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Abstract  

In this study, we analyze whether additional payments for energy efficiency are induced by either tenants’ 

willingness to pay, the market power of landlords, or both. With a German housing dataset from 2011 to 

2016, we identify price discrimination for the energy performance certificate using hedonic regressions in 

a single and double sort setting. Results indicate that a high willingness to pay – indicated by purchasing 

power and environmental awareness – leads to price discrimination effects of 7-8%. These potential extra 

profits can stimulate investments in energy-based refurbishments by landlords. However, additional market 

power of landlords – indicated by housing market conditions – does not amplify these discrimination effects 

and is therefore not exploited against tenants.  
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1. Introduction 

A ‘better product’ comes along with a higher price – this is the outcome of a well-functioning market. 

Consumers are willing to pay a higher price for a better product that generally comprises a higher quality. 

The perception of a ‘better’ product, however, is discriminated between consumer segments. The behavior 

of charging different prices to different consumer segments according to their willingness to pay (WTP) is 

defined as ‘price discrimination’ in an economic context. The housing market is no exception. Landlords 

anticipate tenants’ higher WTP for higher quality housing and thus, set higher rents. The dispersion in 

quality perception also varies among housing characteristics. Contrarily to basic characteristics such as size, 

the range is especially higher for ‘soft’ characteristics such as energy efficiency with intangible or indirect 

benefits. 

The literature has identified higher prices for energy efficient properties and name it ‘the green premium’. 

The existence of this premium was verified in various studies (Chegut et al., 2013; Eichholtz et al., 2010; 

Kahn and Kok, 2014; Kok and Jennen, 2012). However, it remains to be unclear what determines the amount 

of the green premium. Fuerst et al. (2016a) and Brounen and Kok (2011) show that savings from a better 

building structure correlated with a higher energy efficiency cannot explain the premium completely. This 

remaining part exists especially in the residential market and is driven by non-savings components (Brounen 

et al., 2013). Bond and Devine (2016) find, beside the premium for green living space, an additional 

premium for the ‘green certification’ of a building. Such a certification is an information signal for the 

market; Fuerst et al. (2016b) identified the ‘green signaling effect’ as an additional incentive to invest in 

energy efficient housing. However, they emphasize that this effect only applies to top tier energy ratings 

and is a proxy for the WTP of ‘green’ consumers. Mandell and Wilhelmsson (2011) confirm a generally 

higher WTP for environmental attributes for households that perceive themselves as environmentally aware. 

Gamba and Oskamp (2016) find that ‘green’ consumers have a higher economic power on average; 

therefore, the green signaling effect may be an indirect effect for the economic power of tenants. Brounen 

et al. (2013) state that consumer’s income has an increasing impact on heating behavior. Furthermore, they 

find that there is a lack of energy consumption awareness among those consumers. Eichholtz et al. (2011) 
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find that firms in environmentally sensitive industries like mining or construction are more likely to lease 

green office space and thus, incorporate environmental aspects in their strategic decisions to offset negative 

reputation. Transferred to the housing market, wealthy tenants may have a higher WTP for energy efficiency 

to offset negative reputation resulting from a higher energy consumption. In general, both consumers’ 

characteristics have in common that they are related to their WTP – economically or ecologically. 

In addition, legislature and judiciary permit landlords to charge higher rents after energy-based 

refurbishments. Consequently, landlords can increase the rent based on their refurbishment costs1 and these 

higher rents can even exceed the savings from lower heating costs2. Consumer associations assume that 

landlords use increased energy efficiency as a justification for maximizing their profits fostered by their 

market power in tight housing markets. This market power induced extra premium may exceed tenants’ 

intrinsic WTP for energy efficient housing. Rehkugler et al. (2016) identify higher premiums for refurbished 

rental apartments in cities with a high housing demand. Hyland et al. (2013) find reduced price discounts 

for less energy efficiency in urban areas that are typically characterized by tight housing market conditions. 

Kholodilin et al. (2016), however, indicate that future energy cost savings exceed tenants’ WTP under tight 

market conditions. They conclude that this may be a result of market imperfections or an unequal 

distribution of market power between landlords and tenants. However, since their analysis is limited not 

only by a focused sample (the city of Berlin) but also by the fact that this city is one of the tightest property 

markets in Germany, they leave broader analyses for future research. We address this problem by analyzing 

the pricing of energy efficiency under different market conditions. Summing up, the aim of this study is to 

analyze how the green premium can be explained: either by tenant’s WTP, landlord’s market power, or 

both. 

In this study, we disentangle the reason for the green premium and use two different approaches – a hedonic 

regression in a single and double sort setting as well as a counterfactual decomposition. Regarding 

                                                      
1 For example, by 11% p.a. of the refurbishment costs according to §599 of the German Civil Code. 
2 The German Federal Court of Justice confirmed that a rent increase is even legal, if expenditures for energy-based 

refurbishments exceed savings on heating costs (Judgment of March 3, 2004, Az. VIII ZR 149/03, Az. VIII ZR 

151/03). 
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consumers’ WTP, we find that the price for energy efficient housing is higher in wealthy or green 

neighborhoods using the hedonic regression. In neighborhoods that are wealthy and green at the same time, 

this effect is still not strengthened. Using a counterfactual decomposition, we find evidence for price 

discrimination across wealthy or green neighborhoods. More precisely, if tenants live in a wealthy or green 

neighborhood but would be charged with the implicit price for the EPC value of less wealthy or less green 

neighborhoods, they would pay about 7-8% less. In a double sort, these previous discrimination effects are 

not strengthened by the landlords’ market power. In summary, tenants’ WTP – measured by their economic 

power or environmental awareness – induce higher rents and price discrimination, whereas landlord’s 

market power has no further effect. 

Our study proceeds as follows: The second section provides a theoretical and conceptual background as 

well as a hypotheses development for the pricing of energy efficiency of residential homes. Afterwards, we 

match our empirical model with our theoretical foundation in Section 3. A detailed description of the study 

area, dataset, and descriptive statistics is given in the fourth section. The empirical results and robustness 

tests are presented in the Section 5 and 6. Finally, we discuss our findings as well as give policy implications 

and recommendations on how price discrimination in energy efficient housing can be included in further 

real estate research. 

2. Theoretical and Conceptual Background 

When landlords can observe variations in tenants’ characteristics and adapt their pricing behavior according 

to these characteristics, they typically set prices in a discriminatory manner. In general, price discrimination 

is defined as the pricing strategy of charging individualized prices for the same or similar good or service 

to different consumers in imperfectly competitive markets (Krugman and Obstfeld, 2003). In 

microeconomics, three different forms of individualized pricing are defined: First degree discrimination 

occurs when a seller claims the whole consumer surplus by charging the individual reservation price to each 

consumer. Therefore, consumers’ preferences must be completely observable for sellers, which is almost 

impossible under realistic conditions. Second degree price discrimination reveals to a self-selection of 
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consumers, when sellers offer a variety of tariffs among which consumers choose their most advantageous 

one. Third degree price discrimination induces the case that the individual price depends on a signal related 

to the consumer’s preferences (Pigou, 2013). 

The effects of price discrimination are perceived differently by market participants. Price discrimination 

offers sellers the opportunity to make use of the heterogeneity in consumers’ WTP, which is differently 

assessed in terms of fairness and equality. Arguments against price discrimination imply that uniform 

pricing structures are less complex compared to pricing schemes based on consumers’ characteristics and 

might increase the transparency of economic consequences. Thus, consumers experience uniform prices as 

fair although this would leave more surplus to the ‘high WTP’ consumers than to the ‘low WTP’ ones. Price 

discrimination is also seen critically from the perspective of regulators. For instance, the European 

Competition Authority prevents “limiting production, markets, or technical developments to the prejudice 

of consumers” in the Article 82(b) of the current EC Treaty (European Commission). The US counterpart 

to this article is the Robinson-Patman Act for preventing price discrimination.3 Conversely, proponents 

argue that price discrimination can also be beneficial when it expands market access for consumers. A 

uniform pricing structure may motivate sellers to abandon consumers’ segments with a ‘low WTP’ and 

instead to serve only consumers with a ‘high WTP’. Thus, the prevention of discrimination can result in a 

market exit of sellers in the low-price consumer segment. In the context of discrimination issues, real estate 

literature focuses mostly on discrimination based on personal characteristics, such as ethnicity and age, or 

on locational characteristics, such as vacancy rate and criminal rate (Bengtsson et al., 2012; Hogan and 

Berry, 2011). Observing personal and locational characteristics is comparatively easy in the real estate 

market since there are publicly available and regularly updated indicators, e.g. sociodemographic surveys 

or rent indices. 

Furthermore, price discrimination can stimulate investments in energy-based refurbishments by landlords. 

The relevance of energy-based refurbishments is underlined by various regulations and policies for the 

achievement of climate and environmental protection goals. These regulations focus on housing as it 

                                                      
3 Note that both legislations do apply to real estate purchases, but not to rentals.  
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accounts for 32% of the global energy consumption, 19% of the CO2 emissions, and 51% of the global 

electricity and provide the highest cost-effective savings potential (IPCC 2014). As an instrument for 

signaling the energy efficiency, the European Union introduced the Energy Performance Certificate (EPC). 

This certificate should reduce the adverse selection problem between tenants and landlords that occurs since 

tenants are typically unable to observe all property characteristics during their rental decision.4 When 

landlords are able to transfer higher prices from energy efficiency into profits, they are willing to invest 

more into refurbishments resulting in an increase of the energy efficiency of the building stock. 

Consequently, price discrimination in the energy efficiency can contribute to the achievement of climate 

and environmental protection targets. Price discrimination in the energy efficiency can either result from 

tenants’ WTP – economically or ecologically5 – or from the market power of landlords. Energy efficiency 

can combine financial and non-financial benefits that are perceived according to tenants’ preferences. 

