios used, renovation to EPC B and D ratingrespectively are described in Appendix B. These costs are proposed as benchmarksfor transitional plans at the municipal level and therefore offer a limited level ofgranularity at the level of the building typology and EPC certificate. Both of thesescenarios are built around heat transition, this is a particularly pressing issue in theNetherlands since an overwhelming majority of dwellings are heated with natural gas.Heat transition poses a financial challenge since it may entail higher costs thannatural gas (Rooijers & Kruit, 2018).
Finally, the changes in user costs result from renovation costs and increases in valuedetermined in the model above. The user costs of capital calculations as perequations 9 & 10 reflect the variations in user costs under two policy scenarios. Wedefine these scenarios following the literature presented in the policy backgroundsection. The first includes the current taxation benchmark and the ISDE subsidy, thesecond one incorporates a green dimension in the imputed rent taxation. Theparameters are the same as those included in equation 2 except for ρ Vt which herereflects the green property premium resulting from the renovation and Tax, whichincludes the fiscal impact.

User Costs Renovation Grant(t+1) = r ·Vt +δ ·Vt −ρ ·Vt +RetE xp −Gr ant +Tax (4.9)
User Costs Renovation Green Tax(t+1) = r ·Vt +δ ·Vt −ρ ·Vt +RetE xp +Tax (4.10)
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As the literature section on housing affordability has shown, the microsimulation ofuser costs is commonly used to disentangle the effects of taxation on households(Fatica & Prammer 2018). In this case, user costs of capital are a relevant tool sincethey elucidate the double reward of subsidising renovation for homeowners resultingfrom a direct cash transfer and asset appreciation through green premiums. Thesetwo scenarios diverge over the accounting for the financial incentive of renovation.On the one hand, the grant is a direct transfer and it is included in the user costs. Inthe green tax scenario, the renovation incentive takes the form of the Net PresentValue (NPV) of tax saved over 15 years with a conventional discount rate of 0.06,similar to the one used by Bonifaci and Copiello (2018). Arguably, the NPV of a taxcash flow is less volatile than that of energy savings and more amenable todiscounting. This incentive is included in the simulations of renovation financialviability in the next section. However, it is excluded from the user costs formula sincethis draws from accrual accounting implementing an asset approach toowner-occupied housing and does not incorporate directly investment decisions.

4.4 Results

4.4.1 Green Premiums: Analysis and Limitations

Table 4 shows the regression outcomes for the IV, OLS, and the first stage IV. Theuse of building age as an instrument holds since the F-statistic of the first stage islarger than 10. Also, the Wu-Hausman and Wald tests for weak variables aresignificant, rejecting the weak variable hypothesis (see Appendix C for details). TheEPC change estimate doubles in magnitude in the IV regression, indicating that OLSunderestimates this coefficient. Note that the results are log-level and should beinterpreted as logYt = Xβt +µt , meaning that a one-unit change in Xt (∆Xt = 1) leadsto a 100β% change in Yt . Following Angrist & Kolesar (2021), this paper adopts ajust-identified approach, interpreting the estimator results as unbiased. Theestimated 3.7% property value uplift per EPC improvement aligns with previousliterature, which finds EPC premiums ranging from 2.2% to 6%, depending on thecountry and dataset. One of the main limitations of this approach is its assumption oflinearity, which may lead to the underestimation of EPC effects in extreme cases.

A second limitation of these estimates results from certain features of the WoONdataset. WoOn consists of a cross-sectional dataset which is not amenable to somehedonic pricing analysis drawing from repeated sales data. A final limitation derives
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TABLE 4.4 Regression Coefficients

Dependent variable:
log(e/Sqm) EPC

IV (1) OLS (2) OLS (3)
EPC −0.038∗∗∗ −0.019∗∗∗

(0.002) (0.001)
Cohesion 0.011∗∗∗ 0.011∗∗∗ 0.006∗∗

(0.001) (0.001) (0.003)
Urbanisation −0.113∗∗∗ −0.118∗∗∗ −0.018∗∗

(0.002) (0.002) (0.007)
Municipality 0.024∗∗∗ 0.022∗∗∗ 0.004∗∗

(0.001) (0.001) (0.002)
Building Type 0.004 0.004 0.018∗∗

(0.003) (0.003) (0.009)
Region −0.041∗∗∗ −0.037∗∗∗ 0.005

(0.001) (0.001) (0.003)
Building Age −0.503∗∗∗

(0.004)
Constant 8.040∗∗∗ 8.007∗∗∗ 4.896∗∗∗

(0.013) (0.011) (0.041)
Observations 22,913 22,913 22,913
R2 0.270 0.260 0.463
Adjusted R2 0.270 0.260 0.463
Residual Std. Error (df = 22906) 4.958 0.332 1.198
F Statistic (df = 6; 22906) 1,341.519∗∗∗ 3,297.518∗∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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from the static estimation of a single parameter relating to property valuation andEPCs. The rise in property value is a mixture of substitution and income effects, fromenergy savings capitalised in the value of the dwelling. The shift toward a moreenergy-efficient built environment is also likely to lead to supply and demand shiftsthat affect equilibrium prices not captured by an IV analysis of this type. WhileCopiello and Donatti’s (2021) model is static, changes in property valuation resultingfrom subsidisation are likely to affect value through second and third-order effectswhich are treated more in-depth in the discussion section.

4.4.2 Distributional Impact and Financial Viability of Housing Reno-
vation

1) What are the distributional impacts of current and green imputed rent taxationcompared to a tax-neutral benchmark?
This section tackles first the distributional impact in the fiscal burden under the threedifferent taxation benchmarks presented in Table 2: Current Tax, Box 3: TaxNeutrality and Green Tax. Second, we focus on the viability of renovation in twoscenarios: subsidy and green tax. Finally, we present the distributional impact of usercosts and other indicators in those cases where the renovation is financially viable.
FIG. 4.2 Pecuniary Difference Between Tax Neutral Benchmark and Current Imputed Tax, as per Table 2,Across Income Deciles

Source: Prepared by the author.

The comparison between current imputed rent taxation and a tax-neutral benchmarkshows how the current fiscal policy favours the three highest deciles, see Figure 3.This is a result of the unequal distribution of owner-occupied housing which is
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concentrated in the highest income deciles making the under-taxation ofowner-occupied housing regressive. The tax-neutral benchmark, taxation of incomefrom housing as that of any other financial asset, would increase the averagecontribution of those on the highest income decile by 1250ea year. In the highestquartile it could result in increases above 2500e. On the contrary, the first decileshave an average change of 0 since renting is more common among these groups. Asshown in Figures 3 and 4, the impact of introducing a green dimension in housingtaxation would fall also on the highest five income deciles. However, green taxationwould only produce small redistributive effects over the current fiscal policy. Aminority in these middle to high-income groups would see its tax fall marginally, whilea majority would see small increases up to e500 per year. While green taxation doesnot have the redistributive reach of tax neutrality, its average impact over the firstincome deciles remains 0 due to the unequal distribution of owner-occupied housing.As a result, the limited increases in housing costs would only take place in thehighest-earning half of the population.
FIG. 4.3 Pecuniary Difference between Tax Neutral Benchmark and Green Tax, as per Table 2, Across IncomeDeciles

Source: Prepared by the author.

2) How do subsidies and green taxation affect the financial viability of housingrenovation?
Figure 5 schematically represents Copiello and Donati’s (2021) model of marginalbenefits and marginal costs. This graph uses the data presented above on costs andpremiums drawing from the simulated renovation of units included in the WoONdataset. The introduction of subsidies reduces the marginal costs and increasesrenovation viability; however, these also carry a certain deadweight loss. A green taxincentivises the financial viability of renovation by increasing the marginal benefitsthrough the reduction of future tax obligations. In this scenario, the equilibrium pointfor renovation is where the MB line intersects with the "MC with subsidy" line.Conversely, it is the intersection of "MB with the green tax" and the Marginal Costthat points to the equilibrium in the green tax scenario. The green tax scenario is
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FIG. 4.4 Pecuniary Difference between Current Tax and Green Tax, as per Table 2, Across Income Deciles

Source: Prepared by the author.

marginally higher which points to the renovation taking place also at higher propertyvalues in the Green Tax scenario.
As previous studies have showed (Copiello & Donati, 2021), the higher improvementsin energy performance have the lower marginal costs. The density plots in Figure 6(subsidy) and 7 (green tax) indicate that upgrading from EPC C to B, which wouldreduce the EPI by 40 on average, is often not feasible because the costs outweigh thebenefits. However, for more extensive renovations with larger EPI reductions,marginal benefits are likely to exceed marginal costs. For instance, when renovatingfrom E to B, the EPI is reduced by 240 and the benefits of renovation surpass thecosts.
A comparison between the green tax and subsidy scenarios based on the reduction inEPI is shown in Figures 6 and 7. They reveal the similar effects of these policies onthe viability of renovation from two angles: costs for subsidies and benefits for taxes.The overall changes in renovation viability are displayed in Figures 8 and 9, whichalso indicate minor differences between the two scenarios. However, Figure 9, whichshows the renovation to D, suggests that green taxation has a smaller impact onrenovation viability than subsidisation. This is because green taxation depends onenergy performance rather than renovation costs. As explained in Table 2, greentaxation aims to promote deep renovation to a high energy efficiency standard.Therefore, the post-renovation tax rebates are proportional to the EPCimprovements, which lowers the feasibility of small-scale renovations.

136 Housing Affordability and Decarbonisation in Europe



FIG. 4.5 Schematic Representation of the model- Renovation to EPC B. Marginal Costs (MC), Marginal Costswith Subsidy (MC SUB), Marginal Benefit (MB), Marginal Benefit with Green Tax (MBGT)

Source: Prepared by the author.

FIG. 4.6 Density Plots By Decrease in Energy Performance Index for Subsidy, all dwellings to label B

Source: Prepared by the author.
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FIG. 4.7 Cost and Benefit Density Plots By Decrease in EPI for Green Tax all dwellings to label B

Source: Prepared by the author.

FIG. 4.8 Viability of Renovation to EPC B, with green tax (GT), with subsidy (Sub), without any subsidy (NoSub)

Source: Prepared by the author.
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FIG. 4.9 Viability of Renovation to EPC D, with green tax (GT), with subsidy (Sub), without any subsidy (NoSub)

Source: Prepared by the author.

3)What are the distributional impacts of subsidy and green taxation scenarios onhousing costs?
The effect of financially viable renovations on user costs is shown in Tables 5 and 6for the two scenarios. Table 5 shows the user cost reduction for renovations to EPC-Bwith a subsidy. The reduction is higher for the lowest and highest income groups, andlower for the middle-income groups. This creates a U-shaped pattern. However, thetotal amount of subsidy is not distributed equally. It increases with income, whichmeans that most of the subsidy goes to the well-off homeowners, while only a fewlow-income homeowners benefit from lower user costs. In the green tax scenario, thereduction in user costs exhibits a more pronounced U pattern, with higher reductionsamong lower-income deciles than those in deciles 8 and 9. However, the total NetPresent Value (NPV) of renovation in the green tax scenario progressively increasesthe viability of investment among higher-income segments through tax savings.Consequently, the higher NPV rates together with the lower user cost reductionspoint to the untapped potential of green taxes to increase renovation rates withoutreinforcing the under-taxation of owner-occupied housing, shown in Figures 2 and 3.
Figure 9 shows that the viability of renovations to EPC-D is lower in the green taxscenario compared to the subsidy scenario. Despite this overall difference in viability,Table 6, like Table 5, presents a similar U-shaped pattern in user cost reductions forboth subsidy and green tax scenarios, with total subsidies and NPV amounts growingwith income. While green taxation seems to be more effective in increasing the
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viability of larger renovations, both simulations underscore the redistributivecapacity of green taxation. Green taxation incentivises renovation by enhancing itsbenefits instead of subsidizing its costs, thereby mitigating the regressivedistributional effects of current fiscal policy.

4.5 Discussion and Policy Implications

This paper contends that housing renovation policies ought to be conceptualisedwithin housing subsidisation and taxation frameworks to grasp morecomprehensively their distributional consequences on affordability and housingcosts. Our analysis hinges on two points, first the estimation of energy efficiencypremiums and, second, the calculation of user costs to assess the distributionalimpacts of housing renovation. This paper has followed Copiello and Donati (2021) inits departure from the usual DCF model used to assess renovation viability. Researchbased on the DCF model usually focuses on energy consumption patterns andassesses the viability of renovation based on energy savings. Using an assetapproach allows to circumvent the discounting of energy savings therefore reducingarbitrariness in the election of a discount rate.
Our results show that renovation policies based on subsidisation reinforce thehomeownership bias present in the current Dutch fiscal policy. The key policytakeaway is that green taxation offers possibilities to increase the financial viability ofrenovation and mitigate regressiveness in housing taxation. This is accomplished bymobilising untaxed housing income towards renovation. Conversely, theregressiveness of housing renovation subsidies is a result of home ownership beingconcentrated among taxpayers with higher incomes. As shown in the prior section,incentivising renovation through a green tax is overall more redistributive thanthrough subsidies. This is in line with the proposals of Muellbauer (2018) and Daviset al (2017). However, compared with a fully tax-neutral benchmark a green tax hasa more moderate distributive effect (Haffner & Heylen, 2011). Ultimately, imposingthe same treatment to imputed rental income and other forms of income from wealth,thus eliminating homeownership bias, would require a much deeper rearrangement ofthe fiscal burden than the introduction of an energy efficiency element in imputedrent taxation.
The findings of this study also resonate with a recent OECD report which hashighlighted the need to account for heterogenous taxpayers according to tenure(Millar-Powell, 2022). Renovation subsidies are targeted more strongly towardshomeowners than renters. This could lead to regressive outcomes in countries whereproperty ownership is concentrated among higher-income households. However,renovation viability has impact on both households’ balance sheets and cash flows.
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While tax increases incentivise renovation, they do not reduce up-front costs.However, the existing subsidised loans already enable the elimination of upfronthousing costs. Thus, green-imputed rent appears as a complement to subsidisedrenovation loans incentivising reticent households. For instance, in France,zero-interest renovation loans boosted renovation rates in the first two years of theirintroduction, especially for low-income homeowners. However, the demand for theseloans declined over time (Eryzhenskiy et al. 2022) highlighting the need for furtherstimuli. On a similar note, tax increases could pose affordability challenges forlower-income homeowners, the asset-rich income-poor. Although, as stated in theintroduction, low-income homeowners in the Netherlands are unlikely to live inunaffordable housing, deferring the payment of imputed rent tax until the property issold or inherited would ease this burden.
Taxing income from housing through imputed rent according to its underlying energyefficiency is also complementary to a transition based on increasing energy coststhrough carbon taxation. There are multiple forms of carbon taxation (Rosenow et al.,2023) and the multiple effects these produce are beyond the scope of this paper.However, when it comes to the Netherlands, the carbon tax embedded in energyprices has been identified as one of the leading causes of regressiveness in the Dutchfiscal system (Maier & Ricci, 2022). The introduction of green imputed rent taxationfocusing on energy-consuming assets instead of on energy consumption has thepotential to revert these regressive distributional impacts. Groh et al. (2022) arguethat, in the German case, splitting a C02 tax between landlord and tenant may provetoo low to overcome split incentives preventing landlords from renovating theirproperties. Ultimately, the introduction of taxation on landlords and imputed rent onhomeowners shares a similar objective: by taxing revenue from a polluting asset, itincentivises its renovation.
One of the key limitations of this research stems from a simulation constrained tofirst-order effects. Although this type of simulation offers insights into thedistributional capacity of taxation and subsidisation policies, these simulations do notaccount for long-term effects which are affected by portfolio adjustment decisions.For example, in the US, Poterba and Sinai (2011) have shown how the revenue raisedthrough the phasing out of mortgage interest deductions is highly contingent onportfolio decisions resulting from behavioural adjustments. A green tax is likely tohave ripple effects diverting capital from real estate into other sectors. While thiscould accentuate green premiums, disinvestment into real estate could affect overallvaluations ultimately having an impact on renovation viability. A structural equationmodel would serve to disentangle these effects. A more complex model of housing,following the likes of Skinner (1996) and Berkovec & Fullerton (1992), can helpelucidate second-order dynamics related to affordability and consumption. A similarissue is highlighted by Figari et al.(2019), while the taxation of imputed rentsincreases homeownership costs, this inequality-reducing effect may be lower afterportfolio and market adjustments. While in silico simulations allow for the comparisonof ideal models, it is key to contextualise these findings within the literature onex-post policy evaluation. In this regard, Neveu and Sherlock (2016) point out thattax credits for residential energy efficiency are inequitable in the US context sincelower incomes or those already benefitting from deductions receive a lower benefit
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than those with a higher tax liability. This paper points again to the regressive effectsof tax cuts and subsidies resulting from the uneven distribution of homeownership.
Another limitation in our approach is the absence of explicit decision-makingprocesses in renovation choices. While we show that the theoretical financial viabilityof renovation changes little under the green tax scenario with respect to the subsidyone, decision-making processes are much more complex. It is beyond the scope ofthis paper to assess the behavioural reactions to these policies. However, reactionsto taxation and subsidisation have been studied from an array of perspectives (seefor example Chetty et al., 2009). When it comes to housing renovation, thediscounting approach coupled with behavioural theory has been most widely used toshed light on individual households’ decision-making processes (see for exampleEbrahimigharehbaghi et al. 2022). The findings presented in this paper aim tocomplement the analysis of individual decision-making by interrogating the overalldistribution of housing user costs.
Together with the limitations in its behavioural dimension, this paper is alsoconstrained by the limited granularity in cost data and fabric interventions.Consequently, user behaviour and actual energy consumption after renovation arebeside the issues of housing appreciation and distribution explored in this paper.McCoy and Kotsch (2021) have shown that building conditions are likely to impactthe redistributive effects of housing renovation. As shown by Brom et al., (2019),user characteristics after renovation are also an issue when it comes to energysavings. Moreover, energy efficiency improvements are not necessarily correlatedwith energy savings following the rebound and prebound effects identified forexample by Sunikka-Blank and Galvin ( 2012). These effects could result in assetappreciation also being joined by increases in costs for future occupants. Thedecoupling of energy savings from property appreciation could impinge further onaffordability, particularly in the case of renters.
Ultimately, this paper has aimed to problematise a model of housing renovationbased on state-led asset appreciation through subsidisation and under-taxation.Under this model, it is asset owners, those with the higher incomes in the Dutch case,who stand to reap the main benefits of renovation while only covering a proportion ofthe costs. Green imputed rent, a similar model to that of Muellbauer (2018), offers aredistributive counterpoint further elucidated by assessing housing affordabilitythrough the reductions in user costs. However, this paper has estimated one keyparameter and its results rely on simulations limited to first-order effects on viabilityand affordability. A more comprehensive analysis should interrogate renovationfocusing further on welfare distributional analysis to assess the different policyoptions more comprehensively.
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4.6 Conclusion and Recommendations

In conclusion, this study underscores the pressing need for adjustments in housingtaxation and renovation policies to address the unequal distribution of housing costsin the Netherlands. Arguably, by focusing on energy efficiency gains, policymakershave remained oblivious to economic inequalities. As presented in the introduction,among OECD countries, Dutch renters spend on average the second highestproportion of their income on housing. Conversely, Dutch homeowners are the leastlikely to face affordability issues. Furthermore, the regressive outcomes of a carbontax on energy and the under-taxation of home ownership impinge on the unequaldistribution of housing costs. In this context, renovation policies carry the risk offurther increasing the divide between homeowners and renters.
This paper’s main takeaway is that green imputed rent taxation can makehomeownership fiscality less regressive while concurrently incentivising renovation.Green imputed rent operates at the intersection of energy taxation and theprogressive treatment of housing as a financial asset generating revenue.EPC-weighted imputed rent produces incentives for energy-efficient renovations byincreasing their marginal benefits. Conversely, renovation subsidies increaserenovation viability through cost reductions. These grants ultimately capitalise onproperty prices which further subsidise reductions in the user costs ofowner-occupation, arguably one of the main drivers of housing affordability.
The introduction of green imputed rent taxation would marginally reduce thedistortion of housing taxation from the tax-neutral benchmark, while enhancing thefinancial feasibility of renovations for homeowners. Rather than relying on additionalstate subsidisation, homeowners would be incentivised to finance the improvement oftheir dwellings themselves. Although this might be desirable from a renovationfinance and equity perspective, it would impose a burden on the budgets of a largesegment of homeowners. Hence, a key obstacle to the implementation of green assettaxation would be the social acceptability of homeowners’ contributions. From anacademic perspective, the analysis of renovation subsidies within the broaderframework of housing fiscal policies reveals the potential for aligning socialredistribution and environmental objectives. The taxation of energy-consumingassets instead of energy consumption itself offers a greater redistributive potentialfor housing costs. Such a redistributive shift might be crucial to address thedisparities between homeowners and renters who are excluded from the valueappreciation resulting from a renovation.
At the European level, tenure composition varies widely across countries, a factorthat is likely to influence the effectiveness of carbon taxation and renovationsubsidies. For example, the distributional impact of different renovation subsidies islikely to be very different in Southern and Eastern European countries wherelow-income homeownership is more common than in the Netherlands. Comparativeapproaches are instrumental in interrogating the potential of renovation policies and
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formulating tailored approaches to each national context. While cross-countrydatasets like EU-SILC and tools such as EUROMOD allow for the microsimulation ofhousing taxation, the lack of comparable data for renovation costs and housingquality hinders the comparative analysis of "green" forms of housing taxation. As theEU and member states introduce Minimum Energy Performance Standards (MEPSs)in owner-occupied housing, more research is needed to interrogate the distributionaloutcomes of large-scale housing renovation. This requires a better understanding ofsecond-order effects on property prices and portfolio decisions, as well as onconsumption and welfare.
Finally, this paper has offered an initial investigation of the effects renovation policiescan have on housing affordability. A contextualised approach is employed to accountfor the heterogeneity of households and tenures and to assess the costs and benefitsof renovation for different groups. It is shown that renovation policies havedifferential impacts on housing affordability and may produce winners and losers inthe decarbonisation process. Further research is needed to explore the distributionalconsequences of renovation policies and their interplay with other housing policies.
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PART 2 Finance and Provision
Part 2 explores the interplay between housing provision systems and policies,focusing on their design, implementation, and practical implications. The firstchapter in this part adopts a political economy perspective to analysehomeownership subsidies in Croatia, focusing on their establishment, core targetingprinciples and impact on the housing market. Continuing with this logic of analysingthe impact of housing policies on provision, the second chapter investigatessustainable finance legislation at the EU level and its influence on social housingfinance across five Western European countries (France, The Netherlands, Denmark,Austria, and Germany). Drawing on the experiences of other European countries inbuilding and managing social housing, the third chapter examines social housingprovision in Spain through public-private partnerships (PPPs) highlighting specificfinancial challenges.

While these chapters address different policy domains—homeownership subsidies,financial regulations, and PPPs design and implementation—they share a qualitativemethodological approach. Each chapter draws on its own set of semi-structuredinterviews complemented by descriptive statistics, with an emphasis on practicalimplementation issues. Also, these three chapters were written in close collaborationwith non-academic partners: CERANEO in Croatia, Housing Europe in Brussels, andthe Catalan Land Institute in Barcelona. Together, these studies provide insights intothe implementation of housing policy, demonstrating the potential of bridgingacademic research and practitioner expertise to better tackle housing provisionchallenges.

151



5 The Role of Mortgage Sub-
sidies in the Croatian Eco-
nomic Growth Strategy
a political-economy approach tothe SSK

152 Housing Affordability and Decarbonisation in Europe



Abstract 1

Since 2017, Croatian housing policy has focused on promoting homeownershipthrough the SSK programme – a form of mortgage subsidisation that covers aproportion of housing costs. Although this policy aimed to improve affordability andincrease homeownership, a recent economic evaluation has shown that the SSK hasin fact contributed to rising house prices and has been ineffective at raising thehomeownership rate. While econometric research has identified the impact that theSSK has had on house price volatility and affordability, the underlying factors leadingto the implementation of this subsidy, as well as its broader societal impacts, remainunder-researched. Through a political-economy lens, this paper analyses the contextthat led to the inception of the SSK, its core targeting principles, and its impact onthe housing market. We ask: How does this subsidy position the Croatian housingmarket within the national strategy for economic growth and social policy provision?We argue that this policy’s impact on housing markets is twofold. First, the SSKreinforces a shift towards financialised growth through increased asset prices.Second, this subsidy shifts the focus of social policy towards mortgage markets,thereby furthering the privatisation of the welfare state and favouring middle-incomegroups. This paper’s contribution resides in critically discussing the SSK beyond itsstated goals and contextualising it within the broader model of economic growthdependent on private finance. Through interviews with relevant stakeholders,descriptive data indicators, and a review of policy documents, this papercharacterises the Croatian growth strategy as a form of small-scale financialisationthat relies on aligning social policy with mortgage markets. Finally, we position theSSK within a wider array of finance-led housing policies and suggest the formulationof a comprehensive housing strategy tailored to the broader segments of Croatiansociety.

