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Abstract

:

The existence of a green premium in house (asking) prices in Alicante province, Spain, are analyzed using circa 9000 property observations. In developing the sample, information from energy efficiency certificates was matched with two other databases. The model tests for green premium by climatic zones using pool Ordinary Least Squares (pool-OLS) and Instrumental Variables (IV) hedonic models, adds new knowledge concerning the existence of green premiums from Southern Europe, explores differences in their estimation by climatic zone, debates the nature of the estimated green parameters, and explains the role of endogeneity in hedonic green premium models. The empirical evidence assesses the sensitivity of asking price to either energy consumption (KWh) or carbon dioxide emissions (CO2) with an apparent premium of 3%, and captures an association with efficiency rating from G to F of 1.8% and from F to E of 1.1%. Significantly, the results relating to price responses show a distinct variation between the coast and the cooler climatic zone of the interior. The paper shows that energy efficiency incentive policies should discriminate by climatic areas, and provides a price reference by which to assess the amount of incentives needed to achieve European Union (EU) objectives.
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1. Introduction


The effects of climate change triggered the formulation of policies internationally, including the European Union (EU) who encourage the conversion of the housing stock toward a low-energy model. In this context, the “Winter Package” (launched in January 2018) encourages further reduction in energy consumption of houses driven by the knowledge that domestic properties are responsible for 24% of greenhouse gas emissions in EU countries [1]. Although public policies encouraging greater energy efficiency are not new, the impact of the Global Financial Crisis (GFC) halted the adoption of initiatives for energy efficiency in most European countries with the new regulation stressing the need to achieve near-zero energy buildings (nZEB). In particular, EU targets are for 49% of residential stock to be low-energy by 2030 and the whole stock nearly zero carbon by 2050. To achieve these goals, major investment is essential and, in this respect, the EU Winter Package recognizes that policy success should come from market compliance with stock transformation, driven by homeowners and landlords investing and retrofitting their properties to improve energy efficiency. Thus, market incentives are fundamental in consolidating the renovation of the residential stock, to achieve one of the main goals of the European Energy policy.



A key market incentive is the price signal measuring how green aspects are captured by market prices. In this context, the literature focused on the estimation of a green premium by quantifying the increase in market price stemming from energy-efficient housing features (in addition to efforts to increase the social perception of the benefits of green buildings). The problem is that how green the house is (as the result of a bundle of housing features/installations) is not observable, and needs to be estimated based on micro-databases containing information about energy consumption and/or carbon dioxide emissions. This information is increasingly available through energy efficiency certificates (EECs), introduced as compulsory in all housing transactions since 2013 by the EU regulation (EU Directive 2010/31 of 19 May 2010 on Energy Efficiency of Buildings) [2]. The certificate rating (EEC) assigns levels of energy efficiency to the houses based on their energy consumption and emissions. The best level, A, corresponds to the more efficient house, while level G corresponds to the worst efficiency in consumption and large emissions.



In Europe and the United States (US), several studies were undertaken to estimate the green premium in house prices. Seminal work initially focused on US office buildings [3,4,5] followed by the analysis of residential houses [6,7,8]. In the case of the EU, most of the published work concerns northern European countries (United Kingdom (UK), the Netherlands, Germany) [7,9,10], with little evidence from southern European countries in the academic literature. Thus, the current knowledge base on green premiums is poor in the latter. Another relevant issue that this paper is concerned with are differences by climatic areas, again an issue not pursued in the current literature due to the implied assumption of climatic homogeneity in the areas considered. However, recent research, such as the EU-funded RentalCal project, sought to identify differences in energy consumption and greenhouse gas emissions among European countries according to differences in climate zones. The RentalCal project is EU-funded project number 649656 in program H2020-EE-2014-3-MarketUptake, the main aim of which is to estimate the market incentives for rental housing retrofitting to invest in energy efficiency in the rental sector.



This paper, in analyzing the effect of energy consumption, EEC rating, and greenhouse gas emissions on house prices in Alicante, Spain, seeks to explore the impact of climatic zones. The concept of “green” refers to the energy indicator and it is measured by either energy consumption or CO2 emissions. Selection of the Alicante province was based on its location in the SouthEast of Europe and its good climatic regime (pleasant without extreme temperatures throughout the whole year) which attracts many part-time European residents due to its temperate and pleasant climate in winter months. However, the Alicante province has a highly variable topography with high mountains circa 30 km inland from the coast, with a continental climate and more extreme temperatures that require more energy use for heating in the winter and air conditioning in the summer. Importantly, one of the findings of this paper is that the differences in energy consumption between coastal areas and the interior are around 30%, meaning that the analysis of energy efficiency can be differentiated according to location in different climate regimes.



Reflecting these issues, the paper is structured as follows: Section 2 presents a literature review focusing upon energy consumption and CO2 emission in the residential sector. Section 3.1 explains the interpretation of hedonic shadow prices applied to an energy component. Section 3.2 presents the model to estimate market incentive. Section 3.3 focuses on the database used and its construction. Section 4 develops the analysis based on a hedonic model of the panel data and two-step model, and provides a discussion of the results. Section 5 draws conclusions and the policy implications.




2. Literature: Green Premium Evidence and Principles


Literature assessing the impact on the price derived from energy consumption in housing is largely of recent origin, reflecting the growing international focus on climate change, and the need to reduce carbon emissions and enhance energy efficiency of buildings. The energy and climate change agenda took traction over the last two decades; however, in the real estate sector, seminal research was primarily centered on assessing the economic attractiveness of office buildings [3,4,5,6,11]. However, the particular focus of this paper on housing arises from the importance of energy consumption in domestic properties (26.1% on average from 1990–2013 [12]) and the ability to identify how the market prices reflect the reduction in energy consumption or improvements in energy efficiency through incentivizing homeowners and landlords to renew/retrofit their property in accordance with energy standards. In this regard, the current European regulation establishes a medium-term horizon for energy efficiency (2030–2050, Energy Performance of Building EU Directive 2010/321/EU) [2] which will require a market solution, as public sector resources are constrained. Hence, the market incentive in measuring the willingness to pay derived from energy-efficient homes is relevant both for homeowners and renters.