Whereas financial benefits result from reduced costs from a lower energy consumption, a higher value 

preservation, and a kind of insurance against rising energy costs, non-financial benefits include an increased 

living comfort or benefits from experiencing a personal contribution to environmental and resource 

protection. 

Financial preferences typically depend on tenants’ individual financial situation. Tenants usually have a 

fixed financial budget for consumption, but the relative share spend on housing expenditures is higher for 

less wealthy tenants. Therefore, less wealthy tenants are more sensitive to a monthly cost reduction. 

However, since they can often not assess the amount of cost reductions from a higher energy efficiency, 

their rental decision is primarily driven by lower base rents that are negatively correlated with energy 

efficiency. Thus, their WTP for energy efficiency is rather low. While wealthy tenants accept higher energy 

costs in favor of other desirable characteristics linked to energy efficiency, they also face less financial 

constraints to include their ‘green’ preferences into their rental decision and have a higher need for signaling 

their greenness to the peers. Thus, wealthy tenants typically have a higher WTP for energy efficiency. The 

                                                      
4 The following statements apply to both, real estate purchases and rentals. We exemplary focus on price discrimination 

in the rental case since this is the research subject in the subsequent analysis.  
5 For an empirical test regarding a data split on other sociodemographic characteristics, see Appendix Table A-2.  
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literature also indicates that price discounts for a low energy efficiency are higher in less wealthy regions 

(Fuerst et al., 2015).  In this study, we use the purchasing power as an indicator for financial well-being. 

The purchasing power is a measure of tenants’ disposable net income and describes the financial budget 

that tenants have available for spending on consumer purchases, accommodation, recreation and saving 

(GfK, 2016). Using the purchasing power for analyzing the difference in expenditures on energy efficiency 

is most reasonable since tenants decide between spending on the energy efficiency of an apartment or other 

consumer goods. Summing up, we assume that prices of the EPC value for an apartment in wealthy 

neighborhoods are higher than in less wealthy neighborhoods and reflect price discrimination. 

Non-financial benefits typically matter to tenants with a high sensitivity to environmental issues as they 

associate the EPC label with environmental and resource protection and are more likely to use it in their 

rental decision. Tenants with a high environmental awareness are named  with an above average WTP for 

energy-efficient housing (Bond and Devine, 2016; Fuerst et al., 2016b). We use the election results of the 

Green party in the federal state election of the year 2012 as the indicator for environmental awareness.6 

Political orientation as an indicator for environmental awareness affecting the attitude to EPC labels is 

proven by a positive relation between the fraction of green voters and the adoption rate of the EPC label 

before the EPC label became mandatory (Brounen and Kok, 2011). There is also a regional difference in 

the capitalization of energy efficiency due to environmental awareness (Kahn and Kok, 2014). Thus, we 

also assume that prices of the EPC value for an apartment in green neighborhoods are higher than in less 

green neighborhoods and reflect price discrimination. 

Also, the market power of landlords can lead to price discrimination and is typically indicated by the 

prevailing housing market condition. Market conditions can either be tight, when housing demand is high 

and landlords have a high bargaining power, or relaxed, when housing demand is low and tenants’ 

bargaining power is high. Tenants in tight housing segments have a higher WTP and a more inelastic 

                                                      
6  Germany has one major political party namely “Bündnis90/Die Grünen” with a focus on environmental conservation. 

In general, it is among the most important parties and it was a member of the governmental coalition at that time. 

The federal state election of 2012 had a voter turnout of 59.6% and the fraction of voters for the Green Party amounted 

to 11.3% on average (mean). We note that the data on political election results just reflects political orientation on 

election district rather than on individual level. 
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demand so that landlords can charge higher premiums for energy efficiency. Conversely, the realization of 

price discrimination in market segments with relaxed conditions becomes more difficult due to the better 

market position of tenants. Hyland et al. (2013) identify that price effects for energy efficiency change under 

different selling conditions: Under financial constraints, price effects for energy-efficient apartments 

increase because these apartments provide less financial risks, such as upcoming refurbishment costs or 

future rising energy costs. There are different indicators describing housing market conditions including 

local rent increases, absolute rent burdens of households, construction activity, and vacancy rates 

(Chernobai and Hossain, 2012; Krainer, 2001; Novy-Marx, 2009). Since reliable data for construction 

activity and vacancy rates can hardly be obtained on postal code level, we use the average rental price 

increase as an indicator for market conditions. Finally, we assume that prices of the EPC value for an 

apartment in a tight housing market are higher than in less tight markets and reflect price discrimination. 

Since we assume that the effect of market power works differently on price discrimination compared to 

tenants characteristics and to better illustrate the interaction of both indicators that can strengthen the overall 

discrimination effect, we use the double sort technique formerly adopted to asset pricing (Fama and French, 

1996). Empirical tests for the double sorting on tenants’ characteristics and market conditions are provided 

in Section 5. Table 1 presents the expected discrimination effects for energy efficiency after the apartment 

double sort. We assume that price discrimination effects increase in market segments under tight conditions 

and decrease under relaxed conditions.  

 

>>>     Insert Table 1 about here.      <<< 

3. Empirical Model 

With our empirical approach, we aim to test for discrimination in the pricing of energy efficiency using the 

hedonic regression model, thus following Hite (2008). In a first step, we determine price effects for the EPC 

value from a hedonic regression according to tenants’ characteristics and then use these hedonic results in a 

counterfactual decomposition to test for price discrimination. Finally, we repeat our estimation, but include 
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the dimension of the housing market situation into the analysis. Therefore, we double sort the dataset on 

tenants’ characteristics and the market situation.  

We start with analyzing price discrimination in a single sort setting on sociodemographic characteristics and 

assume that discrimination is highest in neighborhoods with an above average purchasing power or 

environmental awareness. First, we determine hedonic prices of the EPC value in different market segments. 

Using the hedonic model, we are able to decompose the aggregated apartment rent into expenditures on 

individual characteristics, such as the EPC value. The hedonic price model is based on the theory of Rosen 

(1974) and assumes that a composite good like an apartment is comprised of characteristics with own 

implicit prices that contribute to the total apartment price. We use the natural logarithm of the annual base 

rent as a dependent variable, since the semi-log form is preferred over a linear functional form (Kim et al., 

2003; Paterson and Boyle, 2002). Thus, our hedonic regression model for each market segment is based on 

the following equations: 

 

Hedonic model for high segment:  

ln(𝑃𝑖𝑡
𝐻) = 𝛼𝐻 + 𝛽𝐻𝐸𝑃𝐶𝑖

𝐻 + 𝛾𝐻𝑋𝑖𝑡
𝐻 + 𝜇𝐻𝑄𝑖𝑡

𝐻 + 𝜂𝐻𝑆𝑖𝑡
𝐻 + 𝜀𝑖𝑡

𝐻  [1.1] 

  

Hedonic model for low segment:  

ln(𝑃𝑖𝑡
𝐿 ) = 𝛼𝐿 + 𝛽𝐿𝐸𝑃𝐶𝑖

𝐿 + 𝛾𝐿𝑋𝑖𝑡
𝐿 + 𝜇𝐿𝑄𝑖𝑡

𝐿 + 𝜂𝐿𝑆𝑖𝑡
𝐿 + 𝜀𝑖𝑡

𝐿   [1.2] 

 

where H (high) and L (low) identify neighborhood segments based on tenants’ characteristics, namely 

purchasing power or environmental awareness. 𝑃𝑖𝑡 is the annual base rent for apartment 𝑖 at time 𝑡, 𝐸𝑃𝐶𝑖 is 

a vector for the EPC value, 𝑋𝑖𝑡 is a matrix of explanatory variables including structural, neighborhood, and 

locational attributes, 𝑄𝑖𝑡 are quarterly time fixed effects, 𝑆𝑖𝑡 are spatial fixed effects at district level and 

𝜀𝑖𝑡  is an independent and identically distributed random error term. We use White robust standard errors 

(𝜀𝑖𝑡) controlling for unobserved heteroscedasticity, thus preventing incorrect inference (White, 1980). 



10 

 

However, a comparison of hedonic prices for the EPC value across market segments can point to differences 

in pricing behavior, but do not necessarily provide evidence for existing price discrimination.  

In a next step, we use a counterfactual decomposition based on the specified hedonic estimations to test for 

price discrimination. Decomposition methods are especially applied to the labor market to analyze e.g. 

gender wage gaps (Blinder, 1973; Oaxaca, 1973). Thereby, the question is answered how much of the wage 

gap can be explained by gender differences in human capital, such as education or working experience, or 

occupational choices. Remaining unexplained differences are then ascribed to discrimination. However, 

Hite (2008) suggests this method for analyzing price discrimination in environmental disamenities, such as 

the proximity to landfills, and finds evidence for environmental justice. An empirical application is provided 

in Hite (2006). In our study, we transfer this approach to the pricing of energy efficiency in residential 

homes. To test for unexplained differences, a counterfactual apartment rent is constructed to answer the 

question, what would be the average rental price of tenants in wealthy or environmental aware 

neighborhoods if they faced the same price for energy efficiency as those in less wealthy or less aware 

neighborhoods. Therefore, the coefficient for the EPC value from the hedonic models is substituted between 

the wealthy (environmentally aware) and less wealthy (less environmentally aware) market segments 

resulting in a simulated annual base rent in equation [2.2]. Then, we compare the predicted annual base rents 

described in equation [2.1] with the simulated annual base rents, where the coefficient of the EPC value is 

substituted in equation [2.2]. Both equations exemplary focus on the case when the high purchasing power 

(high Green party voting) segment faces the price of the low purchasing power (low Green party voting), 

but can also be applied to the opposite case. 