1This chapter has been published as Fernandez, A., Bezovan, G. (2023). "The Role of Mortgage Subsidies inthe Croatian Economic Growth Strategy: a Political-Economy Approach to the SSK." Critical Housing Analysis,10(1), 50-65.https://doi.org/10.13060/23362839.2023.10.1.553.Minor modifications have been madeto the text to correct editing.
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5.1 Introduction

In 2017, the Croatian Parliament introduced a new housing loan subsidy programme(Cro. Subvencioniranje Stambenih Kredita – SSK)2 with the dual objective ofincreasing affordability and homeownership while also encouraging demographicgrowth. Using data from 2017 to 2019, a first evaluation of this subsidy’s impact onthe housing market identified the opposite effect – worsening housing affordability(Kunovac & Zilic, 2021). Using an econometric model, Kunovac & Zilic (2021) showhow the SSK has resulted in recurrent house price inflation while failing to increasehousing supply and homeownership rates. Their evidence suggests that the majorityof subsidies have been concentrated in urbanised areas with already developedhousing markets, rather than stimulating economic development in less dynamicregions, as originally intended. While this economic evaluation quantified the impactof the SSK on house prices and affordability, the underlying factors leading to theimplementation of this subsidy, as well as its broader societal implications remainunder-researched. Tackling them requires the problematisation of the role of financialmarkets in national economic development (Reisenbichler, 2020; Schelkle, 2012).
In recent years, the financialisation of housing markets has strengthened the linksbetween housing policy, economic development, and inequalities (Aalbers &Christophers, 2014). Financialisation has been defined as ‘the increasing dominanceof financial actors, markets, practices, measurements and narratives at variousscales, resulting in a structural transformation of economies, firms (includingfinancial institutions), states and households’ (Aalbers, 2019). Financialisation hasgenerated a rich literature on the integration of housing finance and public spendingin Western countries (see, for example, Fikse & Aalbers, 2021). In Croatia,financialisation has resulted in a set of predatory practices, such as foreigncurrency–denominated mortgages (Mikuš, 2020). During the last decade, the rise inCroatian house prices above European averages (1.A) has been accompanied by anew cycle of debt that raises questions about the risks of the current housing boom(Mikuš, 2022). In Croatia, political economy has served as an analytic lens forexamining social protection policies that result in forms of clientelism and a familistwelfare state (Stubbs, 2019). This political-economic approach to housing policyproblematises mortgages and economic growth and thereby offers a relevantcounter-perspective to that of the literature on housing regimes (Kemeny, 1981),which has tended to focus on the comparative analysis of countries in which tenures,such as the private rental sector (Bežovan, 2018), share similar characteristics.
Building on the political-economy approach to housing policy, this paper focuses onthe context that led to the inception of SSK, its core targeting principles, and itsimpact on the housing market. Our objective is to link the literature onfinancialisation to specific features of the SSK’s inception, implementation, andoutcomes to examine its broader social and economic objectives. We ask the
2The subsidy was introduced by the Act on the Housing Loans Subsidies (‘Zakon o subvencioniranju stambenihkredita’ – ZSSK) (Official Gazette 65/2017, 61/2018, 66/2019 and 146/2020)
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question: How does this subsidy position the Croatian housing market within theCroatian national strategy for growth and social policy provision? We argue that theimpact of this policy on housing markets is twofold. First, the SSK reinforces a shifttowards financialised growth by producing an increase in asset prices. Second, thissubsidy shifts the focus of social policy towards mortgage markets which deepensthe privatisation of the Croatian welfare state favouring middle-income groups.
To explore these issues, we first formulate an analytical framework that draws onexisting literature, and we identify three key dimensions relevant to our analysis. Themain empirical section then builds on these concepts to explore the Croatian context.We mainly draw from semi-structured interviews with relevant stakeholders, such ascivil servants, estate agents, mortgage lenders, and academics. We also presentsecondary data from European and national sources. Furthermore, we include areview of policy documents and an analysis of parliamentary minutes. Finally, weconclude by contextualising the SSK and mortgage subsidisation policies within otherfinance-led growth strategies across Europe.

5.2 Growth Strategies and Housing Policy

A growth strategy, as defined by Hassel and Palier (2020) refers to a ‘series ofdecisions and reforms, taken by either government or producers’ groups (. . . ) inorder to boost growth and stimulate job creation in a specific national context’ (p.21). This concept calls for a contextual policy analysis that takes into account theeconomic climate that led to the adoption of a policy, while also considering thesocial and economic impacts beyond the immediate scope of the policy. Followingthis approach, Hall (2020) suggests that policies should be seen as part of explicit orimplicit strategies that evolve in response to social issues while being embedded in aparticular political understanding of economic issues. In this section, we draw onexisting literature to identify three key dimensions that examine the role of housing ingrowth strategies.
First, investment in the housing market plays an instrumental role in finance-ledgrowth strategies by increasing asset prices. Traditionally, housing development hasbeen seen as a conduit for macroeconomic policy, as low interest rates and publicspending increase demand and facilitate the creation of construction jobs duringrecessions (Piazzesi & Schneider, 2016). Hofman & Aalbers (2019) note that in theUK investment in existing properties has displaced new construction by the hand ofpolicies that rely on finance-fuelled property markets for economic growth. Morerecently, Gil García & Martínez López (2023) contextualised the creation of aninvestor-friendly regulatory framework in Spain after the GFC as part of a broaderstrategy to increase asset prices and reignite property markets through the
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privatisation of the social housing stock.
Second, social policies centred on homeownership and mortgage market subsidiesamplify the role of housing as a financial asset. Howard (1997) made one of the firstattempts to interrogate the subsidisation of homeownership through mortgageinterest deductions. Schelke (2012) has argued that since the GFC, financialmarkets, and mortgages in particular, have become the preferred target of socialpolicy either by fostering existing markets or creating new ones to facilitate access tocredit. Easy access to mortgage debt is one of the key features of a finance-ledsystem that allows households to support their consumption while it keeps assetprices high. However, as a result households are exposed exposing to increasedborrowing risks (Crouch, 2011). This in turn can lead households to negative equityand foreclosures in the event of a market downturn (Mian et al., 2013). Building onthe concept of growth regime and drawing on a Germany-US comparison,Reisenbichler (2020) points out how internal demand-led growth complementsfinancialised housing policies, while export-oriented countries tend to be moreconservative in their housing finance policies.
Third, subsidising homeownership boosts prices, which ultimately increasesinequalities and worsens affordability. Across Europe, marketised and financialisedhomeownership policies have been criticised for their failure to deliver affordablehousing, reducing access to homeownership and exacerbating price volatility(Arundel & Ronald, 2021). This contradiction between attempts to increasehomeownership resulting in worsening affordability (Fikse & Aalbers, 2021), could beinterpreted as an analogous process to the one identified by Kunovac & Zilic (2021)in their economic evaluation of the SSK described above. Ultimately, within Europe,transitional countries are dominated by systems based on homeownership, familism,and intergenerational solidarity (Stephens, Lux and Sunega, 2015). These featuresmake them particularly prone to adopt financialised growth policies that rely onmortgage credit to stimulate the housing market.

5.3 A Politico-Economic Approach to the SSK

The following empirical section employs the three dimensions presented above toanalyse the context that led to the formulation of the SSK, its core targetingprinciples, and its impact on housing provision.
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5.3.1 A policy for finance-led growth: background and inception

After independence, homeownership came to occupy a central role in Croatia, ashousing policy followed the path set by liberalisation in the West. The privatisationand residualisation of social housing through giveaways and right-to-buy initiativesled to an overreliance on ownership as the main tenure (Figure 1.E). In the firstdecade of transition, the number of public housing units public housing unitsdecreased from 24% in 1991 to 2.6% in 2001, while homeownership increased from64% to 82.9% (Bežovan, 2013). The 2000s saw a significant increase in prices andhousing permits (Figure 2.C), as asset prices were boosted by a transfer taxexemption for first-time buyers, the expansion of mortgage markets, mortgageinterest deductions, and subsidies for private rental households that continued to beprovided until 2010 (Bežovan, 2019).
The GFC temporarily brought to an end the era of rising house prices. The creditmarket froze and, in the face of fiscal contraction, the limited public housing supplyalso declined, and the number of newly built dwellings plummeted as a result (Figure2.B). The collapse of the housing and stock markets reduced the financial assets of ageneration of Croatian households, while leaving a trail of stagnating property pricesand unsold housing units. To reignite the housing market, the government devised aseries of fiscal and subsidy measures, such as a state guarantee for the sale ofunoccupied dwellings in 2011 (Bežovan, 2019). However, despite governmentefforts, the deep economic crisis had a long-term impact on the housing market andcaused chronic stagnation in the number of both permits and completed dwellingsthat lasted until 2015 (Figures 2.C & B). It was in the context of earlier signs of mildrecovery after stagnation that the SSK, the subsidy in question, was formulated.
The SSK Act states that mortgage subsidisation has two specific aims. First, it aimsto improve housing affordability for younger households and increasehomeownership rates. Second, it assumes a link between housing affordability andhigher birth rates, which should ultimately lead to further demographic and economicgrowth. E-consultations and debates in Parliament during the adoption of thislegislation and its amendments highlight some of the concerns raised at the time ofthe SSK’s inception3. One of the main criticisms levelled when the legislation wasbeing discussed was that the high income requirements meant only 10% of thepopulation would be eligible for the subsidy and the legislation did not full take intoaccount the ability to repay the loan after the subsidised period 4. This critique callsinto question the premise on which the SSK is built – namely, that an increase in debtand ownership among a broad household base will fuel economic and demographicgrowth. However, in the Croatian case, with only a small proportion of householdsbeing mortgage-eligible and a high proportion of outright homeowners, the SSKcould only have a limited effect on homeownership rates, which in fact peaked in2015 (Figure 1.B).
3See https://esavjetovanja.gov.hr/ECon/MainScreen?entityId=44924Phonogram from the parliamentary discussion of the reading of the ‘Final bill on subsidisinghousing loans (link), second reading, P.Z. no. 126; 36, p. 19; Lovrinović, Ivan: ‘. . . only10% of the young people working full time will be eligible to compete for this loan’. Seehttps://edoc.sabor.hr/Views/FonogramView.aspx?tdrid=2013072
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While the SSK builds on an international tradition of mortgage subsidies anddeductions (e.g. Howard, 1997), its focus on asset-price growth rather than onaccess to homeownership is more blatant since Croatia already has extremely highrates of outright ownership (1.E). Effectively, the economic stimulus resulting fromthe SSK was limited to middle- to high-income households – those with access toasset markets. Sociological research on tenure structure and housing careers hasshown Croatia’s similarities to other Southern European states: a high degree ofhomeownership and family-backed housing provision centred on residentialinheritance (Rodik et al., 2019). According to Lux, Hájek and Kážmér (2017),inequalities in housing tenure have been replaced by inequalities in residentialwealth, making the value of residential property an important determinant of socialinequalities and stratification. Ultimately, the SSK was ineffectively targeted as aresult of the unequal income distribution, since the privatisation of the social housingstock had already turned a majority of households into homeowners.
The SSK legislation was also criticised proposing instead a reduction or exceptionfrom the 3% real estate transfer tax in the case of first-time home-buyers (Bežovan,2019)5. Moreover, a higher subsidy amount was also proposed for applicants in theless developed parts of the country, which the government initially refused, but lateraccepted in an amendment to the legislation 6 Although the legislation that wasadopted ultimately took into account geographical inequalities, its regressivetargeting in terms of income was not amended. The criticism raised in parliament thatcharacterised the SSK as an economic stimulus aimed at middle- and high-incomehouseholds through mortgage markets is substantiated by the specific compositionof housing tenures in Croatia and by the existence of fiscal measures geared towardshousing price appreciation. At the time of its inception, the SSK was already beingcriticised for its contradictory design, which failed to reach people with lower incomesand ultimately relied on increasing debt among middle-income households tostimulate asset price growth. This will be covered in greater depth in the next section.

5.3.2 A social policy for mortgage markets: targeting and implemen-
tation

As outlined above, the SSK continues the traditional focus of Croatian housing policyon homeownership. At the time of its first round of implementation in 2017, theSSK’s eligibility criteria required applicants to be no older than age 45 and to havesuccessfully applied for a loan with a registered bank for the purchase or
5Phonogram from the parliamentary discussion of the reading of the final form of the bill on changes andamendments to the Act on Subsidising Housing Loans (link), urgent procedure, first and second reading, P.Z.no. 8668; 68: p.10; Selak Raspudić, M: ‘first property tax . . . you will receive 3% from the State. . . ’. Seehttps://edoc.sabor.hr/Views/FonogramView.aspx?tdrid=2015139.6Phonogram of the parliamentary discussion of the reading the final form of the bill on changes and amend-ments to the Act on Subsidising Housing Loans (link), urgent procedure, first and second reading, P.Z.no. 8668; 68: p.11; Selak Raspudić, M: ‘. . . the percentage of financing according to the develop-ment index is also questionable, since a higher development index requires a higher loan amount’. Seehttps://edoc.sabor.hr/Views/FonogramView.aspx?tdrid=2015139.
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FIG. 5.1 Quantitative Indicators 1
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FIG. 5.2 Quantitative Indicators 2
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construction of a property. The maximum subsidy was capped at 100,000 EUR andthe maximum property price eligible was 1500 EUR/m2. The subsidy percentage wasalso capped at between 30% and 50% of the property’s value, with less developedareas of the country being eligible for a higher subsidy percentage. Properties abovethe 1500 EUR/m2 threshold were still eligible, but the subsidy was only applied tothe value below this amount. The minimum duration of the loan was 15 years and theEffective Interest Rate (EIR) during the first five years of its repayment could notexceed 3.75% per annum. The subsidy covered up to half the amount of the monthlyinstalments or annuities for the first five years. A special feature of the SSK is that, incontrast to other European countries, the mortgage subsidy in Croatia is not ‘hidden’in a deduction, but takes the form of a direct payment (Kholodilin et al., 2022). Sincethis subsidy was designed to encourage demographic growth, households who hadchildren in the five years after first receiving the subsidy had their subsidy extendedfor two more years per child. In addition, if a member of the household had a 50% ormore disability, the subsidy was provided for one additional year. Finally, the SSKforbade recipients from renting out the home within two years of the end of the grantand the property had to be the recipient’s registered home address. 7

Noticeably, the SSK’s eligibility criteria are remarkably high in its upper brackets forage and property value and effectively do not include any top income cap. Indeed,the subsidy was not even restricted to first-time buyers. Income requirements at thelower end are set indirectly through bank lending criteria and macroprudentialpolicies that do not provide any favourable rates for lower- or single-incomehouseholds. Macroprudential restrictions usually require a 25% debt-to-income ratiofor average incomes, which can rise to 50% in the case of two-income households. Inour interviews with the four major banks in Croatia, they stressed their confidence inthe solvency of their borrowers. From the bank’s perspective, these mortgages are alow-risk product as they are based on variable rates and are only accessible tomiddle- and high-income households. Moreover, the lack of a deed-in-lieu offoreclosure produces an uneven sharing of the risk between borrower and lender.
Our interviews with mortgage lenders also revealed the possibility of obtaining amortgage of up to 100% LTV, as determined by national lending criteria. However,disparities between asking prices and bank valuations may lead to a lower mortgageamount, as one of the real estate agents we interviewed pointed out:

Bank valuations are problematic since they are based on data from prior years andprices actually grow every day. A client asked a bank for a loan and was rejectedbecause their valuation said it was too high but we know that that’s the askingprice from the market, the prices in the database are the ones that are low.
— Real Estate Agent, 2022

This suggests that the pace of house-price growth is actually outstripping projectionsby bank valuations, a phenomenon directly attributed to the SSK by Kunovac & Zilic(2021). By focusing on ownership with a mortgage as the preferred tenure, the SSK
7Zakon o subvencioniranju stambenih kredita (Act on the Housing Loans’[Credit] Subsidy), Official Gazette65/2017, 61/2018, 66/2019 and 146/2020.
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indirectly targets those in middle- to high-income brackets. In its implementation,this creates two contradictions: on the one hand, the lending criteria shift the risktowards beneficiary households and, on the other hand, it is sellers, outright owners,and landlords that benefit from increased property prices. While the Croatian housingmarket shows signs of mortgage-led financialisation, the absence of other actorssuch as REITS or practices such as securitisation, highlighted by mortgage lendersduring our interviews, turns the Croatian example into a particular case ofsmall-scale financialisation – an idea that will be developed in the next section.
In addition to its eligibility criteria, another key feature of the SSK’s roll-out is that itis only open to applications during a specific period each year on a first-come,first-served basis. This produces a crowding of investment into the space of a fewmonths because the subsidy application requires that there first be a mortgage offerfrom a bank. Consequently, there is a spike in market activity, producing erratichouse price growth (Figure 2.D). As one estate agent put it, the application processfor the SSK has the effect of periodically igniting the housing market:

The SSK is disconnected from new buyers and does not create a new market butinstead has an effect over the market as a whole (. . . ). Since it is a time-scheduledmeasure, it produces disturbances when prices go up because for a moment it is asellers’ market. Every year prices go up and then they don’t really come down, andthe next year they go up again.
— Real Estate Agent, 2022

This cyclical pattern provides insight into the relationship between asset appreciationand mortgage subsidisation. This observation was also shared by other real estateagents, who see their workload fluctuate throughout the year. This is exacerbated bya fiscal regime where taxes on rental income are very low and favour buy-to-let(Bežovan, 2018). The SSK pursues a selected investment approach, by targetinghigher income groups, as explored by Stubbs on other social policy areas (2019), andit is thereby part of a financial growth strategy pushing middle- and upper-incomehouseholds into overvalued housing. While those in lower income brackets arerelegated to low-quality housing, higher income households with easy access tocredit become the main risk bearers in this type of financialised growth strategy.

5.3.3 Unintended consequences? Unaffordability and financialisa-
tion

Ultimately, this growth strategy, which is dependent on real-estate demand, hasresulted in capital being diverted from productive sectors. The SSK has strengthenedthe position of the housing market as one of the main loci of investment, whichhinders the development of a mature financial market. As one real estate expert weinterviewed put it:
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Croatians made a series of bad investments in the 2008 crisis. Households lostmoney in Potemkin-like villages and in the stock market. Stocks were a goodoption until 2008. Now, there is distrust of new construction and the stock market.
— Real Estate Agent, 2022

Since 2015, the capitalisation of the stock market has increased moderately,although the number of trades has decreased (Figures 2.G, 2.H). In fact, Croatia’svalue of stock traded is low even by the standards of transitional countries (Figure 3).The growth of stock prices has also been sluggish, and the ownership share ofincome is still low (Eurostat, 2021). However, the annual price growth of existingdwellings has continued to increase steadily over time (see Figure 2.D). House pricegrowth (Figures 1.A & 2.E) and accompanying unaffordability have been two of thekey consequences of the SSK (Kunovac & Zilic, 2021). While the impact of theprogramme on house price growth was discussed during the debate on the mostrecent amendments to the SSK Act in 2020, these concerns were ignored in the finalform of the bill that was adopted. 8

Following Hassel and Pallier (2020), this pattern of house price growth, motivated bylow-cost and accessible credit, serves to identify expansionary phases indomestic-led growth strategies. While new construction has been sluggish in linewith the demographic trend (Figure 2. A & B), growth in existing house prices hasbeen sustained and even outpaced growth in some areas of Western Europe (Figure1.A). According to our interviews with real estate experts, this is the result of acombination of direct investment from tourism (Vizek et al., 2022), increased realestate purchases by foreigners, mostly other EU citizens 9, and accessible creditthrough government subsidies. As one agent remarked:
New buildings and good buildings tend to be bought in cash much more often.50% of the transactions I do are in cash, mostly income from tourism. Also, about30% of my buyers are foreigners. Tax on renting is very low and capital gains areexpected over 5 to 10 years so people wait before realising losses in a marketdownturn. Very different from the 2008 crisis where the new builds were beingbuilt and not sold. This time there’s very little new build. (Real Estate Agent, 2022)

— Real Estate Agent, 2022

SSK has contributed to an already unstable, investment-driven housing market.Ultimately, the increased house price volatility also has higher risk implications. Infact, drawing on research by the National Croatian Bank, the European Systemic RiskBoard (ESRB) issued a warning in December 2021 suggesting that:
8Phonogram of the parliamentary discussion of the reading of the final form of the bill on changesand amendments to the Act on Subsidising Housing Loans (link), urgent procedure, first and sec-ond reading, P.Z. no. 8668; 68: p. 44, Tomašević, T.: ‘we had 10% of real estate priceincreases in Croatia compared to 4.5% of the average increase in the European Union’. Seehttps://edoc.sabor.hr/Views/FonogramView.aspx?tdrid=2015139.9In 2021, German residents bought 2,637 properties in Croatia, which is an increase of 1,089 sales or as muchas a 70% increase compared to 2020; Austrians made 1,109 purchases (472 more properties or an increaseof 74% compared to 2020). Source: https://www.burza-nekretnina.com/svijet-nekretnina-savjeti/clanak-109-stranci-kupuju-sve-vise-nekretnina-u-hrvatskoj.
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FIG. 5.3 Value of Stock Traded Croatia and Countries in the Region ( % of GDP)

a substantial share of new loans had a loan-to-value (LTV) ratio higher than 90%in the first half of 2021. Many of these loans, were government-subsidised loans,whose LTV ratios typically ranged between 90% and 100%. Approximately 10%of new loans had an LTV over 100%, while one-quarter of new loans were alsogranted with a loan service-to-income (LSTI) ratio over 40%. (ESRB, 2021 p. 3).
— ESRB, 2021 p. 3

The ESRB identified the growth in household credit, the signs of overvaluation in thereal estate sector, and the lack of borrower-based risk mitigation measures as someof the main vulnerabilities of the Croatian housing market. However, the warning alsorecognised that Croatian household indebtedness is low compared to other Europeancountries (Figures 1.B & C) and highlighted the high capitalisation of Croatian banks.The economists we interviewed also pointed out that a major future shock could berelated to a rise in interest rates, which will likely reduce the flow of money going intoreal estate and direct it into savings accounts. In the current market, where someunits are overpriced, this poses a risk to developers and mortgagors, who may endup with negative equity. On the household side, the vulnerabilities of a potentialmarket downturn seem limited to a small number of highly leveraged households.This reinforces the characterisation of the SSK as a form of small-scalefinancialisation driven by easy access to credit for well-off households, which fuelshigh property prices and locks up capital in real estate without stimulating newconstruction. The extent of the financialisation is also limited by the tenurecomposition of the Croatian housing system, which is dominated by outrightownership of housing as a result of the prior privatisation of the social housing stock.
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5.4 Conclusion: the Contradictions of Domestic-
led Growth through Household Debt

The evidence presented in this paper shows that the SSK has followed the path ofsimilar finance-led growth strategies that rely on mortgage debt to fuel asset priceappreciation. The Croatian context of very low to negative demographic growth(Figure 2.A) points to house price increases having ultimately been driven byinvestment and domestic debt than by changes in fundamentals. With the SSK, thegovernment seems to be reinforcing a shift towards finance-led growth by fosteringan alignment between social policy and mortgage markets. Ultimately, the mortgagemarket has become not only one of the main loci of investment, reducing theimportance of the stock market and other productive activities, but also a main arenaof social policy as the SSK effectively targets well-off households.
One distinct aspect of the Croatian case is that mortgage subsidisation is not ‘hidden’in a deduction but instead takes the form of a direct payment. The SSK’s eligibilitycriteria and its overall impact on the housing market of inflating prices demonstratehow social policy now targets middle- and upper-income households. However, thisreconfiguration of the housing market has resulted in a contradictory shift of risktowards subsidised households, which is exacerbated by some of the specific lendingconditions, such as the lack of a deed-in-lieu of foreclosure and variable mortgagerates. More broadly, while house price growth nominally increases the wealth of amajority of households, this only benefits downsizing households at the expense ofthose without assets, for whom it is then more difficult to acquire assets.
Finally, the SSK can be interpreted as a form of small-scale, state-led financialisation.It is a particular variant of financialisation that relies on subsidies and retail credit toincrease economic growth in the absence of large institutional investors and fullyfledged financial markets. This form of financialisation contrasts with that found inother southern European countries, such as Spain, where the privatisation of thesocial housing stock is what fuelled the post-GFC recovery (Gil García & MartínezLópez, 2023). The failure of the SSK to increase the proportion of households with amortgage indicates that the price increases were driven by a minority of householdswith certain equity and higher income, for whom the SSK presents an opportunity toincrease their housing wealth. This resembles the wealth-driven dynamics thatHochstenbach & Aalbers (2023) identified in the Netherlands.
Several specific changes to the SSK could lead to better outcomes – for example,better targeting of first-time buyers, lowering the eligibility age limit, usingmeans-testing to define the top income cap, and accepting applications on a rollingbasis. However, there is an urgent need for a national strategy to develop coherenthousing policies that go beyond the current focus on homeownership. Instead offostering a debt-fuelled growth strategy, as practised in the US (Schelkle, 2012) andthe UK (Hofman & Aalbers, 2019), Croatia should formulate a needs-based housing
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strategy. Such a strategy should include measures aimed at formalising the privaterental sector, since the share of private tenants is extremely low by Europeanstandards (Figure 1.C), and at increasing the supply of social housing to achieve amore diverse tenure breakdown that caters to different income groups. For futureevaluation purposes, a housing strategy should set clear, evidence-based targets andindicators and should have monitoring mechanisms to avoid the perpetuation ofinefficient policies. While this paper has provided a critical qualitative analysis of theSSK, it has some important limitations. The lack of longitudinal data on thebeneficiaries’ finances means it is impossible to conduct an in-depth analysis ofconsumption and housing wealth or a robust statistical assessment of thedemographic aspect of the SSK beyond its eligibility criteria. There is also a lack ofqualitative research on the people who access the loans, i.e., ‘lived experiences’,which could elucidate the familial model this policy advocates through its nativistfeatures. Finally, questioning the gendered and sexual identity dimensions of thissubsidy can also lead to a critical interrogation of the family model that is beingpostulated at the intersection of finance and demographic growth.
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Abstract1

The regulation of financial markets according to Environmental, Social andGovernance (ESG) criteria has become a priority for the European Union (EU). Recentlegislation, such as the EU Green Taxonomy, aims to identify sustainable investmentsenhancing transparency and accountability while steering private finance towardenvironmental objectives. The introduction of ESG criteria poses specific questionsfor Social Housing Organisations (SHOs), particularly as the decarbonisation of thehousing stock is also incorporated into national legislation. This article contributes tothe social housing finance literature by breaking ground on ESG, an area of intensivelegislative activity currently re-shaping financial markets. The study draws frominterviews with SHOs’ finance directors, banking officers, rating agencies and publicofficials to answer the question: How does the introduction of ESG legislation affectthe financing of social housing decarbonisation? First, the results show that ESGlegislation is broadening reporting responsibilities while producing only limitedadditional finance ultimately geared towards large and commercially oriented SHOs.Second, the expansion of energy-efficiency requirements is resulting in higher costscreating tensions with SHOs’ social mission of building homes at affordable rents.Third, the adoption of ESG financing is producing inequalities in access to capitalacross national financing systems and individual providers.