The existing evidence from the literature indicates that a green premium exists, but can be relatively small. For example, research in Australia by Reference [13] suggests a green premium between a low-rated and a high-energy-rated building may be as small as 1.2% to 1.9% of the house price. Brounen and Kok [7], examining the effect in the Netherlands, found that energy efficiency of housing (measured by EEC data) was capitalized in residential prices by a margin of 10.2%, 5.5%, and 2.1% in the three highest levels of certification (levels A, B, and C) compared to level D. Fuerst et al. [10] found similar results for more than 330,000 observations in the United Kingdom collected over the period of 1995–2012, with a green premium ratio of 5.0% for A- and B-certified houses and 1.8% for C, compared to houses with a D rating. These authors also found small discounts of 0.7% and 0.9% for housing classified E and F, respectively. Cajias et al. [14] estimated that the green effect in let-to-buy properties was between 18.5% and 4% for houses within bands A, B, and C relative to band D, though discounts were not apparent for properties in bands E, F, and G. Hyland et al. [15], in modeling the decision to advertise the energy efficiency rating of a property in the Republic of Ireland, found a positive effect on property prices of a green premium of 9.3% of the sale price and 1.8% of the rental price, for houses rated A as compared to those with a D classification. In California, Kahn and Kok [16] estimated that the green premium ranges from 2% to 4%. Deng et al. (2012) analyzed green mark buildings in Singapore showing evidence of a 4% premium in highly energy-rated residential buildings. For Germany, Cajias and Piazolo [9] estimated a 0.45% price increase for a saving of 1% in energy consumption and 0.08% increase in the rental market. De Ayala et al. [17] estimated a price premium of 5.4–9.8% in three selected Spanish cities for 2013, based on landlord stated prices. Vimpari and Junnila [18] identified a premium within a much wider range between 1.5% and 17.6% on the estimated value, under different market conditions, for certified properties in Finland using option-pricing theory for valuing the green building certificates. The same authors [19] calculated that buildings awarded the Leadership in Energy and Environmental Design Platinum Certificate could have a green premium of 8% relative to the average house price in the Finnish property market. However, Bruegge et al. [20] found evidence of a time-varying green premium which diminished when estimated in different periods of time, in the case of single-family transactions in Gainesville, FL, USA, for the period 1997–2009.



With the introduction of EECs/energy performance certificates (EPCs) in 2013, larger and more specific databases to observe the existence of price premiums associated with the energy efficiency of buildings are becoming available. For instance, Fregonara et al. [21], using a two-step hedonic model, found a premium of 6–8% in transaction prices of Italian apartments with energy efficiency in lower bands of energy efficiency rating (E, F, and G) when improved to a higher band, suggesting that initial energy improvements were priced by the market. Analysis by Högberg [22], based on 1073 housing transactions with energy certificate (EPC) data in Stockholm, Sweden, estimated a green premium of 4.4%. Likewise, Taltavull et al. [23] found a green premium of between 2.2% and 6.5% on apartment transaction prices in two areas of Bucharest, Romania, controlled by housing characteristics and spatial autocorrelation effects, for the period 2013–2015. The latter study is of particular interest in being one of the few to consider the impact in a southern European country; to date, most of the literature in Europe focused on evidence of green premium in central or northern European countries.



It is important to stress that the literature is divided on the subject of green premiums, with a number of other studies not supporting a relationship between house prices and energy rating. For example, Cerin et al. [24], in a study of the Swedish housing market, did not find a full relationship between energy performance and price, although the model gave statistically significant parameters of a premium for those houses built before 1960 and those with cheaper price per square meter. Likewise, Amecke [25] analyzed evidence estimating the impact of introduction of EPCs into Germany and how it affected the housing purchase decision, concluding limited significant impact between prices and energy efficiency. Yoshida and Sugiura [26] observed a discount of 5.5% for new homes located in energy-efficient buildings in Tokyo, and found that the use of eco-friendly materials in construction exacerbated price discounts. Zheng et al. [27], in analyzing green housing complexes in Beijing, China, found a discount in green units of about 8–11% due to the high maintenance costs in those buildings.



The disparity of the results and the different estimated premiums suggest the existence of various explanations concerning the pricing of a “green” house relative to a “non-green” house. Reasons why the green premium exists varies from the supply perspective to the demand perspective. The supply perspective considers that energy consumption is directly related to housing characteristics, physical features (captured in the eco-labels and EPC), and the energy need arising from location, with energy adaptation and retrofitting a means of making the house energy efficient. On the other hand, literature considers that green premiums are the result of the willingness to pay for green properties, in the sense that the green feature satisfies the perception of sustainability among the consumers (in addition, differences in models specification and control variables are also potential sources of variations). Although, theoretically, the reasons why a house increases in market price due to better energy efficiency could be very different, the majority of papers do not identify specifically why and where the differences in prices due to the property’s energy efficiency come from.



One of the most popular arguments is from the supply perspective under which efficiency is gained due to intervention in the housing structure or changes in facilities with a greener focus. The effect is to reduce energy consumption, thereby lowering the service costs and capitalizing on this in the housing market. Prominent research in this area includes Adan and Fuerst [28], who used a difference-in-difference analysis to estimate a 10.5% reduction in gas consumption on an annual basis and an 8% decline in overall energy consumption after upgrades such as cavity wall insulation, loft insulation, and new efficient boilers in the UK. Estiri [29] analyzed the impacts on residential energy consumption of quality construction and materials, testing the effect of physical characteristics and construction features including energy insulation, efficiency systems, and construction materials. Furthermore, the type of house, whether single-family or apartment blocks [29,30], and its size [31] are key factors in explaining energy consumption, with single-family houses showing higher consumption rates because of heating and air conditioning needs [32]. Quality of construction with the use of modern materials was shown to improve energy efficiency [7,10,15] and, likewise, building age is also an important characteristic with the common assumption that older properties increase consumption [33] and that newer houses are more energy efficient [34].



From the demand perspective, Fuerst et al. [10] and Brounen and Kok [7] estimated the willingness to pay a green premium using transaction prices (as the revealed preferences of energy efficiency). Other examples using transaction evidence include Chegut et al. [35] who found evidence of a green premium of 6.3% in A-labeled (an extra 9300 euros in the transaction price) affordable housing transactions in the Netherlands between 2008 and 2013, and Taltavull et al. [23] in their study of the willingness to pay for green apartments in Bucharest and the green premium effect apparent in the northern part of the city.