 

Predicted annual base rent:  

�̂�𝑖
𝐻 = 𝑒(�̂�𝐻+�̂�𝐻𝐸𝑃𝐶𝑖

𝐻+�̂�𝐻𝑋𝑖𝑡
𝐻+�̂�𝐻𝑄𝑖𝑡

𝐻+�̂�𝐻) [2.1] 

Simulated annual base rent:  

�̂�𝑖
𝐻/𝐿

= 𝑒(�̂�𝐻+�̂�𝐿𝐸𝑃𝐶𝑖
𝐻+�̂�𝐻𝑋𝑖𝑡

𝐻+�̂�𝐻𝑄𝑖𝑡
𝐻+�̂�𝐻) [2.2] 
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With this approach, we analyze whether tenants in neighborhoods with a high purchasing power pay a higher 

price for the EPC label than they would if they were living in a neighborhood with a low purchasing power. 

When no discrimination effect is observable, the differences in predicted and simulated rents would not be 

statistically significantly different from zero with  Δ𝐻 = �̂�𝑖
𝐻 −  �̂�𝑖

𝐻/𝐿
= 0 and Δ𝐿 = �̂�𝑖

𝐿 −  �̂�𝑖
𝐿/𝐻

= 0. Since 

we assume that discrimination occurs against the high purchasing power (high Green party voting) 

segments, the alternative hypothesis for Δ𝐻 would be Δ𝐻 > 0 and for Δ𝐿, it would be Δ𝐿 < 0.  

Finally, we repeat our estimation and double sort our dataset on the average rental price increase and either 

tenants’ purchasing power or environmental awareness, respectively. After the hedonic estimations, we run 

models in equations [2.1] and [2.2] for each market segment, respectively. This results in four estimates for 

the varying market conditions. 

However, this method – based on the Oaxaca-decomposition – just focuses on a decomposition of the effects 

on the means and abstracts from other statistical moments (Oaxaca, 1973). For a discussion on the 

appropriateness of recently developed approaches, including a decomposition based on variable 

distributions, see Sections 6.1 and 7.  

4. Data 

We use a large dataset containing rental apartment offerings in North Rhine-Westphalia (NRW) from 2011-

2016.7 NRW is the most densely populated federal state in Germany with about 18 million inhabitants and 

two of the seven German largest cities8 as well as the largest metropolitan area are located there. Housing 

markets and sociodemographic characteristics of residents are very heterogeneous in NRW, so that e.g. the 

household purchasing power varies extremely over the federal state, from €26,430 to €82,531, and the 

environmental awareness measured by the voting shares for the Green Party from 4.7% to 19.6%.9 

                                                      
7 The dataset initially ranges from 2007 to 2016. However, the market penetration is rather low in the first years so that 

we focus on the period 2011-2016. In this period, there are more online than paper-based advertisements. 
8  These are Cologne and Dusseldorf; the other largest cities include Berlin, Frankfurt, Hamburg, Munich, and Stuttgart. 
9  Data on purchasing power is obtained from GfK Geomarketing on postal code level of the year 2013 for the entire 

sample. Voting results are provided by the Federal Statistical Office (https://www.wahlergebnisse.nrw.de).  

https://www.wahlergebnisse.nrw.de/
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4.1. Rental Pricing Data and Structural Characteristics 

The property dataset is obtained from the private online platform ImmobilienScout2410 and includes all 

rental apartment offerings made by using this service during the sample period. A general overview of this 

dataset is given by (Meulen et al., 2014). We focus on apartments since they are more homogeneous in their 

characteristics compared to other housing types that streamline the identification of relevant hedonic 

characteristics for our analysis. Furthermore, more people live in apartments than in other housing types, 

and renting a home is the predominant living status in Germany and in our study area.11 Rental periods are 

typically shorter than an average homeowner duration, so that there is a frequent change of tenants in rental 

apartments. Thus, (energy efficient) apartments are more easily accessible, which enables green-sensitive 

tenants to realize their actual preferences for energy efficient housing by paying small periodic rents 

compared to high investment costs faced by homeowners for energy-based refurbishment (Bond and 

Devine, 2016). Summing up, rental data of apartments may provide a better indicator for the actual valuation 

of energy efficiency of individuals than other housing data.  

Moreover, the interpretation of asking rents can be biased when landlords intentionally over- or 

underestimate achievable rents. Since landlords usually attempt to achieve a high rental price in a short 

offering time and inflated rental prices may lead to a significant increase in the offering time, we include 

the offering time in our models to control for a possible distortion. Summing up, we assume that the asking 

rent listed in the advertisement almost equals the actual rental price in the apartment lease contract. 

In addition, observations based on apartment flipping may exist in the dataset and distort the analysis. 

According to Depken et al. (2009), apartment flipping is defined by purchasing an apartment, maybe 

improving its structural quality, followed by a quick and profitable reselling of the apartment. We exclude 

apartment flips, which are identified when a renewed advertisement is uploaded for the same apartment 

within a period shorter than 12 months.12 This results in 273,185 valid observations in our analysis. 

                                                      
10 ImmobilienScout24 is one of the leading online platforms for property offerings in Germany.  
11 The homeownership rate in NRW is 42%.  
12 To identify apartment duplicates and apartment flipping, we use the following identifiers: geographical coordinates, 

living area, number of rooms, age, and floor. 
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Furthermore, the dataset contains information on structural characteristics such as apartment size, number 

of rooms, age, and quality. We include the living area in square meters (sqm) and age as continuous 

variables. While the number of rooms is discrete, the variable for quality is categorical, including the 

alternatives: luxury, good, normal, and simple. Table 2 shows the descriptive statistics of all included 

characteristics. The average annual rental price amounts to €5,483. The average time on the market is 3.2 

months. Apartments are on average 47.5 years old and have a living area of 68.1 sqm. About 0.9% of the 

properties are classified as luxury, 23.3% as good, 75.0% as normal, and 0.9% have a simple quality. 

 

>>>     Insert Table 2 about here.     <<< 

 

4.2. Neighborhood and Locational Characteristics 

We merge the previous dataset based on geographic coordinates of a property location with neighborhood 

characteristics containing information on the respective sociodemographic and housing structure at postal 

code level. Neighborhood characteristics are obtained from GfK Geomarketing and include attributes such 

as number of households, household size, migration, and unemployment rate13. The improvement in the 

goodness of fit by detailed neighborhood characteristics in a hedonic analysis is also underlined in various 

studies (Gibbons, 2004; Hilber, 2005). By using the geocoded apartment locations, we are able to measure 

the availability of amenities by calculating the geodesic distance to the nearest park, the nearest education 

or health facility, and the nearest highway, since these amenities can directly and indirectly affect the 

valuation of an apartment (e.g. Baranzini and Ramirez, 2005; Conway et al., 2010). 

4.3. Energy Characteristics 

The dataset also includes information on the EPC label that was introduced as an information tool for 

motivating tenants to include the efficiency status of an apartment into their rental decision. Although 

providing information on the EPC label is generally mandatory for advertisements, there are admitted 

                                                      
13 The unemployment rate is obtained by a different source, the Federal Employment Agency (Bundesagentur für 

Arbeit), on municipal level.  
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exemptions to this obligation. Therefore, apartments with missing energy efficiency in the advertisement 

are excluded from our analysis. It can be assumed that especially landlords of apartments with a rather low 

efficiency status would make use of these exemptions, so that apartments with higher EPC labels may be 

overrepresented within our dataset and the presumption of a sample selection bias occurs. We control for a 

potential sample selection bias by implementing a descriptive analysis, but find no evidence for an existing 

bias. 

By regulation, there are two different approaches allowed to determine the EPC value: the consumption-

based (73.6% of our sample) and the requirement-based (26.4%) approach. To account for a potential 

limited comparability among these, we include a dummy variable for the label type and adjust the energy 

efficiency value of the consumption-based type by adding 20 kWh/m2a for the otherwise missing warm 

water heating. 

Furthermore, EPC labels obtained after May 1, 2014 must additionally provide the energy efficiency value 

in letters ranging from A+ for the highest to H for the lowest efficiency level in the German classification 

system. This letter should support tenants in easily comparing efficiency levels across properties and may 

result in a preference for apartments stating this additional information. Thus, we also include a dummy 

variable whether the energy value is additionally stated as a letter as it is the case for 9.2% in our sample. 

To make the entire data sample comparable, we convert the EPC value of observations with missing letters  

according to the following conversion scheme: EPC A+ (< 30 kWh/m2a), EPC A (30-50 kWh/m2a), EPC B 

(50-75 kWh/m2a), EPC C (75-100 kWh/m2a), EPC D (100-130 kWh/m2a), EPC E (130-160 kWh/m2a), EPC 

F (160-200 kWh/m2a), EPC G (200-250 kWh/m2a), and EPC H (>250 kWh/m2a). The average value is 149.5 

kWh/m2a that equals EPC E. Descriptive statistics for energy letters are also presented in Table 2. 

Additionally, there may be systematic spatial differences in the number of available efficient apartments. 

The spatial distribution of apartment’s energy efficiency value is presented in Figure 1. The first map shows 

apartments with an EPC value of <75 kWh/m2a (A+-B), the second with a value of 75-130 kWh/m2a (C-E), 

and the third with a value of >130 kWh/m2a (F-H). At a first glance, this figure does not reveal a clear 

difference in the spatial distribution of EPC values. This result is supported by a descriptive analysis for the 
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relative frequency of efficient apartments across postal code regions (see Table 3). The relative share of 

highly efficient apartments amounts to 11% across postal code regions, the medium efficiency to 58.7%, 

and the share of low efficient apartments to 41%.14 Furthermore, the standard deviations are rather low in a 

range between 7.5% and 11.2% so that we assume that the distribution is almost equal across postal code 

regions. Additionally, we compare the relative distribution of EPC values using a Herfindahl-Hirschman 

Index. This index amounts to 0.465 for the three different efficiency groups indicating a moderate 

concentration. 