1This chapter has been published as Fernández, A., Haffner, M., & Elsinga, M. (2023). "Three contradictionsbetween ESG finance and social housing decarbonisation: a comparison of five European countries." HousingStudies, 40(2), 391–417. https://doi.org/10.1080/02673037.2023.2290516. Minor editing correctionshave been made to the text.
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6.1 Introduction

In 2020, Clarion, one of the largest Social Housing Organisations (SHOs) in England,issued a record-breaking 15-year bond resulting in a 1.88% all-in rate. This isamong the lowest interest rates that the sector had seen so far in the UK. AlthoughEnglish SHOs have become forerunners at raising private finance in capital marketssince the adoption of the 1988 Housing Act (Whitehead, 1999), Clarion’s bond wasamong the first underlined by adherence to non-financial indicators including highenergy efficiency standards in new construction. According to Clarion’s pressrelease, the demand for the bond was strengthened by the SHO’s accreditation as aCertified Sustainable Housing Label, an accreditation on corporate level fordemonstrating Environmental Social and Governance (ESG) credentials. The label isissued by Ritterwald, a pan-European consultancy firm (Clarion, 2020).
Over the last decades, ESG debt issuance, through green, social orsustainability-linked loans and bonds has become increasingly common. Financialmarkets have hailed the adoption of ESG indicators as a tool to align capitalinvestments with environmental and social goals, such as the decarbonisation of thesocial housing stock. According to the Climate Bonds Initiative (CBI), the green debtmarket has experienced a 50% growth over the last five years (CBI, 2021). However,the lack of clearly established indicators and objectives has tainted the growth ofgreen finance with a series of high-level scandals and accusations of green-washing,unjustified claims of a company’s green credentials. For example, a fraudinvestigation by German prosecutors into Deutsche Bank’s asset manager, DWS, hasfound that ESG factors were not taken into account in a large number of investmentsdespite this being stated in the fund’s prospectus (Reuters, 2022).
To curb greenwashing and improve transparency and accountability in greeninvestments, the EU has embarked on an ambitious legislative agenda. This includesthe first classification of environmentally sustainable economic activities: the EUGreen Taxonomy (Regulation 2020/852). When it comes to real estate, theaccompanying Delegated Act (Regulation 2021/2139) introduced very specificcriteria for green investments. New buildings should improve over nationalNearly-Zero-Energy Buildings (NZEB) standards by reducing energy consumption afurther 10% (Regulation 2021/2139). Regarding decarbonisation, the Taxonomyrequires undertaking ‘major renovations’ as defined in the Energy Performance ofBuildings Directive (EPBD) (COM(2021)) or reducing energy consumption for thefinal user by at least 30%. The Taxonomy is directly linked to the EuropeanCommission’s decarbonisation strategy, the Renovation Wave (COM(2020) 662),which relies on a combination of private and public finance to deliver the investmentneeded for the decarbonisation of social housing. Energy efficiency targets havebecome increasingly stringent as the EPBD and its successive recasts (COM(2021))have been incorporated into national legislation; see for example the French LoiClimate et Resilience (2021-1104, 2021). Consequently, capital expenses for SHOsare set to increase considerably. For example, in the Netherlands, according to a
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Housing Europe (2020) report, attaining the 2035 energy efficiency targets set bythe Dutch government will cost €116bn. Sustainable finance legislation constitutesan expansion of the financial measures implemented by the EU in the last decades toincentivise energy efficiency standards and renovations in the built environment, seeEconomidou et al., (2020) and and Bertoldi et al., (2021) for more detail on prior EUpolicies. It is because of the increased ties between finance and energy performancethat the shift toward ESG poses particular questions for SHOs’ access to capitalmarkets.
The rapidly expanding finance literature on green bonds draws from econometricmodels to explore the links between investors’ preferences and yields (Fama &French, 2007). This body of literature on asset pricing relies on the introduction ofnon-pecuniary preferences in investors’ utility functions together with returns andrisks to explain fluctuations in the equilibrium price of capital. Drawing from acomparison between green and conventional bonds, Hachenberg and Schiereck(2018) find evidence of the former being priced at a premium. Similarly, Zerbib(2019) also shows a low but significant negative yield premium for green bondsresulting from both investors’ environmental preferences and lower risk levels. TheEuropean Commission’s Joint Research Centre (Fatica & Panzica, 2021) documentsthe dependency of premiums on the issuer with significant estimates forsupranational institutions and corporations, but not for financial institutions. Whilethese econometric approaches offer relevant insight into the pricing of green bondsand the incentives for issuers and investors, they do not account for the institutionalparticularities of social housing, a highly regulated sector usually covered by varyingforms of state guarantees and subsidisation (Lawson, 2013).
In the authors’ understanding, this is the first article to approach the growingsignificance of ESG finance in social rental housing through a comparative approachacross a set of North-Western European countries. A dedicated study of SHOs’finances and ESG in this region is particularly apposite since SHOs are responsible forthe renovation and maintenance of vast swathes of the existing housing stock (OECD,2020). This article draws from semi-structured interviews with finance directors,banking officers, rating agencies and public officials to answer the question: Howdoes the introduction of ESG legislation affect the financing of social rental housingdecarbonisation?
In the following section, this paper introduces the current legislative changes on ESGat the EU level. The next section briefly covers some methodological aspects of policycomparison and discusses the data collection approach. The fourth sectionconstitutes the central empirical analysis and is structured around four research subquestions answered through a literature study and a qualitative data analysis. Thefifth section discusses the findings positioning them within the existing literature.Finally, the sixth section concludes, offers policy recommendations and introducesquestions for future research.
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6.2 Policy Background: ESG and Decarboni-
sation

Throughout the last two decades, the term ESG finance has evolved to include a largenumber of financial vehicles of which green bonds have become the most popular(Cortellini & Panetta, 2021). In the social housing sector, ESG comprises a broadarray of tools from sustainability-linked loans to less conventional forms of financesuch as carbon credits 2. When it comes to bonds, there is a wide variation in thesustainability credentials among the different types. Broadly speaking, green andsocial bonds are issued under specific ‘use of proceeds’, which means the fundsraised must be used to finance projects producing clear environmental or socialbenefits. Issuance of these types of bond requires a sustainable finance frameworkwhich is usually assessed by a third party emitting an opinion on its robustness.Sustainability-linked bonds (SLBs) are an alternative to ‘use of proceeds’. Fundsraised in this manner are not earmarked for sustainable projects, but can be used forgeneral purposes. SLBs are linked to the attainment of certain company-wide KeyPerformance Indicators (KPIs), for example an average EPC-C in an SHO’s housingstock. These indicators and objectives usually result in a price premium forSustainable Bonds, or a rebate in interest rates in the case of SLBs orsustainability-linked loans (SLLs) (Cortellini & Panetta, 2021).
While there are international standards for the categorisation of green projects suchas the Green Bond Principle or the Climate Bonds Strategy, strict adherence isoptional and there are few legally-binding requirements resulting in a largedivergence in reporting practices and external auditing. To solve these issues andprevent greenwashing, the EU has been the first regulator to embark in theformulation of a legal basis for green finance through a series of acts targeting thelabelling of economic activities, investors, corporations and financial vehicles. First,the EU Green Taxonomy (Regulation (EU) 2020/852) is the cornerstone of this newlegislation since it classifies economic activities attending to their alignment with theobjectives set in the European Green Deal (EGD). When it comes to housing, aspresented in the introduction, the EU Taxonomy requires specific energy efficiencylevels for a project to be deemed ‘taxonomy aligned’. Second, the SustainableFinance Disclosure Regulation (SFDR) (Regulation (EU) 2019/2088) mandates ESGreporting on funds, which tend to consist of exchange-traded collections of realassets, bonds or stocks. Funds are required to self-classify under article 6 with nosustainability scope, ‘light green’ article 8 which incorporates some sustainabilityelements, and article 9 ‘dark green’ for funds only investing in sustainabilityobjectives. Under the SFDR, which entered into effect in January 2023, fundmanagers are required to report the proportion of energy inefficient real estateassets as calculated by a specific formula taking into account the proportion of‘nearly zero-energy building (NZEB)’, ‘primary energy demand (PED)’ and ‘energyperformance certificate (EPC)’ (Conrads, 2022). Third, the Corporate Sustainability
2See for example Hact’s “Retrofit Credits” or the French “Certificat d’Économie d’Energie
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FIG. 6.1 Impact of ESG legislation, approved at the time of the interviews, on social housing financing

Source: Prepared by the author.

Reporting Directive (CSRD)(COM(2021) 189) increases disclosure requirements forcorporations along Taxonomy lines. Also entering into effect in 2023, the CSRD willbe progressively rolled out starting from larger and listed companies, expandingthroughout this decade. Provisions have been made for charities and non-profits tobe exempted. However, one of the key consequences of disclosure requirements overfunds through the SFDR is its waterfall effect; that is the imposition of indirectreporting requirements as investors pass on their reporting responsibilities to theirborrowers. Fourth, the proposed EU Green Bonds Standards (EU-GBS) COM(2021)391 aims to gear bond proceedings toward Taxonomy-aligned projects and increasetransparency through detailed reporting and external reviewing by auditors certifiedby the European Security Markets Authorities (ESMA). The main objectives of theselegislative changes is to create additionality, that is, steer new finance into greenactivities (see Figure 1).
While this new legislation is poised to increase accountability and transparency, italso aims to encourage a better management of environmental risks. According to arecent report on banking supervision by the European Central Bank (ECB), real estateis one of the major sources of risk exposure for the financial sector (ECB, 2022). Thisincludes both physical risks, those resulting from flooding or drought and, morerelevant in this case, transitional risks, that is those derived from changes inlegislation such as the EPBD and transposing national legislation. The ECB points tothe need for a better understanding of risk transmission channels from real estateportfolios into the financial sector through enhanced data collection and betterassessments of energy efficiency, renovation costs and investing capacity. At its most
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extreme, non-compliance with EU regulations could result in premature devaluationand stranded assets (ECB, 2022).
The introduction of reporting and oversight mechanisms connects legislation onhousing’s built fabric, namely the EPBD, to financial circuits. On the one hand, the EUhas been strengthening its requirements vis-à-vis energy efficiency over the lastdecades. The Energy Efficiency Directive (EED) suggested the introduction ofMinimum Energy Performance Standards (MEPS) by member states (Economidou etal., 2020), a rationale followed by France and the Netherlands for certain parts of thehousing stock. Furthermore, at the time of writing, it is being debated whether theEPBD’s recast (COM/2021/802) may incorporate MEPS making decarbonisation anobligation for SHOs across the EU. On the other hand, legislation on green financeaims to produce incentives and oversight over investments in energy-efficientrenovation and new build, mobilising the private sector to cater to green projects(Renovation Wave (COM(2020) 662)). This paper aims to identify and assess thechanges that the introduction of ESG indicators is having on SHO finance byanswering the following research sub questions:

– What are the main underlying differences between social housing financing systemsin Europe?
– How are reporting and disclosure obligations affecting SHOs’ access to capitalmarkets and ultimate borrowing costs?
– How are renovation requirements and Minimum Energy Performance Standards(MEPS) impacting SHOs’ social objectives?
– How are national SHO management practices and organisation characteristicsinteracting with “greening” capital markets?

6.3 Methodology

Across North-Western Europe, SHOs are usually heavily regulated throughrent-setting policies and governance standards. SHOs also have a long history ofstrong financial ties to the state, through public funds and grants, for instanceHaffner et al. (2009). As a result, the capacity of ESG finance to produce additionalinvestment and affect the cost of capital in the sector is deeply contingent oncountry-based institutional arrangements. While the comparative study of socialhousing finance from a social policy perspective is a well-researched topic, forinstance OECD (2020), the exploration of bond finance in social housing has onlybeen the focus of a few country-based studies; for example Wainwright and Manville(2017) in England. The literature on social housing green bonds is even more scarce
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and, as far as the literature review has shown, limited to Mangold and Mjörnell (2022)for the Swedish case.
FIG. 6.2 Relative size of the social rental stock in Europe. Source: OECD Figure PH4.2.1

Source: OECD Figure PH4.2.1.

To explore ESG financing for social housing, this paper develops a qualitativeapproach inscribed in the housing studies literature to account for the particularitiesthat differentiate social housing financing across national borders. Conceptually, itdraws from a body of literature operating at the intersection between particularisticand universalist approaches. On the one hand, the particularistic view contends thathousing phenomena can only be interpreted within the context of individualcountries. In this vein, Ruonavaara (1993) argues that, for example, tenure should beseen both as ideal types and specific geographical and historical forms. On the otherhand, the convergence or universalistic approach, as developed for example byKleniewski and Harloe (1996) or Boelhouwer and Van der Heijden (1992),emphasises the translation of housing categories across contexts.
In dealing with particularistic and universalistic methodological differences, Haffneret al. (2010) compare the private rental sector from both perspectives and arrive at acompromise middle way that takes into account commensurability while cautioningfor a contextual use of theory. More recently, Aalbers (2022) proposes focusing on‘common trajectories’. He argues for a focus on uneven development together withinterdependencies between convergent or homogenising and, divergent or,heterogenising forces. As opposed to classification under ideal types, discussedabove, this approach focuses on the dynamic forces at the intersection of state,finance and real estate shaping housing provision. Aalbers (2017) has alsoemphasised how changes in housing finance do not unfold coherently across widelyheterogenous housing systems but through the production of tensions andcontradictions.
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TABLE 6.1 Breakdown of Interviewees by Sector and Country

Sector Country
Sector Number Country Number

Consultancy 3 Austria 5
Sector Organisation-Federation 7 Denmark 5
Rating Agency 2 EU 4
Bank/Intermediary/Government 9 France 6
SHO 12 Germany 5
Total 33 Netherlands 8

Total 33

Drawing on Aalbers (2022), this paper analyses the heterogeneising andhomogenising forces shaping social housing financing as a consequence ofESG-related legislative changes. As a result, rather than generating a comprehensiveclassification, the research is focused on key regulatory changes and their impact onsocial housing financing landscapes. The policy background in Section 2 hasidentified three main homogenising forces resulting from the shift towards ESGfinance: 1) reporting and disclosure obligations 2) renovation requirements andMEPS 3) “greening” of capital markets. While departing from the description ofcurrent SHO financing systems, this study focuses on identifying forces emanatingfrom EU legislation that reshape these financing systems. The main objective is toaccount for the national particularities playing a role in explaining the varyingdegrees of incorporation of ESG into social housing finance. To answer the firstresearch sub question, this paper analyses the existing literature on national socialhousing financing systems. Then, the qualitative approach consisted of thirty threein-depth semi-structured interviews across five European countries with large socialrental housing stocks: France, the Netherlands, Denmark, Austria and Germany 3.(Figure 2).
The selection of interview participants attended to saliency in two criteria. The firstwas organisation size, since mid to large SHOs tend to access capital from multiplesources to fulfil their complex financial needs. Second, in an attempt to control forSHO’s legal status, participant selection also considered organisation’s objectives(public/private; for-profit/limited profit) based on the specific regulations of eachcountry. Initially, the interviews were geared towards SHO’s treasury andsustainability managers. However, complex SHO’s financing structures reliant onguarantees and subsidisation have resulted in the inclusion of credit rating agencies,
3In Germany, social rental housing is only considered as such while government subsidies are ongoing, seenext section for detail. Even though the sector is small, Germany is included as a relevant case because of theexistence of large landlords with high heterogeneity in their profit motivations facing renovation requirements.
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public and private banks as well as public administration officials depending on thecountry in question (see Table 1). While the interview protocol was adapted ad hoc tothe national context and type of agent, the questions covered the following topics: 1)business-as-usual, main investors and sources of finance, 2) role of ESG finance(bonds, loans) and reporting obligations, 3) financing renovation and energyefficiency requirements, and 4) risks, challenges and recommendations. Interviewswere conducted between October 2022 and February 2023, mostly online but also inperson at different Brussels locations. The interviews were recorded and the datagathered was coded in ATLAS.ti. Answers to research sub questions 2, 3 and 4emerged from this coding process as the overarching themes structuring thecleavages across country and SHO lines (see Appendix A & B for methodologicaldetail).
This qualitative approach complements that of the quantitative literature presentedin the introduction. Instead of focusing on the identification of a green premium, therationale behind ESG uptake through the institutional particularities identified in theliterature and the first-hand experience of those involved in SHO debt issuance areexplored. This approach aims to overcome the limitations of different greenstandards for debt-issuance together with current volatility in financial markets.These different standards overlapping over time complicate comparisons betweenregular and ESG bonds within the social housing sector. Even though this studydraws on a substantial sample of interviewees and covers key stakeholders acrossSHOs of various sizes and financial situations, limitations inherent to qualitativeresearch apply. For instance, while the questionnaire included discussions about thepricing of green and traditional capital, these findings are interpreted in dialogue withquantitative evidence.

6.4 ESG finance and the Decarbonisation of
the Social Housing Stock

What are the main underlying differences between social housing financing systemsin Europe?

This section draws from academic literature to identify the main features of theselected social housing financing systems. First, in the Netherlands, the transitionfrom a government-provided grant to a guarantee fund [Waarborgfonds SocialeWoningbouw] (WSW) has pushed Dutch SHOs towards raising debt in capital markets(Boelhouwer, 1997). In its most extreme cases, liberalisation resulting from the end
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of government grant subsidisation allowed SHOs to undertake riskier operations,namely speculation with derivatives. In 2011, the resulting losses amounted to€2.1bn for the largest social landlord, Vestia, which had to be covered by the WSWand ultimately Dutch SHOs (Elsinga & Wassenberg, 2014). Eventually, this provedthe strength of the guarantee system which allows Dutch SHOs to borrow at a verylow spread over sovereign issuance 4 with their debt rated triple AAA, as that of theDutch state (S&P, 2022). Currently, most of the financing of SHOs comes from twopublic promotional banks, Dutch Local Authorities’ Bank [Bank NederlandseGemeenten] (BNG) and Dutch Water Authorities Bank [De NederlandseWaterschapsbank] (NWB), which lend on their own bond proceedings to SHOs (BNGBank, 2021) (NWB Bank, 2021).
Germany followed a similar path to the Netherlands in which direct subsidies, used tolower the costs for tenants in both social and private renting, have been substitutedby lower interest and subsidised loans by the public Bank for Reconstruction[Kreditanstalt für Wiederaufbau] (KfW) (Droste & Knorr-Siedow, 2014). However,these subsidies are temporary and result in the conversion of subsidised housing intoprivate market units once the loans are fully repaid, particularly in the case offor-profit landlords. However, a number of SHOs, either publicly owned bymunicipalities and regions or charitable institutions, retain lower rents after the endof the subsidy period (Haffner, 2021). The concession system of German subsidiesresults in a very low proportion of social housing despite the existence of a largebelow-market rental stock in the hands of landlords with varying profit motivations(Kofner, 2017). Together with loans, larger SHOs have started to tap onto capitalmarkets directly through bonds such as the one presented in the introduction.
The French social housing system is managed by a mix of Public Offices owned bylocal authorities and privately-run charitable housing companies. The state regulatestheir rents which are linked to the financing provided by the Caisse des Dépôts etConsignations (CDC), a public bank. Their long-term debt is usually guaranteed bylocal authorities or by the Mutual Fund for Guarantees of Rental Social Housing(Caisse de Garantie du Logement Locatif Social; CGLLS) (Schaefer, 2003). Newconstruction is financed to a high percentage through different sets of loans issuedby the CDC, with varying levels of subsidisation depending on the income of thetargeted household (Tutin & Vorms, 2016). The remaining funding needs are coveredby market loans and bonds, local authority equity and grants (Lévy-Vroelant et al.,2014).
The Austrian system is based on a combination of state subsidies and cost-basedrents. This rent-setting strategy allows SHOs to recover the costs without adding aprofit and jeopardizing housing affordability (Mundt & Springler, 2016). As a result, arevolving fund is created once the original loans are repaid, which facilitates constantreinvestment into new projects and maintenance by SHOs with remarkably high levelsof own-equity. This system is backed by a set of low-interest public loans and to alesser extent on grants implemented by the regional level of government (Kössl,2022) (Kadi & Lilius, 2022). Austrian SHOs strongly intertwine the state and the
4A spread is the difference in yield between two bonds. The sovereign spread is the difference between anybond and that of a government with AAA rating.
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banking system through subsidisation and de-risking allowing for a steady flow ofcapital from private banks and European sources such as the European InvestmentBank (EIB) 2019).
Similarly, one of the key features of the Danish social housing system is the NationalBuilding Fund (LBF), [Landsbyggefonden]. LBF is financed by tenants’ contributionsafter the main mortgage loan of a property is repaid. LBF’s main mission is tomitigate the individual risks of SHOs offering loans and subsidies to SHOsundertaking renovations or new build projects (Blackwell & Bengtsson, 2023). As inthe Netherlands, social housing financing has also shifted from public subsidiestoward market loans (Norris & Byrne, 2021). However, these loans are framed withinthe heavily regulated Danish mortgage-bond market system [realkredit(-lignende)lan]. Since 2017, these bonds are issued through government financed guarantees(Lunde & Whitehead, 2016). This is beneficial to both the mortgage institutes, thebond issuers, since these bonds are exempt from capital requirements; and thehousing providers since they access capital at a premium as investors are willing topay more for government securities. The national bank acquires the securities issuedin this way (Bindslev, 2018).

TABLE 6.2 Summary of Social Housing Financing Features

Country Public Bank Bonds
(Own-
name)

Bonds
(Interme-
diaries)

Reinvest.
Fund

State
Guarantee

Austria No One Private Yes For govt. owned
Denmark Regulated No Private Yes Common Fund
France Yes Yes Public No Yes
Netherlands Yes No Public No Yes
Germany Yes Yes Public No For govt. owned

Summarising, to varying extents, these countries implement different forms of statebacking or mutual sector guarantees that allow SHOs to tap into the private sectorfinance at advantageous rates (see Table 2). A comparative study by Lawson (2013)including France and the Netherlands, shows how these guarantees not only play acompliance and overseeing role, but are also key in de-risking and directinginvestment to SHOs at lower interests. Similarly, Whitehead (2014) highlights thestrengthened role of private debt finance across a majority of European countries inthe last decades. Noticeably, while bricks and mortar subsidies have been substitutedby interest subsidies and loans to a certain extent across most countries, Austria andDenmark have retained revolving models which allow for the reinvestment of limitedprofits within the social housing sector (Scanlon et al., 2015).

How are reporting and disclosure obligations affecting SHOs’ access to capitalmarkets and ultimate borrowing costs?
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Environmental disclosure obligations are a key feature of ESG frameworks, and theyaim to lower capital costs for activities aligned with environmental objectives, aspresented in section two. However, through grant funding and guarantees, SHOsalready have access to very low interest-rate debt in most countries, particularly inFrance, The Netherlands, Denmark, and Austria, as Figure 3 shows in detail.
The margin for the bank is EURIBOR plus 1.5 or 2% or swap rate + 1.5. If you havea fixed long-term fixed loan, it’s a swap rate plus one 1.4 to 2%. In our sector, weare between the indicator plus 0.6 to maximum 1%, so our interest rates arebetween 0.5 and 1% lower than the rest, but already before ESG. This is comingout of the high equity portion and the low rent as we have no profit in the rent, andif we have a cost-based system our rents are around 30% lower than market rents.By these lower rents, we have no problem of renting out [homes] because anywaypeople come to us.

— CEO, large SHO, Austria

Despite the lack of grants, the funding of Dutch SHOs presents similar characteristicsto that of their Austrian counterparts through a state guarantee by the WSW. As aresult, the greening of funding streams has a limited impact on SHOs’ capital costssince these are already covered by the state guarantee, while Austrian SHOs haveaccess to grants resulting in highly-rated debt.
Investors like to invest in banks with green assets, green loans and products likethat. The combination [SFDR & Taxonomy] formalizes this process (. . . ). It’s morereporting what you do, but it doesn’t make a difference [in financing]. (. . . ) I thinkthat’s reverse causality there [between ESG and reporting].

— Finance expert, sector organisation, The Netherlands

These two testimonies raise questions on the additional value of greening existingfunding sources and where additionality actually accrues: whether it is at the SHO, orthe fund manager. A Dutch public bank already issuing social and sustainabilitybonds, see Figure 3-NL, also questioned the relevance of ESG granular reportingfollowing the taxonomy indicators:
How big is the reward for the punishment? I mean, in our market we have twopublic sector agencies, (. . . ) and we are very much in competition on the lendingside. So all our clients, they ask both of us a quote and then it really can be up tohalf a basis point difference. So when you look at sustainability linked, then youcan say, well, maybe you should have a reward like 20 or 25 base points to make itsubstantial [green premium], but now I still think we have one or two [bps].

— Bonds expert, public bank, The Netherlands

Since SHOs in both Austria and the Netherlands are highly rated, on account of theirhigh equity in the case of the former and a strong public guarantee in the case of thelatter, their debt issuance is highly aligned with that of the sovereign and hence onlyslightly susceptive to greening. Similar views were shared by interviewees at a
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pan-European bank and several national institutions. This contrasts starkly with thetaxonomy-aligned bond of a for-profit German SHO which reached a noticeable basispoint premium:
When we issued the bond, we got 10 basis point greenium. (. . . ) We’ve issuedmore than 4 billion in green and social format. As a proxy, let’s say 5 basis pointsof benefit, ‘greenium’. That means annual savings of about 2 million.

— Head of Treasury, large SHO, Germany

This points to a higher level of disclosure resulting from taxonomy alignment beingrewarded by the market. However, as for-profit operators are usually not covered bypublic guarantees, they intrinsically stand to benefit from larger green premiums astheir spreads are originally higher than those of state-backed SHOs. Further pricedifferentiation between green and conventional state debt could impact the financialincentives for green debt issuance. However, this will depend on the balance betweenpressure on investors through the labelling of funds and activities, and the pool ofgreen debt released not only by SHOs but also by the economy as a whole. As aresult, tensions arise between ESG and SHO financing where increases in reportingresponsibilities are not always met with lower interest rates. Going forward, theroll-out of SFDR and EU-Green Bonds Standard could produce tighter competitionamong investors. An Austrian bank with a large portfolio of social housing loansoffers this reflection alluding to the roll-out of the SFDR which will impose disclosureat fund level:
At the moment, [Green Issuance] is not the way to get the cheap money and toprovide it to social housing [. . . ] When the first SFDR Reports are published, I thinkthat this will be a new step for further input that could be traced in the funding.(Lending officer, bank, Austria)

— Lending officer, bank, Austria

Ultimately, the introduction of environmental standards in a highly regulated sectormay not materialise in lower interest rates for those already accessing capital at(be)low market levels due to their reduction of risk premiums through guarantees.However, it is not just a reduction in capital costs that is leading SHOs toward ESGfinancing. Decarbonisation pressures together with the introduction of broaderstandards across financial markets requiring enhanced disclosure is seen as “a newnormal”. Non-pecuniary advantages were also highlighted by most of theinterviewees citing mainly access to a diversified pool of investors. For example,some of the interviewed public banks driving these changes see their work asmarket-shaping and standard-setting rather than motivated by interest ratereductions.

How are renovation requirements and MEPS impacting SHOs’ social objectives?