The literature suggests that the willingness to pay for green characteristics is asymmetrical and related to the level of certification [35] and also by the resale point in time. In this context, the study by Deng et al. [36] is significant, showing that the green feature is less valued in the first transaction (from builder to first owner, around 4%) than in a resale (10% of the transaction value) supporting the idea that the willingness to pay varies by the transaction moment. Fuerst and Shimizu [37] estimated a green asking price premium of between 3.8% and 5.9% in housing sales in Tokyo, but they found discounts on the later transactions (the transactions after the first one) which varied depending on household characteristics and the level of maintenance costs associated with the housing design, including the energy efficiency installations. Crucially, the literature uses both asking and transaction prices depending on data availability; however, the differences in both perspectives are relevant, as the observed differences in green premium would capture the excess of housing investment to make the house more energy efficient, or the behavioral component of demand valuing the green aspects of the house.



A further dimension is the lack of evidence in the literature concerning the variation of green premium by climatic areas. There is the expectation that households located in colder climatic areas increase energy requirement through heating needs [29,31]. However, as Chong [34] observed in hotter climatic regimes, energy is also needed for refrigeration systems. The relative scarcity of literature focusing on this topic means that there is no conclusive evidence about whether the climatic area affects the green premium and, if so, the dimension of this effect.



The main findings from the literature are summarized in Table 1.




3. Materials and Methods


3.1. Theoretical Basis of Green Premiums


The literature on green premiums discussed in the previous section considers that the “green” characteristic is an extra amenity which either adds to or diminishes the value of the house. In this context, there is the assumption that energy efficiency could affect the final sale or rent prices in the following three ways:

	(1)

	
Energy costs are reduced after a retrofitting intervention, which thereby generates a saving for the tenant or homeowner that transmits to the rental or property prices;




	(2)

	
As the energy saving is derived from an investment, this implies an increase in the amount of capital invested in the house with the green premium capturing the larger value implicit to it;




	(3)

	
Consumer tastes for green housing and the willingness to pay for green features are captured in the price or rent differences in the market.









The first two propositions assume that refurbishment costs (or lower consumption costs associated with the housing) are capitalized on in final prices; that is, construction/retrofitting costs and derived benefits are transferred into housing prices. This is conceptually contrary to house price formation as defined in the economic literature, in which it is generally accepted that price changes follow demand pressures. Both (first two) propositions assume that the green premium appears due to upgrading of the house (for example, insulation), and that the added value captures the extra capital increment (and its benefits) invested to make the house more energy efficient; that is, the price is cost-driven. However, the theory of house price formation determines that the house price is set in a market led by demand shocks, and that changes in housing costs affect the speed of delivery of a new property but not the prices themselves (the new supply curve is set in the third quadrant of the DiPasquale and Wheaton’s 1994 equilibrium model [38]). This argument implies that, all things being equal in the housing submarket, energy efficiency investment should not affect house prices directly, and do so only indirectly once demand is convinced of the benefits of the increase in efficiency. Nevertheless, Fuerst and MacAllister [6] considered that the green component makes the supply curve shift to the left due to an increase in costs, which, in their case, was associated with the certification.



If this hypothesis is correct, the green premium estimated on the extra costs to transform the house would be biased. For instance, when the property price is determined by the landlord after retrofitting, that (asking) price would contain the extra component due to the energy efficiency costs, but it does not mean that the market would accept it; that is, the increase in price would not affect final transaction price if the purchaser does not perceive that the energy improvements produce an increase in the house’s welfare. Thus, the extra investment cost would only be reflected in prices when the larger energy efficiency supposes a new “amenity” that is valued by the purchasers.



The latter theory is captured by the third proposition, whereby green attributes change consumer preferences by increasing their willingness to pay for them, preferences which are captured by the market price from the demand side (tastes, believes, or preferences). In this case, a household can be willing to pay more if the house is perceived as green as a matter of taste or environmental awareness, but the price premium is due to the fact that the house is energy efficient, such that being green is seen as an extra amenity forming the price.



In this case, there could be circumstances where the green premium is not captured because the demand is not willing to pay for it (the opposite is also true). This is the case when the analysis focuses on market price, which is the signal that the transaction is completed and the demand agrees with the price. However, on the contrary, when costs are observed (and the producer price or asking price is explored), the analysis could estimate a premium associated with the retrofitting intervention and the expectations of the owner (who incurs the investment costs), rather than capturing the willingness to pay of the buyer. In this case, the estimated green premium captures a different concept, which is the expected benefit of the retrofitting, but not the excess of market value due to the gained energy efficiency, and the asking price is modified by the market pressure as the response to the existing willingness to pay in the market.



The Rosen [39] model explained this difference clearly, and this can be extended to include energy efficiency as one of the property amenities (Figure 1). Thus, assuming that, in the combined-attribute house price model, energy efficiency is an extra component, and that the rest of the housing characteristics and amenities compose the “envelope” group of features of one house at any location, then z = {z1, z2, …, zn}, with zi measuring the amount of the i-th characteristic contained in a house and z being the particular package of features identifying the particular house. The price also represents that particular package p (z) = p {z1, z2, …, zn}, and the group of characteristics guides both buyers and sellers in a specific location through the number of characteristics, equalizing the differences in the set of hedonic prices. As Rosen stated, “the market clearing prices p (z) are determined by the distributions of consumer tastes and producer costs” [39] (p. 35). Consumers continuously choose among different combinations of z, the function relating prices and characteristics p (z) = p {z1, z2, …, zn}, which are similar in the absence of any alteration of the envelope, such as using additional resources make the house more energy efficient.



Thus, if the value of the green premium depends on consumer behavior, the process of adding value for this characteristic is intrinsically determined by the willingness to pay of green-conscious buyers whose utility curve is modified upon entry to the market by this characteristic. Using Rosen’s [39] (p. 39) definition, the demand behavior is represented in Figure 1a.



On the demand side (Figure 1a), ui is the value function of every consumer at a particular location; this depends on the individual utility function which varies with the available income (y), a bid function (Ф), and the combination of characteristics chosen (U (y − Ф, z1, z2, …, zn) = u). Thus, p(zi) is a function of the minimum price paid in the market for the bundle of characteristic’s unit with z* optimum quantities of each attribute at each implicit price of zi (Pc0). Assuming that z1 is the attribute “energy efficiency”, every consumer represents a different value function; hence, a consumer whose perception is that the house is more energy efficient increases the value of the green component in the envelope (bundle of characteristics), revealing his/her willingness to pay for energy efficiency, jumping the preferred combination from curve red to curve blue, and determining two different fixed-value functions (ui∗) and the increase in price due to the extra amount of z1 to Pc1. The Ф values are defined as convex functions of every combination of features, while the price function is a non-sufficient convex function representing the first-order condition. “If it is sufficiently regular and convex everywhere, higher-income consumers can purchase a greater number of all characteristics” [39] (p. 40).