 

>>>     Insert Figure 1 about here.     <<< 

 

>>>     Insert Table 3 about here.     <<< 

5. Results 

To test our hypotheses on different causes for price discrimination – financial or green WTP and market 

power of landlords, we divide our research approach into three different steps: First, we determine the 

general impact of sociodemographic characteristics on rental prices and whether these effects are also a 

function of the interactions between both characteristics. Second, we test whether the WTP for energy 

efficient housing is induced by either tenants’ financial situation or environmental awareness. Therefore, 

we implement a single sort on annual base rents conditional on each of these tenants’ sociodemographic 

characteristics and apply a hedonic model to the resulting four neighborhood segments. We then test for the 

existence and magnitude of price discrimination in a counterfactual decomposition setting for the 

coefficients of the EPC value (Hite, 2008). Third, we repeat our hedonic regressions and counterfactual 

decomposition approach in a double sort setting to test whether an additional sort by the prevailing housing 

market conditions and therefore the market power of landlords amplifies our previous findings.  

                                                      
14 The sum of shares is unequal to 1 since shares are estimated as the average shares across postal code regions. They 

must be equal to 1 when only one postal code region is observed.  
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5.1. General Impact of Sociodemographic Characteristics 

In a first step, we examine rental price effects of tenants’ financial situation and environmental awareness 

in an all-sample regression approach (Table 4). We also determine whether rental price effects are a function 

of the interactions between both sociodemographic characteristics and add an appropriate interaction term 

between purchasing power and Green Party voting. Thus, we are able to identify which of these two 

sociodemographic characteristics has a higher influence on the rental price.  

To increase the interpretability of coefficients for variables on different scales, we initially use dummy 

variables for both sociodemographic characteristics, which are equal to the neighborhood separation 

indicators for the financial situation (high purchasing power = 1, zero otherwise) and environmental 

awareness (high Green Party voting = 1, zero otherwise). The results for the dummy variables are presented 

in Panel A of Table 4 (all coefficients’ results are available upon request). We find positive and highly 

significant signs (p-value < 0.0000) for a wealthy (0.051) or a green neighborhood (0.063) indicating that 

rental prices are generally at a higher level in these neighborhoods. For the interaction between both 

characteristics, we observe a negative and significant influence (-0.022) on the annual base rent. This implies 

that rental prices for apartments in wealthy neighborhoods are lower when these neighborhoods also have a 

higher Green Party voting community. This conclusion is supported by an interpretation of the standardized 

coefficients. Standardized coefficients describe the relative importance of sociodemographic characteristics 

and more precisely, that an increase of one standard deviation in the purchasing power or Green Party voting 

changes the annual rent by the standardized coefficient times the standard deviation. The effect for an 

apartment location in a green neighborhood (0.083) is higher compared to the location in a wealthy 

neighborhood (0.066) and the interaction is again negative and statistically significant (-0.025).   

We then perform the regression models with continuous variables for purchasing power and Green Party 

voting in Panel B of Table 4. As mentioned above, results cannot be directly compared due to different 

scales, but signs of the coefficients point into the same directions as in the dummy setting and are statistically 

significant on any conventional level. 
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>>>     Insert Table 4 about here.     <<< 

 

According to the continuous model of Table 4, Figure 2 plots the marginal effects of the financial situation 

of a neighborhood in conjunction with the prevailing environmental awareness on the natural logarithm of 

the annual base rent. This figure is based on the continuous variable approach for both sociodemographic 

characteristics to minimize the loss of information and to be able to quantify the influence. To compare the 

effect for different segments, we present the marginal effects on the 10th and 90th percentiles for either the 

Green Party voting or the purchasing power, respectively. The slope for the mean serves as a reference and 

represents the average marginal effect. Panel A shows marginal effects in the logarithmic rent as a function 

of purchasing power for the mean as well as the 10th and 90th percentiles of Green Party voting. The positive 

slopes entail that an increasing purchasing power generates an increasing line profile for green and less 

green neighborhoods. However, this increasing effect is stronger in less green neighborhoods (1.0210-5 vs. 

2.9210-6), so that we observe a switching point at around €57,830 (mean = €41,774; see Table 2) between 

the two percentile profiles (10th and 90th). The average marginal effect indicated by the slope of the mean 

line amounts to 0.012. Conversely, Panel B presents the marginal effect of the financial situation on the 

relation between environmental awareness and annual base rent. For the 10th and 90th percentiles of 

purchasing power, the slopes again show increasing line profiles with higher Green Party voting. The 

marginal effect is higher in less wealthy neighborhoods (0.017 vs. 0.006) and a potential switching point is 

located outside of the observed range. The average marginal effect in Panel B amounts to 7.9210-6. 

 

>>>     Insert Figure 2 about here.     <<< 

 

Summing up, the marginal effect of increasing purchasing power or green voting (horizontal axes) is always 

higher in the low segment neighborhoods (10th percentile) than in the high ones (90th percentile) and neither 

of both sociodemographic characteristics is dominated by the other as long as all slopes are statistically 

significant at any conventional level. However, the marginal effect of purchasing power in low green 
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neighborhoods is higher than the marginal effect of Green Party voting in less wealthy neighborhoods; 

briefly speaking: it has a higher influence on rental prices to be wealthy in a low green neighborhood than 

to be green in a less wealthy neighborhood. Furthermore, results reveal that rental price effects are not 

strengthened in neighborhoods that are wealthy and green at the same time and thus, a double sort based on 

financial situation and environmental awareness does not promise major contributions to our analysis. 

Consequently, we continue with a single sort on each sociodemographic, respectively.  

5.2. Single Sort on Sociodemographic Characteristics 

In a next step, we single sort our data sample with respect to either the financial situation or environmental 

awareness of tenants to identify their WTP as described in Section 3. We implement Chow tests to decide 

whether we have to separate our sample based on these characteristics and run two regressions or have to 

use one regression with dummy variables over the entire sample. Considering splitting the sample between 

high and low purchasing power neighborhoods, the test statistic for these two different subsamples indicates 

a clear argument for a separation (F = 148.28, p-value < 0.0000). Also, the test for the separation between 

high and low Green Party voting neighborhoods indicates a clear break in these subsamples (F = 598.06, p-

value < 0.0000). Therefore, we conclude that a significant difference exists in the different neighborhood 

segments and we proceed with conditional models for tenants’ financial situation and environmental 

awareness, respectively. This is also underlined by a low correlation coefficient of 0.077 between Green 

Party voting results and the purchasing power. 

To disentangle the different impact of the EPC value on these subsamples, we run hedonic regressions with 

the natural logarithm of the EPC value as our key explanatory factor and robust standard errors. Using this 

log-log specification, coefficients represent elasticities, so that an increase of 1% in the EPC value changes 

the annual base rent by the coefficient value in percent. Results for the hedonic models are presented in 

Table 5. For the financial situation, Panel A of Table 5 shows that an increase of 1% in the EPC value results 

in a 2.2% rental price decrease of apartments offered in wealthy neighborhoods (high purchasing power). 

This effect decreases to -3.8% in less wealthy neighborhoods (low purchasing power). Due to a lower 

decreasing effect on annual base rents in wealthy neighborhoods, these regions show a higher financial WTP 
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for energy efficient housing than tenants in less wealthy neighborhoods do. Both coefficients are statistically 

significantly different from zero at a level of 0.1% and both models are able to explain 84% of the annual 

base rents’ variation. Note that results are mainly driven by apartments with an average EPC value.15 

To test whether coefficients of the EPC value are statistically different between high and low purchasing 

power neighborhoods, we run a pooled regression over the two samples with an additional dummy variable 

for a constant difference between these neighborhoods (high purchasing power = 1, zero otherwise) and 

interaction terms for this difference and all other explanatory variables (see Chow test). The interaction term 

between this difference and the EPC value is statistically significant (p-value < 0.0000), so that we reject 

the null hypothesis (coefficient for the difference between the two neighborhoods and EPC is equal to zero) 

and conclude that tenants in wealthy neighborhoods, with a high financial WTP, are charged more for an 

energy efficient apartment. Thus, initial indications suggest that the WTP for energy efficient housing is 

induced by tenants’ financial situation (H1a).  

Then, we run the second single sort model on tenants’ environmental awareness (Panel B of Table 5). 

Results indicate that a 1% increase in the EPC value leads to a 2.5% rental price decrease of apartments 

offered in green neighborhoods (high Green Party voting) and -4.0% in less green neighborhoods (low 

Green Party voting). The lower decrease of the annual base rent in green neighborhoods indicates a higher 

WTP for energy efficient housing as in less green neighborhoods. Again, both coefficients are statistically 

significantly different from zero at a level of 0.1% and both models are able to explain 71% of the annual 

base rents’ variation.  

We again test whether the coefficients of the EPC value are statistically different between green and less 

green neighborhoods and use the same approach as in the financial situation specification. The interaction 

term between the dummy variable for the difference between the green neighborhood segments and the EPC 

value is statistically significant (p-value < 0.0000), so that the price paid for energy efficient housing is 

higher for tenants in green neighborhoods. Therefore, we find a first indication that the WTP for energy 

efficient housing is also triggered by environmental awareness (H1b). 