The introduction of enhanced energy performance requirements at both EU and
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FIG. 6.3 Greening of social housing finance by country. Source: Prepared by authors
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Source: Prepared by the author.
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national level is steering providers towards environmental objectives. However,increased leveraging for renovation is reducing the available resources to deliver onother social priorities.
[SHOs] have to renovate their G dwellings right to be able to rent them out and thisdrives their CapEx Plans. The main ratio that we look at when we rate them is thenet debt to EBIDTA ratio. In that, you have the CapEx included because they haveto borrow for renovating their dwellings.

— Associate Director, credit rating agency, France

Credit risk indicators, such as net debt to EBIDTA 5, measure leverage against assetsand revenue and result in variations in capital costs. As energy efficiencyrequirements are engrained into national frameworks, SHOs on a less solid financialsituation are having to renegotiate their debt. Although SHOs operate in a highlyregulated environment with different forms of state-backing, their borrowing remainsconstrained by financial risk ratios occasionally leading to refinancing operations. Asimproving energy efficiency in the housing stock becomes a sine-qua-non criterion toaccess funding and decarbonisation deadlines are rolled out, SHOs have tocompromise on other fronts. In the interviews, the most commonly raised trade-offhas been new construction, as is confirmed by Housing Europe (2020). ESG finance,through the introduction of environmental reporting criteria for investors, isstrengthening the centrality of renovation in SHOs financial plans.
Depending on national rules around rent-setting, renovation requirements producesplit incentives, where SHOs have a new financial obligation without the expectationof return, as highlighted by rating agencies. The subsequent cost increase iscompensated in some cases by rent increases or the introduction of ‘warm rents’which allow SHOs to recoup their investment in renovation and partially circumventthe split incentives problem through rent rises.
In the Netherlands, different types of fees have been proposed to incorporaterenovation costs into rents after deep renovations (van Hal et al., (2019). In France,SHOs use a particular form of ‘warm rent’ called 3rd receipt line [3ème ligne dequittance]: ‘We do a 3rd receipt line by telling tenants we’re going to isolate yourbuilding from the exterior. In exchange, you will have lower heating costs andconversely, we ask you to pay more in rent’ (in French in the original). However,differences by provider apply. Another French provider implements a continuousrent-raising strategy to the legal maximum and highlights the need to balancerenovation operations not at the level of building but at the level of the operatorthrough cross-financing of internal resources, see also Joint Research Centre(2014)for a review of policies targeting split incentives. In Germany, renovation can lead torent increases since after 30 years social housing can be reverted to market ratesand rent remains controlled just through the national legislation.

The last 20% of [energy] savings cost more than the first 80%. So for the last
5Net debt to EBIDTA is the ratio of liabilities to Earnings Before Interest, Taxes, Depreciation and Amortisation(EBIDTA) of a company.
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20% if you go for that, you would have to increase the rent that much. That’s notaffordable housing and you would have to kick out your tenants. So that makes it[full energy neutrality] wishful thinking.
— Director, sector organisation, Germany

Even in these instances, prior research has shown that recouping investmentsthrough rent rises may not be financially sound, as green premiums fail tocompensate for renovation costs (Galvin, 2023) Depending on the national context,decarbonisation pressures and energy efficiency requirements are producing atrade-off decision between renovation, new construction and affordability. Thesetrade-offs, while taking place at SHO level are not only contingent on companyfinances but have different implications across national financing systems. In Austria,state intervention has reduced the financial burden on SHOs through public subsidiescombined with upper rent limits. Here, strong state intervention comes to join aparticularly favourable situation since renovation is already anticipated in cost-basedrent setting.
The upper limit of the rent which they [SHOs] can ask when the subsidy is stillgoing out is fixed. They can’t go over this upper limit of rent. The kind of deal wehave is, that we as a state give them money to renovate their buildings and achievea certain level of energy efficiency. And what we get back as a state is, on the onehand, climate protection and, on the other hand, affordable rents.

— Director, regional authority, Austria

Ultimately, SHOs have to balance out energy efficiency and new build investments asthese are the two main components of their leverage ratios together with rentalincome. According to the ECB (2022), decarbonisation costs are a key transitionalrisk for real estate asset holders as these impinge on values. The EPBD, throughrenovation requirements, and the ESG legislation, through disclosure obligations, areembedding the transitional risks derived from decarbonisation obligations into SHOscapital expenditure plans. State guarantees and redistributive mechanisms,depending on the country, mitigate the transitional risks derived from changes inasset valuation resulting from renovation requirements.
We have this guarantee and it doesn’t really matter how high is the risk profile for acorporation or how green it is. At this moment, it doesn’t really matter becauseyou have the guarantee and using the guarantee the BNG and NWB will give youfunds immediately and other banks too.

— Finance expert, sector organisation, The Netherlands

In the Netherlands, it is a common practice by rating agencies to rate SHO’s debttop-down, that is starting from the rate of the guarantor, ultimately the Dutch state,currently rated AAA. Similarly, an interviewee from a French public bank highlightedhow interest is not determined based on the credit risk of the borrower, but on theenergy efficiency and rent ambition of the project. In France and the Netherlands,state-backed operators are shielded from transitional risks. Despite this state
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guarantee, some of the interviewees raised concerns about guarantee coverage forSHOs with non-energy-efficiency assets in the future (see Figure 3 for cross-countrydetails).
One of the interviewed consultants highlighted that, over the long run, the possibilityof stranded assets due to chronic shortcomings in renovation poses risks for furtherdeterioration of leverage ratios. Although this is unlikely to jeopardise access tocapital for the sector, it may put increased pressure on individual organisations whichare already reducing development activities and in some cases increasing rents. TheESG focus on environmental criteria, together with MEPS, pose the risk of strandingassets and are steering SHOs toward renovation investments. As a result, unlessthere is substantial non-market financing, SHOs are reducing their developmentpipelines and increasing rents where possible.

How are national management practices and organisation characteristics interactingwith “greening” capital markets?

As presented in section two, the use of sustainability indicators, as introduced by theEU’s Sustainable Finance Framework, has the objective of identifying managementactivities and companies delivering on ESG priorities and steering capital marketstowards them. However, our findings show that particular management practices andinstitutions make certain SHOs and countries more suitable for ESG finance. On theone hand, SHOs in the Netherlands raise finance on a portfolio basis, that is financetheir operations in bulk. In the other studied countries, SHOs tend to raise capital forspecific projects. The EU’s legislation “greening” capital markets introduces granulardisclosure at project level which poses administrative difficulties for Dutch SHOs andtheir funders:
We have what they call a balance financing [. . . ] and that makes it hard to reporton an individual loan. (. . . ) Our data, the impact reporting, is done by the umbrellaorganisation of the social housing organisations, AEDES.

— Finance expert, promotional bank, The Netherlands

While reporting at project level clashes with the financing of Dutch providers, it isparticularly suited to the French system where the loan interest is set depending onthe future occupants’ income and hence defined at the project level. Thesepre-existent particularities are having a direct impact in the adoption of the EUsustainable finance legislation as well as in setting market benchmarks:
Among the institutional investors, so all central banks, insurance company, assetmanagers that are really dedicated to invest in ESG project. [French Public Bank]is really flagged as an exemplary issuer. And it’s enabled us to in fact, acceleratethe evolution of the market to accompany the transition also on the market side toencourage new issuers to enter in the market and to accelerate the building of newstandards.

— Finance expert, promotional bank, France
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This particular promotional bank is in fact already incorporating taxonomy criteria intheir lending as a market-shaping mechanism. Thanks to the interconnectednessbetween SHOs’ balance sheets and the financial system, SHO debt has a greatpotential to strengthen the position of national private and public banks in the caseswhere the right data and procedures can be easily used to relabel it as green. InDenmark, where there is a tightly regulated credit market linking project, mortgageand bond, the greening of debt opens up further price differentiation opportunities:
We’re also trying now to make some kind of a green labelling because many ofthese bonds, they are attached to buildings with a high energy efficiency. And wehave all kind of registration and retaining system. We know who lives in ourbuildings, know how old they are and we know everything about them.[. . . ] So justlike that we can make a connexion between the energy efficiency of the buildingand the bond.

— CEO, large SHO, Denmark

The intertwining of state and SHOs is also producing positive effects for the Austrianfinancial sector. The introduction of high energy efficiency requirements to accesspublic funds strengthens the position of these debt holders by reducing the financialoperator’s risks and their associated capital requirements:
So as soon as we get the money of the state [. . . ], it’s a proof that every regulationis really uphold and stated and for that reason the bank doesn’t ask anymoredetailed questions to our company.

— CEO, large SHO, Austria

So all Austrian non-profit housing associations have very strict criteria to fulfilregarding the new building. So if they want the state funding they have to fulfilthese criteria which are really like the Taxonomy criteria now. For them, it’s reallyno problem to fulfill them, and just one sentence regarding the funding from stateor public entities is enough.
— Lending officer, bank, Austria

These quotes show that, in Austria, state-led subsidisation and standard-setting isalready steering housing production toward environmental goals, while in France,size is a key determinant of access to the bond market since bond issuance below€200M is not profitable due to administrative costs. Financial intermediaries, such asthe Caisse des Dépôts, are key in ensuring access to capital for SHOs of smaller sizethat would otherwise be completely dependent on bank lending. Size and/orgovernment support through bond aggregation are key in providing financing tosmaller organisations. In Germany, a critical example of a frontrunner relying on sizeis Vonovia, the largest for-profit SHO in Europe which released one of the firsttaxonomy-aligned green bonds reaching a 10 bps premium (Vonovia, 2023). Theselarge differences between providers highlight how ESG on its own without the rightintermediaries or state intervention is poised to benefit a minority of large providerssuch as Vonovia or Clarion (see Introduction. Size and stock quality seem to be the
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key determinants for providers to access ESG capital. While for-profit providers,which are focusing on new-build affordable housing stock, are issuing green bonds;those SHOs with a less energy-efficient stock and smaller business volume seem tobe falling behind:
We tried to prepare green bonds for housing associations, but they are not gonnameet the requirements because if you look to their housing stock, that’s what wecall legacy housing stock. So that’s an aging housing stock with overall quite poorEPC ratings. And nowadays they say well, we are on an average of EPC-C, yeah,but C, I mean thumbs up, but that’s half your way. You can have a verycomplicated story about green bonds, but there is one simple reason. Housingassociations, which have an ageing housing stock, simply cannot comply with thegreen bond principles [Taxonomy] and for instance, if you are in the UK, if you area for-profit registered provider [SHO] of affordable housing and you have beenable to build your portfolio from scratch, (. . . .) you are already pretty close onmeeting your green bond standard — Finance expert, consultancy, Europe

Ultimately, ESG finance is yet to accomplish its redistributive objectives and isimpinging on prior divisions across providers and countries. The introduction offurther disclosure criteria would affect portfolio financing countries such as theNetherlands, by requiring disclosure at project level, while current sustainabilitybonds usually build on sector or company averages. These phenomena point to ESGbeing part of a cream-skimming logic guiding investors to safe projects with strongpublic backing or large commercially oriented companies. Size and stock quality aredeterminant in accessing capital markets and it is profit-geared SHOs that are poisedto benefit the most since they can produce economies of scale and in some caseshave larger proportions of new-build in their portfolio.

6.5 Discussion

ESG legislation has triggered a series of forces that are reconfiguring social housingfinancing systems. Despite strong differences across national financing frameworks,this paper has identified three major homogenising forces: 1) reporting obligations,2) renovation requirements and 3) “greening” of capital markets (see Table 3). Withinthese homogenising forces, this study’s findings for five EU countries evidencecontradictory outcomes produced by the reorganisation of SHO financing along ESGlines. First, ESG legislation is expanding reporting responsibilities while producingonly limited additional finance ultimately reducing interest rates (Contradiction 1).According to the interviewees, ESG reporting is not always conducive to a lower costof capital. Guarantees, revolving funds and strong equity are some of the factorspreventing the materialisation of a lower interest rate that are explored at the countrylevel below. Second,the expansion of energy efficiency requirements increases
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capital expenditures creating tensions with SHOs’ social mission of providing newaffordable homes (Contradiction 2). ESG together with legislation on energyefficiency accentuates the importance of housing decarbonisation as both a financialrisk and a new standard. This has a direct impact on SHOs’ financing since theircapacity to recoup investment is usually limited by rent caps. Notwithstanding widedifferences across providers and countries, renovation requirements producetensions with SHOs’ social mission as the differences impinge on the SHO’s capacityto maintain lower rents and build more homes. Third, instead of producingwidespread easier access to debt, the reconfiguration of capital markets along ESGcriteria favours particular social housing provision systems, with either stronggovernment support or larger commercial providers (Contradiction 3). This comesabout because ESG legislation intends to clearly label funds and bonds to increasetransparency in the allocation of capital to aligned projects. However, practices suchas portfolio financing and factors such as company size and data availabilitycondition SHOs’ capacity to access “green” investments. This results in an unevenplaying field where larger, more commercially oriented SHOs in particular countriesare better suited to “green” investments.
The three contractions therefore show that the common intended trajectories do notmaterialise equally across the different social housing financing systems. FollowingAalbers (2017), the tensions between homogenising and heterogenesing forcesresult in variegation across national social housing financing systems (see Table 4).The first contradiction mainly results from the existence of strong guarantees andpublic intermediaries which reduce the margin on which ESG reporting can producefurther price differentiation. Countries with these features rely heavily on publicpromotional banks, as in The Netherlands and France and to a certain extentDenmark and Austria where state backing takes the form of sizeable grants andbond-purchases (see also Figure 3). In these cases, greening social housingfinancing produces, for now, low green premiums. Quantitative evidence on sovereigndebt issuance backs these views, as the econometric analysis by Doronzo et al.(2021) also found little evidence of premiums being related to ESG public debtissuance. In contrast with the lack of interest rate incentives in Germany, which tendsto have more commercially geared SHOs, the adoption of ESG debt instruments isdriven more directly by reductions in the cost of debt. In summary, the introductionof homogenising ESG reporting standards is having a differentiated impact producingdivisions across social housing financing systems. Ultimately, interest rate rebatesare not perceived as the main driving force toward green debt for a majority of theinterviewees but more as a cultural shift toward the engraining of environmentalindicators in lending. While ESG certifications broaden the investor base and makeSHOs more “legible” to investors, it is only in those systems that are more dependenton private finance that ESG disclosures produce higher green premiums.
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TABLE 6.3 Overview forces effects and contradictions
No. Intended Effect Actual Effect Contradiction

1) Report-
ing and
Disclosure
Obligations

To lower the cost of capitalfor ESG-aligned activities Impact on interest rates lim-ited to commercially orientedSHOs. Increase in adminis-trative costs.

Between ESG and (some) na-tional frameworks already inplace to support social hous-ing provision
2) Reno-
vation Re-
quirements
and Energy
Performance
Standards

To sustainably increase ren-ovation rates and overall en-ergy efficiency while avoidingnegative social impacts

Focus on renovation steeredto reductions in newbuild,rent rises, and disposals, insome instances.

Between ESG and the sec-tor’s social objectives: lowerrents and new housing provi-sion

3) “Green-
ing” of Capi-
tal Markets

To redistribute finance to-ward those sectors and ac-tivities where it can producea high impact

Entrenchment of inequalitiesin access to finance. Cer-tain management practicesare not easily amenable toESG. SHOs’ size and stockstrongly impact SHO capac-ity to tap onto green mar-kets.

Between Green Capital andorganisational character-istics and managementpractices

The second contradiction of higher finance costs jeopardising SHOs’ social mission isa consequence of renovation requirements, a homogenising force (see Table 4).Renovation requirements affect the capital expenditures of organisations differentlydepending on whether these rely on grant or debt funding. Grants result in lowerleverage ratios, which strengthen the risk profile of SHOs in the eyes of ratingagencies, for example, in Austria (see also Figure 3). In ‘guarantee’ countries, whereSHOs have strong linkages to the sovereign, rating is done top-down, which shieldsthem from environmental risks, de-risking their borrowing. This phenomenon offerssimilarities with the de-risking of for-profit real estate portfolios through stateintervention analysed by Aalbers et al. (2023). However, in the case of limited profitSHOs, leveraging limits are constraining those in more financially fragile situations,despite the state backing. Guarantee providers, key actors in state backing, are stilldiscussing how to incorporate environmental and transitional risks in the analysis ofSHOs to mitigate the impact it may carry on their access to debt. In response torenovation requirements impinging on costs and increasing borrowing, most of theinterviewed SHOs are reducing their new-build pipelines, passing on costs toresidents where the rent-setting system allows it and also considering disposing oftheir less energy-efficient stock. On a similar note to that of Knuth (2016), theemphasis on environmental indicators disregards the social objectives of SHOsactivities. Austria and Denmark operate more independently from financial marketsbecause of the provision for renovation having been included in rent-setting and theexistence of revolving funds (see Figure 3). As also highlighted by the literature(Kössl, 2022), cost-based rent setting is one of the key features which allows therenovation and new social production in Austria together with high levels ofgovernment grant.
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TABLE 6.4 Contradictions, Heterogenising and Homogenising Forces
Contradictions France Netherlands Germany Austria Denmark Forces

1st
Reporting and Disclosure Obligations

LimitedIncentives LimitedIncentives Large incentivesfor commercialoperators
Limited incentives Limited incentives Hom.

StrongGuarantees andCounter-cyclicalpublic lending

Strongguarantees andcounter-cyclicalpublic lending

Economies ofscale in largeoperators
Strong publicinterventionthrough grants

Partial guaranteeand stronglegislation

Het.

2nd
Renovation Requirements and Energy Performance Standards

Relevant leveragelimitations Relevant leveragelimitations Relevant leveragelimitations Hom.

Low financialrisks due toguarantees
Low financialrisks due toguarantees

Temporallylimited rent capsreduce financialrisks

Cost-based rentsreduce splitincentives andstrong grantsreduce leveragingand risks

Revolving fundsat country leveland provision forrenovation in rentsetting reducerisks

Het.

3rd “Greening” of Capital Markets Hom.

Public lendingembedding ESGcriteria in lendingprovision

Clashes withportfolio finance High variation inadoption acrossproviders
Publicinterventionaligned withfinancial markets

Publicinterventionbeing alignedwith financialmarkets

Het.

The third contradiction results from the uneven impact greening capital markets arehaving over providers in the studied countries. Both decarbonisation and ESG debtissuance reward economies of scale, underlining the role of aggregators and banks.As reporting of use of proceeds becomes more detailed, ‘project’ finance countrieshave an advantage over ‘portfolio/balance’ ones. However, SHOs are not only passiveactors in financial systems, and the incorporation of transitional risk indicators intobanking is producing positive effects in some countries. For example, in Austria, thegood quality of the housing stock together with its self-financing mechanism isstrengthening the perceived position of private banks. ESG issuance seems to beembedded in a process of cream-skimming rather than on the spreading ofinvestment where it can produce a higher impact.
To sum up, the identified contradictions between ESG and decarbonisation trace thelimitations of market-based green financing of social housing. The interplay betweennational social housing financing systems and the homogenising force of ESG financeresults in a range of outcomes. On the one hand, in Austria and Denmark, withrelatively more countercyclical reliance on self- and public-financing mechanisms,SHOs are relatively independent of ESG finance. In France and the Netherlands,public support by banks and guarantees is protecting SHOs in their transition effortstowards ESG finance. Finally, when it comes to the German more commercialisedoperators with only occasional links to the state, ESG finance impacts on socialhousing financing are larger in terms of heterogeneity across SHOs and cyclicality.
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6.6 Conclusion

This paper has focused on the multi-faceted interlock between ESG finance and thedecarbonisation of the social housing stock. The results show that ESG legislation isexpanding reporting responsibilities while producing only limited additional financeultimately geared towards large and commercially oriented SHOs and debtaggregator organisations. Furthermore, the expansion of MEPS in countries likeFrance and the Netherlands is already resulting in higher costs creating tensions withSHOs’ social mission of building homes at affordable rents. Finally, the adoption ofESG financing is producing inequalities in access to capital across national financingsystems and individual providers.
These results signal that the greening of SHO debt together with the incorporation oftransitional and environmental risks is affecting the financial systems’ configurationand opening up a number of questions and scenarios requiring further research.First, the accrual of green premiums could be taking place at the fund and investorlevels and not yet having materialised into interest rebates for SHOs. Second, theECB’s ‘tilting’ toward green securities may reinforce green premiums in thesecondary market as inflation recedes and Quantitative Easing (QE) is re-established.
Ultimately, the three contradictions identified in this study are not posited asdefinitive flaws in green finance, but could well be the result of adjustment pressuresinstead of the establishment of systemic tensions. Fully evaluating the impact of ESGindicators on social housing financing will require more research in the longer run,also drawing from quantitative evidence. Moreover, ESG-related acts and directivesare just one set of policies in a broader regulatory landscape that includes multipletools and renovation models for example Energy Service Companies (ESCOs) andOne-Stop-Shops (OSS). Also, the future expansion of the Emissions Trading Scheme(ETS) to buildings and transport may increase the financial viability of housingrenovation. Fertile ground for future research lies at the intersections of these stimulithat combine financial incentives with institutional design.
Our research highlights how debt aggregators have become a relevant response toincreasingly complex capital markets requiring large debt issuances. Theseinstitutions provide both access to financial markets and data management andreporting expertise producing economies of scale and improving access to finance forsmaller SHOs. When it comes to mid-term policy recommendations, the developmentof aggregators through regional public banks could further access to ESG capital fora wider array of SHOs. Furthermore, one of the most immediate changes of ESGlegislation that could improve SHO access to private capital could be the introductionof housing affordability as a Principal Adverse Indicator (PAI) extending the ‘do noharm’ principle of ESG in a social dimension.. Finally, over the longer run, there is aneed to advance the ‘S’ in ESG to showcase SHOs’ work in financial markets. TheSocial Taxonomy but also the labelling of debt emitters as ESG-only could reduceadministrative burdens and further the access to sustainability-labelled debt.
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Abstract 1

Since the 1990s, many governments have reduced direct funding for social housing.In Northwestern Europe, indirect subsidies and guarantees have allowed privateproviders to maintain and expand the social rental stock. In contrast, Spain’s socialrental sector has remained underdeveloped. Amid the current affordability crisis,attention to social housing is growing, emphasized by a new law prohibiting the saleof public land zoned for this purpose. Given public expenditure constraints,Public-Private Partnerships (PPPs) have emerged as an alternative to finance newconstruction. These partnerships involve leasing public land at reduced costs toprivate entities for social housing development. Despite land availability, financialchallenges persist and tenders often fail to attract private sector interest. This paperexamines constraints affecting social housing development by exploring a PPP by theCatalan Land Institute. The central research question is: How do institutionaldynamics and financial constraints impact the provision of social rental housing inSpain? To answer this question, a mixed-methods approach integrates interviewswith a sensitivity analysis of key parameters in a discounted cash flow (DCF) model.The findings underscore high financing costs, weak renter protections, andmisaligned fiscal policies as significant obstacles. The paper recommends furtherinvestigating public-backed guarantors, housing allowances, and fiscal incentives toaddress these challenges.

7.1 Introduction

Across Northwestern Europe, private and third-sector partners play central roles inmaintaining and expanding social housing stocks. Since the 1990s, countries like theNetherlands and the United Kingdom have reduced their government’s directinvolvement in housing provision, opting for market mechanisms to sustain anddevelop the social housing stock (Elsinga et al., 2016; Whitehead, 1999). As a result,in England and the Netherlands, the proportion of the social housing stock providedby limited profit companies has risen to 62% and 79% respectively (OECD, 2022). Toalign housing supply below market rates with the financial viability of privateoperators, Northwestern European countries have adopted a variety of supportmeasures, including grants, state guarantees, land designations, and subsidisedloans (Whitehead, 2014). This has come not without critique as reliance on marketmechanisms has brought Private-Public Partnerships (PPPs) under criticism due to afocus on profit over social purpose (Aalbers et al., 2017) (Wainwright & Manville,
1This chapter has been published asFernández, A., Haffner, M. & Elsinga, M. (2025) "When Land is Not Enough;Drawing in Private Capital to Increase Social Rental Housing in Spain." Cities. 159. https://doi.org/10.
1016/j.cities.2025.105720. Minor editing corrections have been made to the text.
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2017).
A growing body of scholarly literature has examined the effects of various policyinstruments on the financial viability of affordable rental housing. These can bebroadly classified under supply-side, fiscal, social and planning policy instruments,see for example Lawson et al. (2010), Norris and Lawson (2022) or Peverini (2023).Recently, in the UK, overlapping policies have been conceptualised as a form ofpolycentric regulation, requiring social housing corporations to comply with bothdirect regulatory bodies and financial requirements (Raco et al., 2023). Along theselines, recent research has highlighted the varying impact that sustainable financeregulations have on social housing providers across Europe, primarily due to theirdependence on private investment (Fernández et al., 2023). This paper expands thisbody of literature by analysing the policies affecting social housing PPPs in Spain.Here, the term social housing is used to refer to Viviendas de Proteccion Oficial (VPO)or Habitatges de Protecció Oficial (HPO) in Catalan which target households withincomes below certain thresholds2.
Historically, homeownership was the main tenure of VPOs, ultimately enabling vastswathes of the Spanish population to access homeownership but neglecting thecreation of a social rental housing stock (Pareja Eastaway & Varo, 2002). Thishistorical weakness of the Spanish model calls for a broader approach to analysingsocial rental housing finance. In response, this article takes a comprehensive view ofthe financial, social, and fiscal policies impacting social housing provision in Spain. Indoing so, it draws from a case study of a land-lease Public-Private Partnership (PPP)initiative by the Catalan Land Institute (INCASOL) to explore the question: How doinstitutional dynamics and financial constraints influence the provision of social rentalhousing in Spain? The main body of evidence comprises semi-structured interviewswith public officials, private developers, and financiers. This qualitative approach iscomplemented by a Discounted Cash Flow (DCF) analysis, commonly used to assessfinancial viability in housing development. The DCF model illustrates the impact ofkey parameters such as interest rates, arrears, and taxes on financial viability.
Ultimately, this article makes a two-fold contribution to the literature on social rentalhousing. First, it enhances the understanding of the historical development of theSpanish social rental housing system, highlighting the institutional arrangements andfinancial mechanisms at play, as well as their shortcomings. It does so through adialogue between both the experiences of key decision-makers and the financial
2Granath Hansson and Lundgren (2019), identify household targeting as the most consistent criterion acrossvarious definitions of social housing. In the Spanish context, the legislation uses the term Vivienda de Protec-ción Oficial (VPO) to refer to dwellings provided for households below a certain income threshold, regardlessof tenure. This article adopts the income threshold criterion to define social housing but focuses specificallyon social rental housing, which requires distinct management and financing approaches compared to home-ownership. The term “affordable housing” is used as shorthand in the literature review and discussion sectionsto describe similar housing tenures in countries other than Spain. For example, in the U.S., affordable housingoften refers to units developed through Low-Income Housing Tax Credits (LIHTC), while state-owned housingis referred to as public housing (Schwartz, 2021). In the UK, the National Planning Policy Framework (MHCLG,2023) defines affordable housing as an umbrella term covering both rental and ownership units, similar to theSpanish case. Within rental housing, different formulas are used to set “social rents” and “affordable rents”.Notably, in the UK, the terms “social housing” and “social rents” do not refer exclusively to publicly ownedhousing; both social and affordable rent units are provided by third-party and publicly owned operators (MH-CLG, 2023).
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specifications of a particular project. A key element of the contribution resides in themixed methods approach that provides insight into investors’ rationale. Second, thepaper situates a Southern European case study within the social rental housingfinance literature, a field traditionally focused on Northwestern Europe. By doing so,it engages with recent empirical literature emphasizing the importance of financialregulations and social policy on housing development and maintenance.
The next section reviews the academic literature on policies to strengthen socialhousing supply, followed by the methodology and analytical framework. Thefollowing one introduces the Spanish context and justifies the main methodologicalchoices. Then, a historical overview of social housing in Spain highlights keylegislation and their socioeconomic context. The fifth section analyses qualitative andquantitative evidence from the case study. The final sections discuss the findings inrelation to the literature and conclude.