On the supply side (Figure 1b), the housing suppliers exhibit an offer function (ф (z1, z2, …, zn; π, β)) which indicates the unit price they are willing to accept at a constant profit (π) on various investment designs. It is assumed that the supplied characteristics in every design meet market characteristics—the implicit prices—to reach the equilibrium at the maximum price, such that one unit could be supplied at similar β coefficients. They maximize their utility at the maximum profit π, which will vary if they include large investment on energy efficiency to increase z1. The increase in the latter is transferred into a higher asking price (from Pp0 to Pp1), with the latter including the expected producer benefits derived from the larger energy investment costs.



Note that Pc0 is not necessarily equal to Pp0, and that Pc1 is not equal to Pp1 (nor the attribute prices), and that the Pcs will be transformed into Pps after the negotiation process. In addition, the mentioned prices (Pc0, Pp0, Pc1, Pp1) reflect different shadow prices of attributes when the focus of the analysis shifts from the demand or the supply side, although both should meet the market hedonic price functions to reach equilibrium (and be transacted) in the presence of sufficient supply to meet the demand. Rosen [39] (p.44) pointed out that “p(z) represents a joint envelope of a family of value functions and another family of offer functions”. Hence, the focus adopted by this research is key to the empirical analysis and interpretation of results, in order to disentangle the meaning of the green premium and to identify whether a green premium (understood as the willingness to pay for energy efficiency) or a green-expected profit exists (understood as the benefit expected derived from an improvement in the energy efficiency of the property).



The literature rarely makes such a distinction, and most papers use the concept of shadow prices as a proxy for the willingness to pay, independently from the observed price, for green characteristics.




3.2. Empirical Model


The empirical literature identifies the price of a particular house (Phit) in terms of the shadow prices of its characteristics (Xkit) at a micro level, which are controlled by location (αi), as a way to capture the willingness to pay. In this framework, green would be valued as an extra “x” component (Equation (1)).


Phit=αi+ ∑k=1nβ1kXkit+β2greenit+εit.



(1)







This estimation of shadow prices tries to directly capture the hedonic market prices, without taking into account the components that equilibrate the supply or demand conditions (that is, π or u in the former explanation), but focuses on the difference depending on the type of price observation used. Otherwise, the calculated shadow prices may refer to different equilibrium positions and, therefore, may not be comparable.



From the supply side, the attributes included in the offer function are those with a particular cost that can be evaluated. In the case of housing, construction is a complex activity which creates several attributes at the same time and with the same costs. For example, the market values, in a different way, the floor area or number of rooms; hence, the existing literature tends to include every attribute in a hedonic model from the demand perspective. However, as equilibrium should exist, several variables capturing the same information could bias the shadow prices by introducing problems of multicollinearity or endogeneity in the hedonic model, requiring the use of alternatives to Ordinary Least Squares (OLS) methods to estimate shadow prices (using Instrumental Variables –IV- or Generalised Least Squared -GLS-). This is an important consideration in evaluating green premium. In the case of energy, it is technically demonstrated that particular characteristics such as construction quality, age, and house size and type affect consumption and CO2 emissions (thus, including all of them in a model would result in endogeneity problems rather than just multicollinearity). The current literature weakly refers to this problem in the hedonic definition of green premium (in Appendix C, such a relationship is estimated in order to quantify the endogenous effect of those characteristics).




3.3. Database Sources and Matching Process


This research seeks to find empirical evidence of a green premium in relation to the housing market in Alicante province, Spain, using data contained in EECs and a valuation database providing price information. In Spain, an official EEC is compulsory and must be presented when a house or a building is being transacted (for either sale or rent), in refurbishments or rehabilitations, and for public buildings since June 2013 [40]. The EECs do not collect any economic variable, such as prices or rents.



Although the central government in Spain took the initiative in creating a program for the estimation of energy ratings and the generation of certificates, its application and control falls within the scope of the autonomous communities (Spanish regions). However, most of the regions do not publish the full EEC information in a usable manner and, commonly, the information contained in the available databases is limited.



The EEC data collect all certificates issued in six Spanish provinces (Alicante, Valencia, Castellón, Barcelona, Rioja, and Navarra), which allows for comparison in rate classification, while the valuation database only refers to Alicante. The EEC data contain few observations in the A to D categories, which is the reason for the aggregation of A, B, and C into one category in the empirical exercise (following References [10,17,35]). Comparing the classification of observed houses among them, the evidence identifies that coastal Mediterranean regions in Spain present few houses classified between A and D than in the interior areas. In Alicante (the database of reference for the sample used in this paper), this represents 4.7% of houses, while values in Castellón, Valencia, Barcelona, Navarra, and Rioja are 4.9%, 8%, 14.3%, 32.12%, and 22.7%, respectively, showing an initial evidence of the climate requirements on energy efficiency at home. The low representation of properties rated A–D is notable, but it could be a common pattern in the coastal areas, which will be confirmed when more evidence appears in the literature.



On the other hand, transactions are not published in Spain as micro data (there is no detailed information for every particular transaction), nor are they associated with the energy efficiency. As a consequence, it is not possible to find a unique database with the required variables to evaluate the green premium.



This paper builds a database for this purpose. It matches the EEC and the valuation databases with the Cadaster in order to have precise information about the location and building characteristics. The Cadaster database allows the allocation of geo-referenced properties identified in the EEC and in the valuation databases. The matching results give a geo-referenced database with a large number of characteristics, as shown in Table A1 (Appendix A). Details of the databases used are as follows:

	(1)

	
Energy certificates, sourced from a Government Agency, IVACE [41] (Instituto Valenciano de Competitividad Empresarial), contain detailed information on each transaction and its energy characteristics, and a limited number of housing features (Table A1, Appendix A). The total number of energy certificates issued for housing in the Alicante province is 28,558, and the database contains basic information such as size, KWh energy consumption, CO2 emissions, property age, floor, type of housing, and emission/energy consumption rating. The variables used for matching waere the Cadastral reference and the geo-reference, which were also included in the EEC database.