                                                      
15 See robustness check in Section 6.2. 



20 

 

 

>>>     Insert Table 5 about here.     <<< 

 

In a next step, we use the implicit prices for EPC values from the previous hedonic regression models in a 

counterfactual decomposition to test for price discrimination – existence and magnitude. Results are 

presented in Table 6. After the hedonic regression for both neighborhood segments of each subsample is 

estimated, we determine simulated rents by substituting the coefficient of the EPC value in wealthy 

neighborhoods with the one estimated in less wealthy neighborhoods. Thus, one segment’s financial WTP 

is theoretically swapped into the other segment. The simulated annual base rent for tenants in wealthy 

neighborhoods would be €5,598 if they received the same implicit price for the EPC value as those in less 

wealthy neighborhoods. Compared to the predicted annual base rent of €6,042 by using the estimated 

coefficients for all variables in the wealthy neighborhood, the simulated apartment rents are 7.4% lower. 

Conversely, if tenants in less wealthy neighborhoods paid the same implicit price for the EPC value as those 

in wealthy neighborhoods, the simulated annual base rent would be about 8.1% higher compared to the 

predicted rent of €4,995.  

Even if we observe clear differences in percentage points, we test whether the means of predicted rents are 

significantly different from simulated rents in both neighborhoods using two-sample t-tests. We first 

conduct a variance-comparison test on the equality of standard deviations and find that these are not the 

same in both neighborhood segments (high purchasing power: F = 1.1524, p-value < 0.0000; low purchasing 

power: F = 0.8651, p-value < 0.0000). Thus, we perform two-sample t-test with unequal variances (Welch, 

1947) and find that means of predicted and simulated annual base rents are significantly different from each 

other (high purchasing power: t = -58.05, p-value < 0.0000; low purchasing power: t = 52.99, p-value < 

0.0000). Test statistics are reported in Panel A of Table 6. As a result, we can conclude that the WTP for 

energy efficient housing induced by tenants’ financial situation results in price discrimination that works in 

the expected direction: Tenants in high purchasing power neighborhoods have to pay about 7-8% more for 
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energy efficient housing than those in low purchasing power neighborhoods. This further corresponds to 

H1a.  

The slight difference in the discrimination effects (7.4% vs. 8.1%) can partly be explained by the return of 

the logarithmic transformation of the annual base rent. A change in the exponent due to the substituting of 

the EPC coefficient then has a different absolute effect. Another reason is that the calculation of the 

percentage discrimination effect is based on the respective predicted rent, so that the ratio between additional 

payments and annual base rent varies with differences in the initial rent level.  

 

>>>     Insert Table 6 about here.     <<< 

 

For environmental awareness, we again substitute the coefficients for EPC values in the hedonic regression 

models and simulate annual base rents. A comparison between predicted and simulated annual base rent for 

green neighborhoods suggests that these tenants pay more for energy efficiency (€5,806, +7.1%) as if they 

would face the same implicit price of tenants in less green segments (€5,395). Conversely, if tenants in less 

green neighborhoods paid the same implicit price for the EPC value as those in green neighborhoods, their 

predicted annual rent would be about 7.6% higher (predicted: €4,904 and simulated: €5,277). Again, we test 

for statistical difference. The variance-comparison test indicates unequal standard deviations for both green 

neighborhood segments (high Green Party: F = 0.8717, p-value < 0.0000; low Green Party: F = 1.1422, p-

value < 0.0000). By using t-tests with unequal variances, we find that means of predicted and simulated 

annual rents in both segments are significantly different from each other (high Green Party voting: t = -

58.88, p-value < 0.0000; low Green Party voting: t = 52.99, p-value < 0.0000). Overall, these findings 

provide further evidence for the existence of price discrimination induced by the environmental awareness 

of tenants and yield strong support for H1b. These effects again work in the expected direction so that 

tenants in high environmentally aware neighborhoods have to pay about 7-8% more for energy efficient 

housing than those in low purchasing power neighborhoods. However, the magnitude of price 

discrimination effects based on the financial situation and the environmental awareness of tenants is almost 
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equal. As shown above, price discrimination effects induced by the financial situation or environmental 

awareness are also not dominated by each other and there is no clear evidence whether price discrimination 

is primary induced by the financial situation or environmental awareness. Thus, both sociodemographic 

characteristics tend to be equally important to landlords in the determination of price levels for the EPC 

value.  

5.3. Double Sort on Sociodemographic Characteristics and Market Power 

The question arises whether price discrimination effects are amplified by the market power of landlords 

indicated by the prevailing housing market condition.16 Therefore, we double sort the rental dataset into 

portfolios based on first, the housing market conditions and second, either the financial situation (Panel A 

of Table 7) or environmental awareness (Panel B), respectively. First, we examine whether a sample 

separation on housing market conditions is appropriate by using a Chow test. This Chow test on different 

behavior in either tight or relaxed housing markets shows a clear structural break in these subsamples (F = 

22.54, p-value < 0.0000). Thus, we continue with estimating hedonic models for the split dataset that leads 

to the specification of eight different models. Results indicate that rental price effects for the EPC value are 

almost equal across tight and relaxed housing markets. Panel A shows that in wealthy neighborhoods with 

a tight housing market, an increase in the EPC value of 1% results in a rental price decrease of 2.0% and in 

relaxed housing markets in a decrease of 2.4%. For less wealthy neighborhoods, the price effect based on a 

1% increase of the EPC value amounts to a decrease of 3.9% in tight housing markets and to -3.7% in 

markets under relaxed conditions. Furthermore, we test coefficients in tight and relaxed housing markets 

whether they are statistically different from each other by using Wald tests. These tests, however, indicate 

that coefficients are indeed statistically different on any conventional level.17 For the environmental 

awareness, implicit price effects are again almost equal across housing market segments (Panel B). In green 

neighborhoods, the difference in the decrease of rental prices responding to a 1% increase in the EPC value 

is only 0.5% (2.8% vs. 2.3%) and in less green neighborhoods, this difference is even smaller with 0.2% 

                                                      
16 For results of a single sort on market power see Appendix Table A-1. 
17 Detailed results for Wald tests are provided upon request.  
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(3.9% vs. 4.1%). Coefficients in Panel B are again statistically different from each other at any conventional 

level indicated by Wald tests.  

 

>>>     Insert Table 7 about here.     <<< 

 

These results are further underlined by the price discrimination effects presented in Table 8. Assuming a 

tight housing market, tenants in wealthy neighborhoods annually would pay 7.2% less if they faced the 

implicit price for the EPC value paid in less wealthy neighborhoods. Conversely, the annual rental price 

difference is plus 8.0% in less wealthy neighborhoods facing the implicit price of wealthy neighborhoods. 

However, using two-sample t-tests, we find that means of predicted and simulated annual rents in each 

double sort portfolio are significantly different from each other. In relaxed housing markets, these price 

discrimination effects are again almost equal (-7.3% and 8.0%). Moreover, discrimination effects just 

slightly vary across tight and relaxed housing markets for a double sort on environmental awareness (for 

detailed results see Panel B of Table 8).  

Finally, comparing discrimination effects from the single and double sort setting, effects again remain to be 

almost equal (Table 6 vs. Table 8). Thus, we can conclude that housing market conditions and the market 

power of landlords do not have an amplifying effect on price discrimination and landlords do not exploit 

their market power against tenants. This finding contradicts our H2. Overall, we assume from our analysis 

that price discrimination on the energy efficiency of apartments is primarily based on the WTP induced by 

sociodemographic characteristics (financial situation and environmental awareness) and is not amplified by 

the prevailing housing market conditions.   

 

>>>     Insert Table 8 about here.     <<< 

6. Robustness Test 

6.1. Mean Adjustment of EPC Value 
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The EPC value may be different in each subsample. For instance, in wealthy neighborhoods the share of 

newly built apartments, which are typically more energy efficient, is higher or those landlords can invest 

more into energy efficient refurbishments. A comparison of descriptive means indicates that in wealthy 

neighborhoods the average EPC value is about 10 kWh/m2a higher than in less wealthy neighborhoods 

(153.71 kWh/m2a vs. 143.61 kWh/m2a). In green neighborhoods, the average EPC value is just slightly 

higher than in less green neighborhoods (150.09 kWh/m2a vs. 149.18 kWh/m2a). In Figure 3, the histogram 

plots depict the distribution of the EPC value in natural logarithm for each subsample, respectively. 

However, there is no obvious difference observable in the descriptive means for both separation approaches. 

Thus, we also test descriptive means for equality across subsamples by using t-tests with unequal variances 

(Table 9). For both sample separation approaches, means are indeed statistically different (purchasing 

power: t = 51.83, p-value < 0.0000; Green Party voting: t = 2.25, p-value < 0.024).  

 

>>>     Insert Figure 3 about here.     <<< 

 

>>>     Insert Table 9 about here.     <<< 

 

Because of the differences in the observed means of the EPC value, an adjustment of our decomposition 

approach becomes necessary, which neutralizes these differences. While just substituting the coefficients of 

the EPC value, we do not account for systematic differences in the energy efficiency of apartments that are 

available for rent. Therefore, we theoretically assign the average EPC value from apartments in less wealthy 

neighborhoods to wealthy neighborhoods and vice versa. We rerun this approach for green and less green 

neighborhoods and add a standardization of the EPC value to our decomposition model, so that 𝐸𝑃𝐶𝑖
𝐻∗ =

𝐸𝑃𝐶𝑖
𝐻 𝐸𝑃𝐶̅̅ ̅̅ ̅̅ 𝐿

𝐸𝑃𝐶̅̅ ̅̅ ̅̅ 𝐻 . The values 𝐸𝑃𝐶̅̅ ̅̅ ̅̅ 𝐿 and 𝐸𝑃𝐶̅̅ ̅̅ ̅̅ 𝐻 represent the subsample means of the natural logarithm of the 

EPC value in the high (H) and low (L) purchasing power (or Green Party voting) neighborhoods. Overall, 

we substitute the coefficient of the EPC value across subsamples and additionally change the EPC value 

itself in each neighborhood to the standardized one. Table 10 presents results from this approach, whereas 
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Panel A repeats the discrimination results for the sorting on the financial situation and Panel B on 

environmental awareness. However, discrimination effects again range from 7-8% and confirm our previous 

findings in Table 6. Thus, tenants in wealthy or green neighborhoods are still discriminated in the pricing 

of energy efficiency of apartments.  