7.2 Debates on Social Housing Provision through
PPPs

The rationale for PPPs leading to the growth in the private-led provision of socialservices throughout the 1990s and early 00s (Kappeler and Nemoz, 2010) was themodernisation of public services by incorporating market-led operators that wouldincrease efficiency allowing for the thinning of state bureaucracies (Savas, 2000).The involvement of private finance has usually been led by constraints in publiccapital and public administrations’ reduced capacity to operate and manage services(Akintoye, 2016). For example, in the paradigmatic case of the English social housingstock, large transfers were realised as a response to the need for investment to raisehome standards (Barker, 2004) (Hodkinson, 2011). In Spain, the analysis of PPPsfrom a financial efficiency perspective offers a mixed picture. For instance, in 2015,the National Markets and Competition Authority (2015) highlighted that privatesector partners overprice services by 25% on average when hired by publicadministrations. While this study refers to the general contracting of services by theadministration and not only housing, Ramió Matas (2016) highlights this as part of abroader trend in Spain resulting in privatised benefits and socialised costs.
When it comes to PPPs, land policies, reserving a proportion of this resource forsocial housing provision, are a relevant tool to improve the financial viability ofaffordable housing supply in many contexts (Lawson et al., 2022). For example, inEngland, developer contributions under S106 are instrumental in securing a relevantproportion of social housing in new developments (Whitehead, 2007). In Vienna, apublic land bank coupled with direct subsidies, conditional on cost-based renting,

201 When Land is not Enough



have a dampening effect on land prices thus increasing the financial viability of socialhousing development (Lawson & Ruonavaara, 2020). Overall, access to land easesthe financial requirements of housing provision by eliminating or reducing one of themain costs. However, as the current case depicts, land policy may not completelysolve viability concerns in the development and exploitation phases.
Together with land reserves, the academic literature has also focused on an array offinancial policies geared towards increasing social housing supply. First, socialhousing systems may be underpinned by reduced borrowing costs facilitated throughpublic backing. In a number of European countries, in the 1990s, social housingprovision was opened to private investment. In the UK, this took place through largestock transfers to third-sector social housing organisations (SHOs) that receivedpublic grants to de-risk private investment (Whitehead, 1999). Other countries choseto follow a different path, for example, the Netherlands implemented a stateguarantee to reduce the risk premium on SHOs’ debt (Elsinga & Wassenberg, 2014).In contrast, France and Germany provide a series of subsidised loans for new socialhousing developments (Lévy-Vroelant et al., 2014) (Droste & Knorr-Siedow, 2014).This opening of social housing to private investment has elicited critiques for anexcessive focus on financial performance. For example, Wainwright and Manville(2017) see the incorporation of bond financing among English SHOs as driving anexcessive focus on financial metrics at the expense of social objectives.
Second, social housing supply has traditionally relied on a favourable tax treatment,or outright exemptions, to increase the financial viability of projects delivered byprivate and third-sector companies. For example, in Germany, tax relief in the form ofa depreciation allowance was increased in 2019 to foster the development ofaffordable housing (Lerbs & Nobbe, 2021). The Low-Income Housing Tax Credit(LIHTC), in the US, is probably the best-known among these programmes. LIHTCssubsidise the development and rehabilitation of affordable housing throughcorporate tax reductions awarded by the Federal Government (Schwartz, 2021).Currently, most affordable homes in the US are delivered through this system of taxexemptions (Schwartz, 2021). In the last decades, the OECD has identified anincrease in tax exemptions for affordable housing provision which have become awidespread tool for social housing financing in countries like Chile, France, Portugaland Colombia (OECD, 2022). This shift has been characterised both as a steptowards the development of intermediate tenures but also as a commercialisationpressure (Wijburg, 2022).
Thirdly, demand-side subsidies in the form of direct housing allowances tohouseholds have become a key feature of the social safety net in many countries asbrick-and-mortar subsidies for social housing development were rolled back (Kemp,2012). The popularity of housing allowances is linked to the US ExperimentalHousing Allowance Program. This program investigated housing consumptionresponses resulting from direct cash transfers to low-income households. Evidencefrom this experiment pointed to housing allowances inducing households to live inbetter-quality housing (Mulford et al., 1980). While housing allowances are usuallypresented as an alternative to direct social housing provision, in practice, allowancesalso reduce arrears in the social sector (see also Kemp, 2007; Turner & Elsinga,

202 Housing Affordability and Decarbonisation in Europe



2005). This is the case particularly after the social housing stock started to beoperated by third-party actors. For example, in the UK, housing allowances make upa sizeable proportion of SHOs’ finances and, by assuring revenue from vulnerableresidents, are inextricably linked to development strategies (Stephens, 2005; Wilson& Barton, 2017).
As the literature shows, the long-term financial viability of social housingdevelopments hinges on the definition of a financing framework usually achievedthrough a mix of social, financial and planning policy instruments. These changes insocial housing provision, from fully state-led to the introduction of other actors, haveresulted in complex governance frameworks. As a result, access to capital marketshas improved and the voluntary sector has been professionalised arguably at theexpense of tenant participation (Gibb, 2002) (Lunde & Whitehead, 2016). Thesedevelopments also speak to a broader shift towards decentralised and multi-levelgovernance across different levels of government and networks of public and privateactors. Kersbergen and Waarden (2004) highlight how these arrangements aregenerating interdisciplinary research areas for social science. When it comes tosocial housing, Raco et al. (2023) propose the term polycentric regulation to addressthe multiple forces that push and pull English SHOs in the definition of their socialand financial strategies. Peverini (2021) also postulates a similar framework toaddress the role of urban governance on housing affordability. Furthermore, theincreasing impact of multiple layers of legislation on social housing provision is alsohighlighted in Fernández et al. (2023). This paper employs a comparative approachto explore how national social housing financing frameworks adapt to the EUlegislation on green finance.
These studies underscore the impact multiple legislative poles have on the provisionof social housing. This paper hones in on three specific dimensions within theSpanish context: supply measures, fiscal policy, and demand-side subsidies (Table1). In practice, these instruments often become more nuanced post-implementation,for instance, in the US, the sale of LIHTC to financial operators results in this policybehaving akin to an up-front grant rather than a recurring fiscal benefit (Schwartz,2021). Consequently, the classification of policies presented in Table 1 is employedas a heuristic instrument to structure evidence, rather than a rigid taxonomy of policyinstruments. The subsequent empirical sub-questions ask: 1) How have legislativeand socioeconomic developments shaped PPPs for social housing provision withinthe Spanish and Catalan contexts? 2) How do financial constraints, when consideredin conjunction with fiscal and social policies, currently impact the viability of PPPs forsocial housing provision? These questions, answered in sections four and fiverespectively, ultimately align with the objectives of presenting a comprehensiveoverview of the current social housing financing structures in Catalonia andassessing the policies impinging on the financial viability of supply.
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TABLE 7.1 Social housing financing policies
Policy Supply-side sub-

sidies
Fiscal Policy Demand-side

subsidies
Planning Law

Target Housing Unit Housing Unit Household Land
Examples Grants – UK; Sub-sidised loans – FR LIHTC – US HousingAllowances – UK Land reserves –AUT

Source: Prepared by the authors

7.3 Context and Methodology: a Mixed-Methods
Case Study

Despite a long-standing policy focus on homeownership, stepping onto the housingladder has become out of reach for many. In 2023, the average household needed36% of its income to access a mortgage, 6% more than in 2020 (Observatorio deVivienda y Suelo, 2023). Rising housing costs disproportionately affect lower-incomehouseholds, with 47% of private renters and 28% of homeowners in the lowestincome quintile spending over 40% of their income on housing (OECD, 2022). Whilethis rate is much lower in the social rented sector, 12%, years of underinvestmentfrom public authorities, coupled with policies centred around homeownership, havedwindled the proportion of socially rented housing stock to about 2.5%(Observatorio de Vivienda y Suelo, 2022).
In 2023, in response to the affordability crisis, the Spanish Parliament enacted a newLaw on the Right to Housing (12/2023), a pivotal piece of legislation introducing theoption of rent controls in the private rental sector and also aimed to promote newsocial rental housing. Since the short-lived introduction of rent controls in Cataloniabetween 2020 and 2022, this policy has become a topic of fervent public debateeliciting diverse perspectives from economists (Kholodilin et al., 2022; Monras &Montalvo, 2023) (Jofre-Monseny et al., 2023) and legal experts alike (Simon, 2023).Conversely, the development of the social housing stock has remained relativelyunattended in academic research despite some relevant contributions (Gifreu i Font,2023; Burgués & de Molina, 2019).
To increase the social stock, the Law on the Right to Housing (12/2023) togetherwith previous regional housing laws (Gifreu i Font, 2023), placed specific emphasison fostering PPPs through land leases. Under this model, publicly owned land isleased to a private partner for the construction and management of social housing.
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So far, this approach has yielded mixed outcomes. Subnational governments, such asthe Metropolitan Government of Barcelona 3 and the Region of Madrid (Orden951/2021, Orden 1270/2021), have, only at times, successfully engaged privatepartners to execute part of their housing initiatives. On other occasions, these sameinstitutions together with the Generalitat Valenciana have failed to secure any privatedevelopers’ bid for their social housing plans4.
This paper approaches the questions presented above through a case study ofINCASOL’s land-lease PPPs. As the land management authority in Catalonia,INCASOL both directly provides housing and organises land development. Recently,INCASOL has released three plots zoned for social rental housing in an open bid to bedeveloped and managed by a third-party organisation. Reliance on a private partneroperating in a financially constrained manner makes this a particularly compellingcase to investigate social housing delivery. To do so, this paper develops a mixedmethods approach, following a design that starts with qualitative input and is thenexpanded through quantitative modelling. In the first phase, 21 in-depth interviewswith professionals served both to understand the institutional context together withthe motivations of public and private stakeholders. In the second phase, the encodedresponses informed the selection of particular parameters for further explorationthrough a sensitivity analysis in a Discounted-Cash-Flow (DCF) model assessing thedevelopments’ viability. The objective is to demonstrate the broader relevance of theconcerns raised by the interviewees and illustrate their financial viability implicationsthrough a sensitivity analysis of key parameters. This approach aligns with the logicof a primarily qualitative method, supplemented by quantitative elements (Morgan,2014).
While the nucleus of the research focuses on INCASOL and Catalonia, the set ofinterviewees encompasses other Spanish regions to make any broader extrapolationof results more robust. Participant selection included an array of actors involved inthe formulation, financing and oversight of land PPPs. That is, first, public partnersleasing land; second, private developers and managers of social housing and; third,private and public financial institutions financing these projects (see Table 2 fordetail). The actors selected are similar to those interviewed in the study of socialhousing financing in other contexts, see for example, Raco et al. (2023) andFernández et al. (2023). Recruitment took place through professional networksattending to criteria of prior experience, decision-making capacity and technicalexpertise. Interviews were conducted both in person and online throughout 2023.The semi-structured interview protocols5 were designed to delve into three topics 1)the rationale for land-lease PPPs, 2) the minimum requirements for investment, and3) the long-term implications of this form of housing provision. Subsequently, theanswers were coded in Atlas.ti attending to the incidence of specific narrativesregarding borrowing costs, fiscality and social policy (Appendix A).
3https://ajuntament.barcelona.cat/lescorts/es/noticia/nace-el-primer-operador-de-vivienda-publicoprivat-del-estado_
1117294.4https://www.elconfidencial.com/empresas/2021-12-02/generalitat-vivienda-alquiler-plan-estrella_
3334537/.5Consent was sought in written form for all interviewees. A public disclosure provision was included in theconsent form when referring to employees at INCASOL where ensuring anonymity was impossible.
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TABLE 7.2 Interviewee Groups

Actor Count
Private partner: (not) for-profit SHO 5
Case study: INCASOL 6
Other public partners: regional and local governments 5
Financing Institutions: public and private banks, rating agencies 5
Total 21

Secondly, building on the interview responses, a sensitivity analysis of keyparameters in a Discounted Cash-Flow (DCF) is used to quantitatively illustratefinancial viability issues. This responds to a call by Poovey (2015) for engagementwith financial decision-making tools in housing research. This paper quantitativelypresents policy impacts on the financial assessments conducted to determine theviability of a specific social housing project. DCF models constitute a widely employedtool among real estate investors and public authorities for assessing rental housingappraisals and valuations (Ling & Archer, 2021). This valuation model relies onpredicting cash flows and future value and then discounting them to appraise acurrent investment opportunity (Ling & Archer, 2021).
The Internal Rate of Return (IRR) is a key concept in financial analysis, particularly inthe evaluation of investment returns. According to Ling and Archer (2021), the IRR isthe discount rate at which the Net Present Value (NPV) of a project’s cash flowsequals zero. In other words, it is the rate of return at which the present value of theproject’s cash inflows matches the present value of its outflows. See the formulabelow, where: Ct = net cash inflow during the period t; C0 = total initial investmentcosts; IRR = the internal rate of return; and t = the number of time periods.

0 = N PV =
n∑

t=1

Ct

(1+ I RR)t −C0

(1)
The IRR summarises the return of an investment opportunity. In investmentdecisions, if the IRR exceeds the project’s required rate of return or cost of capital,the project is generally considered acceptable. Conversely, if the IRR is lower than thecost of capital, the project is not deemed viable. One of the limitations of DCF modelsis their highly deterministic nature drawing from a series of imputed parameters (seeAppendix B for detail). In this case, the scrutiny of quantitative determinants is usedto assess the interplay between affordability for the consumer and financial viabilityfor the investor. Hence, the results presented acquire more relevance as theparameters modelled illustrate the concerns highlighted by the interviewees.
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7.4 The Changing Role of Social Housing

According to 2021 data, Spain displays an imbalanced tenure breakdown with a highhomeowner proportion, 75.2% of households (INE, 2023). Among the totalhouseholds, 38.1% own their home outright and 26.4% have a mortgage. Incontrast, only 15.9% of households are renters in the private market and just 2.8%are social renters (INE, 2023). Although the percentage of private renters grew by2.4% between 2011 and 2021, (INE, 2023), reversing a historical trend in theincrease of homeownership, Spain continues to rank firmly among the Europeannations with the highest percentages of homeowners (OECD, 2022). However, thiswas not always the case. In 1950, over half of Spanish households rented, but by1995 this figure had dropped to 14% (Pareja Eastaway & Varo, 2002). Conversely,the proportion of owner-occupiers grew from 46% to 81% in the same period (ParejaEastaway & Varo, 2002). The centrality of homeownership in Spain is the result of aseries of policy decisions that privatised the public housing stock while subsidisingmortgages, a process that started in the 1960s and fully unfolded in the 1990s.
Despite the historical emphasis on homeownership, the roots of the current PPPs andsocial housing system can be traced back to legislation prior to the new housing law.After the Civil War in 1939, the Dictatorship’s first housing law (BOE-A-1939-6523)established the National Housing Institute to promote social housing, particularlythrough for-profit companies. This law provided tax exemptions and interest-freeloans for properties built under specific rent thresholds. Subsequent legislationraised the maximum rents eligible for subsidisation to incorporate “middle classes”and stimulate economic growth through construction (BOE-A-1944-10964).Carbajal (2003) notes that, despite legislative efforts, the post-war focus on PPPsfailed to meet objectives due to limited access to building materials, capital, and aninefficient subsidy system. Consequently, private development concentrated onmid-segment housing, while properties with the strictest rent ceilings were mainlydeveloped by the National Housing Institute.
In the 1950s, two key features were introduced. On the one hand, the 1954 Law onthe Construction of Limited Rent Housing (BOE-A-1954-10883) expanded theprevious system of subsidies and fiscal exemptions. Also, from 1957 onwards, anewly created Ministry for Housing would become instrumental in the formulationand implementation of Housing Plans. A key element of these housing plans was theprovision of social housing on a flexible tenure basis which eventually resulted in theprivatisation of the social housing stock.6 On the other hand, the 1956 Land Law(BOE-A-1956-135) established a system of development levies “cesion obligatoria”which required developers to cover public infrastructure costs in new developments.Furthermore, this law foresaw the possibility of transferring public land to private
6Article 26 of the 1954 law established that the housing units could be let for free, rented, sold outright or ininstalments. The regulation that developed this law also determined that after 20 years, the dwelling wouldlose its “social” qualification. As a result, it would be free for trading in the open market and renters wouldbecome owners.
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companies for the development of social housing.
Throughout the 1950s, the economic circumstances progressively changedcompared to those of 1939. In 1953, the Pact of Madrid 7 ended Franco’s regimeinternational isolation opening access to development aid and internationalinvestment. In the 1960s, in the midst of unprecedented economic growth, publicinvestment in social housing and for-profit private initiatives would lead to thedevelopment of vast swathes of urban peripheries into social housing. In fact, most ofthe Spanish housing stock was built during two boom periods during 1962 to 1967and 1968 to 1974 (Taltavull, 2001). At this time, a number of private for-profit SHOswith a focus on social housing provision were created:

Spain has traditionally had lax fiscal regimes for housing provision, particularlywith total fiscal exemption for social housing provision. Our company was created[in 1968] under this fiscal regime. One of the advantages was not paying taxes andthis would compensate for the limited rents. This was before there were any landreserves for social housing. — CEO, For Profit SHO

Public land reserves were only established in the 1975 Land Law(BOE-A-1975-9250), which built on the previous 1956 law and increased thedeveloper contributions to public infrastructure and 10% of the value of the totaldevelopment to local authorities. As a result, municipalities increased their landassets (Picazo-Ruiz, 2021). However, in many cases public institutions lacked thefinancial resources and administrative capacity to maintain or develop any socialhousing stock and land was sold back to developers. “Before [2020], the publicadministration could sell the land received as in-kind contributions by developers sofar as the proceedings were reinvested in housing policy objectives”. (Meritxell JanePlaya, Architect-Development Team, INCASOL).
In the 1980s, following the end of the dictatorship and the start of decentralisation,housing policy became the responsibility of regional authorities. Many regionsestablished land institutes to manage land and housing assets transferred from thecentral government. After the dictatorship, housing policy continued to focus onhomeownership as mortgage markets were liberalised and macroprudential policieswere made more lax (Palomera, 2014). In Catalonia, the Law 4/1980 createdINCASOL, which continued the low-cost homeownership policy throughout the nextdecades. As Fig. 2 shows, decentralisation did not result in structural changes inhousing provision between Catalonia and Spain, particularly in recent decades, mostsocial housing provision has taken the form of low-cost homeownership in bothcontexts. The flagship housing policy by public expenditure standards was MortgageInterest Deduction (MID), which dwarfed the proportion spent on social housingprovision (see Fig. 1). Even at the peak of social housing starts in 2008, publicexpenditure on social housing was markedly less than that on MID. Social housingprovision remained centred on homeownership, contingent on land sales and
7The Pact of Madrid was a bilateral agreement signed in 1953 by General Franco, the dictator of Spain, andUS President Eisenhower. The agreement allowed the US to use strategic military bases in Spain in exchangefor economic aid to the Spanish regime. The pact marked the end of the international isolation that Franco’sregime had faced since the end of WWII and contributed to its survival until 1978.
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fluctuating following real estate cycles, as Fig. 2, and Fig. 3 show. Also, despite theexistence of zoning laws and social housing companies, homeownership remained thepreferred tenure in social housing developments, Fig. 3, Fig. 4.
FIG. 7.1 Public Expenditure on Mortgage Interest Deduction and Social Dimensions of Housing.

Sources: OECD, 2024 and Ministerio de Hacienda, 2021. Prepared by the authors.

The 2008 crisis put an end to this era of social housing provision. In the midst ofausterity and recession, the land market contracted and the Spanish administrationlost one of its main revenue resources (see Fig. 2). Also, in the context of ballooningpublic debt, a cross-party coalition introduced legal limits to public expenditurethrough a budget stability law BOE-A-2012-5730. This law capped public deficit byall levels of government limiting countercyclical investments (Bellod, 2011). When itcomes to housing, these debt ceilings still nowadays curtail the capacity of regionalauthorities to issue debt and directly fund housing provision.
In this moment, for us to be able to build we would need to raise debt. This isparticularly limited to the regional government. As a result, we won’t be able todevelop land directly because we do not have the financial resources. Thus, theonly option for us to enlarge the public rental stock is through leveraging privateinvestment. — Director of Asset Management, Regional Land Institute

In the aftermath of the 2008 crisis, alongside the retrenchment of public provision, aseries of fiscal incentives were introduced to attract private investment from abroadthrough Real Estate Investment Trusts (REITs). In Spain, REITs owned by foreigninvestment funds are not only exempt from corporate tax but also from taxes ondividends paid to shareholders outside the country (BOE-A-2009-17000).Consequently, the number of REITs has grown exponentially while the administrationbroadly retreated from social housing development and management (Gil García &Martínez López, 2023) (Janoschka et al., 2020).
Together with these financial limitations, three legislative changes complete the
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FIG. 7.2 Total Social Housing Starts.

Source: Ministerio de Transportes, Movilidad y Agenda Urbana. (2024). Prepared by theauthors.

FIG. 7.3 Total Social Housing Starts by Tenure in Spain.

Source: Ministerio de Transportes, Movilidad y Agenda Urbana. (2024). Prepared by theauthors.
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FIG. 7.4 Total Social Housing Starts by Tenure in Catalonia.

Source: Ministerio de Transportes, Movilidad y Agenda Urbana. (2024). Prepared by theauthors.

current PPPs’ framework. First, the 2007 Spanish Land Law (BOE-A-2007-10,701)expanded social housing reserves and mandated that a minimum of 10% of any newdevelopment be allocated to social housing. Second, the 2010 Catalan urbanism lawimproved over this minimum and raised the social housing proportion to 30%(Picazo-Ruiz, 2021). This change enabled local authorities or INCASOL, dependingon the case, to secure a greater proportion of land value for social housing throughdevelopment contributions. Third, in response to affordability challenges and the lowprovision of social housing (see Fig. 4), the Catalan Parliament passed the currentLaw on the Right to Housing in 2019 (BOE-A-2020-2509). This law aimed toincrease the percentage of social housing in Catalonia from 2% to 5%. To improvehousing affordability for tenants, the law introduced rent controls, which were laterdeemed unconstitutional and removed. However, it also prohibited the sale of publicland zoned for social housing and increased the housing proportion reserved forsocial housing in developments to 50% in certain municipalities facing affordabilitypressures. Ultimately, the National Law on the Right to Housing (12/2023)incorporated both rent controls and the prohibition on selling public land intonational legislation. As a result, public administrations across Spain are now requiredto maintain land zoned for social housing in public ownership and to develop asignificant portion of it as rental housing. Land-lease PPPs have emerged as aresponse to financial constraints in achieving these social housing goals. These PPPsrely on public land zoned for social housing, which is developed by third parties andeventually returned to public ownership.
First, land leases allow public institutions to maintain land as public property. Thisis an economic and fiscal reason as the asset ultimately returns to publicstewardship after the end of the contract. Second, the public administration isreassured that the land will be used for its intended purpose, providing social
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housing. Thirdly, over the longer run, the state aims to have an impact on marketprices. — Lawyer, Legal Advisor to Public Partners in PPPs

In summary, the emergence of land-lease Public-Private Partnerships (PPPs) forsocial housing provision in Spain can be attributed to three core factors. First, therehas been a longstanding reliance on private partners, including for-profit entities, toaddress the capital shortfalls in social housing provision. Second, the historicalunderinvestment in public infrastructure for the direct management and constructionof social rental housing has been exacerbated by recent constraints on publicexpenditure following the Global Financial Crisis (GFC). Finally, recent legal reformshave restricted the alienation of public land designated for social housingdevelopment, thereby necessitating the involvement of private actors to mobilizecapital and provide management expertise, as illustrated in Fig. 5.
FIG. 7.5 Actors, Processes, Concerns and Legislation in land-lease PPPs.

Note: In this case, land obtained through developer contributions is being tendered for lease to build affordable housing. Theselection criteria for private partners in this particular tender include lowering rents below the threshold set in the legislation,returning the building to public ownership before the 75-year limit set, and exceeding minimum maintenance requirements. Thewinning bidder will gain the rights to develop and manage the social housing units on the released plots for the agreed term, afterwhich both the land and building will revert to public stewardship. Source: Prepared by the Authors.

7.5 The Influence of Fiscal and Social Policies
on PPP Viability

As a result of the aforementioned legal changes, INCASOL has also become unable tosell public land zoned for social housing. “Our social housing provision model reliedon very strong capital gains resulting from land operations. This surplus was theninvested in public social housing.” (Jordi Serrano-Codina, Finance Coordinator,INCASOL). Historically, INCASOL relied on land sales to finance housing development.This approach led to a sharp decline in housing provision following the 2008 crisis,mirroring the broader downturn in Spain and Catalonia (Fig. 6). According to thesame interviewee, the reduction in land sales prompted INCASOL to tap into rental
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deposits for housing development. Residential and commercial renters in Cataloniaare required to place their deposits with INCASOL, providing the agency with a poolof capital at a 0% interest rate, as these deposits are returned at their nominal value.
FIG. 7.6 Social Housing Built by INCASOL.

Source: INCASOL. Prepared by the authors.