	(2)

	
The Cadaster database gives information about the block where the house is located and the specific geometries (floors, orientation, position in the street), including technical information on the buildings with details of the property location at the building level, allowing information on size, location, limits, levels, orientation, construction quality, age, type (single-family, multi-family, or block houses), and other technical characteristics to be accessed [42]. The extraction and exploitation of cadastral data was performed following the methodology developed by Mora García [43] (pp. 85–111).




	(3)

	
The database of housing valuations, detailed in previous research [44], contains a large number of observations of houses listed for sale, including asking prices, attributes at various levels, and a geo-reference for each property. As a valuation database, information is provided relating to the value of the subject property and comparables. Only information about the latter is used in this analysis in order to guarantee that the asking price is used and not the valuation. The valuation database for Alicante province contained 517,671 observations, but only 24,138 were geo-referenced. The latter were used in the analysis.









Note that the use of asking price in this paper does not reflect any limitation on the study; rather, it reflects the use of the precise price observation from the supplier side in the market, as explained later. Evidence about the differences between asking prices and transaction prices differs in the literature [45] and is largely explained in Reference [44].



Spatial geometries (at the building level) were built based on the Cadaster database information in order to serve as the elements to match both energy certificates (ECC) and valuation databases. Each EEC observation was assigned to every geometry (using the Cadaster reference), while the observations on the latter were also assigned using the geo-reference. Spatial programming was used to identify the observation falling in every spatial geometry, matching two sets of observations where the properties are located using a spatial analysis tool. The database construction process is explained in Appendix B.



The final database contained 8949 matched EECs—listing properties which were drawn from 24,138 comparables in the valuation (control) database and 28,558 usable EECs (treatment). The merged data and main descriptive statistics are shown in Table A1 (Appendix A).



The climatic zones (Figure 2) in the Alicante province are technically classified into three categories (left panel) according to the severity of the summer and winter climates by the Spanish Technical Code [46], with the right panel showing the spatial distribution of observation across the province.



The three climatic areas were zone 1, coastal (red, with 91.9% of the observations); zone 2, interior, soft (an interior area with no extreme weather, shown in orange, with 7.2% of observations); and zone 3, interior, hard (the interior area with harsher temperatures, shown in blue, with 1% of observations). The average energy consumption and CO2 emissions are consistent within each zone, with lower values for climatic zone 1 (coastal region) and higher values for climatic zone 3 (Table 2).





4. Results


4.1. Model for Green Premium in Alicante


The model adopted in this paper was hedonic-based with the green variables considered as an additional attribute. As the focus was on the supply side, the model included technical attributes relating to building and construction quality. The interpretation of the green parameter was also from the supply side and was considered as a measure of the perceived market price generated by the increase in energy efficiency (Equation (2)).


Phit|climatic=α0+ ∑k=1nβ1kXkt+β2greenit+∑i=1NγiFEi+εit.



(2)







The X-matrix contains the housing attributes obtained after matching the three databases. “Green” refers to the energy indicator (measuring either energy consumption or CO2 emissions) and Phit is the price of a particular housing unit. The intercept is divided into two types, α0 which is a constant across regions, and ∑γiFEi which is the region-specific constant term, time-invariant and capturing specific features of housing consumption across locations. FEi is the dummy variable for the i-th urban level (autonomous city, dependent city, county capital, and province capital) in Alicante (FEi = 1 for i = j; otherwise, FEi = 0 for i ≠ j). The parameter γi is the time-invariant individual effect allowing for region-specific characteristics (location, local conditions, and economic structure) in the model. The variable climatic controls by climatic area, while εit is the error term.



The model was estimated using two methods which are applied sequentially: pool Ordinary Least Squares (pool-OLS) and pool Two-Stage Least Squares (pool-2SLS, IV estimator). The latter was driven by the suspicion of endogeneity between energy consumption and some of the control variables (Table A2, Appendix C, shows the model estimated using pool-OLS with energy consumption/CO2 emissions and the housing attributes to support this suspicion). Hence, a two-step least-square method was used. The instruments in the robustness exercise were selected from the attributes included in the database, among those which fulfilled instrument requirements, rather than building the instruments. The variables of interest were those which captured energy consumption and emissions which served to estimate the green premium associated with house price. Such a premium could determine the profitability of potential retrofitting of a house to a more energy efficient nature. The model took the functional form of a linear semi-log equation including a non-linearity in age.




4.2. Pool-OLS Model


The first set of analysis in terms of assessing the presence and effect of a green premium was tested using a simple OLS model in the merged panel, estimating Equation (2) in a semi-log functional form. The component “Xk” was the attribute matrix (a control variable) and included 33 attributes with neighborhood characteristics (type of neighbor, first or second residence area, accessibility measured through access to the bus and train station, quality of services such as retail, health equipment, income level, and population density) and group or building characteristics where the house is located (type of building, density, urbanization quality, number of lifts, construction quality) and house characteristics (improvements, type of house, age, age², size of the house and uncovered areas, number of bedrooms, bathrooms, total rooms, whether it is a first or second residence, orientation, views, whether it is a public house or rented house). Table 3a and Table 3b contain the results of the nine estimated models, and Table 4 shows the estimated parameters for the control variables. The results were very consistent among the nine estimated models. The location component in this model was captured using urban type, which classified the urban areas into four categories (as in Reference [44]). The model also was estimated including spatial correlation components. The finding that the energy consumption was not spatially correlated led to choosing the functional form following parsimonia. Results are available under request.



The two variables of interest were the energy consumption/CO2 emissions controlled by climatic areas. The EEC provided the total consumption in kWh/year and CO2 emissions were estimated based on housing characteristics using a complex technical model. Both variables reflected the dwelling energy efficiency and were highly correlated (Corr (lkwh. lCO2) = 0.924); thus, they could be used alternatively as a measure of energy. An additional energy efficiency measure was the rate assigned to the house by the EEC.



Accounting for total consumption and emissions, the model was allowed to estimate the price elasticity of energy efficiency in Models 1 and 2 (Table 3 shows the energy parameters, and the results for the control variables are shown in Table 4). The results support previous evidence of a strong significant negative association between energy consumption and housing asking prices. Both estimated parameters (for energy consumption and emissions) show consistent values around −0.03 suggesting that a 1% reduction in energy consumption is associated with higher house prices by 0.031% (0.029% if there is a 1% increase in CO2 emissions).