 

>>>     Insert Table 10 about here.     <<< 

 

Our adjustment currently just focuses on the descriptive means, but can also be extended to various other 

statistical moments, such as skewness and kurtosis. Non-parametric distribution tests, like the Kolmogorov-

Smirnov test in Table 10, can evince whether a more comprehensive adjustment is appropriate. However, 

results for distribution indicators of the EPC value differ just slightly across the subsamples on financial 

situation and environmental awareness; therefore, we leave this adjustment for further research.  

6.2. Hedonic Estimation in EPC Apartment Segments 

Since we assume that the pricing of energy efficient housing is also a function of the respective efficiency 

segment, we again split our dataset and analyze differences in price effects in a green apartment segment 

(<75 kWh/m2a; A+-B), in an average segment (75-130 kWh/m2a; C-E), and in a less green apartment 

segment (>130 kWh/m2a; F-H). Results are presented in Table 11.  

 

>>>     Insert Table 11 about here.     <<< 

 

>>>     Insert Figure 4 about here.     <<< 

 

6.3. Winsorized or Truncated Data for the Hedonic Estimation 

Data on structural, sociodemographic and neighborhood characteristics of apartments usually contains 

outliers that may bias results from hedonic regressions. As above, the dataset is therefore adjusted by 

manually restricting variable values to realistic ranges. This approach may be problematic when limitation 
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boundaries are not based on official definitions. Thus, we use another method for controlling for outliers, 

namely winsorization. Thus, we substitute values that are higher than the 95th percentile of the respective 

characteristic distribution with this threshold value and values below the 5th percentile with this lower 

boundary value. Panel A of Table 12 presents the results from hedonic models with the adjusted dataset. 

However, coefficients for the EPC value just slightly differ from those obtained in Table 5, so that there is 

no bias of regression coefficients resulting from outliers in the prior dataset. These results are further 

confirmed by a more strictly truncation of the dataset in Panel B of Table 12. Using a truncation approach, 

we cut the dataset at the 95th percentile and 5th percentile of each variable distribution, respectively. By 

doing so, we change statistical moments of the distribution that may has larger implications for the 

specification of the hedonic model than just substituting variable values with percentiles values 

(winsorization). However, results from the truncated regression again differ just slightly from those 

presented in Table 5. Overall, this analysis suggests robust hedonic models against different methods of 

outlier correction.   

 

>>>     Insert Table 12 about here.     <<< 

 

6.4. Hedonic Estimation with Heating Costs 

We also test our results for robustness while adding the annual heating costs to the independent variables of 

the hedonic estimation. Theoretically, we assume that when the price effect for energy efficiency is primarily 

monetarily motivated, it should decrease or at least disappear when controlling for heating costs. However, 

a remaining price effect indicates that landlords still need to offer price reductions for a decrease in the 

energy value. This is typically the case in low WTP segments. Heating costs are calculated with data from 

an online portal for energy rate comparison. Our calculation approach also takes the individual heating type 

and energy consumption on apartment level into account.  

Results are presented in Table 13 and indicate that the coefficient for the energy value becomes statistically 

insignificant in high purchasing power and high Green Party voting neighborhoods. Thus, there is no 
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decreasing effect on annual base rents in wealthy or green neighborhoods left. In less wealthy or less green 

neighborhoods, negative price effects remain indicating that the WTP for energy efficient housing is lower 

in these neighborhoods.  

We also tested for different calculation schemes for heating costs. We implemented a weighting of the public 

utility provider since we assume that the majority of households usually decide for the local energy provider. 

Furthermore, we calculated heating costs and excluded new costumer premiums and immediate premiums. 

However, results remain stable across variations in the calculation scheme.  

 

>>>     Insert Table 13 about here.     <<< 

 

7. Discussion and Conclusion 

In this study, we analyze whether tenants’ WTP – due to their economic power or environmental awareness 

– or the market power of landlords is explaining higher rents for energy efficient housing. We find empirical 

evidence for price discrimination in the energy efficiency of residential apartments based on tenants’ 

financial situation or their environmental awareness. However, results suggest that price discrimination just 

reveals to wealthy or green tenants with a higher WTP. Contrary to our prior assumption, discrimination 

effects are not strengthened conditional on the housing market situation, so that landlords do not exploit 

their market power under tight market conditions. 

Our result that the pricing of energy efficiency depends on tenants’ characteristics does not necessarily 

imply price discrimination. This is the case, when economic costs for providing energy-efficient living space 

also vary with tenants’ characteristics. However, we assume that due to extensive governmental subsidies, 

the financing costs for energy-based refurbishments are almost independent from the apartment location and 

prevailing sociodemographic characteristics of tenants. When price discrimination occurs, arbitrage must 

be limited to prevent consumers, who are charged a low price, to resell the product to consumers in the high 
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price segment. Due to the site-dependency of real estate, the problem with arbitrage does not apply in our 

case. 

Furthermore, price discrimination in the energy efficiency of apartments can be beneficial since it supports 

the realization of policy goals. Expecting a higher return of about 7-8% on energy-based refurbishments in 

wealthy or green market segments, price discrimination stimulates investments into refurbishments. This in 

turn contributes to the achievement of an almost carbon neutral housing stock as desired by policy makers. 

While Price discrimination leads to a self-regulation of market segments with a high WTP, the investment 

incentive, however, does not exist in market segments with a low WTP so that it remains unclear whether 

further regulations are necessary to increase the overall refurbishment rate. Regarding our results, we again 

note that discrimination effects are based on indicators on postal code instead of individual household level 

because of data limitations. However, determining discrimination effects on individual level in future 

research would refine our results and suggestions for policy adaption.  

We use an empirical approach based on hedonic regressions instead of experimental designs to analyze 

discrimination effects. This provides some advantages, such as increasing the sample size, going beyond 

regional limitations, or preventing biases resulting from correspondence tests. Based on the hedonic 

estimates, we then use a counterfactual decomposition on the means. So far, our decomposition approach 

like in Hite (2008) just focuses on the effect on means and can be extended to recent updates in 

decomposition literature. For instance, Machado and Mata (2005) decompose changes in the wage 

distributions in contributing factors using a quantile regression approach. The authors extend the traditional 

Oaxaca decomposition of effects on mean wages (Oaxaca, 1973) to the entire wage distribution that 

especially enables the identification of sources of inequality. There are various other developments in the 

decomposition literature that can be used in future analysis on price discrimination in tenants’ 

characteristics. Thus, applying the concept of price discrimination to the pricing of the EPC value of 

apartments is just an exemplary application that is of current relevance and can be extended to other 

apartment characteristics in further research.  
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Figures 

Figure 1: Spatial Distribution of EPC Labels  
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Notes: This figure shows the spatial concentration of apartments in our dataset according to the EPC 

(so called “heat maps”). The first map presents the distribution of the EPC classes A+, A and B (<75 

kWh/m2a). The second shows the concentration of the medium categories C, D and E (75-160 

kWh/m2a). Finally, the last map presents low efficient categories F, G and H (>160 kWh/m2a).  
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Figure 2: Plotted Marginal Effects  

 

Notes: This figure outlines marginal effects of the sociodemographic characteristics used for sample separation. Panel A presents 

the marginal effect of environmental awareness (Green Party voting) on the relation between the financial situation (purchasing 

power) and annual base rent. Conversely, Panel B presents the marginal effect of the financial situation on the relation between 
environmental awareness and annual base rent.  
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Figure 3: Histogram of the EPC Value across Subsamples 

Panel A: Financial Situation 

 
 

 

Panel B: Environmental Awareness 

 
 

Notes: This figure presents the distribution of the EPC value in different subsamples. Panel A shows the histograms after splitting 

the sample based on the financial situation and Panel B based on the environmental awareness. As a reference, the normal 

distribution is displayed as a continuous line.  
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Figure 4: Coefficients for Split Hedonic Estimation on EPC Values 

Panel A: Financial Situation 

 

Panel B: Environmental Awareness 

 

Notes: This figure presents the coefficients from the split sample regression on the EPC value of apartments.  
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Tables 

Table 1: Theoretical Approach of Apartment Double Sorting  

Panel A: Financial Situation (Purchasing Power) 

  
Financial Situation: High  

Purchasing Power > €42.791 
 

Financial Situation: Low  

Purchasing Power  €42.791 

Housing Market: Tight 

Rental Price Increase > 1.8% 
 

T / H 

EPC Discrimination: ↑↑ 
 

T / L 

EPC Discrimination: ↑↓ 

Housing Market: Relaxed 

Rental Price Increase ≤ 1.8% 
 

R / H 

EPC Discrimination: ↓↑ 
 

R / L 

EPC Discrimination: ↓↓ 

     

Panel B: Environmental Awareness (Green Party Voting) 

  
Environmental Awareness: High  

Green Voting > 11.3% 
 

Environmental Awareness: Low  

Green Voting  11.3% 

Housing Market: Tight 

Rental Price Increase > 1.8% 
 

T / H 

EPC Discrimination: ↑↑ 
 

T / L 

EPC Discrimination: ↑↓ 

Housing Market: Relaxed 

Rental Price Increase ≤ 1.8% 
 

R / H 

EPC Discrimination: ↓↑ 
 

R / L 

EPC Discrimination: ↓↓ 

Notes: The table shows theoretically the apartment double sorting for two different panels: Panel A describes 

anticipated price discrimination effects based on the EPC value for subsamples on market conditions and 

financial situation, whereas Panel B shows discrimination effects resulting from the double sorting on market 

conditions and environmental awareness. Price discrimination in the EPC value is assumed to increase (↑) or 

to decrease (↓). The first effect is based on market conditions and the second effect on either the financial 

situation (Panel A) or the environmental awareness (Panel B). Edge portfolios are identified when both effects 

tend to the same direction and are of major importance for interpretation. The dataset is double sorted at a postal 

code level. Portfolio breakpoints are the federal state average of the household purchasing power in 2013 

(€42.791) and the average election result in the federal state election in 2012 for the Green Party (Bündnis 

90/Die Grünen – 11.3%). The breakpoint for market condition is the mean of the annual rental price increase 

(1.8%).  
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Table 2: Descriptive Statistics 

 Mean Std. Dev. Min. Max. 