Despite INCASOL’s relatively easy access to capital, the expansion of the housingstock to meet the regional housing plan targets is putting a serious strain on itsfinances and management capacity. “We can mobilise 90% of the deposits, but weare buttoning up against this limit” (Jordi Serrano-Codina, Finance CoordinatorINCASOL), and also “project management and human resources constitute relevantbottlenecks for the development of social housing at scale” (Pere Picorelli, INCASOL).Land-lease PPPs have emerged as a response to develop land which otherwise wouldsit vacant due to limited public resources. In this case, the leased land is located inthe Municipality of Esplugues de Llobregat, within the metropolitan area ofBarcelona. Further details of the particular case are included in Appendix B (EXA664/2023). Through a competitive process, INCASOL releases this plot that is to bebuilt and administered by a third party and once the concession period is over willreturn to public management.
The public tender defines three economic variables to competitively assess thetenders. The first one is social, lowering rents which benefits the residents. Second,returning the building to public management before the predefined period, whichwould benefit the administration. Finally, improving maintenance investments. —Pere Picorelli, Housing Programmes and Regeneration Coordinator, INCASOL

The private partner will need to incorporate these three elements in its financialassessment while keeping the project viable, that is deliver its required IRR — definedin the methodology section. In this regard, one of the key elements jeopardisingviability is the balance between borrowing costs and rental affordability. The current
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high interest rates hinder social housing development through traditional bank loanssince rents are capped and are usually indexed to a more stable index than consumerprices or updated by regional governments on an ad hoc basis. As Fig. 7 shows,borrowing costs have a strong impact on the IRR. Borrowing costs reflect the risk ofthese operations but are also constrained by the pool of investors an SHO has accessto. In Catalonia, public grants through the EU Next Generation funding streamsubsidise two interest points in the loans offered by the Institut Catala de Finanzas(ICF).8 While the funds available through this line of credit are limited, they arecritical when it comes to not-for-profit providers’ capacity to bid for these projects.
FIG. 7.7 Sensitivity Analysis of Capital Costs and Rent per sqm on IRR.

Source: INCASOL. Prepared by the authors.

ICF has various lines of credit that subsidise social housing up to two full interestpoints. (. . . ). As a consequence of the rising interest rates, development becamevery difficult. Before, we used to have private entities such as Triodos or Fiare.However, this is not viable anymore since EURIBOR is at 4% and the differentialraises it to 5%. — Pere Picorelli, Housing Programmes and RegenerationCoordinator, INCASOL

Ultimately, project viability relies on grant funding which is available followingEuropean subsidies and not on a systematic basis. As opposed to third sectororganisations, for-profit operators are not that dependent on grant funding, as theyare usually larger and have access to more diverse pools of debt, combining grantswith bond instruments and equity. However, financing needs among for-profitoperators have historically remained too low to access capital markets directlythrough own-name bond issuance. One of the largest for-profit operators mentionedits intention to release a green bond, as is the case in other European countries(Fernández et al. 2023).
8More detail at: https://www.icf.cat/ca/productes-financers/prestecs/icf-habitatge-social.
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There’s two requirements for issuing bonds with social and green labels. On theone hand, you need projects that are adapted to the technical criteria, the NextGeneration Funds [European subsidies] help with this. On the other hand, you alsoneed volume to generate a large enough ticket that makes emitting a bondfeasible. — CEO, Large for-profit SHO

This relatively large company is receiving a direct grant from the EU’s NextGeneration Funds for a similar land-lease PPP in a different region, in exchange formeeting higher environmental standards and reducing rents. The viability of suchprojects depends on grant funding and on the project being large enough to accesscapital markets directly. While green bonds can potentially lower borrowing costs(Fernández et al., 2023), the associated administrative expenses make them feasibleonly for large-scale projects. This underpins the need for financial aggregators topool the needs of various providers. Moreover, smaller operators, particularlynon-profits, report that the combined burden of meeting environmental standardsand reducing rents compromises the viability of certain projects. As illustrated in Fig.7, the rent level required by the Next Generation Funds (7.5 EUR per square meter)significantly lowers the project’s internal rate of return (IRR).
Borrowing costs are also related to resident eligibility and arrears through riskassessments. Due to the rent levels required for financial viability, PPP projects tendto have higher income criteria for resident eligibility compared to publicly managedhousing. This often leads to a form of cream-skimming, where private operatorshouse residents with higher incomes. “Our clients are couples, young families withincome between four and five and a half times the IPREM,9 which is the majority ofSpanish society” (CEO, Large For profit SHO). In contrast, projects directly managedby public agencies have lower eligibility requirements and often operate at a loss,with the Agencia Habitatge de Catalunya (AHC) covering the costs of non-payingtenants, as highlighted in interviews. Therefore, the viability of these land-lease PPPsdepends heavily on the negotiation of eligibility criteria between the administrationand the private operator.
As shown in Fig. 8, arrear allowances affect the viability of social housingdevelopments, though they are less impactful than borrowing costs. Arrearssignificantly influence risk perceptions among lenders, which can lead to higherinterest rates. Although local authorities often have ad-hoc agreements to cover thelosses in social housing projects, there is no regional or national housing allowancescheme in place. “With [arrears], local authorities collaborate with us to find asuitable resolution. (. . . ) However, from a financial point of view, we cannot describethis as a norm, is it not a model.” (Director of Development, Not for profit Provider).
Next to the challenges put forward on viability and borrowing costs, fiscality alsohinders the development of social housing in land-lease PPPs. This is a consequenceof the VAT exemption of rent which precludes passing on the construction VAT to theresidents and increases the upfront costs of the provider. While the administration isprevented from selling land, contradictorily, the fiscal framework penalises rental
9Indicador Público de Renta de Efectos Múltiples IPREM is a public indicator of income. The ceiling to accesssocial housing is 5.5 times the IPREM.
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FIG. 7.8 Sensitivity Analysis of Efficiency (Arrears + Vacancy), and Rent on IRR.

Source: Prepared by the authors.

housing developments.
If a developer sells the property to the final occupier, the developer can pass onVAT to the final occupier. In this transmission, the developer compensates for theVAT charged on the first transmission, that is the public administration andreduces costs. SHOs do not sell so they cannot pass on the 21% or the 10%construction VAT. — Consultant for Private Partners in PPPs

As illustrated in Fig. 9, fiscal costs significantly affect the financial viability of socialhousing projects. Although VAT has a lesser impact than borrowing costs, it occursduring the construction phase, thereby increasing up-front expenses. Recentchanges in corporate taxation have also led to higher corporate taxes for commercialsocial housing landlords. However, Spain retains a 0% tax on REITs’ dividends forinvestors based abroad (Gil García & Martínez López, 2023). Contradictorily,investment in social rental property by for-profit companies with an interest inmaintaining a social housing stock is fiscally penalised while the extraction ofdividends by foreign companies remains untaxed.
Before we used to have an 85% reduction on corporate tax, where instead of 25%you used to pay 3.75%. If you paid dividends, the receiver had to pay 50%, that isan additional 12.5%, resulting in an effective rate of 15%. In 2022, the fiscal codereduced the 85% reduction to 40%, this resulted in an effective rate of 15%. Onceyou add the 12.5% on dividends, this results in more than 25%. — CEO, Largefor-profit SHO
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FIG. 7.9 Sensitivity analysis VAT & Capital Costs on IRR. Source: Prepared by the authors.

Source: Prepared by the authors.

Fig. 10 shows how not all parameters produce the same impact over viability. Whilerent levels and borrowing costs have a very noticeable impact on the IRR, arrears andVAT have less influence. However, the parameters presented in Fig. 10 are notexogenous; for example, resident arrears produce a strong impact on risk premiumsand hence on borrowing costs. Furthermore, there are structural factors that gobeyond the project analysis reflected in the DCF model such as corporate taxation.Also, the small number of specialized organisations in the development andmanagement of social housing, as well as the high leverage of the existing ones,produce inefficiencies that preclude the sector’s development.
They [developers] assume the developer risk and once the building is there theywant an 18% return. If the Spanish developer does not have access to capital theygo to a fund, probably from London. A value-add fund would front the capital andask for a similar return. The fund and the developer put together a joint ventureand the first stays as a manager that takes 6 to 8%. — CEO, Large for-profit SHO

The lack of vertical integration – meaning the consolidation of financing,development, and operation of social housing under one organisation – as seen in thelarge specialized social housing organisations (SHOs) in Northern Europe discussedin the literature, also leads to reduced competition among bidders.
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FIG. 7.10 Sensitivity analysis IRR Key Parameters.

Source: Prepared by the authors.

7.6 Discussion and Policy Implications: an Un-
finished Paradigm

This paper has examined the regulatory framework governing social housingdevelopment through land-lease PPPs in Spain. These partnerships rely on planninglegislation to obtain public land which is subsequently developed by a third partyoperating under market conditions. Our research shows that while land has becomeavailable for new social housing developments, the lack of an adequate socialhousing financing model continues to hinder provision.
The literature frequently critiques PPPs for facilitating corporate capture of publicfunds and profits, particularly in the years leading up to the Global Financial Crisis(GFC) and during the subsequent expansion of REITs (Wijburg et al., 2018). Incontrast, Spanish PPPs date back to the 1950s, well before the post-1990sprivatisation of housing stock seen in Northwestern Europe. Contemporaryland-lease PPPs in Spain differ significantly from the privatisation-driven modelsdescribed in Janoschka et al. (2020). Spain’s new housing legislation prioritizespreserving public land and increasing social housing supply, with rent caps duringthe leasing period and the eventual return of assets to public control, furtherdistinguishing these PPPs from corporate-led privatisation models, such as those
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that provide fiscal benefits to REITs (Gil García & Martínez López, 2023).
This paper highlights three primary barriers to social housing provision in this model:high borrowing costs, a misaligned fiscal regime, and the lack of systematic residentsupport. Borrowing costs constitute the main hurdle in social housing initiatives andhighlight the need for a financial mechanism to deliver capital at scale. Althoughlimits to public expenditure have been engrained in national legislation by manyEuropean countries, Off-Budget Agencies (OBAs) excluded from these ceilings havealso become increasingly common. In the Netherlands, a guarantee fund, WSW,ultimately backed by the government, allows SHOs to access debt at sovereign ratessubstantially reducing borrowing costs (Elsinga & Wassenberg, 2014). OBAs havealso become increasingly common in Germany to deliver, for example, on climatetransformation objectives (Deutsche Bundesbank, 2023). Secondly, the deterringimpact of Value Added Tax (VAT) and corporate fiscality on social housing runscounter to current international experiences by other OECD countries. Relying solelyon temporary tax exemptions for social housing delivery has yielded limited results(Wijburg et al., 2018). However, in the Spanish context, these exemptions couldpotentially enhance social housing development, with the added benefit that suchprojects would eventually return to public stewardship, thereby reducingcommercialisation pressures. Finally, addressing arrears and providing support toresidents requires the establishment of a robust social safety net. In this context, theEnglish housing allowance system emerges as a compelling option, as it fully coversthe housing costs of social housing residents facing financial difficulties (Wilson &Barton, 2017). However, as Priemus and Haffner (2017) highlight for the Dutch case,consideration must be given to the implications for public expenditure. For example,the UK currently spends 1.4% of its GDP on this policy—the highest proportionamong OECD countries (OECD, 2022).
Drawing from these international experiences and the sensitivity analysis (Fig. 10),this paper offers three policy recommendations to be explored in future research: theestablishment of financial intermediaries with public backing, the introduction of ahousing allowance, and comprehensive fiscal reforms. While it is possible to point outhow these measures would work in theory, further empirical analyses are needed toshow how these measures would fit and benefit social housing policies in the Spanishcase. Also, in the face of public debt limitations, establishing adequate Off-BudgetAgencies to de-risk the debt profile of private partners could be a precondition tosurmount the sector’s capacity constraints —see for example the German case(Deutsche Bundesbank, 2023). Ultimately, building a social rental housing stockrelying primarily on private investment presents significant challenges particularly ifthe premise is providing housing to lower-income households. NorthwesternEuropean countries built their social housing stock between the 1940s and 1970sthrough substantial public spending. Reproducing this model in Spain without asimilar increase in public expenditure is a manifestly difficult task.
When it comes to limitations, this study draws heavily from a specific land-lease PPP,which constitutes a significant constraint. Although the interviewee sample includesrelevant actors beyond Catalonia and the issues identified are acknowledged acrossstakeholders, additional comparative research on social housing projects in Spain is
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necessary for more robust conclusions. Furthermore, while the financial model addsvalue by illustrating policy impacts on housing development viability, there are twosignificant limitations. First, the variables considered are not endogenous, meaningfor example that arrears significantly affect lending risks and hence borrowing costs.This relationship is not incorporated in the model as the variables are imputedseparately. Second, the parameters used are highly deterministic and could benefitfrom refinement through probabilistic methods like Monte Carlo simulations. As aresult, further analysis into the determinants of social housing supply remains apressing need.

7.7 Conclusion

Spain has historically relied on private partners for housing provision due to financialconstraints. In the second half of the 20th century, Spain’s urban development wascharacterised by substantial private investment and the strengthening of stateintervention through development levies being progressively embedded in nationallegislation. However, Spain diverged from other European countries by emphasizinghomeownership particularly early on. Recent legislative initiatives have departedfrom this historical trajectory by reorienting housing policy towards the expansion ofsocial rental housing. However, these efforts grapple with resource constraints andoften resort to public-private partnerships (PPPs) reminiscent of legislationintroduced in the 1950s.
Our research shows that the recent provisions aimed at preserving public land lackaccompanying financial mechanisms to ensure social housing delivery. Publicincentives are limited and a comprehensive government scheme that guarantees andpools financial needs for the sector is yet to be established. This results in highborrowing costs that rely on irregular government subsidies and hinder financialviability. Furthermore, the absence of a social safety net to support tenants leads tostringent eligibility criteria resulting in cream-skimming outcomes. The most well-offtenants are housed by for-profit operators while public ones deal with those on lowerincomes. Thirdly, the fiscal framework is misaligned with social objectives, as VATcannot be deducted for new construction, and for-profit operators face heaviercorporate taxation than free-market REITs lacking any social objective.
All in all, the Spanish model presents a relevant advantage with respect to othercountries, namely that after the concession period both land and housing revert topublic stewardship. Eventually, this should contribute to enlarging the social rentalstock. This stands in stark contrast to, for example, the German model where oncethe subsidised loan is repaid, rent and allocation limitations are lifted leading toprivatisation and the reduction of the socially rented stock (Droste & Knorr-Siedow,
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2014). Ultimately, this paper contends that private investment can lever limitedpublic sources and does not entail the foregoing of social objectives. However,together with financial incentives, policies must incorporate safeguards to preventprivatisation and be financially sustainable, ensuring that public assets, includingland and capital, continue to serve the public interest.
Finally, as a methodological takeaway, this paper shows how broadening the scope ofhousing policy analysis to explicitly integrate insights from financial models can offervaluable insight for policymaking. By combining these models with institutionalresearch on the underpinnings of social housing provision systems, the field can gainempirical depth through particular case studies. Future research on the Spanishcontext would benefit from exploring the interlock of critical theoretical paradigmswith further refined quantitative evidence. As gaining a deeper understanding of thedynamic housing landscape is key to identifying opportunities for reform.
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8 Conclusion

This final chapter begins by drawing conclusions in relation to the research questionsposed in Chapter one as well as formulating an overall response to the main researchquestion. Section 8.1 outlines the key scientific and societal contributions of thethesis as well as points out policy recommendations. The final subsection reflects onthe main limitations and presents suggestions for future research.

8.1 Answers to the Research Subquestions

“How do house prices affect household consumption across
age, tenure, and energy efficiency standards?”

Older homeowners, who are more likely to own their homes outright increaseconsumption as house prices rise. In contrast, middle-aged households, oftenrenters or mortgage holders, show a negative response compared to older ones,likely due to the higher costs of upsizing or mortgage entry. Younger householdsdisplay a moderately positive consumption response, possibly reflectingco-movement with house price trends. Energy efficiency plays a particular role; whileenergy-efficient homes typically correlate with reduced overall consumption, theirinteraction with rising house prices and older age groups suggests increasedconsumption due to property premiums. This essay argues that framing the energytransition in housing solely as a technological challenge—focused on energy savingsand upgrading costs—overlooks broader distributional implications. Specifically, thisframing fails to account for how property appreciation can influence housingaffordability and living conditions as reflected by consumption patterns.
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"How does decarbonisation impact housing costs across dif-
ferent tenures?"

This essay applies matching and difference-in-differences (diff-in-diff) techniques toa Dutch household longitudinal dataset spanning 2018–2021. It identifiestenure-specific impacts, showing that outright homeowners experience the largestrelative reductions in housing costs (10.3%). Mortgagors see the greatest absolutecost reductions due to higher baseline expenses but face smaller proportional gains(5.4%). Social renters achieve moderate reductions (6.9%), reflecting the stability ofregulated rents, while private renters show a smaller benefit (5.8%), partially due torent increases and lower initial consumption. The study also explores welfareimplications, highlighting unequal benefits where homeowners gain from costcapitalisation, whereas renters often face diminished welfare due to rising propertyvalues. This analysis emphasises the complex interplay between tenure types andenergy efficiency interventions in shaping housing affordability.

“How do the financial incentives and distributional impacts of
housing renovation policies vary across different tax scenar-
ios?”

This paper employs hedonic regression to identify green premiums associated withenergy-efficient renovations and combines this with a distributional analysis ofhousing costs under two simulated policy scenarios in the Netherlands: (1) thecurrent subsidy model and (2) a proposed green property tax model. The findingshighlight that subsidies predominantly benefit higher-income households, who aremore likely to own, thus reinforcing the existing regressiveness in housing taxation.In contrast, the green tax model offers a more equitable approach by linking fiscalincentives to energy efficiency, enhancing the financial viability of renovations whileaddressing disparities in housing cost burdens. This approach is particularlysignificant when considering user costs, which encompass changes in housingaffordability resulting from renovations. The green tax model achieves reductions inuser costs that align with energy efficiency improvements through tax savings.Conversely, subsidies reduce upfront renovation costs, but their benefit distributionskews toward wealthier homeowners. Ultimately, green taxes present a sustainablestrategy to balance social equity and environmental objectives by integratingprogressive environmental considerations into housing fiscal policy.
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“How does SSK position the Croatian housing market within
the national strategy for economic growth and social policy
provision?”

Through interviews with relevant stakeholders, descriptive data indicators, and areview of policy documents, this paper characterises the Croatian growth strategy asa form of small-scale financialisation that relies on aligning social policy —specificallyhousing subsidies— with mortgage markets. The paper argues that this policy’simpact on housing markets is twofold. First, the SSK reinforces a shift towardsfinancialised growth through increased asset prices. Second, this subsidy shifts thefocus of social policy towards mortgage markets, thereby furthering the privatisationof the welfare state and favouring middle-income groups. This paper’s contributionresides in critically discussing the SSK beyond its stated goals and contextualising itwithin the broader model of economic growth dependent on private finance.

“How does the introduction of ESG legislation affect the financ-
ing of social housing decarbonisation?”

This paper identifies three key contradictions between ESG finance and social housingdecarbonisation relevant across five European countries to different extents. First,while ESG legislation expands reporting requirements, it delivers limited additionalfinancing and does not consistently reduce interest rates in contexts with guaranteesand strong state support. Second, stricter energy efficiency requirements raisecapital expenditures, creating tensions with social housing organisations’ (SHOs)mission to provide affordable housing, as rent caps limit their ability to recover theseinvestments. This impacts SHOs’ capacity to maintain lower rents and build newhomes, varying significantly across providers and countries. Third, ESG-drivencapital market reconfigurations favour social housing systems with stronggovernment backing or larger commercial providers. Practices like portfolio financingand the need for extensive data create an uneven playing field, where well-resourcedSHOs in certain countries are better positioned to access green investments.

“How does the interaction of institutional dynamics and finan-
cial constraints influence the provision of social rental housing
in Spain?”

Through semi-structured interviews and sensitivity analysis of cashflow modelparameters, this chapter shows that recent provisions to preserve public land lackthe financial mechanisms needed to ensure social housing delivery by private
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providers in Spain. It identifies three key barriers: high borrowing costs, a misalignedfiscal regime, and inadequate resident support. High borrowing costs are the primarychallenge, as limited public incentives, and the absence of a comprehensivegovernment scheme to pool and guarantee sector-wide financing hinder financialviability, leaving social housing reliant on inconsistent subsidies. Additionally, thelack of systematic support for tenants results in stringent eligibility criteria, leadingto "cream skimming," where for-profit operators house higher-income tenants whilepublic providers deal with lower-income residents. Finally, the fiscal framework is atodds with social goals, as VAT on new construction is non-deductible, and for-profitoperators face heavier corporate taxes compared to free-market REITs, whichoperate without social obligations.

8.2 Conclusion

In addressing the main research question, How does decarbonisation affect housingprovision and the distribution of housing costs in Europe?, this section explores twokey themes introduced earlier: distributional effects at the household level and policyimplications for social housing provision systems. This division stems from twobodies of literature that have pointed out both the relevance of inequalitymeasurements across households, and the problematisation of strategic choices atthe system level. Most of this section is devoted to presenting research findingswithin these two axes as well as across them. Finally, the section concludes bysuggesting pathways for progressive housing decarbonisation policies.

8.2.1 At the household level

This thesis has contributed to the academic literature with empirical analyses ofhousing affordability at the household level, employing threemeasures—consumption, user costs, and direct costs—to reveal significantinequities across housing tenures. Homeowners, particularly older generations, havedisproportionately benefited from rising property values and fiscal frameworksfavouring ownership. Conversely, younger households and renters face challenges insecuring affordable housing. These disparities are the result of deliberate policychoices that have shaped housing markets to privilege property ownership andwealth accumulation, leaving renters at a systemic disadvantage.
Results indicate that current decarbonisation policies intensify these tenure-based
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inequalities rather than mitigate them. Consumption-based measures of housingaffordability (Chapter 2), which assess living standards, yield results similar to thosederived from direct cost indicators (Chapter 3). Homeowners benefit most fromrenovations, enjoying reduced energy costs and increased property values. Rentersexperience some cost reductions, but these gains are comparatively modest,reinforcing inequalities in housing cost distribution (Chapter 4). Inequitable housingmarkets underpin decarbonisation efforts that frequently rely on regressiveconsumption-based carbon taxation and subsidies targeting clean technologies forhomeowners (Borenstein & Davis, 2016). By upholding existing cost structures andneglecting broader distributional inequities, these policies perpetuate housing costburdens that disproportionately impinge on renters and low-income households.
Aligned with the ethical stance outlined in the introduction, a progressive transitionwould explicitly address the unequal distribution of housing costs. This thesisproposes to do this by mobilising existing property values to finance decarbonisation.The housing reform literature has proposed various pathways for redistributivechange, for instance, detailing fiscal frameworks to address systemic tenureimbalances (Haffner, 2003). Building on Muellbauer’s (2023) concept of a joint landand energy efficiency tax, this thesis demonstrates how taxing income from housingwealth can establish more equitable renovation incentives than subsidies forhomeowners (Chapter 4). The analysis of the distributional impacts of energyefficiency-linked property taxes highlights opportunities to integrate environmentalobjectives with efforts to reduce inequalities. This approach addresses systemictenure imbalances and the chronic undertaxation of homeownership (Pawson, 2024).Ultimately, it proposes leveraging housing wealth to ensure that those who benefitmost from rising property values bear greater responsibility for advancingdecarbonisation. In the absence of such measures, housing markets—alreadyskewed in favour of homeowners (Fatica & Prammer, 2018)—risk further entrenchingregressive outcomes.
Echoing Stiglitz´s et al. (2023) critique of carbon taxes as the silver bullet for theenergy transition, this thesis emphasises the importance of context-sensitiveapproaches grounded in empirical evidence and the complexities of the housingmarket. Housing markets are inefficient, characterised by inelastic supply, andregulatory distortions. Yet, they also contain levers for progressive change throughfiscal reform. Decades of wealth accumulation in property have created a reservoir ofcapital that can be mobilised to foster equitable and sustainable housing provision.The focus on consumption taxes the EU countries have followed over the last decade(Maier & Ricci, 2022) has had regressive distributional effects impoverishing lowerincomes and younger households while protecting the asset values of the wealthy.This trajectory can be reversed by prioritising structural realignments that redirectincentives towards more productive and socially beneficial uses of capital. Reversingthis trajectory requires significant intervention, including reconfiguring housingprovision to reduce the privileging of homeownership as a vehicle for wealthaccumulation. However, the ideological alignment of homeownership withmiddle-class financial interests entrenches resistance to progressive policies andtaxation reforms. Ultimately, the extraction of wealth from the built environmentremains deeply embedded in societal expectations about the life cycle, complicating
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efforts to build public support for progressive measures.

8.2.2 At the national level

This thesis has expanded the academic literature with three analyses of differentmodes of housing production and financing, examining legislative changes at bothnational and EU levels. As presented above, decarbonisation policies are beingimplemented within national housing provision systems that prioritisehomeownership. This prioritisation reflects economic strategies where property valueappreciation is leveraged as a driver of growth. The Croatian case (Chapter 5)exemplifies this trend, where housing policy—much like in the UK (Chapter 2)—hasfocused on subsidising homeownership. While this approach has bolstered propertyprices, it has also led to deteriorating housing affordability, illustrating theunintended consequences of such policies (Kunovac & Zilic, 2021). These findingsunderscore the broader challenge of balancing economic objectives with socialequity, as homeownership-driven strategies often exclude vulnerable populations andexacerbate inequality.
The subsidisation of homeownership showed at the household level in Part I and inthe Croatian case (Chapter 5), contrasts with the reduced direct support for socialhousing organisations. These organisations increasingly operate undermarket-driven conditions and rely on private finance which can complicate deliveringon their social objectives (Wainwright & Manville, 2017) (Scanlon et al., 2014).Across Europe, social housing organisations are expected to meet decarbonisationobjectives with market finance, often facing stricter renovation requirements thanhomeowners (Chapter 6). The latest iteration in market financing, ESG, introducesreporting obligations without always delivering proportional interest reductions.Finance mechanisms specific to social housing like guarantees complicate thecapacity of ESG to produce lower-cost financing. As a result, strict energy efficiencymandates weaken social housing organisations’ ability to balance affordability andnew construction. Ultimately, ESG-driven capital markets favour large,well-supported housing providers, disadvantaging smaller providers or lessstructured provision systems.
Less established social housing provision systems face a distinct set of constraints.In the Spanish case, these become more evident in the lack of financial mechanismsand providers able to deliver social housing at scale (Chapter 7). The Barcelonaexample highlights how recent legislation aimed at preserving public land are notaccompanied by the necessary financial mechanisms to ensure the delivery of socialhousing. The findings emphasise the need to align financial incentives with broaderfiscal and social policy objectives to foster the development of a robust socialhousing sector. Ultimately, the significant variations in social housing structuresacross Europe (Chapters 5 and 6), reveal the complexity of balancing financial andsocial objectives within intricate financing models. Government intervention plays a
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pivotal role in creating the conditions necessary for housing social housingdevelopment and renovation. Instruments such as fiscal policies, direct investment,and the establishment of strong public institutions are essential to ensuring thatresources are directed toward projects that are both socially equitable andenvironmentally sustainable.
In short, European decarbonisation policies often tend to benefit wealthierhouseholds through subsidies and consumption-based carbon taxes. Meanwhile,social housing providers, who are tasked with serving the most vulnerablepopulations, are constrained by market financing, which often prioritises profitabilityover social impact. The reliance on market mechanisms to address both housing anddecarbonisation challenges overlooks the inherent limitations of such approacheswhen applied to both environmental and social objectives. Without robust publicinstitutions to mediate these systems, a focus on market-driven strategies risksentrenching housing inequalities. These disparities ultimately underscore thepressing need to treat housing affordability and energy efficiency as interlinkedchallenges requiring comprehensive solutions.