Regarding EEC rating (Models 3 and 4, Table 3a; note that, in this case, the model captured how much of an increase in price there was for a house of one energy category referred to the omitted one), evidence was found for a green premium in the other energy bands: 1.8% for properties in band F relative to G, and a 1.1% premium in E-rated properties relative to F-rated properties, implying that reducing CO2 emissions in a house rated F increases house price by 1.8% relative to a house rated G, and reducing them in a house rated E increases price by 1.1% relative to a house rated F. If electricity consumption was measured, consistent results were found when improving the consumption from G to F, indicating a house price increase of 1.8%. These results suggest that the effect of improving a poorly energy efficient house to a better one is larger for houses with lower levels of energy efficiency.



The three climatic zones, included in the model as dummies (omitting zone 3, Model 4 Table 3a), showed consistent evidence of different price effects associated with location. In this context, there was a premium for house prices in the coastal area of 17% and a discount in the interior soft area of −15.6, both relative to the hard interior zone. That is, prices of housing located in the coastal areas were, on average, 17% more expensive than those located in the interior hard (note that soft refers to the areas located in the interior with cold weather, while hard refers to those also located in the interior but with harder and more extreme weather in the summer and winter).



As these parameters could capture the location effect and not the energy effect, a set of interactions between both variables was included in Models 5 to 9 (Table 3b). Firstly, the joint variables between energy consumption/emissions and zones gave six combined variables (3x2 variables with zone ixlkwh and zone ixlCO2) in Models 5 and 6. Secondly, a combination between ABC to G rates by zone (5x3 merged variables with zone ixkwh rate j) underpinned Models 7 to 9.



The first set of combined energy consumption variables tested the energy effect on house prices by climatic zone (Models 5 and 6), that is, the response of prices to the energy rating depending on the energy consumption/CO2 emission level. The results support previous evidence with robust parameters (signs and statistical significance) and values that empirically highlight a better energy efficiency of F-rated houses relative to G, and increases in house prices between 2.1% and 1.9% (according to the energy or emission level in each zone). Note that, upon controlling by energy consumption/CO2, the model failed to find empirical evidence of the price effect when dwellings improved efficiency from F to E, as captured by the general model. The interpretation of the energy consumption parameters by climatic zones (Model 5) was a bit more complex, as they reflected the price responses to the energy consumption level in different climatic areas associated with the energy rate. The energy consumption effect on house prices highlighted a larger price effect in climatic zone 2 (interior soft) of −4.6% (a reduction in energy consumption by 1% associated with an improvement in the housing rate, increased the house prices by 4.6%), and a (lower) −1.6% price effect in climatic zone 3 (interior hard). As the models were controlled by characteristics, these differences could only be due to the general environment or quality level in the stock rather than to individual features. Parameters for zone 1 were positive and statistically significant at 5% in Model 5 (but not in Model 6, associated with CO2 emissions), suggesting that the price effect was a 1.5% increase in prices when consumption increases were associated with an improvement on energy efficiency in the dwelling. This result was an apparent anomaly and contrary to other evidence in the literature. However, as houses are located in coastal areas with a warm temperature in most of the year, this response would be evidence of a rebound effect, that is, because the house is more efficient, the user could increase energy consumption in air conditioning, for instance. The parameters were consistent with those in Model 6 using CO2, emissions with larger effect on reducing emissions in zone 2 (−7.2%).



Models 7 to 9 included the interactions of energy consumption rates and climatic zones in order to see the differences among climatic zones associated with each rating. The three models omitted one zone each. The results were consistent with the previous finding. Model 7 (Table 3b) parameters showed a price premium for houses between 16.2% and 18% in zone 1, and a discount between −13% and −17.7% in zone 2 (consistent with the location results in Model 3), both relative to zone 3 at all energy rates, which can be interpreted as differences in prices at the same level of energy efficiency.



Note that, in the coastal area (zone 1), a systematic result appeared to suggest that a larger price effect occurred in dwellings rated F to D, and not in A to C as expected, while, in the other two zones, the larger (negative) differences in prices (at every rate level) appeared at the lowest rate of G, as expected. Results were robust and consistent, suggesting that, in the coastal area, a minimum investment to improve energy efficiency could have a large price effect and that, consistent with the weather, better energy-efficient homes are not appreciated in the warm areas. This suggests that the effect of expenditure for energy improvement in the lower-rated houses, considering the same absolute energy savings, could be transmitted differently between expensive and cheap markets and could have a strong green premium effect in colder areas and the opposite effect. For instance, expected energy savings capitalized at €10,000 could have a different relative (but the same absolute) price effect on a €100,000 dwelling compared to a €1,000,000 dwelling.



Another interpretation of parameter results would be that the improvement in energy efficiency had the maximum effect on house prices in less energy-efficient properties, for example, band F relative to band G, or band D relative to E, which suggests a high value of energy retrofitting in the extreme dwelling quality.



In the case of zone 2 (an area which is intermediate in terms of weather), the discount was at its maximum for the lowest-banded properties (−17.7%) and at a minimum for D-rated properties, suggesting that an improvement from G to D in zone 2 relative to zone 3 reduced the discount on house prices by 2.3% (from −15.5% to −13.2%).



In terms of prices and energy efficiency (Model 9), zone 2 showed larger discounts, while zone 1 showed the lowest. Thus, if zone 2 was omitted (in Model 8), the green premium in zone 2 driven by any improvement in energy efficiency would increase housing prices from 29.9% to 34.4%, more so than prices in zone 1, showing strong market incentive to invest in energy efficiency in this zone; that is, housing prices after retrofitting would rise around 34%, if the investment is made in zone 2 rather than in zone 1.



In the last three models, the parameters were highly significant (1% in zone 1 and 1% and 5% in zone 2) with the exception of A to C bands in zone 3, possibly due to data constraints.




4.3. Two-Step Model


ECC ratings were estimated based on physical characteristics of housing, as including them into the model as regressors would generate endogeneity problems. There is little debate in the literature about whether the statistical relationship between energy rating and quality or size (for instance) exhibits multicollinearity or endogeneity.



Following this idea, for robustness, a second analysis re-estimated the model using an instrumental two-step method. The key issue here was how to find proper instruments to approach the behavior of energy rating or the physical characteristics (normally scarce in price databases). Thanks to the huge database built by matching three different databases in this paper, it was possible to find instruments for most of the model’s independent variables.