Annual base rent (€)  5,482.83 2,123.31 1,200 12,000 

Annual maintenance costs (€) 1,607.52 666.65 0 12,000 

Annual heating costs (€) 802.37 417.77 3.25 13.745 

Time on market (months) 3.23 4.78 1 60 

     

Structural characteristics     

Living area (m2) 68.06 21.48 10 302 

Number of rooms 2.59 0.87 1 11 

Floor 2.81 1.46 0 67 

Age (years) 47.51 25.19 0 116 

     

Structural quality (%)     

Luxury 0.90 9.45 0 100 

Good 23.26 42.25 0 100 

Normal 74.94 43.33 0 100 

Simple 0.90 9.44 0 100 

     

Neighborhood characteristics     

Annual household purchasing power (€) 41,773.56 6,617.98 26,429.98 82,530.87 

Green Party (%)* 12.30 3.51 4.71 19.56 

Annual rental price increase (%) 1.80 5.45 -50.97 117.00 

Household size 2.00 0.17 1.59 2.73 

Number of households 11,966.33 4,356.34 855 29,586 

Immigration rate (%) 11.62 6.13 1.10 43.23 

Unemployment rate (%) 5.02 1.53 0.89 13.36 

     

Locational characteristics (meter)     

Distance to nearest park 567.31 604.38 2.61 9,919.89 

Distance to nearest motorway 2,624.41 2,505.98 1.59 32,243.39 

Distance to nearest education or health facility  1,687.10 2,058.62 3.29 26,295.46 

     

EPC – Energy label type (%)     

Consumption label 73.60 44.08 0 100 

Requirement label 26.40 44.08 0 100 

     

EPC – Energy classes (%)**     

Labels with letter 9.22 28.92 0 100 

Labels without letter 90.78 28.92 0 100 

     

EPC – Energy value (kWh/m2a) 149.56 56.17 0 1020 

     

EPC – Energy label** (%)     

A+ 0.32 5.66 0 100 

A 1.33 11.46 0 100 

B 4.36 20.42 0 100 

C 11.03 31.33 0 100 

D 21.51 41.09 0 100 

E  24.38 42.94 0 100 

F 21.92 41.37 0 100 

G 10.58 30.76 0 100 

H 4.57 20.87 0 100 

Notes: The table provides the descriptive statistics of our dataset. Std. Dev. stands for standard deviation, Min. is the minimum and 

Max. the maximum of each variable.  
* In our sample, the mean value of the Green Party’s election result is higher compared to the official state average (11.3%) due to 

more observations in environmental aware neighborhoods.  
** Only EPC labels issued after May 2014 are required to include the energy value in letters from A+ to H. For comparability reasons, 

energy classes for the entire data sample are calculated from the EPC value in kWh/m2a: EPC A+ (≤ 30 kWh/m2a), EPC A (30-50 

kWh/m2a), EPC B (50-75 kWh/m2a), EPC C (75-100 kWh/m2a), EPC D (100-130 kWh/m2a), EPC E (130-160 kWh/m2a), EPC F 

(160-200 kWh/m2a), EPC G (200-250 kWh/m2a), and EPC H (≥250 kWh/m2a).   
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Table 3: Descriptive Analysis for the Spatial Distribution of EPC Values 

 
A+ - B: 

EPC Value: <75 kWh/m2a  

C - E: 

EPC Value: 75-160 kWh/m2a 

F - H: 

EPC Value: >160 kWh/m2a 

Mean 0.110 0.587 0.410 

Median 0.091 0.585 0.423 

Std. Dev. 0.075 0.100 0.112 

Min. 0.002 0.059 0.026 

Max. 0.600 1 1 

N 16,428 155,565 101,284 

Notes: This table presents relative frequencies of EPC values across postal code regions. EPC values are 

categorized according to the EPC letters A+-B, C-E, and F-H. The Herfindahl-Hirschman Index (HHI) for the 

three categories is 0.465 and indicates a medium concentration.  
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Table 4: Regressions for Purchasing Power and Environmental Awareness 

 Panel A: Dummy Regression  Panel B: Continuous Regression 

 Normal Standardized  Normal Standardized 

Purchasing Power 
0.051*** 

[0.001] 

0.066*** 

[0.001] 
 

0.000*** 

[0.000] 

0.284*** 

[0.000] 

Green Party Voting 
0.063*** 

[0.002] 

0.083*** 

[0.002] 
 

0.042*** 

[0.001] 

0.390*** 

[0.001] 

Purchasing Power*Green Party Voting 
-0.022*** 

[0.001] 

-0.025*** 

[0.001] 
 

-7.2710-7 

[0.000] 

-0.334*** 

[0.001] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 273,185 273,185  273,185 273,185 

Adj. R2 0.839 0.839  0.847 0.836 

Notes: This table presents regressions with interaction terms between tenants’ purchasing power and environmental 

awareness. Panel A shows the results of the regression with dummy variables for sociodemographic characteristics, which 

are equal to the neighborhood separation indicators for the financial situation (high purchasing power = 1, zero otherwise) 

and environmental awareness (high Green Party voting = 1, zero otherwise). Panel B presents results of the regression with 

continuous variables. To increase interpretability, coefficient results are given in the normal and standardized (beta) form. 

Robust standard errors are presented in brackets. * p<0.05, ** p<0.01, *** p<0.001. 
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Table 5: Split Sample Hedonic Regressions by Tenants’ Characteristics 

 
Panel A: Financial Situation 

(Purchasing Power) 
 

Panel B: Environmental Awareness  

(Green Party Voting) 

 High Low   High  Low  

Log (EPC Value) 
-0.022*** 

[0.001] 

-0.038*** 

[0.001] 
 

-0.025*** 

[0.001] 

-0.040*** 

[0.001] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 112,105 161,080  157,512 115,673 

Adj. R2 0.835 0.842  0.845 0.834 

Notes: The table presents coefficients for the natural logarithm of the energy efficiency value resulting 

from the hedonic models stated in equations [1.2] and [1.2]. The data sample is separated by either the 

median of tenants’ purchasing power or environmental awareness. Dependent variable is the natural 

logarithm of the annual base rent (€/p.a.). Robust standard errors are presented in brackets. * p<0.05, ** 

p<0.01, *** p<0.001. 
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Table 6: Test for Price Discrimination with Predicted Base Rents  

 
Price  

Discrimination 

Predicted Annual  

Base Rent 

Simulated Annual 

Base Rent 
t-test 

Panel A: Financial Situation (Purchasing Power) 

High to Low -7.4% 6,042 5,598 -54.88*** 

Low to High +8.1% 4,995 5,398 61.54*** 

     

Panel B: Environmental Awareness (Green Party Voting) 

High to Low -7.1% 5,806 5,395 -58.05*** 

Low to High +7.6% 4,904 5,277 52.99*** 

Notes: This table presents results for the test for price discrimination based on either tenants’ 

purchasing power or environmental awareness. Predicted annual base rents directly stem from 

the hedonic regression model for the different market segments. Simulated annual base rents 

indicate a theoretical rent that tenants living in neighborhoods with e.g. a high purchasing power 

(or environmental awareness) would have to pay when they are facing the implicit price for the 

energy efficiency value as if they were living in a neighborhood with a rather low purchasing 

power (or environmental awareness) and vice versa. The signs for discrimination effects indicate 

whether tenants would have to pay more (+) or less (-) when they face the EPC price from the 

other segment. The t-test performed is a two-sample t-test with unequal variances (Welch, 1947). 

* p<0.05, ** p<0.01, *** p<0.001.  
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Table 7: Double Sort Portfolio Regressions by Tenants’ Characteristics and Market Situation 

Panel A: Financial Situation (Purchasing Power) 

 Housing Market: Tight  Housing Market: Relaxed 

 Purchasing Power  Purchasing Power 

 High  Low  High Low 

 T / H  T / L  R / H R / L 

Log (EPC Value) 
-0.020*** 

[0.002] 

-0.039*** 

[0.002]  

-0.024*** 

[0.002] 

-0.037*** 

[0.002] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 52,014 79,716  60,069 81,339 

Adj. R2 0.840 0.849  0.833 0.836 

      

Panel B: Environmental Awareness (Green Party Voting) 

 Housing Market: Tight  Housing Market: Relaxed 

 Green Party Voting  Green Party Voting 

 High Low  High Low 

 T / H  T / L  R / H R / L 

Log (EPC Value) 
-0.028*** 

[0.002] 

-0.039*** 

[0.002]  

-0.023*** 

[0.002] 

-0.041*** 

[0.002] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood  Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 82,496 49,234  75,000 66,408 

Adj. R2 0.848 0.840  0.843 0.833 

Notes: The table presents the coefficients for the natural logarithm of the energy 

efficiency value resulting from the hedonic models stated in equations [1.1] and [1.2]. 