8.2.3 Across levels and disciplines

The particular structuring of this thesis through both sections and parts also allows areading of the dissertation’s findings across household and national scales to presenta broader picture of housing policy and decarbonisation. While this thesis is notsystematically comparative, it does allow the identification of common trends acrossdifferent contexts by drawing on various types of evidence often not consideredalongside each other. In doing so, this thesis proposes a transdisciplinary approachto housing and renovation that relies on the juxtaposition of findings from differentdisciplines that come together through their shared topical focus.
This first section A, The Set-Up, defines a structure that is followed by the rest of thethesis, where findings contributing to the more critically oriented housing literaturedialogue with quantitative ones, drawing from more orthodox economic approaches.The analysis of homeownership subsidisation in Croatia, drawing on heterodoxeconomic approaches, (Chapter 5) delves into the rationale of property appreciationas a deliberate component of national growth policy. This qualitative paper can beread alongside the quantitative evidence regarding consumption smoothing over thelife-cycle (Chapter 2). This last topic is ingrained in orthodox macroeconomics,drawing on regression analysis and large survey datasets. Despite the disciplinaryopposition between these approaches, in presenting findings from the two chapterstogether, this thesis offers a point of encounter between the study of policy rationalesand the distributional impacts of price appreciation. Taken together, these chaptersshow the centrality of housing wealth for growth and consumption. The two papers inthis section argue that dependence on housing price growth and the accumulation ofhousing wealth in particular segments of society constitutes the base over which
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housing decarbonisation policies operate. These papers underscore the necessity ofinterrogating both normative justifications and distributional outcomes to assessdecarbonisation measures that ultimately rest on already unequal housing markets.
TABLE 8.1 Thesis’ Structure

Part 1: Affordability and Costs Part 2: Provision and Finance

Section A: The Set-Up. Housing Prices, Impacts and Rationale
Chapter 2Investigating the impact of housing price increaseson consumption: heterogeneity by age, tenure,and housing quality

Chapter 5The Role of Mortgage Subsidies in the CroatianEconomic Growth Strategy:a Political-Economy Approach to the SSK
Section B: Current Policies. Decarbonisation and Inequality

Chapter 3Unequal rewards to decarbonisation: a diff-in-diffapproach to measuring housing costsacross tenures

Chapter 6Three contradictions between ESG finance andsocial housing decarbonisation: a comparison offive European countries
Section C: Alternative Pathways

Chapter 4Subsidies or green taxes? Evaluating thedistributional effects of housing renovationpolicies among Dutch households

Chapter 7When Land is Not Enough: Attracting PrivateInvestment to Expand Social Rental Housingin Spain

Section B, Current Policies: Decarbonisation and Inequality, focuses on the unequalimpact of decarbonisation—whether at the household level, where reductions in gasconsumption lead to varying cost savings across different tenures, or at the nationallevel, where social housing financing mechanisms and Social Housing Organisations(SHOs) face differing hurdles in accessing sustainable finance. The two essays,Chapter Three and Five, draw again from quantitative analysis, through aquasi-experiemental approach, and from a qualitative approach framed throughcritical theory (Aalbers,2022). The takeaway from this section is that commontransitional strategies, such as the attainment of decarbonisation through carbontaxes and subsidies for homeowners, and the roll-out of sustainable finance acrossEurope, often impinge on those who are the least well-off whether that is privaterenters or small social housing providers. In adopting financial market logics, and notincorporating dimensions linked to housing tenure and wealth disparities in thedesign of decarbonisation pathways, European countries are perpetuating theinequalities that section A pointed out. The main take-away from this section is thatwithout explicit attention to tenure and wealth disparities, as well as nationalinstitutions, decarbonisation initiatives risk reinforcing divides along property lines.
Section C, Alternative Pathways, explores alternative policy desing for a progressivetransition. Simply put, European countries, as highlighted by many reports andcross-country surveys, are focusing on subsidies for homeowners, often notmeans-tested; and on market-based, often sustainable, finance for social housingproviders. The policies studied, renovation grants for homeowners and debt for socialhousing provision, are common to both the Netherlands and Spain. The Dutch socialhousing financing system, covered in Chapter five, results in subsidised credit forSHOs, while grants are available for homeowners as presented in Chapter Seven. InSpain, the EU’s Next Generation funds replicate a similar pattern, 4.500 million euros
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were destined to homeowners’ renovations through grants, while a similar amountwas earmarked as loans for social housing rehabilitation, just 1.000 million wereprovided in the form of grants (Real Decreto 853/2021). This section questions thisrecipe for housing policy. In working out the distributional effects of aMuellbauer-inspired land-value tax for the Netherlands, Chapter Four proposes tomobilise the wealth accumulated in housing to fund the energy transition. This essayis essentially a viability study of large-scale renovation in the Netherlands. Thischapter relates to the study of social housing development in Barcelona, ChapterSeven, through their common illustration of the impact of different housing policieson the financial viability of renovation and development respectively. Similarly toChapter Four, Chapter Seven, assesses the viability and social impact of a land-leasePPPs, one of the most common strategies for affordable housing provision currentlybeing implemented in Spain. In presenting Chapter Four alongside Chapter Seven, apicture emerges: decarbonisation efforts often rely on two tools—value-enhancing,non-repayable grants for homeowners and subsidised loans for affordable housingprovision.
Ultimately, the systematic assessment of the equity implications of housingdecarbonisation comparatively across Europe is hindered by data availability,addressed in the limitations section. Further empirical research is needed to defineanything close to a housing decarbonisation regime or regimes across Europe and tofully tease out the implications of the energy transition for housing provision. Forinstance, one can anticipate that the distribution of property ownership is likely toaffect the equity implications of subsidies and grants across contexts. Working withinthese limitations, through the assessment of decarbonisation policies from a housingperspective, this thesis has questioned the most common approaches to housingrenovation finance. In doing so, it calls for a strategic realignment of housing policy:to move away from the subsidisation of homeownership and the under-incentivisationof social housing provision, and towards the taxation of property and the creationand strengthening of genuine social housing provision systems. This change is ofparticular relevance because of its potential to harmonise equity with environmentalobjectives and boost support for the sustainable transformation of the builtenvironment.

8.3 Contributions and Policy Recommendations

8.3.1 Scientific contributions

The primary scientific objective of this thesis has been to bridge the gap betweenenvironmental and housing research by integrating decarbonisation into the study of
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housing affordability and provision. This thesis offers three types of scientificcontributions. The first consists of filling in substantive gaps in the literature byanalysing new housing policies and financial frameworks. The second type ofcontributions are methodological advancements by employing innovative techniquesto analyse energy and housing data. Finally, as a third type of contribution, gearedtowards epistemology, this thesis also implements a pragmatist approach focused onempirical grounding and transdisciplinary collaboration with partners beyondacademia.
First, the thesis addresses substantive gaps in housing policy research by examiningnew policies and housing financing frameworks. Chapters five, six, and seven focuson diverse new policies: housing subsidies in Croatia, ESG and financial regulations,and national housing policy reforms in Spain. These chapters collectively explore hownew housing policies are shaping decarbonisation and provision. Chapter five,develops the financialization literature by analysing the rationale behind theintroduction of homeowners’ subsidies in Croatia. Following on this chapter, chaptersix introduces a particularly novel contribution on sustainable finance analysis,which, to the best of current knowledge, is the first comparative study of ESGfinancing for social housing decarbonisation. This paper contributes to the literatureon social housing finance both by applying a critical framework recently developed byAalbers (2022), and building onto cross-country comparative studies of socialhousing finance such as (Norris & Bryne, 2022; Lawson et al., 2022; Scanlon et al.2014). Chapter 7 also builds on this literature and complements it by adding amixed-methods case study of a social housing development in Barcelona. In doingso, it responds to a call by Poovey (2015) on the incorporation of analytical toolsused by practitioners to assess viability into the study of housing financing.
Second, the thesis also proposes methodological innovations that advance the fieldof quantitative housing studies. One of the key contributions of chapter two lies in theintegration of datasets that combine housing quality metrics with energyconsumption data, enabling a more comprehensive analysis of housing systems. Byhighlighting disparities in energy efficiency and housing stock quality, this chapterprovides a foundation for understanding how housing systems contribute to broaderpatterns of consumption inequality. Chapter three builds on this foundation bychallenging traditional, static metrics of housing affordability. Instead, it employs adiff-in-diff model to measure housing costs across tenures in the energy transition.Finally, chapter four draws from user costs to explore housing appreciation throughdecarbonisation. By combining economic theory with empirical techniques, thesechapters propose new empirical approaches to studying housing affordability anddecarbonisation. These chapters draw and contribute to the literature on themeasuring of housing affordability, namely the work of Haffner & Boumeester (2015)and Haffner (2003), as well as, to the study of housing affordability through paneldata, i.e Kang (2023).
Finally, this thesis has also implemented a pragmatist research paradigm. Thisapproach is grounded in empirical observation and committed to transdisciplinaryengagement. The objective here was to integrate diverse researchtraditions—particularly from economics, critical theory, and housing studies—into
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an empirically focused analysis. In doing so, the thesis advances an open-endedapproach to address intersecting social and environmental challenges within housingsystems. Structurally, the thesis moves from historical contextualisation to empiricalcritique and, finally, to normative proposition, reflecting a layered methodologicallogic as presented above. The research framework introduced in Chapter Onecomprises three interlinked components: (A) The Setup, which maps the historicaland institutional foundations of contemporary housing policy; (B) Current Policies,offering a critical assessment of existing mechanisms and their limitations; and (C)Alternative Pathways, which explores feasible and equity-driven interventions. Thisstructure is intentionally designed to bridge empirical insights with practicalforesight, ensuring the research contributes both to academic research and to policyinnovation and systemic reform. By foregrounding empirical validity andtransdisciplinary synthesis, this thesis contributes to the development of moreadaptive, context-sensitive models of inquiry that are both scientifically robust andpolicy-relevant.

8.3.2 Societal contributions

This thesis frames housing decarbonisation policies as more than technicalenergy-saving interventions. Instead, it positions them as mechanisms for reshapinghousing provision and redistributing costs and wealth. While this objective has runthroughout the thesis, it is most thoroughly developed in chapters three, four andfive, which explore the interplay between environmental goals and the pre-existingdistribution of housing costs. These chapters deepen the understanding of howdecarbonisation can either reinforce or mitigate social disparities. These chapterspropose to frame housing renovation policies through social and environmentalmetrics, developing a more comprehensive understanding to the dual challengesposed by the housing and climate crises. The social relevance of the joint analysis ofhousing and energy resides in the relationship between housing inequalities and therise of the far-right referenced in the introduction. By problematising housing andenergy together, this dissertation has aimed to shed light over housing inequalitiesand how these may be poised to increase in the coming decades within the currenttransition paradigm.
Second, the most tangible societal impact of this thesis is the design and publictender of a PPP project at INCASOL, resulting in the development of over threehundred affordable homes in Barcelona. The research directly informed key aspectsof the PPP, including the establishment of evaluation criteria for bids and theselection of private sector partners, included in this chapter’s appendix. First, duringthe design phase, detailed in chapter seven, the project incorporated insights fromprivate partners and public institutions with similar experiences in other Spanishregions. This phase concluded with the formulation of three sets of criteria—maintenance, financial and affordability metrics, and architecturalconsiderations—to analyse private sector bids. Secondly, an external consultancy
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project, referenced in the publications list and included in the appendices, wasundertaken to cover the finance and affordability analysis section of the bid selectionprocess, and finally propose a private partner to be assigned the plots. By workingwith housing providers and policymakers, the thesis has directly built capacity fortackling complex housing and energy challenges. The research results have directlyequipped external stakeholders with tools to align social housing delivery,affordability and environmental objectives.
Third, beyond its direct applications, the thesis engages with practitioners andpolicymakers to inform public debates on housing provision and decarbonisation.Chapters five and six were also developed in collaboration with non-academicorganisations, such as CERANEO (Croatia) and Housing Europe (Brussels), ensuringthe research addressed practical challenges in housing finance and provision. Thesecollaborations have had notable impacts beyond academia, showcased byparticipation in several practice forums. I was invited to chair a plenary session on“Long-term funding and unlocking finance” at the Retrofit & Strategic AssetManagement Summit in London (March 2024), sharing insights with policymakersand industry leaders. Similarly, chapter six was presented at the “Green Finance forSustainable Development” session organised by the United Nations EconomicCommission for Europe (UNECE) Committee on Urban Development, Housing, andLand Management in San Marino (October 2022). Building on the policy relevance ofchapter six, together with Professor Michael Peeters, I organised a half-day event onESG Finance for Affordability at the Department of Management in the builtenvironment that brought together scholars and practitioners from the social housingand finance sectors. These engagements demonstrate the thesis’ capacity to informdiscourse and influence policy initiatives at both national and international levels.
The final societal contribution of this thesis lies in its emphasis on equity within thehousing and energy transitions. This focus is particularly timely, coinciding with thecreation of a new EU Commissioner for Energy and Housing. By analysing thedistributional impacts of decarbonisation policies, the thesis critiques currentapproaches that disproportionately benefit wealthier homeowners at the expense ofrenters and lower-income households. These findings, elaborated in chapter four,were a key element of the author’s presentation at the European Commission’s DGEMPL Social Situation Monitor event, “The Social Dimension of Housing in the EU”,held in Brussels (May 2023). Ultimately, by linking housing affordability withenvironmental sustainability, this thesis addresses the regressive impact of currenthousing policies and offers progressive pathways for a more equitable transition.

8.3.3 Policy recommendations

In short, the prevailing approach to achieving net-zero emissions in the builtenvironment relies on increasing energy costs through carbon taxes, subsidisinghomeowners, and promoting private investment in social housing. While these
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measures aim to address environmental goals, they often overlook social dimensions,particularly the growing inequalities embedded in housing systems. This thesis hascritically examined this approach in the preceding essays, framing its concerns aboutthe energy transition within progressive proposals for housing reform (Pawson,2024; Yates, 1989). The recommendations are structured around three shifts in theconceptualisation of housing’s role in the energy transition: first, broadening thedebate from poverty towards equity; second, the introduction of energy-linkedhousing taxation; and third, further developing the role of the public sector in guidinginvestment towards social and environmental objectives.
First, broadening the discussion of social impacts from poverty to equity is essential.Political scientists have consistently highlighted how disparities in housing costsdrive support for far-right populism (Ansell & Cansunar, 2021). Yet, instead ofaddressing the unequal distribution of these costs, EU policy remains anchored on atransition driven by carbon taxes coupled with energy poverty alleviation measures(Maier et al., 2024). This contradictory strategy—mitigating energy poverty on onehand while exacerbating it on the other—prioritises short-term relief over the pursuitof long-term structural solutions to housing inequalities. The failure to address theaffordability of housing costs, which constitute the largest expense for mosthouseholds, deepens existing inequalities. It also ignores the reality thathomeowners and landlords are positioned to benefit from the net-zero transition,widening the gap between those with property wealth and those without. Aprogressive approach would ensure that those who gain the most from the housingsystem also shoulder a fair share of its renovation costs.
Second, expanding on the previous point, housing and land taxes offer a promisingyet underutilised opportunity to leverage housing wealth for renovation financingacross Europe. These measures have the potential to mobilise substantial privateinvestment without imposing direct costs on governments. One approach, inspired byMuellbauer’s (2023) Green Land Value Tax (GLVT) framework, is developed inchapter four with a proposal tailored to the Netherlands. This entails introducingenergy-efficiency-linked taxes on housing wealth, incentivising homeowners to investin green renovations. Direct housing taxation, however, is just one of several policytools available. Special assessments, as implemented in the United States (Shoup,1980), are another relevant financial mechanism. These levies enable propertyowners to borrow against property values to finance local investments, withrepayment integrated into property tax bills. A prominent example of specialassessments is the Property Assessed Clean Energy (PACE) program, which hasdemonstrated the potential to drive significant improvements in energy efficiency.However, PACE has also encountered challenges, including higher tax delinquencyrates (Bellon et al., 2024) and concerns over predatory lending practices. Theseissues have prompted its discontinuation in some jurisdictions (Khouri, 2024),underscoring the need for carefully designed safeguards for renovation policies tosucceed in areas with a significant proportion of low-income households.
Finally, policymakers should become aware of the regressive effects ofdecarbonisation policies and reduce over-reliance on market-based instruments.Current policies, such as carbon taxation and sustainable finance regulations, are

238 Housing Affordability and Decarbonisation in Europe



based on two principles: internalising externalities and providing information. Thesetenets, rooted in addressing market failures, are central to public policy interventionswithin orthodox economics. These principles, which have guided the public sectorsince the 1980s, often fall short of delivering optimal outcomes on environmentaland social objectives. For instance, as discussed in chapter seven, building socialhousing—especially in regions with underdeveloped systems like Spain—underscoresthe necessity of institutional, state-led frameworks to drive investment. Similarly, asexplored in chapter six, the European Union’s sustainable finance regulations are atodds with the unique challenges faced by not-for-profit housing providers.Addressing these shortcomings may require exploring more stringent legislation offinancial markets. Such interventions, as argued by Mazzucato et al. (2023)represent a move towards more prescriptive forms of financial legislation, capable ofensuring that capital flows align with broader social and environmental objectives.

8.4 Limitations and Future Research

8.4.1 Limitations

The selection of research topics in this project was guided by their policy and societalrelevance, prioritising a focus on equity issues in the transition to net zero over dataavailability. This approach ensured that the research remained grounded inreal-world concerns but also introduced significant challenges, particularly withregards to data. A key constraint was the lack of comprehensive datasets thatconsistently captured key variables such as energy consumption, building quality andhousing costs for a nationally representative group of households. For instance, theUK collects relevant data on energy and housing, however, these are not integratedwithin the same dataset. Chapter two overcomes this limitation by merging differentsurveys and conducting a series of consistency checks to enhance reliability.Similarly, in the Netherlands, EPC data, a major indicator of building quality, isfrequently incomplete and outdated, as highlighted in chapters three and four. Inthese chapters, the research had to be confined to households for which data on bothenergy consumption and EPC ratings were available, leading to a narrower focus thaninitially intended. The mixed methods approach helped bridge this gap bycomplementing quantitative data limitations with qualitative insights that provided aricher contextual understanding of housing conditions and policy effectiveness.
Another significant limitation was the lack of readily available data on specific policymeasures, such as the uptake of housing renovation subsidies in the Netherlands.This gap was addressed by employing simulations to assess the distributional effectsof various policies. However, these simulations often led to limited descriptive and
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exploratory claims, highlighting their role in raising questions about strategic policydecisions rather than providing definitive impact assessments. Enhanced access togranular data would allow for a more robust picture of the effects of housingrenovation on wealth distribution and welfare outcomes, enabling policymakers tomake better-informed decisions. Furthermore, the use of deterministic parameterswas inevitable when teasing out the policy relevance of certain phenomena (Chapters3, 4 and 7). This resulted in another set of limitations that has been outlined in eachchapter and mitigated through different forms of sensitivity analysis, which tested therobustness of findings under different assumptions. For instance, the deterministicparameters outlined in chapter seven, while informed by discussions withinterviewees could have been further explored through more advanced simulationtechniques.
The second part of the thesis adopted a predominantly qualitative approach, relyingon semi-structured interviews. This mixed methods approach helped mitigate thelimitations of the quantitative sections by incorporating qualitative insights, offeringa richer contextual understanding of housing provision and policy rationale. Whilesemi-structured interviews provide valuable depth and context, they also presentspecific limitations. For instance, both interviewees and the interviewer may besubject to bias, for example, due to social desirability or personal perspectives. Also,the small number of interviewees limits the generalisability of the findings,particularly when small sample sizes encompass multiple groups or stakeholdersacross diverse contexts, as is often the case in Part II. In chapter five, theselimitations were addressed by supplementing interviews with descriptive statistics ofkey variables and ensuring the inclusion of a diverse range of stakeholders. Similarly,in chapter six, data were gathered from housing associations of varying sizes andfunding sources to enhance representativeness. These methodological limitations arealso evident in chapter seven, which focuses on an in-depth case study in Barcelona.Interviewees from different regions across Spain were also included in the sample tobroaden the relevance of the results beyond their immediate local context. In thisparticular case, a more expansive approach —such as gathering quantitativeevidence from various social housing projects across Spain— could generate a largerdataset suitable for statistical analysis and more generalisable results. Finally,another limitation to the generalisability of the findings stems from the highlyheterogeneous institutional contexts across Europe, particularly at the local level.Moving forward, the incorporation of survey instruments could provide a morecomprehensive understanding of the evolving landscape of social housing financingin Europe.
Finally, this thesis has focused on the empirical encounter of different disciplines,from both orthodox and critical approaches, as well as methodologies, qualitativeand quantitative. This empirical focus follows a pragmatist approach that emphasisesproblem solving and empirically focused research in opposition to the advancementof one particular discipline. As a result, the thesis chooses not to develop theoreticalpropositions but instead focuses more extensively on providing policyrecommendations. While choosing this approach puts theorising outside of the scopeof the thesis, the need for the integration of housing inequality and sustainabilityissues becomes evident in finishing this thesis. The conciliation of environmental and
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social justice objectives, particularly when it comes to issues related to housingprovision, remains a pressing task for housing scholars.