The selection was made using variables (as instruments) having higher correlation to every regressor in order to strongly capture their relationships in the first stage. Table 5 shows the pairs of variables (covariates and corresponding instruments), along with their correlations and significant tests.



The instrument selection in IV models constitutes a debate in the literature, though there is general agreement that they should be chosen using theoretical considerations, as well as their statistical dimension [47,48]. The strategy in this paper was to choose highly correlated variables containing similar information but at different urban levels (see analysis in Appendix C and Table A2). The variables were then paired (subject covariate and instrument), and only those which matched with another variable were included as instruments in the two-step least-square model. To illustrate this further, for an apartment block, the instrument chosen was a building in a closed block; for house age, the instrument used was the building age. The pairs of variables and their correlations are included in Table 5 (a Sangan–Hansen test of over-identified restrictions was run using the results. SH_test = −34.13, rejecting the null hypothesis of over-identification).



Equation (2) was estimated using a two-step least-square method including endogenous attributes identified with an instrument. The results show a lower number of statistically significant housing characteristics affecting prices in the presence of energy consumption. Size, income, number of bathrooms, and being in a building block positively affected house prices, while rented housing and being in the first residence area had a negative effect on prices. The results of the sensitivity of prices to changes in energy consumption are consistent with the previous results and support the idea of around −3% as the green premium for the energy consumption reduction as reflected in house prices. The two-step model failed to find evidence of a green premium associated with energy rates, as none of the IV estimators of energy rating were statistically significant in any of the estimated models.



The 3% green premium in house prices on average for the Alicante province is consistent with other literature results, and suggests that houses with lower energy consumption are worth 3% more than those that are less efficient. This interpretation reflects the supplier perspective (asking prices include the expectation of benefits as highlighted in the theoretical section of this paper); that is, owners offering a house overvalue houses with lower energy consumption by 3%, an interpretation that agrees with Rosen [39]; however, it cannot be understood as the price change due to the energy savings, as the real consumption is not observed in the EEC. This interpretation differs from those studies using asking prices to identify the green premium. (See Table 6)





5. Conclusions and Policy Implications


This paper analyzed the existence of a green premium in house prices in the Alicante province, Spain. Following Rosen’s [39] theoretical explanation of hedonic prices, the paper adds to the debate about the meaning of green premium obtained using asking prices, which refers to the landlord estimation of energy improvements in the house and the expected house price in the market.



The significance of this paper is an advancement in the knowledge on green energy impacts on house price through two dimensions: (1) the different premiums by climatic area, and (2) debating endogeneity in energy hedonic models. It also adds evidence of southern European markets from the energy perspective.



An instrumental method was also applied, seeking bias resulting from the (potentially) endogenous relationship between energy consumption and physical housing features which can affect the level of the green premium resulting from the hedonic regression. The empirical evidence in this paper found more consistent results in the panel IV model than in the pool-OLS model, although it also found the existence of endogenous relationships between some of the housing attributes (normally included in the hedonic green models) and energy consumption (KWh) or carbon dioxide emissions (CO2). These results suggest three main findings: (1) the results are robust; (2) energy ratings are not a simple combination of characteristics, but rather, a technical reflection of the building energy features; (3) the hedonic model estimations made in a pool are accurate in capturing the market incentives for energy retrofitting.



The analysis showed a green premium of 3% on housing (asking) prices in relation to consumption/emissions; in the case of improvements, a partial green premium exists when improvements increase the EEC rating from G to F (1.8%) and from F to E (1.1%). Significantly, when parameters were recalculated using the IV method, the 2SLS estimators also supported a premium of 3% in house prices associated with lower energy consumption, and failed to support the existence of any effect coming from the energy efficiency ratings. This suggests that asking prices robustly capture energy consumption and emissions measured as continuous variables; however, the rating classification, resulting from the algorithm used by the official EEC generator, does not show endogeneity with prices, and their green effect is better captured using simple models.



The paper provided evidence of different green premiums associated with each climatic area. We found evidence of a potential rebound effect in the coastal region (better energy-efficient units associated with larger prices and a positive increase in energy consumption) and a clear green premium in colder areas. The former suggests that the retrofitting costs would be transmitted to an increase rather than a reduction in energy consumption costs, as a way of dealing with the extreme hot weather. This result is relevant in the context of climatic change.



The fact that a larger green premium appeared in the intermediate zones (−4.6% based on consumption; −7.2% based on emissions), rather than in colder zones (−0.6% and −3.1%, respectively), shows a higher sensibility in regions with more weather instability and a potentially worse isolation system installed in the housing stock.



The differences in green premium among climatic areas captured by the interaction parameters reached almost 30% between the two extreme areas, confirming the intuition that the sensibility of housing (asking) prices to energy efficiency is one-third lower in the hotter regions. The fact that the extreme regions did not show a larger effect on prices indicates better insulation features in zone 3 stock.



The empirical results obtained in this paper have relevant policy implications. Firstly, by quantifying market incentives, it raises the possibility of precisely calculating the scope of policies focused on energy efficiency renewal, allowing to discriminate the amount of financial support according to the size of the market response. The ability to differentiate between energy efficiency from a buyer’s or owner’s perspective is potentially beneficial, as parties could show diverse market perception of incentive intensity. The green premiums using hedonic models identifying the origin of the price incentive (supply or demand) will support a more precise identification of public policy promoting the energy efficiency (and the channel to implement it), as well as avoiding mistakes in the estimation of the cost–benefit calculation in the private investment process.



Secondly, as the price signals showed different levels depending on climate areas, energy efficiency incentive policies should discriminate between them, modulating the aid according to their price responses. As green premium is a market response, any policy should define the public plans according to the market mechanism in order to achieve the EU energy objectives.



Thirdly, the results suggested that the rating classification within the EEC is not clearly identified for the market players. If the A–G rating is made in order to classify the efficiency of the houses, and the market does not identify them, the rating should evolve toward a more comprehensible manner allowing market forces to recognize and price them.



Lastly, the rebound effect could be an issue to deal with in the context of climate change policy. The hottest regions (which initially showed lower energy consumption and emissions) will use increasing energy to adapt to temperatures at home, increasing consumption as temperatures rise.