Panel A shows the double sorting based on tenants’ financial situation (indicated by a 

high or low purchasing power) and housing market conditions (indicated by a tight or 

relaxed housing market). Panel B presents the double sorting based on tenants’ 

environmental awareness (indicated by a high or low Green Party voting result) and again 

the housing market conditions. Dependent variable is the natural logarithm of the annual 

base rent (€/a). Robust standard errors are presented in brackets. * p<0.05, ** p<0.01, 

*** p<0.001. 
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Table 8: Test for Price Discrimination with Predicted Base Rents  

 
Price 

Discrimination 

Predicted Annual  

Base Rent 

Simulated Annual 

Base Rent 
t-test 

Panel A: Financial Situation (Purchasing Power) 

Housing Market: Tight     

High to Low -7.2% 6,168  5,720 -36.98*** 

Low to High +8.0% 5,150 5,561 41.95*** 

Housing Market: Relaxed     

High to Low -7.3% 5,932  5,499 -40.15*** 

Low to High +8.0% 4,844 5,232 45.05*** 

     

Panel B: Environmental Awareness (Green Party Voting) 

Housing Market: Tight     

High to Low -7.1% 5,937  5,516 -41.92*** 

Low to High +7.6% 4,919 5,294 34.33*** 

Housing Market: Relaxed     

High to Low -7.1% 5,663 5,260 -40.63*** 

Low to High +7.6% 4,893 5,267 40.56*** 

Notes: This table presents results for the test for price discrimination in the double sorting setting either 

based on tenants’ purchasing power and the housing market condition (Panel A) or based on tenants’ 

environmental awareness and the housing market condition (Panel B). The signs for discrimination 

effects indicate whether tenants would have to pay more (+) or less (-) when they face the EPC price 

from the other segment. The structure of this table equals Table 6. The t-test performed is a two-sample 

t-test with unequal variances (Welch, 1947). * p<0.05, ** p<0.01, *** p<0.001.  
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Table 9: Distribution Tests for the EPC value 

 

 
t-test Kolmogorov-Smirnov Test 

 t p-value Combined D p-value 

Financial Situation  

(Purchasing Power) 
51.828 0.000 0.079 0.000 

Environmental Awareness 

(Green Party Voting) 
2.253 0.024 0.010 0.000 

Housing Market Condition 

(Annual Rental Price Increase) 
6.990 0.000 0.015 0.000 

Notes: This table presents test results on statistical means and non-parametric distribution tests of the EPC value in the defined 

subsamples. Subsamples are identified by the financial situation (high or low purchasing power), the environmental awareness 

(high or low Green Party voting results), and the market conditions (high or low rental price increase). The t-test performed is 

a two-sample t-test with unequal variances (Welch, 1947). 
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Table 10: Test for Price Discrimination with Predicted Base Rents (Standardization)   

 
Price  

Discrimination 

Predicted Annual  

Base Rent 

Simulated Annual 

Base Rent 
t-test 

Panel A: Financial Situation (Purchasing Power) 

High to Low -7.6% 6,042 5,582 -56.96*** 

Low to High +8.2% 4,995 5,407 62.86*** 

     

Panel B: Environmental Awareness (Green Party Voting) 

High to Low -7.1% 5,806 5,391 -58.68*** 

Low to High +7.7% 4,904 5,281 53.53*** 

Notes: This table presents results for the test for price discrimination based on either tenants’ 

purchasing power or environmental awareness with standardized EPC values across subsamples. 

The signs for discrimination effects indicate whether tenants would have to pay more (+) or less 

(-) when they face the EPC price from the other segment. The structure of this table equals Tables 

6 and 8. The t-test performed is a two-sample t-test with unequal variances (Welch, 1947). * 

p<0.05, ** p<0.01, *** p<0.001.  
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Table 11: Split Sample Hedonic Regressions for Green Apartment Segments 

 
Panel A: Financial Situation 

(Purchasing Power) 
 

Panel B: Environmental Awareness  

(Green Party Voting) 

 High Low   High  Low  

Overall 
-0.022*** 

[0.001] 

-0.038*** 

[0.001] 
 

-0.025*** 

[0.001] 

-0.040*** 

[0.001] 

EPC Value <75 kWh/m2a  

[A+ to B] 

-0.024*** 

[0.004] 

-0.014**  

[0.005] 
 

-0.022*** 

[0.005] 

-0.017*** 

[0.004] 

EPC Value 75-160 kWh/m2a 

[C to E] 

-0.021*** 

[0.003] 

-0.045*** 

[0.003] 
 

-0.029*** 

[0.003] 

-0.046*** 

[0.003] 

EPC Value >160 kWh/m2a 

[F to H] 

-0.015** 

[0.005] 

-0.004  

[0.003] 
 

0.001  

[0.004] 

-0.024*** 

[0.004] 

Notes: The table presents coefficients for the natural logarithm of the energy efficiency value resulting 

from the hedonic models stated in equations [1.2] and [1.2]. The data sample is separated by either the 

median of tenants’ purchasing power or environmental awareness. Dependent variable is the natural 

logarithm of the annual base rent (€/p.a.). Robust standard errors are presented in brackets. * p<0.05, ** 

p<0.01, *** p<0.001.  
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Table 12: Hedonic Regression with Winsorized and Truncated Data 

Panel A: Winsorized Data 

 
Panel A-1: Financial Situation 

Purchasing Power 
 

Panel A-2: Environmental Awareness 

Green Party Voting 

 High  Low   High  Low  

Log (EPC Value) 
-0.022*** 

[0.001] 

-0.041***  

[0.001] 
 

-0.028*** 

[0.001] 

-0.040*** 

[0.001] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 119,385 164,247  167,419 116,213 

Adj. R2 0.859 0.857  0.867 0.839 

      

Panel B: Truncated Data 

 
Panel B-1: Financial Situation 

Purchasing Power 
 

Panel B-2: Environmental Awareness 

Green Party Voting 

 High  Low  High  Low  

Log (EPC Value) 
-0.027*** 

[0.002] 

-0.045***  

[0.002] 
 

-0.033***  

[0.002] 

-0.047***  

[0.002] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 42,049 68,823  74,209 36,663 

Adj. R2 0.812 0.810  0.826 0.792 

Notes: The table presents coefficients for the natural logarithm of the energy efficiency value resulting from hedonic models with 

either winsorized (Panel A) or truncated data (Panel B). Dependent variable is the natural logarithm of the annual base rent (€/p.a.). 

Robust standard errors are presented in brackets. * p<0.05, ** p<0.01, *** p<0.001.
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Table 13: Split Sample Hedonic Regressions by Tenants’ Characteristics with Heating Costs 

 
Panel A: Financial Situation 

(Purchasing Power) 
 

Panel B: Environmental Awareness  

(Green Party Voting) 

 High Low   High  Low  

Log (EPC Value) 
0.000  

[0.002] 

-0.010*** 

[0.002] 
 

0.002  

[0.002] 

-0.013*** 

[0.002] 

Spatial fixed effects Yes Yes  Yes Yes 

Time fixed effects Yes Yes  Yes Yes 

Structure Yes Yes  Yes Yes 

Neighborhood Yes Yes  Yes Yes 

Location Yes Yes  Yes Yes 

N 112,105 161,080  157,512 115,673 

Adj. R2 0.836 0.843  0.846 0.835 

Notes: The table presents coefficients for the natural logarithm of the energy efficiency value resulting 

from the hedonic models stated in equations [1.2] and [1.2]. The data sample is separated by either the 

median of tenants’ purchasing power or environmental awareness. Dependent variable is the natural 

logarithm of the annual base rent (€/p.a.). Robust standard errors are presented in brackets. * p<0.05, ** 

p<0.01, *** p<0.001.  
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Appendix 

Table A-1: Split Sample Hedonic Regressions by Market Power 

 Single Sort Market Power  

 High Low   

Log (EPC Value) 
-0.032*** 

[0.001] 

-0.030*** 

[0.001] 
 

Spatial fixed effects Yes Yes  

Time fixed effects Yes Yes  

Structure Yes Yes  

Neighborhood Yes Yes  

Location Yes Yes  

N 132,056 141,129  

Adj. R2 0.849 0.840  

Notes: The table presents coefficients for the natural logarithm of the 

energy efficiency value resulting from the hedonic models stated in 

equations [1.2] and [1.2]. The data sample is separated by the median 

of the rental price increase. Dependent variable is the natural logarithm 

of the annual base rent (€/p.a.). Robust standard errors are presented 

in brackets. * p<0.05, ** p<0.01, *** p<0.001. 
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Table A-2: Mean and Distribution Tests – EPC value 

  Mean  Distribution 

  t-test  Kolmogorov-Smirnov Test 

  t p-value  Combined D p-value 

Financial Situation  

(Purchasing Power) 

 
51.83 0.000 

 
0.079 0.000 

Environmental Awareness 

(Green Party) 

 
2.25 0.024 

 
0.010 0.000 

Housing Market Condition 

(Annual Rental Price Increase) 

 
6.99 0.000 

 
0.015 0.000 

Household Structure  

(Household Size) 

 
35.55 0.000 

 
0.069 0.000 

Neighborhood Size 

(Number of Households) 

 
25.33 0.000 

 
0.048 0.000 

Immigration 

(Immigration Rate) 

 
-36.57 0.000 

 
0.061 0.000 

Employment 

(Unemployment Rate) 

 
-49.87 0.000 

 
0.074 0.000 

Notes: This table presents test results on statistical means and non-parametric distribution tests of the EPC value for 

subsamples on all included sociodemographic characteristics. The first three characteristics are used for sample 

separation in this study. The t-test performed is a two-sample t-test with unequal variances (Welch, 1947). 