8.4.2 Future research

Throughout the research project, four areas of interest for future investigation haveemerged: the environmental impact of new construction, the use of registry data inconjunction with policy-specific datasets, the potential of advanced simulationtechniques to assess social housing projects and expanding the comparative scope ofthe thesis beyond the EU.
First, the environmental implications of new housing supply have increasingly cometo the fore over the last years. While new housing supply dampens price increasesand improves affordability (Bratu et al., 2023; Mast, 2023), it entails considerableenvironmental costs. Housing construction objectives often clash with environmentalones such as carbon budgets and no net land take (Decoville & Feltgen, 2023). Forexample, Dutch organisations have the ambition to build 100,000 homes a year(Kraniotis, 2024). Similarly, the Spanish Central Bank has estimated the size of thehousing supply deficit at 225,000 units a year (Banco de España, 2024). Also, the UKgovernment’s response to the housing affordability crisis hinges on an ambitioustarget to construct 300,000 new homes annually. Yet, in the British case, achievingthis goal is projected to consume 104% of Britain’s cumulative carbon budget for2022–2050, rendering national emissions targets unattainable (Zu Ermgassen et al.,2022). These projections from the UK highlight the tension between addressinghousing shortages and meeting climate commitments, further underscoring thechallenges of balancing affordability with sustainability. Emerging research questionsinclude how to optimise land use, allocate carbon budgets effectively, and assess thedistributional impacts of curtailing new construction.
Second, building on the discussions in Chapters Three and Four, the growingavailability of registry data, particularly when joined with data about specific policies,offers new opportunities to track and model the impacts of housing decarbonisationon costs more precisely. New registry-based longitudinal datasets make possible adetailed understanding of the financial burdens and benefits associated withrenovation, shedding light on how costs are distributed across different householdsand regions. This is especially relevant as the EU Emissions Trading Scheme (ETS2)comes into effect in 2027, introducing new financial pressures on carbon emissionsacross housing as well as other sectors. Leveraging this data to quantify theeconomic implications of decarbonisation strategies at both household and sectorallevels presents relevant opportunities for research that can help design effective andequitable interventions.
However, comparative work on these topics remains limited by the lack of commonindicators across countries. EU-SILC and the Household Finance and Consumption
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Survey (HFCS) do not collect data on building quality across all countries. As a result,comparative cross-country analyses of equity and environmental issues are only nowbeing developed, see for instance, Figure 1.4 in the introduction, reproduced fromMaier et al. 2024. These analyses however do not explicitly incorporate data onbuilding quality, an area where even registry data carries limitations, as pointed outin the Data sections of Part I chapters. Progressively, as more countries make theirregistry datasets available to researchers, following the likes of the Netherlands andNorway, the possibilities for further comparative studies are expanding. For instance,in Spain the recently created ES DataLab aims to make available to researchersmicrodata from various government sources. Ultimately, the progressive availabilityof more granular and better quality data is expanding the horizon of researchopportunities at the intersection of environmental and social equity topics.
A third area of interest for future applied research lies in the application of moreadvanced simulation techniques, such as Monte Carlo simulation and decompositionanalysis (Kozlova et al., 2016), to evaluate the financial viability of social housingdevelopments. These techniques enable researchers to evaluate the feasibility ofhousing supply under diverse economic, environmental, and institutional conditions.As mentioned above, this line of research was partially developed in a reportproduced for INCASÒL, which analysed private sector bids to build social housing onpublicly owned land (Appendix Chapter 8). Future research could expand on thisfoundation by adapting these tools to assess the value delivered to residents, publicadministrations, and the environment in other contexts. The development ofstreamlined, user-friendly toolkits for analysis could facilitate the application of thesetechniques in other contexts where the social housing sector is underdeveloped.
Finally, already ongoing research is expanding the comparative analysis of housingdecarbonisation beyond the EU by integrating evidence from the United States.Funded by the Fulbright Commission, this associated project focuses on housingpolicy in California, with particular emphasis on state-level approaches todecarbonisation. The research pursues two main objectives. First, it builds on thecomparative analysis presented in chapter six by incorporating insights from theCalifornian context into the analysis of sustainable finance in social housing. Second,the project also examines housing renovation strategies centred around taxation, inparticular special assessments, such as the Property Assessed Clean Energy (PACE)program mentioned above. By incorporating cases from the US, this ongoing projectboth enriches the findings presented here and provides a broader framework toassess decarbonisation strategies more globally.
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I Appendices

I.1 Appendix Chapter 2

Predict EPC - Binary logit model & Robustness Checks

TABLE I.1 EPC Prediction

Dependent variable:
(EPC_Bin)

(M_Year)2012-2013 0.639∗∗∗

(0.031)
(M_Year)2014-2015 0.971∗∗∗

(0.030)
(M_Year)2016-2017 0.987∗∗∗

(0.069)
(M_Year)2018-2019 1.426∗∗∗

(0.069)
(M_HS)2 −0.009

(0.027)
(M_HS)3 0.037

(0.034)
(M_HS)4 0.025

(0.038)
(M_HS)5 0.129∗∗

(0.051)
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(M_HS)6 0.157∗∗

(0.080)
(M_HS)7+ 0.180

(0.110)
(M_HT)2 −0.319∗∗∗

(0.039)
(M_HT)3 −0.009

(0.037)
(M_HT)4 1.624∗∗∗

(0.043)
(M_HT)5 −0.589∗∗∗

(0.075)
(M_Ten)2 −0.237∗∗∗

(0.046)
(M_Ten)3 −0.317∗∗∗

(0.056)
(M_Ten)4 0.267∗∗∗

(0.048)
(M_Ten)5 0.787∗∗∗

(0.047)
M_Rent 0.001∗∗∗

(0.0002)
M_Mort 0.0003

(0.0002)
M_Inc 0.0001∗∗∗

(0.00004)
(M_Age)2 0.005

(0.056)
(M_Age)3 −0.121∗∗

(0.056)
(M_Age)4 −0.291∗∗∗

(0.057)
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(M_Age)5 −0.315∗∗∗

(0.058)
(M_Age)6 −0.301∗∗∗

(0.058)
(M_Soc)1 0.216∗∗∗

(0.080)
(M_Soc)2 0.141∗

(0.073)
(M_Soc)3 0.164∗∗

(0.082)
(M_Soc)4 0.024

(0.085)
(M_Soc)5 0.113

(0.086)
(M_Soc)6 0.148∗∗

(0.076)
(M_Soc)7 0.033

(0.077)
(M_Gas)1 1.021∗∗∗

(0.032)
Constant −2.877∗∗∗

(0.084)
Observations 62,238
Log Likelihood −30,844.260
Akaike Inf. Crit. 61,758.530
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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TABLE I.2 Stepwise Regression. AIC by Degrees of Freedom

df mean n df mean n

35 61758.57 1 17 66633.96 63
34 62037.53 4 16 66883.73 54
33 62316.66 6 15 67796.60 50
32 62595.50 4 14 68711.83 51
31 63931.74 4 13 68902.64 51
30 64311.15 13 12 68328.99 47
29 64163.73 23 11 67928.18 38
28 63662.23 23 10 69041.04 26
27 63519.64 20 9 71258.23 20
26 65012.99 26 8 71091.18 23
25 65810.34 38 7 70236.83 23
24 65486.36 47 6 69882.61 13
23 65020.57 51 5 70593.26 4
22 65199.62 51 4 73215.22 4
21 65990.02 50 3 73530.94 6
20 66770.50 54 2 73859.98 4
19 67008.88 63 1 74206.15 1

Robustness checks: K-fold Test & Stepwise logistic regression
Generalized Linear Model
62238 samples 10 predictor 2 classes: ’0’, ’1’
No pre-processing Resampling: Cross-Validated (10 fold) Summary of sample sizes:56015, 56014, 56015, 56014, 56014, 56014, ... Resampling results:
Average Accuracy: 0.7485298 Kappa: 0.2176083
Using a 10-fold cross-validation procedure to determine the ability of the model togeneralize to unseen data, we demonstrate that the accuracy remains stable acrossfolds. This indicates that taking different subsets of the data does not lead todifferent model estimates. In addition, a stepwise logistic regression was performedto estimate the adequacy of the predictor variables for imputing EPC bin in theconsumption dataset. The procedure shows the lowest AIC value for the modelincluding all predictor variables. This can be seen as the logistic regression with allvariables being a valid way to impute the dependent variable. In sum, the two checksperformed support the reliability and validity of the regression results acrosssubsamples and regression specifications.
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Full Regression Results 1-4

TABLE I.3 Regression Results

Dependent variable:
log(Non-Housing consumption)

EPC AgeGroups EPC+AgeGroups EPC+Tenure

(1) (2) (3) (4)
(Year)2011 −0.003 −0.005 −0.004 −0.002

(0.010) (0.010) (0.010) (0.010)
(Year)2012 0.002 −0.006 0.002 −0.005

(0.010) (0.010) (0.010) (0.010)
(Year)2013 0.001 −0.009 0.001 −0.002

(0.011) (0.011) (0.011) (0.010)
(Year)2014 0.008 −0.004 0.006 −0.0004

(0.011) (0.011) (0.011) (0.010)
(Year)2015 0.009 −0.006 0.005 0.001

(0.011) (0.011) (0.011) (0.011)
(Year)2016 0.032∗∗∗ 0.017 0.027∗∗ 0.020∗

(0.011) (0.011) (0.011) (0.011)
(Year)2017 0.006 −0.011 −0.0002 −0.008

(0.011) (0.011) (0.011) (0.010)
(Year)2018 0.033∗∗∗ 0.010 0.026∗∗ 0.014

(0.011) (0.011) (0.011) (0.010)
(Year)2019 0.015 −0.011 0.008 −0.004

(0.011) (0.011) (0.011) (0.010)
Age −1.170∗∗∗ −0.464 −0.433 −1.273∗∗∗

(0.248) (0.289) (0.288) (0.242)
I(Ageˆ2) 0.343∗∗∗ 0.195∗∗∗ 0.184∗∗∗ 0.347∗∗∗

(0.057) (0.065) (0.065) (0.055)
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I(Ageˆ3) −0.044∗∗∗ −0.030∗∗∗ −0.029∗∗∗ −0.043∗∗∗

(0.006) (0.007) (0.007) (0.006)
I(Ageˆ4) 0.003∗∗∗ 0.002∗∗∗ 0.002∗∗∗ 0.002∗∗∗

(0.0003) (0.0004) (0.0004) (0.0003)
I(Ageˆ5) −0.0001∗∗∗ −0.00005∗∗∗−0.00005∗∗∗−0.0001∗∗∗

(0.00001) (0.00001) (0.00001) (0.00001)
N_Children_U_2 −0.005 −0.00004 −0.004 0.004

(0.010) (0.010) (0.010) (0.010)
N_Children_2_t_5 0.020∗∗∗ 0.026∗∗∗ 0.023∗∗∗ 0.031∗∗∗

(0.008) (0.008) (0.008) (0.008)
N_Children_5_t_18 −0.063∗∗∗ −0.061∗∗∗ −0.061∗∗∗ −0.045∗∗∗

(0.004) (0.004) (0.004) (0.004)
N_Adults 0.220∗∗∗ 0.230∗∗∗ 0.224∗∗∗ 0.209∗∗∗

(0.005) (0.005) (0.005) (0.004)
Dummy_More_2_A1 −0.086∗∗∗ −0.098∗∗∗ −0.094∗∗∗ −0.065∗∗∗

(0.010) (0.010) (0.010) (0.010)
Alevel 0.089∗∗∗ 0.091∗∗∗ 0.088∗∗∗ 0.071∗∗∗

(0.006) (0.006) (0.006) (0.006)
Degree 0.136∗∗∗ 0.136∗∗∗ 0.134∗∗∗ 0.104∗∗∗

(0.005) (0.005) (0.005) (0.005)
EPC_Bin1 −0.180∗∗∗ −0.180∗∗∗ −0.049∗∗∗

(0.010) (0.010) (0.010)
log(Average_Price) 0.002 0.028∗∗ 0.026

(0.013) (0.013) (0.016)
Age_G2 0.556∗∗∗ 0.695∗∗∗

(0.207) (0.206)
Age_G3 −1.011∗∗∗ −0.722∗∗∗

(0.210) (0.210)
log(Average_Price):Age_G2 −0.043∗∗ −0.054∗∗∗

(0.017) (0.017)
log(Average_Price):Age_G3 0.078∗∗∗ 0.055∗∗∗

(0.017) (0.017)
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Tenure2 0.263
(0.269)

Tenure3 0.702∗∗∗

(0.241)
Tenure4 −0.132

(0.238)
log(Average_Price):Tenure2 −0.010

(0.022)
log(Average_Price):Tenure3 −0.036∗

(0.020)
log(Average_Price):Tenure4 0.039∗∗

(0.020)
Constant 6.544∗∗∗ 5.270∗∗∗ 4.967∗∗∗ 6.417∗∗∗

(0.410) (0.503) (0.502) (0.444)
57404.64 57644.77 57297.41 55336.3
Observations 41,646 41,646 41,646 41,646
R2 0.178 0.174 0.181 0.218
Adjusted R2 0.178 0.173 0.180 0.218
Residual Std. Error 0.482 (df= 41623) 0.483 (df= 41619) 0.481 (df= 41618) 0.470 (df= 41616)
F Statistic 410.240∗∗∗

(df = 22;41623)
336.266∗∗∗
(df = 26;41619)

339.517∗∗∗
(df = 27;41618)

400.696∗∗∗
(df = 29;41616)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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Full Regression Results 5

TABLE I.4 Regression Results Predicted vs Observed House Prices

Dependent variable:
log(Non-Housing consumption)

(1) (2)
(Cohort)2 0.056∗∗∗ 0.051∗∗∗

(0.015) (0.015)
(Cohort)3 0.104∗∗∗ 0.090∗∗∗

(0.020) (0.020)
(Cohort)4 0.086∗∗∗ 0.057∗∗∗

(0.023) (0.022)
(Cohort)5 0.098∗∗∗ 0.065∗∗∗

(0.026) (0.025)
(Cohort)6 0.129∗∗∗ 0.109∗∗∗

(0.029) (0.028)
(Cohort)7 0.132∗∗∗ 0.127∗∗∗

(0.031) (0.030)
(Cohort)8 0.121∗∗∗ 0.108∗∗∗

(0.033) (0.032)
(Cohort)9 0.091∗∗∗ 0.068∗∗

(0.035) (0.034)
(Cohort)10 0.073∗∗ 0.045

(0.037) (0.036)
(Cohort)11 0.076∗ 0.053

(0.039) (0.038)
(Cohort)12 0.084∗∗ 0.067∗

(0.041) (0.040)
(Cohort)13 0.077∗ 0.055

(0.044) (0.043)
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(Cohort)14 0.074 0.032
(0.058) (0.056)

Age −0.501 −0.989∗∗∗

(0.336) (0.305)
I(Ageˆ2) 0.209∗∗∗ 0.295∗∗∗

(0.077) (0.071)
I(Ageˆ3) −0.032∗∗∗ −0.039∗∗∗

(0.008) (0.008)
I(Ageˆ4) 0.002∗∗∗ 0.002∗∗∗

(0.0004) (0.0004)
I(Ageˆ5) −0.0001∗∗∗ −0.0001∗∗∗

(0.00001) (0.00001)
N_Children_U_2 −0.002 0.005

(0.010) (0.010)
N_Children_2_t_5 0.026∗∗∗ 0.035∗∗∗

(0.008) (0.008)
N_Children_5_t_18 −0.061∗∗∗ −0.044∗∗∗

(0.004) (0.004)
N_Adults 0.225∗∗∗ 0.213∗∗∗

(0.005) (0.004)
Dummy_More_2_A1 −0.096∗∗∗ −0.073∗∗∗

(0.010) (0.010)
Alevel 0.089∗∗∗ 0.071∗∗∗

(0.006) (0.006)
Degree 0.136∗∗∗ 0.106∗∗∗

(0.005) (0.005)
EPC_Bin1 −0.098∗∗∗ −0.045∗∗∗

(0.015) (0.014)
Predicted 0.007 0.011

(0.014) (0.017)
Age_G2 0.072

(0.219)
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Age_G3 −0.140
(0.218)

Tenure2 0.234
(0.296)

Tenure3 0.303
(0.253)

Tenure4 0.285
(0.248)

Diff_Pred_Obvs 0.058 −0.051
(0.071) (0.090)

Predicted:Age_G2 −0.003
(0.018)

Predicted:Age_G3 0.009
(0.018)

Age_G2:Diff_Pred_Obvs 0.004
(0.091)

Age_G3:Diff_Pred_Obvs −0.128
(0.090)

Predicted:Tenure2 −0.008
(0.024)

Predicted:Tenure3 −0.003
(0.021)

Predicted:Tenure4 0.005
(0.020)

Tenure2:Diff_Pred_Obvs 0.174
(0.124)

Tenure3:Diff_Pred_Obvs 0.097
(0.106)

Tenure4:Diff_Pred_Obvs 0.001
(0.104)

EPC_Bin1:Diff_Pred_Obvs −0.464∗∗ −0.011
(0.218) (0.196)
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EPC_Bin1:Age_G2 −0.109∗∗∗

(0.022)
EPC_Bin1:Age_G3 −0.159∗∗∗

(0.024)
EPC_Bin1:Age_G2:Diff_Pred_Obvs 0.592∗

(0.327)
EPC_Bin1:Age_G3:Diff_Pred_Obvs 0.764∗∗

(0.353)
EPC_Bin1:Tenure2 0.041∗

(0.024)
EPC_Bin1:Tenure3 −0.047∗

(0.026)
EPC_Bin1:Tenure4 0.037

(0.041)
EPC_Bin1:Tenure2:Diff_Pred_Obvs −0.622∗

(0.365)
EPC_Bin1:Tenure3:Diff_Pred_Obvs −0.243

(0.387)
EPC_Bin1:Tenure4:Diff_Pred_Obvs −0.385

(0.622)
Constant 5.180∗∗∗ 5.999∗∗∗

(0.575) (0.541)
57306.52
Observations 41,646 41,646
R2 0.181 0.219
Adjusted R2 0.180 0.218
Residual Std. Error 0.481 (df = 41606) 0.470 (df = 41601)
F Statistic 235.448∗∗∗ (df = 39;41606) 265.450∗∗∗ (df = 44;41601)
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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I.2 Appendix Chapter 3

Regression on Treatment

TABLE I.5 Regression Results on Treatment

Dependent variable:
as.factor(Treat_1)

MLTOTAAL1JAN_2018 0.008∗∗∗ (0.0004)
Tenure_Def -0.081∗∗∗ (0.016)
MLTOTAAL1JAN_2019 -0.021∗∗∗ (0.0004)
GASVERBRUIK1JAN_2018 -0.001∗∗∗ (0.00004)
GASVERBRUIK1JAN_2019 0.002∗∗∗ (0.00004)
MLENETTO1JAN_2018 -0.007∗∗∗ (0.0004)
MLHNETTO1JAN_2018 -0.007∗∗∗ (0.0005)
MLENETTO1JAN_2019 0.024∗∗∗ (0.0004)
MLHNETTO1JAN_2019 0.018∗∗∗ (0.0004)
QUOTETOTAAL1JAN_2018 0.0001 (0.001)
QUOTETOTAAL1JAN_2019 -0.002 (0.001)
HUURKLASSE1JAN_2018 0.112∗∗∗ (0.025)
HUURKLASSE1JAN_2019 -0.090∗∗∗ (0.026)
MLEHYP31DEC_2018 -0.003∗∗∗ (0.0001)
MLEHYP31DEC_2019 0.00001 (0.00003)
MLHKALEHUUR1JAN_2018 -0.00004 (0.0002)
MLHKALEHUUR1JAN_2019 0.0003 (0.0002)
Res_Age_2019 -0.022∗∗∗ (0.0004)
Building_Age_2019 -0.001∗∗∗ (0.0001)
ELEK_2019 0.0003∗∗∗ (0.00001)
Dwelling_Type_2019 -0.036∗∗∗ (0.006)
VROMHH1JAN_2019 0.0001∗∗∗ (0.00001)
P100WELVAART1JAN_2019 -0.010∗∗∗ (0.001)
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Dependent variable:
as.factor(Treat_1)

BESTINKH1JAN_2019 -0.0001∗∗∗ (0.00001)
N_Adults_2019 -0.323∗∗∗ (0.019)
Sqm_2019 0.0003∗∗ (0.0002)
N_Children_2019 0.085∗∗∗ (0.019)
Constant 3.673∗∗∗ (0.237)
Observations 361,987
Log Likelihood -105,946.300
Akaike Inf. Crit. 211,948.500

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Welfare Analysis

The welfare framework relies on disposable income and cost parameters specific toeach tenure type (e.g., private renters, social renters, and homeowners) to calculatehousing costs, consumer surplus, and changes in welfare due to cost reductions. Let:
– Y represent the average disposable income for each tenure type,
– θ the average income-to-housing-cost ratio, and
– ∆C the percentage reduction in housing costs.

The initial total housing cost, H0, for each tenure type is defined by
H0 = Y ·θ,

while the post-reduction housing cost, H1, reflects the cost reduction as:
H1 = H0 · (1−∆C ).

Assume the demand for housing, D(H), is a function of disposable income relative tohousing costs:
D(H) = Y

H
.

The consumer surplus, which captures welfare gains before and after the costreduction, is calculated as the area under the demand curve. Let Hmin represent the
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minimum necessary housing cost. The consumer surplus before the cost reduction,
C S0, is then

C S0 = D(H0) · (H0 −Hmin)

2
,

and after the reduction, C S1, is
C S1 = D(H1) · (H1 −Hmin)

2
.

For homeowners, the present value of cost savings S contributes to property valueappreciation. Monthly cost savings, Sm , are derived from the initial housing costs andthe cost reduction percentage:
Sm = H0 ·∆C .

Annualized cost savings, S, are given by
S = 12 ·Sm .

To project the cost savings over a period of T = 20 years, the indexed cost savingswith growth rate g and discount rate r yield the present value PVS as
PVS =

T∑
t=1

(
S · (1+ g )t−1 · 1

(1+ r )t

)
.

For homeowners, a portion κ of PVS is capitalised, leading to an increase in propertyvalue:
P1 = P0 +κ ·PVS .

The utility function, incorporating non-housing consumption C and housing H , isgiven by a Cobb-Douglas form:
U (C , H) =Cα ·H1−α,

where α is the elasticity of utility with respect to C . Here, assume α= 0.7.
For renters, welfare depends on consumer surplus and is adjusted by disutility fromrising property prices. Their total utility before the cost reduction is

U0 =C S0,

and the utility after the reduction, accounting for disutility from rising prices, is
U1 =C S1 −α · (P1 −P0),

where α reflects the sensitivity of renters’ utility to rising property values.
For homeowners, utility includes consumer surplus and the capital gains fromproperty appreciation. Thus, the total utility before the cost reduction is

U0 =C S0,
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and after the reduction, incorporating the capitalisation effect, it becomes
U1 =C S1 +κ ·PVS .

The welfare changes by tenure type are derived from the differences in utility beforeand after the cost reduction. For renters, the welfare change ∆Wrenters is
∆Wrenters =U1 −U0 =C S1 −C S0 −α · (P1 −P0),

while for homeowners, the welfare change ∆Whomeowners is
∆Whomeowners =U1 −U0 =C S1 −C S0 +κ ·PVS .
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I.3 Appendix Chapter 4

WoON Dataset

FIG. I.1 National Distribution of EPC
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FIG. I.2 EPCs in WoON Dataset

Costs Dataset

Source: TNO & PBL, (2021) Dashboard Eindgebruikerskosten,https://www.expertisecentrumwarmte.nl/eindgebruikerskosten/default.aspx[Accessed November 2023]

TABLE I.6 Costs Renovation

House Type Cost m2 Ren to B Cost m2 Ren to D
2 under 1 roof 203.52 81.45

Coner House 210.81 90.20
Semi-detached house and other 192.13 81.69

Free Standing 182.06 74.96
Apartment 217.39 99.55
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FIG. I.3 Income distribution with vs without EPC

Regression Tests

TABLE I.7 Tests

Test statistic p.value
Weak Instruments 11702.63 < 2e-16 ***

Wu-Hausman 38.03 7.07e-10 ***
Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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FIG. I.4 Property Value distribution with vs without EPC

I.4 Appendix Chapter 6

Research questions, data collection and codes
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TABLE I.8 Research Questions, Data Collection Strategies, and Codes

Research Questions Data Collection
Strategy

Codes

(1) What are the mainunderlying differencesbetween social housingfinancing systems inEurope?

Literature Study NA

(2) How are reportingand disclosureobligations affectingSHOs’ access to capitalmarkets and ultimateborrowing costs?

Semi-structuredinterview Financing Models,(Non)Taxonomy AlignedBond, Reporting &Disclosure, ESGAdditionality, Guarantees

(3) How are renovationrequirements and MEPSimpacting SHOs’ socialobjectives?

Semi-structuredinterview Newbuild Compromise, RentIncreases, RenovationFinancing Models

(4) How are nationalmanagement practicesand organisationcharacteristicsinteracting with“greening” capitalmarkets?

Semi-structuredinterview Risks, Social (Taxonomy),Inequalities – Countries,Inequalities – Providers,Project Financing

Interview Protocol

Interview protocol 1. Business as usual 1.1. What are the main sources of externalfinance for your organisation?
1.1.1. Private – Bonds, private loans. Public – Grants, subsidised loans. Both –Combination
1.2. What are the main type of investors?
1.2.1. Institutional – Pension Funds, Insurance, Private Equity. Private Banks. PublicBanks
1.3. How would you characterise your access to funding? Constrained? Easy?Cumbersome? Why?
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1.4. What are the leading factors determining your access to finance? Do you expectthem to undergo any fundamental changes in the near future?
1.5. In what ways if any has the increase in interest rates challenged your fundingstrategy?
2. ESG 2.1. Do you currently tap on to ESG for your financing needs?
2.2. Could you reflect on the main reasons for ESG uptake and whether they are likelyto change?
2.2.1. Among these factors, which ones are most important?
2.3. There’s this term, additionally that shows up in the literature, do you perceiveESG as bringing additional funds into the company?
2.4. Do you use the new European regulation and framework for ESG(CSRD)(Taxonomy)? Is there a set of reporting standards would your organisation ismore likely to follow?
2.5. What are the factors that would make you increase the ESG proportion of yourfunding in the future? If you plan to do so, do you have an explicit strategy to follow?
2.5.1.1. Which among the ESG indicators are your priority?
2.6. Which forms does (or would you like) ESG funding take, do you plan a greenbond, an ESG loan from a bank etc.?
2.6.1. What are the likely consequences of these forms of financing?
2.7. ESG is usually linked to specific projects within companies? Within yourorganisation is ESG used in particular projects?
2.7.1. For example energy retrofit, improving energy efficiency?
2.7.2. Is it about new developments?
3. Financing renovation and energy efficiency requirements 3.1. How is yourorganisation working through the energy efficiency improvement of the stock? Doyou have a number of plans in place?
3.1.1. Funding requirements?
3.2. Do you expect the energy transition to be a driving force toward ESG funding orwould business as usual cover the needs of your organisation?
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3.2.1. If not large-scale renovation, what would you say are the driving forces behindadopting ESG?
3.3. Do you conceive of ESG funding as a viable alternative to rent increases orprogressive withdrawals of public increases in costs of private funding?
4. Risks, challenges and recommendations 4.1. What importance do you attach toyour overall rating? How is this affected by ESG and renovation?
4.2. Do you have a designated team collecting non-financial data for ESG purposes?
4.3. Do current standards pose any particular issues for housing associations ingeneral or your company in particular?
4.4. What changes would you like to see in the way ESG legislation is beingformulated? What would make your access to ESG capital easier?
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I.5 Appendix Chapter 7

TABLE I.9 Research Questions, Interview Protocols, and Codes

Research Questions Interview Protocols Codes

How did legislative andsocioeconomicdevelopments shapeland-driven PPPs for socialhousing provision in theSpanish and Catalancontexts?

– Private business model
– Public business model

– Origin land
– Rationale
– Public debt
– Fiscality

How do current fiscal andsocial policies influence thefinancial viability of PPPs forsocial housing provision atINCASOL?
– Private business model
– Public business model
– Financial and environmentalrisks

– Next generation —renovation
– Financing — subsidies
– Rent & increases
– Public competition
– Fiscality
– Financing risk
– Oversight
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TABLE I.10 Project Parameters

Parameter Value

Number of units 300
Total surface 40,603 m2st
Residential space 28,297 m2st
Cost per sqm 1,104 €/m2
VAT 4,030,303 €
Maintenance (every five years) 928,943 €
Management costs 148,075 €/year
Land costs (Year 1–30) 213,572 €/year
Land costs (Year 30–75) 12,746 €/year
Debt proportion 80 %
Interest rate 3.25 %
Commercial space income 69,149 €/year
Rental income 2,549,297 €/year
Parking income 343,063 €/year
Efficiency (arrears & vacancy) 5 %
Total years 75
Construction time 2
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I.6 Appendix Chapter 8

INCASOL Evaluation Report
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Housing markets have produced structural inequalities evident in the unaffordability issues 
experienced by many households across Europe. Over the past century, housing has shifted from a 
domain of strong government intervention to one increasingly influenced by market forces. Today, 
as Europe decarbonises, not only affordability but also sustainability have become central to 
housing debates. This dissertation investigates how decarbonisation policies affect both housing 
affordability and provision. Following an essay-based structure (capita selecta), this thesis 
brings together studies on fiscal policy, sustainable finance, and social housing provision across 
various European settings. The dissertation is divided into two main parts. Part I, Affordability 
and Costs, employs quantitative methods to assess the economic impacts of decarbonisation 
on households. Part II, Provision and Finance, takes a qualitative approach to examine financing 
mechanisms for decarbonisation and social housing provision. While each part draws on distinct 
methodologies, together they provide an overview of how certain decarbonisation policies interact 
with housing systems at both household and structural levels. The findings show that current 
decarbonisation policies often favour wealthier homeowners through subsidies and tax incentives, 
while having a negative or mixed impact on renters, younger households, and low-income groups. 
To address these challenges, the thesis advocates for redistributive fiscal reforms—such as 
energy efficiency-linked property taxes—and stronger public institutions and regulations to guide 
investment towards equitable and sustainable housing provision. By placing affordability at the 
centre of decarbonisation policies, this dissertation aims to inform the development of transitional 
pathways that align both social and environmental goals.
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