In summary, this article follows the methodology in the existing literature on estimating market incentives for investment in energy retrofitting. It adds knowledge about the situation in southern European regions, and shows the existence of different incentives depending on the climate area concerned. As the article demonstrates, analyses focusing on market incentives should take into account climatic areas to obtain more accurate results and, thus, be able to correctly target policy measures defined to increase incentives for energy improvements in housing.
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	DB
	Characteristics
	Mean
	Median
	SD
	Asymmetry
	Kurtosis





	EEC DB
	C_year_CONS
	1986.5
	1991.0
	209.2
	66.5
	5777.4



	
	C_EMIS_CO2
	54.4
	43.0
	198.0
	30.2
	1020.2



	
	Ln_co2
	3.8
	3.8
	0.5
	1.8
	18.2



	
	C_EMIS_rate:
	
	
	
	
	



	
	  Emis_A
	0.0
	0.0
	0.0
	
	



	
	  Emis_B
	0.0
	0.0
	0.0
	47.3
	2233.5



	
	  Emis_C
	0.0
	0.0
	0.1
	16.4
	266.3



	
	  Emis_D
	0.0
	0.0
	0.2
	5.1
	23.6



	
	  Emis_E
	0.5
	0.0
	0.5
	0.2
	−2.0



	
	  Emis_F
	0.1
	0.0
	0.4
	2.0
	2.0



	
	  Emis_G
	0.4
	0.0
	0.5
	0.6
	−1.6



	
	C_CONS_KWH
	206.8
	170.9
	678.7
	37.9
	1609.9



	
	Ln_kwh
	5.2
	5.1
	0.4
	1.3
	15.5



	
	C_CONS_rate
	
	
	
	
	



	
	  Cons_A
	0.0
	0.0
	0.0
	
	



	
	  Cons_B
	0.0
	0.0
	0.0
	47.3
	2233.5



	
	  Cons_AB
	0.0
	0.0
	0.0
	47.3
	2233.5



	
	  Cons_C
	0.0
	0.0
	0.1
	15.5
	237.0



	
	  Cons_D
	0.0
	0.0
	0.2
	4.9
	21.6



	
	  Cons_E
	0.5
	1.0
	0.5
	0.0
	−2.0



	
	  Cons_F
	0.1
	0.0
	0.3
	2.2
	2.9



	
	  Cons_G
	0.3
	0.0
	0.5
	0.7
	−1.4



	Cadaster DB
	E_INE_MUN_code
	
	
	
	
	



	
	E_year_CONS
	1988
	1991
	17.4
	−0.9
	1.4



	
	Age
	25.0
	22.0
	17.4
	0.9
	1.4



	
	age square
	
	
	
	
	



	
	E_Nº house units
	75.6
	36.0
	99.8
	3.0
	13.9



	
	E_floor_SR
	6.8
	6.0
	5.3
	3.2
	13.5



	
	Building type (Cadaster):
	
	
	
	
	



	
	  Bt1_ap_open block (B1_ap_Oblock)
	0.3
	0.0
	0.5
	0.7
	−1.5



	
	  Bt2_ap_closed block (B2_ap_Cblock)
	0.6
	1.0
	0.5
	−0.3
	−1.9



	
	  Bt3_house_singlefam (B3_SF_h)
	0.0
	0.0
	0.2
	4.8
	21.5



	
	  Bt4_house_urbanization (B4_SF_urb_H)
	0.1
	0.0
	0.3
	3.4
	9.8



	
	  Bt5_Rural house (B5_rural_h)
	0.0
	0.0
	0.0
	54.6
	2979.7



	
	Floor (over the land level)
	5.0
	2.0
	14.4
	6.1
	36.6



	
	Years from retrofitting, Retrof_year
	24.3
	0.0
	218.9
	8.9
	77.1



	
	Type of refurbishment:
	
	
	
	
	



	
	  Full refurbishing (building), F_refur_build
	0.0
	0.0
	0.0
	31.5
	989.9



	
	  Total refurbishing(house), T_ref_sh
	0.0
	0.0
	0.0
	38.6
	1487.3



	
	  Full Improvements, RF_improv
	0.0
	0.0
	0.1
	18.1
	326.6



	
	  Small improvements, RF_small
	0.0
	0.0
	0.1
	11.5
	130.7



	
	Tot building floors
	1.1
	1.0
	0.3
	5.1
	32.8



	Valuation DB
	date
	
	
	
	
	



	
	Type (SF, MF, Block), type
	
	
	
	
	



	
	Nº housing units in the building, N_dweel
	28.8
	16.0
	51.8
	18.6
	639.3



	
	Age
	11.0
	7.0
	10.6
	0.9
	−0.1



	
	Age_new2 (squared)
	234.7
	49.0
	355.2
	3.0
	30.7



	
	M2 (usable), size
	93.2
	90.0
	29.5
	1.1
	4.1



	
	M2 (non covered areas like patios) m2_noncover
	5.8
	0.0
	17.6
	4.7
	30.6



	
	Urbanization quality, Urban_Q
	1.0
	0.0
	1.4
	1.1
	0.2



	
	Total floors in building, floor
	7.0
	6.0
	4.4
	2.4
	8.4



	
	Nº bedrooms, N_bed
	2.6
	3.0
	0.9
	4.4
	149.3



	
	Nº bathrooms, N_bath
	1.5
	2.0
	0.5
	0.4
	−0.2



	
	Type of urban area, Urb_type:
	
	
	
	
	



	
	  TN_dependent, Urb_Dep
	0.1
	0.0
	0.3
	3.1
	7.6



	
	  TN_autonomous, Urb_Auton
	0.6
	1.0
	0.5
	−0.3
	−1.9



	
	  TN_county capital, Urb_County
	0.1
	0.0
	0.3
	2.2
	2.7



	
	  TN_provice capital, Urb_prov
	0.2
	0.0
	0.4
	1.4
	0.0



	
	Nº inhabitants, POP
	127,285
	84,626
	132,756
	4.4
	73.9



	
	Main Economic Activity in town, Economy
	3.5
	3.0
	1.1
	0.0
	−0.8



	
	Population growth in town
	1.8
	2.0
	0.4
	−1.8
	1.5



	
	Rural, sub.urban, or urban feature
	3.0
	3.0
	0.0
	−37.4
	1547.3



	
	Type of residence neighborhood:
	
	
	
	
	



	
	  1st residence neighborhood, D_1_residence
	0.6
	1.0
	0.5
	−0.5
	−1.8



	
	  Mix residence neighb